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Foreword

As I write this foreword, three events have occurred that have indicated the extreme
importance of extreme weather events. The Intergovernmental Panel on Climate
Change has just produced its latest analysis of the consequences of a 1.5 °C rise
in temperature (http://report.ipcc.ch/sr15/pdf/sr15_spm_final.pdf) (accessed 12
November 2018). The UK Meteorological Office has just produced a detailed
analysis of recent changes in the occurrence of extreme events in the UK (https://
www.metoffice.gov.uk/binaries/content/assets/mohippo/pdf/uk-climate/state-of-the-
uk-climate/soc_supplement-002.pdf) (accessed 12 November 2018). Thirdly, and,
tragically, there has been huge loss of life in California as a result of severe fires
associated with a long continued drought that may be a consequence of climate
change.

Floods, dust and sand storms, thunderstorms, droughts, hurricanes, tornadoes,
landslides and mudflows, extreme warm events, severe freezing, rapid ice and snow
melting, rising storm surges and high tides and various other phenomena have
severe impacts on human health. This is partly because of the adverse effects of
global climate change brought about by human actions, partly because of the
normal occurrence of extreme events, the expansion of urban environments (with
heat island and other effects), burgeoning human populations living in potentially
dangerous locations and land cover changes such as deforestation. The range of
factors involved is well shown by the case of Brazil (chapter “Extreme Weather
Events Under a Changing Climate: A Brief Context for Brazil and the Role of the
Health Sector”). Among the factors that help to explain the increasing frequency of
extreme events in that country, in addition to the threat of global environmental
change itself, are increasing unplanned urbanization, environmental degradation,
weak responsiveness of institutions and the population, the lack of infrastructure,
and poverty. These conditions, combined with the occupation of locations with high
exposure to natural hazards, have generated places with intense vulnerability and
low response capacity.

This book takes a welcome international view and comprises case studies from
18 countries covering all continents: Taiwan, East Asia, Hong Kong, Fiji, Thailand,
Indonesia, Australia, India, Malaysia, Horn of Africa, South Africa, Italy, France,
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Canada, USA, Mexico, Brazil and Argentina. It also contains some more systematic
chapters as, for example, on the health implications of dust storms in areas
downwind from the world’s great deserts. It also draws attention to especially
vulnerable communities, including the elderly, the very young and those with
pre-existing health conditions. As chapter “Climate Change, Wildfires, Heatwaves
and Health Impacts in Australia” shows, in Australia, deaths attributable to heat-
waves and fire smoke pollution are more commonly due to exacerbations of
pre-existing health conditions, than to specific direct impacts such as heat stroke.
Some groups, such as the elderly, infants and those with pre-existing conditions,
tend to be more vulnerable to these impacts. In Thailand (chapter “Extreme
Weather and Climate Events and Occupational Health in Thailand”), research
revealed locations where that sunstroke, muscle cramps and/or heat exhaustion
were possible with prolonged exposure. It also stressed that a heat health warning
system is essential to reduce the negative impacts of such extreme weather. In
neighbouring Malaysia (chapter “Climate-Related Disasters and Health Impact in
Malaysia”), heat stress is exacerbated by the urban heat island effects, but also by
fire hazes associated with deforestation. Fire effects are also severe in California
(chapter “Wildland Fire, Extreme Weather and Society: Implications of a History of
Fire Suppression in California, USA”), where there has been much debate about the
role played by fire suppression and forest management policies. Thunderstorms
have been implicated in asthma attacks, as shown in a study (chapter
“Thunderstorms During Pollen Season as Risk Factors for Allergic Respiratory
Diseases and Severe Asthma”). Increasing thunderstorm incidence may be a feature
of urban growth. In northern Canada, Inuit communities and much of their
infrastructure will be greatly impacted by changes in ice extent and thickness
(chapter “The Impacts of Climate Change on Health and Development in Canadian
Arctic and Sub-arctic Communities in the Twenty-First Century: A Systematic
Review”). Desert dust (chapter “Dust Storms and Human Health”) has been
implicated in cardiovascular problems, asthma, allergy-related diseases, accidents
and many other health effects.

Indeed, the nature and range of health effects as a result of extreme weather
events are substantial. For example, if one takes floods, there are direct effects:
drowning, injuries, health implications due to contact with cold and polluted water
and cardiovascular incidents. There are also indirect effects: waterborne infections,
vector-borne diseases (e.g. cholera), food shortages, health effects of chemical
pollution, decrease of health care and emergency services, and psycho-social dis-
turbances. During and after a flood, food, clean water and shelter can become
scarce, which can increase the risk of starvation, malnutrition and dehydration.

One research finding of recent decades is that substantial changes in the fre-
quency and intensity of extreme events can result from a relatively small shift in
temperatures. As the Earth’s climate has warmed, some types of extreme weather
have become more frequent and severe, with increases in extreme heat, intense
precipitation and drought. Heatwaves are longer and hotter. Heavy rains and
flooding are more frequent. Drought, too, is more intense and more widespread. It
is, therefore, imperative that the international community tries to reduce the growth
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in greenhouse gas loadings in the atmosphere and to keep the amount of global
warming to less than 1.5 °C. It is also important that we monitor the changes in
extreme events that are taking place so that we have firm evidence upon which to
base mitigation and adaptation policy, including the appropriate design of engi-
neering schemes. Equally, it is vital to develop forecasting systems so that vul-
nerable populations are given more accurate warnings of potential catastrophes.
Similarly, planners need to make sure that fewer people live in vulnerable locations.
For that we need to have a clear view of where such locations occur.

Andrew Goudie
University of Oxford

Oxford, UK
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Preface

Since 1970, the earth’s average temperature has risen by 0.8 °C. During this span,
the rise in temperature each decade was greater than in the preceding one.
The IPCC in the 2007 Fourth Assessment Report clearly showed that since 1880,
both annual and five years’ average temperatures continue to rise.

Globally, we are witnessing more hot days, heatwaves, increased frequency and
intensity of hurricanes/typhoons and increased occurrence of forest fires. The past
four years since 2015 have been the hottest on record, and we are seeing the effects.
Rising sea level along the coast of most developed and developing countries are
causing great concern for real estate values. As McMichael asserted, ‘Extreme
weather events are projected to increase further with the advance of human-driven
climate change. Both recent and historical experiences indicate that infectious
disease outbreaks very often follow extreme weather events, as microbes, vectors
and reservoir animal hosts exploit the disrupted social and environmental condi-
tions of extreme weather events’ (McMichael 2015). It has been estimated that
losses from anomalous weather events were more than three times higher in 2016
than in 2010, and as a proportion of GDP, much greater in poor than in rich nations.

From the Paris Climate Agreement to Katowice, scientists have issued warnings
about human-induced climate change and in the Katowice conference, in December
2018, David Attenborough opined that the climate change may precipitate the
collapse of our civilizations. Consequently, in accordance with the Paris Climate
Agreement, developed and developing countries must fulfil the commitment under
their own legally binding NDCs in order to keep global warming well below 2 °C
above pre-industrial levels and if possible, below 1.5 degrees, encompassing rig-
orous adaptation and mitigation measures.

Thus, the climate change-induced extreme weather events are worsening the
frequency, intensity and impacts of some types of extreme weather events. For
example, sea level rise increases the impacts of coastal storms, and warming can
place more stress on water supplies during droughts. The increased intensity of
forest fires and droughts cause much distress to populations.
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Forecasts, early warning systems and effective national weather services play an
essential role in protecting local communities from weather and climate impacts
such as flooding, hurricanes/typhoons and heatwaves.

Andrew Goudie in his Foreword has rightly stated, ‘Equally, it is vital to develop
forecasting systems so that vulnerable populations are given more accurate warn-
ings of potential catastrophes. Similarly, planners need to make sure that fewer
people live in vulnerable locations. For that we need to have a clear view of where
such locations occur’.

At the same time, ‘the pressures of population and economic growth need to be
recognized and addressed. Housing and infrastructure constructed in danger zones
such as flood plains or at the foot of unstable hillsides can put lives at risk.
Alleviating poverty and strengthening public institutions is vital to reducing this
risk’ (https://www.c2es.org/content/extreme-weather-and-climate-change).

In order to achieve this, we need to focus not just on development in a country
but also to lay emphasis on the spatial distribution of development in all regions in
the country. This process may lead to reduced inequalities and may also help in
counter-urbanization. The need of the hour is to develop holistic development
policies by reducing vulnerability and strengthening the resilience of people as well
as regions to the climate change-induced extreme weather events.

New Delhi/Aligarh, India Rais Akhtar

References

Center for climate and energy solutions, Arlington, USA. Extreme weather and climate change.
(https://www.c2es.org/content/extreme-weather-and-climate-change).

McMichael, A. (2015). Extreme weather events and infectious disease outbreaks. Virulence, 6(6):
543–7. doi: 10.4161/21505594.2014.975022.

x Preface

https://www.c2es.org/content/extreme-weather-and-climate-change
https://www.c2es.org/content/extreme-weather-and-climate-change
https://doi.org/10.4161/21505594.2014.975022


Acknowledgements

In the process of writing, editing and preparing this book, there have been many
people who have encouraged helped and supported us with their skill, thoughtful
evaluation of chapters and constructive criticism.

First of all, we are indebted to all the contributors of chapters from both
developed and developing countries for providing the scholarly and innovative
scientific piece of research to make this book a reality. We are also thankful to the
reviewers who carefully and timely reviewed the manuscripts.

We are also grateful to Prof. Andrew Goudie, University of Oxford for writing
Foreword, which adds greatly to the book with his thoughtful insights.

I am thankful to my family—wife Dr. Nilofar Izhar, daughter Dr. Shirin Rais and
son-in-law Dr. Wasim Ahmad—who encouraged and sustained me in developing
the structure of the book and editing tasks, and I am deeply grateful for their support
and indulgence.

Finally and most essentially, we are deeply obliged to the Springer and the entire
publishing team, without whose patience, immense competence and support this
book would not have come to fruition. We specially thank Dr. Robert K. Doe
whose energizing leadership ensured that this book would indeed translate to
reality. I am also grateful to Ms. Carmen Spelbos for her constant support.

We are also thankful to Mr. Sriram Srinivas and Mr. Muruga Prashanth
Rajendran for constant cooperation.

New Delhi/Aligarh, India Rais Akhtar

xi



Contents

Introductory

Introduction: Extreme Weather Events and Human Health:
A Global Perspective . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
Rais Akhtar

Dust Storms and Human Health . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
Andrew S. Goudie

Developed Countries

The Impacts of Climate Change on Health and Development
in Canadian Arctic and Sub-arctic Communities in the Twenty-First
Century: A Systematic Review . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27
Fox Underwood and Stefania Bertazzon

Wildland Fire, Extreme Weather and Society: Implications
of a History of Fire Suppression in California, USA . . . . . . . . . . . . . . . 41
Donald Schweizer, Tom Nichols, Ricardo Cisneros, Kathleen Navarro
and Trent Procter

Extreme Weather Events and Air Pollution Peaks in the Light
of Climate Change: The Limits of the Notion of Risk . . . . . . . . . . . . . . 59
Isabelle Roussel

Extreme Weather and Human Health in Italy . . . . . . . . . . . . . . . . . . . . 79
Cosimo Palagiano

Impact of Hurricanes on Mental Health . . . . . . . . . . . . . . . . . . . . . . . . . 89
Olaniyi Olayinka and Muge Akpinar-Elci

Climate Change, Wildfires, Heatwaves and Health Impacts
in Australia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 99
Nicolas Borchers Arriagada, David M. J. S. Bowman, Andrew J. Palmer
and Fay H. Johnston

xiii



Climate Adaptation of Sea-Level Rise in Hong Kong . . . . . . . . . . . . . . . 117
Yun Fat Lam and Shimul Roy

Heat-Related Mortality/Morbidity in East Asia . . . . . . . . . . . . . . . . . . . 131
Yasushi Honda and Daisuke Onozuka

Thunderstorms During Pollen Season as Risk Factors for Allergic
Respiratory Diseases and Severe Asthma . . . . . . . . . . . . . . . . . . . . . . . . 145
Gennaro D’Amato and Maria D’Amato

Developing Countries

Sea Level Rise and Its Socio-economic Impacts: A Case Study
in Mumbai, India . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 155
Gandharva Pednekar and S. Siva Raju

Sea Level Rise and Coastal Communities . . . . . . . . . . . . . . . . . . . . . . . . 171
Michele Kekeh, Muge Akpinar-Elci and Michael J. Allen

Storm Surges, Heavy Rain and Strong Wind: Impacts of Tropical
Cyclone Winston in Fiji—Focus on Health . . . . . . . . . . . . . . . . . . . . . . . 185
Helene Jacot Des Combes

Extreme Weather Events and Health Responses in Taiwan . . . . . . . . . . 197
Li-San Hung and Mei-Hui Li

Extreme Weather and Climate Events and Occupational Health
in Thailand . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 209
Uma Langkulsen and Desire Rwodzi

Extreme Events, Disasters, and Health Impacts in Indonesia . . . . . . . . . 227
Budi Haryanto, Fatma Lestari and Triarko Nurlambang

Climate-Related Disasters and Health Impact in Malaysia . . . . . . . . . . . 247
Nasrin Aghamohammadi, Logaraj Ramakreshnan, Chng Saun Fong
and Nik Meriam Sulaiman

The Impact of Extreme Weather Events on Health and Development
in South Africa . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 265
Christie Nicole Godsmark and James Irlam

The Complex Effects of Extreme Weather Events in the Greater Horn
of Africa . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 279
Manpreet Singh, Mala Rao and Andy Bechingham

Extreme Weather Events Under a Changing Climate: A Brief Context
for Brazil and the Role of the Health Sector . . . . . . . . . . . . . . . . . . . . . 293
Júlia Alves Menezes, Rhavena Barbosa dos Santos, Felipe Vommaro,
Ulisses Confalonieri, Martha Macêdo de Lima Barata
and Carina Margonari

xiv Contents



Extreme Events in Mexico: Impacts on Public Health
and Development . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 315
María E. Ibarrarán, Jerónimo Chavarría and Carmen Zúñiga

The Impact of the Increase of the Level of the Sea in the Argentine
Coastal Areas. Current Evidence and Future Scenarios . . . . . . . . . . . . . 333
Daniel Oscar Lipp

Extreme Events and Health in Mumbai, India . . . . . . . . . . . . . . . . . . . . 355
Hem H. Dholakia, Ishita Jalan and Amit Garg

Future Outlook

Conclusion and Suggestions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 371
Rais Akhtar

Author Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 377

Subject Index. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 379

Contents xv



About the Editor

Rais Akhtar is presently Adjunct Faculty, International
Institute of Health Management and Research, New
Delhi, formerly National Fellow and Emeritus Scientist
(CSIR), CSRD, Jawaharlal Nehru University, New
Delhi, and Visiting Professor Department of Geology,
AMU, Aligarh. He has taught at the Jawaharlal Nehru
University, New Delhi; University of Zambia, Lusaka;
and The University of Kashmir, Srinagar. He is recipient
of a number of international fellowships including
Leverhulme Fellowship (University of Liverpool),
Henry Chapman Fellowship (University of London),
Visiting Fellowship (University of Sussex), Royal
Society Fellowship (University of Oxford) and Visiting
Professorship (University of Paris-10). He was Lead
Author (1999–2007), on the Intergovernmental Panel On
Climate Change (IPCC), which is the joint winner of
Nobel Peace Prize for 2007. He is the recipient of Nobel
Memento. He has to his credit 91 research papers and 19
books published from India, UK, USA, Germany and the
Netherlands. His book entitled Environmental Degradation
and Human Health was published in 2014 by Springer
(with A. Malik and E. Grohmann). His book is entitled
Climate Change and Human Health Scenario in South and
Southeast Asia, published in 2016 by Springer, and his
latest books include Climate Change and Air Pollution
(with C. Palagiano) and Geographical Aspects of Health
and Disease in India (with Andrew Learmonth) published
in 2018 by Springer (the Netherlands) and Concept (New
Delhi), respectively. He is Member of Expert Group on

xvii



Climate Change and Human Health of the Ministry of
Health and Family Welfare, Government of India. He has
been appointed as Corresponding Member of Italian
Geographical Society in October 2018.

xviii About the Editor



Introductory



Introduction: Extreme Weather Events
and Human Health: A Global Perspective

Rais Akhtar

Abstract Flash floods, heatwave, coldwave, droughts, strong winds and storms,
etc. are few examples of extreme weather conditions. 2003 heatwaves in Western
and Central Europe resulted in the death of more than 70,000 people, and 2005
Katrina hurricanewas considered the costliest disaster that devastated southernUSA.
It caused $160 billion worth of damages to the Gulf Coast. Hurricanes Harvey,
Irma and Maria combined with devastating California wildfires and other natural
catastrophes to make 2017 the most expensive year (about $306 billion), on record
for disasters in the USA. 2018 brought Hurricane Michael, which struck the Florida
coast in October, and the Camp Fire is California’s deadliest and most destructive
fire on record. The 1999 Orissa (now Odisha) cyclone in India was the strongest
recorded tropical cyclone in the North Indian Ocean and among the most destructive
in the region. Devastations as a result of unusual flooding in Uttarakhand in 2013,
Kashmir in 2014, Kerala in 2018 and typhoon Mangkhut in Philippines in 2018 are
examples of extreme weather events. Scientists assert that Europe’s death toll from
weather disasters could rise 50-fold by the end of twenty-first century, with extreme
heat alone causing deaths of more than 1,50,000 a year if nothing is done to curb
the effects of climate change. In July 2019, Europe has been confounded by another
massive heat wave that could break records again.

Keywords Hippocrates · 2003 European heatwaves · Katrina hurricane ·
Hurricane Harvey · Typhoon Mangkhut · Forest fires · Kashmir · Kerala floods ·
Respiratory diseases · Donald Trump · Paris climate agreement · IPCC · Global
Warming of 1.5 °C

1 Introduction

The understanding of impacts of extreme weather events on human health and well-
being dates back to Hippocrates’ fifth century treatise ON AIRS WATERS AND
PLACES. The definition of extreme weather is when a weather event is significantly

R. Akhtar (B)
International Institute of Health Management Research, New Delhi, India
e-mail: raisakhtar@gmail.com
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4 R. Akhtar

different from the average or usual weather pattern. Flash floods, heatwave, cold-
waves, droughts, strongwinds and storms etc. are a few examples of extremeweather
conditions. The 2003 heatwaves in western and central Europe resulted in the death
of more than 70,000 people, and the 2005 Katrina hurricane, was considered the
costliest disaster that devastated the southern USA. It caused $160 billion worth
of damages to the Gulf Coast. However, the disasters caused by hurricane Harvey
in September 2017 proved to be even costlier with economic losses of about $190
billion. The 1999 Orissa (now Odisha) cyclone in India was the strongest recorded
tropical cyclone in the North Indian Ocean and among the most destructive in the
region. The surge combined with heavy rains to produce widespread flooding, dam-
aging around 1.6 million homes. It has been estimated that 2017 natural disasters and
climate change resulted in economic loss of $309 billion to the US. Scientists assert
that Europe’s death toll from weather disasters could rise 50-fold by the end of the
twenty-first century, with extreme heat alone causing deaths of more than 152,000 a
year if nothing is done to curb the effects of climate change (Davis 2017).

2 IPCC Report 2014

The views on the IPCC assessment report 2014 by some experts provide another
opportunity for industrialized nations to create a fear psychosis among emerging
economies that they are most vulnerable and thus have to heavily cut down on CO2

emissionswhichwill impact development. However, it should be kept inmind clearly
that climate change is impacting upon both developed and developing countries
equally. As the largest developing country, China’s economic developmentwas based
on extensive utilization of fossil fuels, which leads to a dramatic increase in emissions
of both ambient air pollutants and greenhouse gases (GHGs) (Akhtar 2014).

The impact of flooding and the destruction of roads in Colorado in 2013, the
Sandy, Harvey and Florence hurricanes in the USA, and flooding in Uttarakhand
and Kashmir in India in 2013 and 2014, respectively, are a reflection that disasters
affect all regions. Forest fires that ravaged several parts of California and Australia
in October–November 2018 will not be underestimated by the US administration
which had scrapped an entire section on climate change (Akhtar 2018).

3 IPCC 2018 Special Report, Global Warming of 1.5 °C

IPCC 2018 Special Report entitled, GlobalWarming of 1.5 °C, asserts that emissions
of carbon dioxide (CO2) caused by human activity must reach “net zero” by 2050
to keep the average rise in global temperatures at 1.5 °C above pre-industrial levels
to reduce catastrophic climate-change risk on populations (IPCC 2018). The Report
highlights that “Temperature extremes on land are projected to warm more than
GMST (high confidence): extreme hot days in mid-latitudes warm by up to about
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3 °C at global warming of 1.5 °C and about 4 °C at 2 °C, and extreme cold nights
in high latitudes warm by up to about 4.5 °C at 1.5 °C and about 6 °C at 2 °C (high
confidence). The number of hot days is projected to increase in most land regions,
with highest increases in the tropics (high confidence).” This is relevant as there is
likely hood in future of severe heatwave conditions as occurred in 2018 in Japan
and in Australia. Europe had its warmest August on record (WMO 2018). IPCC
(2018) Special Report also predicts risks from heavy precipitation even sea level
will continue to rise well beyond 2100 (high confidence). The Special report also
contends that global warming is likely to reach 1.5 °C between 2030 and 2052 if it
continues to increase at the current rate (high confidence).

However, the IPCC Special Report put very high confidence projecting lower
risks at 1.5 °C than at 2 °C for heat-related morbidity and mortality. Urban heat
islands often amplify the impacts of heatwaves in cities (high confidence). Risks
from some vector-borne diseases, such as malaria and dengue fever, are projected to
increase with warming from 1.5 to 2 °C, including potential shifts in their geographic
range (high confidence) (IPCC 2018). It should be noted that several studies have
projected altitudinal rise of malaria due to warming as seen in highlands of Africa,
mountainous regions in India as well as in some regions in Andes mountains (Akhtar
2007; Mishra et al. 2016; Pinault and Hunter 2012).

4 Human Health

High temperatures and dry gusts resulted in recent wildfires in the USA and in Aus-
tralia. These quickly spread, threatening hundreds of homes in California. Wildfires,
heatwaves and hurricane-induced flooding have resulted in increasedmental illnesses
in Australia, Spain and California (Taioli et al. 2018; Sarfaty 2018).

According to Andy Haines of London School of Hygiene and Tropical Medicine,
warming favors the spread of disease as the events create conditions conducive to
disease outbreaks. Agriculture faces warming, more extremes and more diseases.
More drought and flooding under the new climate, and accompanying outbreaks of
crop pests and diseases, can affect yields, nutrition, food prices and lead to food inse-
curity. Chemical measures to limit infestations are costly and unhealthy: increased
cancer incidence among farmers in Punjab in India is a relevant example (Singh
2015). Extreme high temperature and drought conditions impact water quality, its
availability and its accessibility to a vast population.

5 Impact of Heatwaves

Both the intensity and frequency of deadly heatwaves are becoming momentous
human health disaster globally encompassing much greater portion of the Earth.
Mora et al. (2017), using data from 783 lethal heatwaves in 64 cities and across
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36 countries discovered a common threshold where the heatwave becomes deadly.
They asserted that currently about 30% of the world’s population (and about 13% of
the land area) experiences at least 20 days per year on which the deadly threshold
is reached. By 2100, this percentage would jump to 74% of the population (47%
of the land area) if emissions continued unchecked. It should be noted that WMO
confirmed that 2015, 2016, 2017 and 2018 have been confirmed as the four warmest
years on record. The year 2016 still holds the global record with an El Nino, while
2017 was the warmest year without an El Niño, which can boost global annual
temperatures—an important factor in the occurrence of heatwaves.

The 2018 European drought and heatwave was a period of unusually hot weather
that led to record-breaking temperatures and wildfires in many parts of Europe,
especially in France, Spain and Portugal during the spring and summer of 2018
(Rubin 2018). Japan suffered an unprecedented two-week heatwave in July 2018
that was declared a natural disaster by the government. The number of deaths rose
sharply: at least 65 people died of heatstroke during the last week of Julywhile 22,647
people were hospitalized. In during June–July 2019 Europe has been confounded by
another massive heatwave that could break records again.

In South Asia, a region of deep poverty and inequalities, where one-fifth of the
world’s people live, 73% of the wealth generated went to the richest one per cent
in India in 2017 (DTE 2018), new research suggests that by the end of this century
climate change could lead to summer heatwaves with levels of heat and humidity
that exceed what humans can survive without protection (Chandler 2017).

Forest fires:

With increasing temperatures and levels of drought, Australia and California, besides
Spain and Portugal, are suffering from extreme wildfires and intense heatwaves. The
2018wildfire seasonwas the deadliest andmost destructive wildfire season on record
in California, with a total of 8527 fires burning an area of 1,893,913 acres (766,439
ha), the largest amount of burned acreage recorded in a fire season, according to the
California Department of Forestry and Fire Protection. These high destruction fires
are primarily a combination of climate change and severe drought and wind. Climate
change is increasing fire season and probability of severe wind and drought. The
Camp (northern CA) and Woolsey (Hollywood/Malibu area in southern CA) faced
disastrous consequences (Schweizer 2018).

The 2018–19 Australian bushfire season was predicted to be “fairly bleak” in
parts of Australia, particularly in the east, by the Bushfire and Natural Hazards
Cooperative Research Centre (CRC) in September 2018. Large bushfires had already
burned through southern New South Wales during winter. The outlook for Spring
was of a higher likelihood of fires with a twice the normal chance of an El Nino for
Summer (Wikipedia). With record-breaking temperatures in January 2019 in South
Australia and Victoria reaching 49.5 in some parts with night minimums of over
32 °C. Even in Tasmania, there were uncontrolled fires all over the island. Australia
has experienced its hottest summer (2018) on record, according to the nation’sBureau
of Meteorology. During February–March 2019, forest fires are raging in south-east
Australia, particularly Hobart area in Tasmania (Wikipedia 2018–19).
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6 Hurricanes, Flooding and Sea-Level Rise

Hurricanes Harvey, Irma and Maria combined with devastating California wildfires
and other natural catastrophes to make 2017 the most expensive year on record for
disasters in the USA. The disasters caused $306 billion in total damage in 2017, with
16 events that caused more than $1 billion in damage each. The bulk of the damage,
at $265 billion, came from hurricanes.

According to Moody Analytics, the impact of Hurricane Florence resulted in the
death of 41 people and property damage and disruption and is expected to total at
least $17 billion to $20 billion.

It is estimated that property in Sunny Isles alone is now worth more than $10
billion. A number of the wealthiest people in the US have residences in Florida,
including 40 billionaires on the Forbes 400 list of richest Americans (BBC 2017).
The sea-level rise along the Florida region is eroding home values, and owners might
not even know it (Harris 2018).

Rising sea levels are changing the way people think about waterfront real estate.
High ground is becoming preferred property. Human health and wellbeing of popu-
lation is also being impacted by sea-level rise particularly in island countries in the
Caribbean and in the Pacific Ocean.

According to oceanographers, among South-Asian countries, Bangladesh is most
vulnerable, but India with its vast coastline of nearly 7516 km on the east and west
also needs to be proactive, considering the vast numbers of people who are dependent
on the oceans for their livelihood.

One research investigation by the National Institute of Oceanography, Goa,
concludes that mean sea-level rise trends along with the Indian coast are about
1.30 mm/year and future (global) projections indicate about 0.48 mm (A1B) by
the turn of twenty-first century (Unnikrishnan et al. 2010).

A rise in sea levels is certain to impact India badly since the country has a long
and densely populated coastline (Akhtar 2017). The projections based on short-
precipitation data obtained from Indian cities provides new insights into an adequate
stormwater designs in the rapidly and haphazard urbanizing India. The study con-
cludes that 78 Indian cities are vulnerable to flooding (Pandey 2018).

Extreme rainfall in Kashmir in Jammu &Kashmir State of India in 2014 devas-
tated the valley of Kashmir. The devastations in 2013 in both Colorado USA (Taylor
2013; Gochis 2014) and Uttarakhand in India, due to unprecedented flooding. cause
terrible destruction of roads and property equally. Uttarakhand flood disaster has
been called as the Himalayan Tsunami (Das 2013). With these examples, the argu-
ment is strengthened that climate change-induced flooding impacts uniformly to both
developed world and developing world.

Nearly 1400 died across India due to rain-related incidents and floods in three
months in 2018. The Kerala floods in August 2018 alone accounted for 488 deaths,
and Uttar Pradesh in northern India recorded the second-highest number of fatalities
(254) due to rain-related incidents.
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7 Growing Awareness in the USA

The Climate Museum initiative was conceived of in the aftermath of Superstorm
Sandy of 2012, with an objective to create a museum dedicated to climate change
and climate solutions in New York City. Thus the contemporary threat of climate
change to human existence is being depicted to New Yorkers via a selection of
flashing highway signs that have been placed around the city (The Guardian 2018).
These “signs sound a warning about the climate crisis and they call us to think and act
on the issue,” said Miranda Massie, Director of the Climate Museum (The Guardian
2018). Such initiatives should be adopted in other metropolitan cities and towns in
both developed and developing countries for better understanding of climate change
impacts. As warmer average temperatures will lead to hotter days and more frequent
and longer heatwaves, these changes will lead to an increase in heat-related deaths in
the USA—reaching as much as thousands to tens of thousands of additional deaths
each year by the end of the century during summer months (EPA 2017).

8 Disease Incidence

Changes in climate can affect the breeding of mosquitoes, reduce the availability
of food and drinking water and lead to infectious disease outbreaks (Kan 2011).
The IPCC also observed that malaria and diarrheal diseases are expected to rise. In
Australia, scientists warn that mosquito breeding is likely to change as the ecosys-
tem/rising temperature, changes particularly due to rising temperature and this will
increase Australia’s susceptibility to outbreaks of vector-borne diseases, like inci-
dence of food-borne diseases like Salmonella. As temperatures rise, more people
will spend time indoors to avoid the extreme heat, increasing the risk they will pass
on respiratory diseases. This problem will be exacerbated by changes in seasons.

Climate change—temperature rise and climate variability—has already influ-
enced the transmission of a wide range of vector-borne diseases in Europe. Climate
change has resulted “in the observed shift of ticks to elevated altitudes and latitudes,
notably including the Ixodes ricinus tick species that is a vector for Lyme borrelio-
sis and tick-borne encephalitis” (Semenza and Suk 2018). Climate change is also
thought to have been a factor in the expansion of other important disease vectors in
Europe: Aedes albopictus (the Asian tiger mosquito), which transmits diseases such
as Zika, dengue and chikungunya, and Phlebotomus sandfly species, which transmits
diseases including Leishmaniasis (Semenza and Suk 2018).

Warmer weather could make mosquitoes carrying potentially deadly diseases
common in the UK within 15 years, warn scientists. Dengue fever, West Nile virus
and chikungunyahave already reachedparts ofEurope, andmalaria has re-established
itself in Greece as tropical mosquitoes spread into new territories (NHS 2015).

Species which transmit dengue fever, West Nile virus and the virus chikungunya
could take off in Britain, it is feared (Hope 2015). Due to climate change and other
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factors, air pollution patterns are changing in several urbanized areas, particularly in
metropolitan cities in developing countries of the world, with a significant effect on
respiratory health both independently and synergistically with weather conditions;
climate scenarios also show Europe as one of the most vulnerable regions in the
world. Frequent occurrence of thunderstorms are causing occurrence of asthma in
Australia and other countries. Current evidence suggests that inter-annual and inter-
decadal climate variability have a direct influence on the epidemiology of vector-
borne disease.

In the context of food and nutrition, climate change is impacting global agriculture
and is driving up the number of hungry people around the world, according to the
United Nations’ 2018 State of Food Security and Nutrition in the World report. This
report asserts that 821 million people—one in every nine—were malnourished in
2017, up from 815 million in 2016, putting at risk the UN’s goal of eradicating
hunger in the world by 2030 (Clarke 2018).

9 Conclusion

Extreme weather events, large natural disasters, and failure to curb greenhouse gas
emissions and build resilience to climate change are listed as the most prominent
global risks. This was in line with the assessment of the Inter-Governmental Panel
on Climate Change (IPCC) (2007 and 2014).

Because of such a grim scenario, the late Stephen Hawking has warned that Don-
ald Trump’s decision to withdraw from the Paris climate agreement could “could
push the Earth over brink” and lead to a point where global warming is “irreversible”
(Eleftheriou-Smith 2017). It was in great anguish that Samoa, one of the most vul-
nerable Pacific islands, has called climate change an “existential threat … for all our
Pacific family” and said that any world leader who denied climate change’s existence
should be taken to a mental hospital (Lyons 2018).

In spite of the US withdrawal from the Paris climate agreement, it should be
noted that by the beginning of November 2018, 195 UNFCCCmembers have signed
the agreement and 184 have become party to it. On June 1, 2017, Donald Trump
announced the US withdrawal from the Paris agreement. However, despite this the
EuropeanUnion,Russia, China, India,Australia, Japan and all other countries includ-
ing Israel support the Paris Climate Agreement based on Nationally Determined
Contributions (NDC), and all parties report regularly on their emissions and on their
process of implementation. Just published, IPCCReport onGlobalwarming of 1.5 °C
warns that China, Russia and Canada’s current climate policies would steer the world
above a catastrophic 5C of warming by the end of 2100, according to an analysis
that takes into consideration the climate goals of different countries (Robiou du Pont
and Meinshausen 2018; IPCC 2018). Besides IPCC, UNEP 2018 report on emission
gaps emphasized that current commitments on NDCs as provided by countries under
Paris Climate Agreement are inadequate to bridge the emissions gap in 2030 and
suggested the increase in NDC ambitions. The report also highlighted negatively the
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assessment of actions taken byG20 countries in enhancing their NDC ambitions. The
report further elaborated that increased emissions and lagging actions means the gap
published in 2018 report is largest than ever (UNEP 2018). The suggestion is that all
fossil fuel subsidies must be phased out, and hence the global carbon emissions could
be reduced by 10% by 2030. However, it may not be possible for a large number of
developing countries who suffer from inequalities and are in the process of economic
growth. Slowing down of economic growth means disastrous consequences toward
reducing inequalities and poverty alleviation.
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Dust Storms and Human Health

Andrew S. Goudie

Abstract Dust storms play a pervasive role in the Earth system. They are events of
considerable extent and of frequent occurrence in drylands. The amount of suspended
material they contain is an important aspect of dust storms in relationship to health.
They transport particulates, pollutants and biological materials for long distances
downwind. In some parts of the world, though not all, they appear to be occurring
with greater frequency, and some forecasts suggest that this will continue in response
to increasing land-use pressures and lower soil moisture contents resulting from
climate change. Studies, particularly in east Asia, show associations between dust
events and a range of human health issues, including respiratory problems, cardio-
vascular complaints, meningococcal meningitis, coccidioidomycosis, conjunctivitis,
skin irritation, measles, and transport accidents.

Keywords Dust storms · Health · Respiratory · Cardiovascular · Source areas ·
Particulates

1 Introduction

This chapter reviews recent studies of dust storms (e.g. their sources areas, frequen-
cies and particulate contents) and considers the evidence that is accumulating to
relate these characteristics to health disorders. This issue has already been reviewed
by Zhang et al. (2016).

Dust storms play a pervasive role in the Earth system (Goudie and Middleton
2006; UNEP et al. 2016). They result from fronts and convective haboobs, which
raise dust from desert surfaces. In severe events, dust may reach concentrations in
excess of 6000 µg m−3 (Goudie 2014). Much of this load consists of silt. It can be
transported over thousands of kilometers and is deposited downwind. The silt comes
finer with distance from source. It is dominated by SiO2 and Al2O3, but it may also
have a large salt content, an organic component, and crucially from the health point
of view, can transport pathogens and anthropogenic pollutants. For example, dust
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fromChina, collected in Japan, absorbs anthropogenic atmospheric pollutants during
transport. Consequently, Asian Dust Events (ADEs) in Japan coincide with increases
in hospital admissions and clinical visits for allergic diseases such as asthma, allergic
rhinitis and conjunctivitis (Otani et al. 2017). Dust storms can also carry potentially
carcinogenic fibrous clay called palygorskite (Rodriguez-Navarro et al. 2018).

1.1 Source Areas

The health impacts of dust storms depend on where humans live with respect to dust
sources and the downwind direction of dust transport from them. Satellite sensors
have demonstrated the primacy of arid regions and of basins of internal drainage and
of alluvial deposits. Estimates of the relative strength of dust emissions demonstrate
the importance, firstly of the Sahara (with over half of the global total), secondly of
China and Central Asia (with about 20%), thirdly of Arabia and fourthly of Australia.
Southern Africa and the Americas are minor sources, together accounting for less
than about 5% of the total. Some dust is raised from high-latitude areas.

Saharan dust is moved by the trades toward the Gulf of Guinea, producing Har-
mattan haze. It is also carried to the Near East, the Arctic, across the Atlantic to the
Americas (Prospero et al. 2014), and to the countries bordering the Mediterranean.

In China, dust storms cover immense areas, particularly in the arid west and
transport particulates to its more humid parts, Korea, Japan and beyond. As a con-
sequence, some mega-cities, including Beijing, Shanghai, Seoul, Tokyo and Taipei
are subjected to ADEs. Dust is also generated in Mongolia, where mining activity
has increased its prevalence.

Dust storms in the Middle East occur on the plains of Iraq and Kuwait and have
possible health implications (Al-Hemoud et al. 2018). Much dust is lofted off the
Tigris-Euphrates alluvial plain, the Jaz Murian depression and the Seistan Basin.
In Tehran, the great bulk of particulates are derived from the deserts of Iraq and
Syria (Givehchi et al. 2013), while some dust in the United Arab Emirates may be
derived from Iran and central Asia. The Tokar Delta in Sudan emits dust over the Red
Sea—dust which moves into Arabia and degrades air quality. In India, the greatest
number of dust storms occur in the Thar, but eastward-moving dust clouds cross
heavily populated North India. In the southern former Soviet Union, dust is blown
off the desiccated bed of the Aral Sea and there are many dust storms in Kazakhstan
(Issanova et al. 2015).

In southern Africa, Etosha Pan, the Namib river valleys and the Mkgadikgadi
Depression (Vickery et al. 2013) are big sources. In South America, the exposed bed
of the desiccating Mar Chiquita (Argentina) is a major source (Bucher and Stein,
2016).Dust is also generated fromPatagonia, and thePuna andAltiplano. In theUSA,
dust storms occur in the arid west and material blown from the anthropogenically
desiccated Owens Lake has caused health concerns. Australia, though not as dusty
as some regions of the world, is the largest source in the Southern Hemisphere.
Australian dust causes respiratory problems in New Zealand (Cowie et al. 2010) and
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impacts upon air quality in Brisbane, Sydney, Newcastle and Melbourne (Leys et al.
2011).

1.2 The Changing Frequency of Dust Storms

Dust storm frequency is important in health terms. Analysis of meteorological data
has revealed the changing frequency of events for the last six decades or so. Some
areas have shown increasing trends (e.g. the Sahel of Africa and the eastern Gobi
of Mongolia). However, others have shown declining trends in the late twentieth
century (e.g. China, the Canary Islands, Turkmenistan, Central Asia, Pakistan). In
Australia, the declining trend was followed by a spike of activity in the early years
of the present century-‘the Millennium Drought’ (O’Loingsigh et al. 2017). Other
areas (e.g. the Kalahari and Seistan) have shown marked fluctuations upwards and
downwards in response to such factors as lake flooding and desiccation (Rashki et al.
2015) or climatic fluctuations. In China, both natural and anthropogenic factors are
implicated in the observed trends. There is certainly no clear upward trend in dust
storm activity in China or Korea (Wang et al. 2018) though the early years of the
present millennium saw some severe events (Kurosaki et al. 2011).

Mahowald et al. (2010) have estimated the global picture of changes in dust storm
activity for the twentieth century. They suggest that a doubling of atmospheric desert
dust loadings took place over much of the globe.

1.3 PM10 and PM2.5 Levels in Dust Storms

The amount of suspended material they contain is an important aspect of dust storms
in relationship to health and in some parts of the world, such as the Negev, dust
concentrations are increasing (Krasnov et al. 2016). Concentrations are normally
expressed as PM10 and PM2.5 values. Some storms close to source are associated
with very high concentrations, but it is notable that concentrations at large distances
downwind can also be elevated, as is evident for some of the big cities in East Asia
(Wang et al. 2013) and Australia (Leys et al. 2011). Even in southern Europe and
the Caribbean, African dust incursions can produce high particulate levels (Prospero
et al. 2014).

According to WHO, the acceptable annual mean value of PM10 is 20 µg m−3

and the acceptable 24 h mean value is 50 µg m−3 (de Longueville et al. 2013). The
U.S. Environmental Protection Agency regards 24 h PM2.5 levels between 35.5 and
55.4µg m−3 as being unhealthy for sensitive groups, 55.5–150.4 as being unhealthy,
150.5–250.4 as being very unhealthy, and 250.4–500 as hazardous. These values
are regularly exceeded in dust storms (Goudie 2014; Middleton 2017). PM10 values
may remain high for extended periods, particularly in some Iranian sites (Goudarzi
et al. 2017). Engelbrecht et al. (2009) showed that over large parts of theMiddle East
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people were exposed to average annual PM10 values ranging from 72 to 303 µg m−3

and PM2.5 values ranging from 35 to 111 µg m−3.

1.4 Biomaterials

Dust storms pick up and transport bacteria, pollen spores, fungi and viruses (Weil
et al. 2017). These have implications for disease incidence, including meningococcal
meningitis and coccidiomycosis. Desert dust may contain dangerous cyanotoxins
(Richer et al. 2015). In Japan, Watanabe et al. (2011) found that asthma in adults was
augmented on days when Asian Dust carried pollen in comparison with dusty days
without pollen. El-Askary et al. (2017) suggested that Kawasaki Disease (KD), a rare
vascular disease that can result in cardiac damage in children, could be associated
with a fungus known as Candida, which is transported in dust from China to Japan.

1.5 Miscellaneous Pollutants

Dust storms pick up and transport anthropogenic materials such as pesticides, herbi-
cides, heavy metals, dioxins and radioactive isotopes. Those that have moved across
heavily industrialized and polluted areas, such as northern China, may therefore pose
a greater risk than those storms that have passed over less heavily developed areas
(Almeida-Silva et al. 2013). In addition, dust storms remove toxic materials, includ-
ing arsenic, from desiccated lake beds and some dune areas (Soukup et al. 2012;
Morman and Plumlee 2013). There has been especial concern about the deflation of
pesticides, including Lindane, from the exposed bed of the Aral Sea (Balmagambe-
tova et al. 2017). Radionuclides may be blown from sites of past nuclear tests and
from uranium mines tailings (Csavina et al. 2012).

2 Human Health Disorders

As Sandstrom and Forsberg (2008) have pointed out, particle size is a main determi-
nant of where in the respiratory tract a dust particle will come to rest when inhaled.
Because of their small size, particles on the order of ~10 µ or less (PM10) can pene-
trate the deepest part of the lungs such as the bronchioles or alveoli. Larger particles
are generally filtered in the nose and throat via cilia and mucus. Particles which
are <2.5 µ penetrate into the gas exchange regions of the lung, and ultra-fine par-
ticles (<100 nm) may pass through the lungs to affect other organs, with possible
cardiovascular consequences (Martinelli et al. 2013).
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2.1 Respiratory Disorders

The pathogenic effect of dust inhalation on respiratory tissues can be attributed to the
direct physical action of dust particles on the epithelium of the human airways and
may be exacerbated by the toxic effects of both trace elements (including arsenic)
and of biologically active compounds (Schweitzer et al. 2018). Studies in East Asia
have related ADEs to asthma, pneumonia and tracheitis (Yang 2013). Tao et al.
(2012), working in Lanzhou, China, found that dust storms led to increased respi-
ratory hospitalizations, particularly for those aged >65. Tam et al. (2012), working
in Hong Kong, found significant increases in emergency hospital admissions due to
respiratory problems, with a 1.05% increase per 10 µg m−3. Chien et al. (2012),
working in Taipei, found that compared with weeks before ADEs respiratory clinic
visits during the weeks after an event increased by 2.5% for children younger than
6, and by 5.0% for children aged 7–14. It poses a particular risk to the elderly (Lin
et al. 2016). Studies in Seoul, Korea, by Lee and Lee (2013) showed that ADEs led
to a 22% increase in the rate of asthma treatments with a 6-day lag. Pneumonia and
allergic rhinitis are respiratory complaints that appears to be influenced by ADEs in
Taiwan (Kang et al. 2012).

In Australia, dust blowing from the interior is significantly associated with asthma
severity. A 15% increase in non-accidental mortality at a lag of 3 days from a dust
event was found for Sydney (Johnston et al. 2011), where Merrifield et al. (2013)
also found large increases in asthma emergency department visits.

The effects of African dust outbreaks on asthma and other respiratory and cardiac
afflictions in southern Europe has been noted (Stafoggia et al. 2016), and there is
now a large corpus of work on the particulate loads associated with African dust
incursions, and the effects that these have on respiratory diseases (see, e.g., Trianti
et al. (2017) on Greece and Díaz et al. (2017) on Spain).

Other locations where a link between dust events and respiratory problems has
been established include Seistan and other parts of Iran (Khaniabadi et al. 2017).
There are also high levels of asthma in Arabia, with, for example, 24% of the pop-
ulation of Saudi Arabia being asthmatic, and dust storms are one possible factor
(along with lifestyle, smoking and indoor dust levels) (Al-Ghazawy 2013). On the
other hand, a significant association between dust levels and respiratory mortality
has not always been found (Zhang et al. 2016).

Much dust stormmaterial is silt-sized quartz, and if this is inhaled over a sustained
period, it causes non-occupational silicosis in some areas of High Asia. Silicosis may
be a factor in the prevalence of tuberculosis in theThar (Mathur andChoudhary1997).
In the ‘dust belt’ of North Africa to China, a substantial proportion of lung cancers
may be caused by exposure to the PM2.5 particles in desert dust (Giannadaki et al.
2014), especially in countries like Mauritania and Mali.
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2.2 Cardiovascular Disorders

High particulate levels in the air cause cardiovascular disease, including myocardial
infarction, stroke, heart failure, arrhythmias, and venous thromboembolism (Mar-
tinelli et al. 2013). Kang et al. (2013), working in Taiwan, found that ADEs were
associated with an acute increase in stroke hospitalization, while Liu et al. (2017)
presented data which indicated that PM2.5 concentrations from ADEs in Taiwan
were highly correlated with emergency visits for cardiovascular diseases. However,
also working in Taiwan, Yang et al. (2009) were unable to find a statistically sig-
nificant association with congestive heart failure. In Nagasaki, Japan, Ueda et al.
(2012) reported that heavy ADEs caused emergency ambulance dispatches for car-
diovascular diseases to rise by 20.8%. Likewise, in Cyprus, Middleton et al. (2008)
found that cardiovascular admissions increased after dust episodes, and Neophy-
tou et al. (2013) found there was a 2.4% increase in daily cardiovascular associ-
ated with each 10 ug m−3 increase in PM10 concentrations on African Dust days.
In Spain, Perez et al. (2012) found an increased cardiovascular mortality associ-
ated with PM10-2.5 levels, as did Alessandrini et al. (2013) in Rome, Italy. In Israel,
Vodonos et al. (2014) found a strong correlation between PM10 concentrations and
chronic obstructive pulmonary disease (COPD). In the USA, Crooks et al. (2016)
found a positive association between dust storms and non-accidental, cardiovascular,
and other non-accidental mortality, particularly in the two states with the highest dust
storm incidence, Arizona and California.

2.3 Measles

Although little work has been undertaken, Ma et al. (2017) found an association
between dust events and measles incidence in the Gansu region of China. The Dust
Bowl years of the 1930s were a time of great measles epidemics in Kansas, USA
(Brown et al. 1935). The causes of this association need further investigation.

2.4 Miscellaneous Other Diseases and Health Issues

2.4.1 Coccidioidomycosis

Coccidioidomycosis, an infection caused by inhalation of airborne spores of soil-
dwelling fungi found in the south-west USA and parts of Mexico and central and
South America, can affect the lungs, cause extreme disfigurement, and be fatal (Gor-
ris et al. 2018). In the USA, it is known as Valley Fever. Around 150,000 cases
are reported annually (Anderson 2013). There is a strong bimodal seasonality of
the disease in Arizona, with peaks in the drier and dusty months of June–July and
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August–November. Tong et al. (2017) have found that in the American south-west,
the frequency of windblown dust storms has increased 240% from 1990s to 2000s.
This trend is associated with variations of sea surface temperature caused by the
Pacific Decadal Oscillation. They found that the frequency of dust storms is corre-
lated with Valley Fever incidences, and that the infection rate went up more than
800% from 2000 to 2011. Disturbance of desert surfaces in California is exacerbat-
ing the problem (Gorris et al. 2018) by increasing the probability of aerosolizing
Coccidioides spp. spores.

2.4.2 Meningococcal Meningitis

Meningococcalmeningitis is a serious problem inWestAfrica (Thomson et al. 2009).
For instance, during the 2017 epidemic in northern Nigeria, 14,473 cases (including
1158 deaths) were reported, of which over 50% involved children under the age of 16.
There is a clear temporal correlation between times of great atmospheric dust contents
(the Harmattan) and cases of meningitis (Deroubaix et al. 2013). One theory is that
dust, combined with extremely dry air, damages the pharyngeal mucosa, thereby
easing bacterial invasion. Attempts at vaccination are a major priority.

2.4.3 Conjunctivitis

Prolonged exposure to dusty air can lead to conjunctivitis. Chien et al. (2014) found
elevated conjunctivitis clinic visits during dust storm periods, particularly for chil-
dren. Ko et al. (2016) also found a link between ADEs and conjunctivitis in Japan.

2.4.4 Dermatological Disorders

The presence of heavy metals such as nickel in dust may cause skin irritation (Onishi
et al. 2015). In addition, it has been suggested that ADE particles can ‘exert toxi-
cological effects on human skin through the activation of the cellular detoxification
system, the production of pro-inflammatory and immunomodulatory cytokines and
changes in the expression of proteins essential in normal epidermal differentiation’
(Choi et al. 2011, p. 92).

2.4.5 Algal Blooms

The nutrients carried in dust storms, including iron (Mahowald et al. 2009), can
indirectly impact human health by stimulating chlorophyll production and toxic algal
blooms in coastal environments (Gallisai et al. 2016). These have a range of effects
including shellfish poisoning and respiratory complaints (Fleming et al. 2011).



20 A. S. Goudie

2.4.6 Transport Accidents

Dust storms cause death through their role in causing road and air accidents (Baddock
et al. 2013). Some fatal commercial air crashes have been attributed to visibility
reduction or to the adverse mechanical effects of dust storms.

3 Conclusions

Dust storms are events of considerable extent and of frequent occurrence in deserts
and on their margins. They transport particulates, pollutants and biological materials
for long distances downwind. In some parts of the world, though not all, they appear
to be occurring with greater frequency and some forecasts suggest that this will con-
tinue in response to increasing land-use pressures and lower soil moisture contents
resulting from climate change. An increasing corpus of studies, particularly in east
Asia, show associations between dust events and a range of human health issues,
including respiratory problems, cardiovascular complaints, meningococcal menin-
gitis, conjunctivitis, skin irritation, measles and transport accidents. It is probable
that some groups of people may be especially susceptible to these effects, including
the elderly, those who are socio-economically disadvantaged (Ho et al. 2018) and
the very young (Foreman 2018). Plainly, dust storm control and mitigation are of
immense importance (Middleton and Kang 2017).
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The Impacts of Climate Change
on Health and Development in Canadian
Arctic and Sub-arctic Communities
in the Twenty-First Century:
A Systematic Review

Fox Underwood and Stefania Bertazzon

Abstract Climate change in the arctic affects the movement and health of animals
and the health and development of Inuit communities in Canada. We investigated
such associations by performing a systematic review tofind studieswhere community
members reported changes in their communities attributed to climate change. In the
22 studies examined, we discovered that increased rainfall, storms, and erosion are
likely causing greater infrastructure damage. As well, unpredictable and unstable
weather has made travel difficult and dangerous along with thinning ice and changes
in the timing of ice break-up and ice freeze-up. Lastly, a declining perceived health
in wildlife, coupled with various obstacles in hunting, is a threat to the health and
livelihoods of community members.

Keywords Canada · Arctic · Sub-arctic · Spatial variability · Climate change ·
Health

1 Introduction

A polar bear on a small piece of floating sea ice is a common image in people’s
minds when considering climate change in the arctic. That loss of ice will change,
and has changed, the behaviour of that polar bear by forcing it to search for food
in-land. Caribou, fish, whales, and seals will all have to migrate and adapt. So, too,
will the Inuit communities that rely greatly on such country food for subsistence and
livelihood be forced to adapt as well. Our aimwas to examine changes in climate and
weather on the health and development in primarily Inuit communities in Canada
and do so by using systematically gathered information reported at the community
level by members of each community.
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2 Methods

Our area of interest was all arctic and sub-arctic communities in or near the four Inuit
regions of Inuvialuit, Nunavut, Nunavik, and Nunatsiavut. To this end, we searched
Scopus and Web of Science using the query “Canada AND arctic AND ‘climate
change’” from the beginning of the databases to 5March 2018.Wewould additionally
search reference lists of papers found in the database search for papers potentially
not retrieved from the databases. Papers would be excluded if they reported data
from before the year 2000, did not report data on people, did not report a link
between climate change and health or development, did not report data for any
specific Canadian community (e.g. values were only reported at the region level),
did not report on arctic or sub-arctic communities in or near the four Inuit regions
(Inuvialuit, Nunavut, Nunavik, and Nunatsiavut), or reported data already reported
by other studies we had included.

3 Results

From our search of Scopus andWeb of Science, 2388 records were found for abstract
review, and 403 of those were selected for full-text review, with 22 papers suitable for
data extraction. The four regions and 29 communities represented are shown in Fig. 1
and Table 1, along with community locations, study citations, years of study, and
data type. The majority of studies included reported data between 2000 and 2010,
with only three studies reporting data after 2010. All except one study had interview,
workshop, or focus-group componentswhere communitymembers discussed climate
changes and its impacts with researchers.

Geographically, we had recorded data for the majority of communities in and
around Inuvialuit and Nunatsiavut, yet closer to half of communities in and around
Nunavut and Nunavik. Most climate and weather variables were presence or absence
values (Table 2). Some variables were increased or decreased (e.g. less snow or more

Fig. 1 Inuit communities in
Canada
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Table 1 Community and study list

Region Community Location Study Year of
study

Data type

Inuvialuit
Settlement
Region
(ISR) and
area

Aklaavik
(Aklavik)

68° 13′ 13′′N
135° 0′ 42′′W

Nickels et al.
(2005,
pp. 67–69,
90–93)

2002–2005 Workshops

Wesche and
Chan (2010,
pp. 365–367)

2002–2005 Workshops

Ikaahuk (Sachs
Harbour)

71° 59′ 8′′N
125° 14′ 53′′W

Berkes and
Jolly (2001,
p. 5)

1999–2001 Interviews,
workshops,
focus
groups

Nichols et al.
(2004,
pp. 71–77)

1999–2001 Interviews

Inuvik 68° 21′ 42′′N
133° 43′ 50′′W

Ford et al.
(2013, p. 10)

2009–2012 Interviews,
food bank
usage
statistics

Nickels et al.
(2005,
pp. 67–69,
90–93)

2002–2005 Workshops

Paulatuuq
(Paulatuk)

69° 21′ 5′′N
124° 4′ 10′′W

Nickels et al.
(2005,
pp. 67–69,
90–93)

2002–2005 Workshops

Wesche and
Chan (2010,
pp. 365–367)

2002–2005 Workshops

Tuktuujaqtuuq
(Tuktoyaktuk)

69° 26′ 34′′N
133° 1′ 52′′W

Andrachuk
and Smit
(2012,
pp. 872–875)

not stated Interviews

Nickels et al.
(2005,
pp. 67–69,
90–93)

2002–2005 Workshops

Wesche and
Chan (2010,
pp. 365–367)

2002–2005 Workshops

Ulukhaqtuuq
(previously
Holman Island)

70° 44′ 11′′N
117° 46′ 5′′W

Nickels et al.
(2005,
pp. 67–69,
90–93)

2002–2005 Workshops

(continued)
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Table 1 (continued)

Region Community Location Study Year of
study

Data type

Wesche and
Chan (2010,
pp. 365–367)

2002–2005 Workshops

Nunavut
and area

Arviat 61° 6′ 29′′N
94° 3′ 25′′W

Beaumier
et al. (2015,
pp. 555–556)

not stated Interviews

Iglulik
(Igloolik)

69° 22′ 34′′N
81° 47′ 58′′W

Ford et al.
(2006a,
pp. 131–133)

2004–2006 Interviews

Ford et al.
(2008,
pp. 50–53)

2004–2006 Interviews

Ford et al.
(2009,
pp. 142–149)

2006 Interviews,
measure-
ments of
physical
environ-
ment

Laidler et al.
(2009,
pp. 376–383)

2004–2006 Interviews,
measure-
ments of
physical
environ-
ment

Ikpiarjuk
(Arctic Bay)

73° 2′ 11′′N
85° 9′ 9′′W

Ford et al.
(2006b,
pp. 149–150)

2004–2006 Interviews

Ford et al.
(2008,
pp. 50–53)

2004–2006 Interviews

Nickels et al.
(2005,
pp. 67–69,
90–93)

2002–2005 Workshops

Iqaluit 63° 44′ 55′′N
68° 31′ 11′′W

Bunce et al.
(2016,
pp. 1426–1433)

2015 Interviews

Hatcher and
Forbes (2015,
p. 463)

2009–2011 Measurements
of physical
environ-
ment

Kangiqtugaapik
(Clyde River)

70° 28′ 26′′N
68° 35′ 10′′W

Gearheard
et al. (2010,
pp. 273–279)

2000–2004 Interviews

(continued)



The Impacts of Climate Change on Health and Development … 31

Table 1 (continued)

Region Community Location Study Year of
study

Data type

Kugaaruk or
Arvilikjuaq
(previously
Pelly Bay)

68° 31′ 59′′N
89° 49′ 36′′W

Nancarrow
and Chan
(2010,
pp. 5–9)

2005 Focus
groups

Nickels et al.
(2005,
pp. 67–69,
90–93)

2002–2005 Workshops

Naujaat
(previously
Repulse Bay)

66° 31′ 19′′N
86° 14′ 6′′W

Nancarrow
and Chan
(2010,
pp. 5–9)

2005 Focus
groups

Nickels et al.
(2005,
pp. 67–69,
90–93)

2002–2005 Workshops

Pangnirtuuq
(Pangnirtung)

66° 8′ 52′′N
65° 41′ 58′′W

Giles et al.
(2013,
pp. 209–210)

2008–2009 Interviews,
focus
groups

Qurluqtuuq or
Kugluktuk
(previously
Coppermine)

67° 49′ 32′′N
115° 5′ 42′′W

Prno et al.
(2011,
pp. 6–11)

2007 Interviews

Sanirajaq
(Hall Beach)

68° 46′ 38′′N
81° 13′ 27′′W

Ford et al.
(2009,
pp. 142–149)

2006 Interviews,
measure-
ments of
physical
environ-
ment

Nunavik
and area

Ivujivik 62° 25′ 0′′N
77° 54′ 30′′W

Martin et al.
(2007,
pp. 197–199)

2003–2004 Interviews

Nickels et al.
(2005,
pp. 67–69,
90–93)

2002–2005 Workshops

Kangiqsujuaq 61° 36′ 0′′N
71° 58′ 0′′W

Cuerrier et al.
(2015,
pp. 384–389)

2007–2009 Interviews

Martin et al.
(2007,
pp. 197–199)

2003–2004 Interviews

(continued)
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Table 1 (continued)

Region Community Location Study Year of
study

Data type

Nickels et al.
(2005,
pp. 67–69,
90–93)

2002–2005 Workshops

Kangirsualujjuaq 58° 41′ 0′′N
65° 57′ 0′′W

Cuerrier et al.
(2015,
pp. 384–389)

2007–2009 Interviews

Puvirnituq 60° 1′ 48′′N
77° 16′ 48′′W

Martin et al.
(2007,
pp. 197–199)

2003–2004 Interviews

Nickels et al.
(2005,
pp. 67–69,
90–93)

2002–2005 Workshops

Umiujaq 56° 32′ 0′′N
76° 33′ 0′′W

Cuerrier et al.
(2015,
pp. 384–389)

2007–2009 Interviews

Martin et al.
(2007,
pp. 197–199)

2003–2004 Interviews

Nunatsiavut
and area

Aqvituq
(Hopedale)

55° 29′ 2.54′′N
60°12′ 11.48′′W

Crate (2012,
pp. 62,
71–72)

2008–2011 Interviews
or surveys

Happy
Valley-Goose
Bay

53° 18′ 7′′N
60° 25′ 0′′W

Nickels et al.
(2005,
pp. 67–69,
90–93)

2002–2005 Workshops

Kikiak
(Rigolet)

54° 10′ 47′′N
58° 25′ 44′′W

Goldhar et al.
(2014,
pp. 76–78)

2009 Interviews

Nickels et al.
(2005,
pp. 67–69,
90–93)

2002–2005 Workshops

Marruuvik
(Makkovik)

55° 4′ 38′′N
59° 11′ 16′′W

Crate (2012,
pp. 62,
71–72)

2008–2011 Interviews
or surveys

Nickels et al.
(2005,
pp. 67–69,
90–93)

2002–2005 Workshops

(continued)
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Table 1 (continued)

Region Community Location Study Year of
study

Data type

Mud Lake 53° 18′ 20′′N
60° 10′ 1′′W

Crate (2012,
pp. 62,
71–72)

2008–2011 Interviews
or surveys

North West
River

53°31′ 31.32′′N
60° 8′ 41.8′′W

Nickels et al.
(2005,
pp. 67–69,
90–93)

2002–2005 Workshops

Nunainguk
(Nain)

56° 32′ 32′′N
61° 41′ 34′′W

Nickels et al.
(2005,
pp. 67–69,
90–93)

2002–2005 Workshops

Qipuqqaq
(Postville)

54° 54′ 37′′N
59° 48′ 8′′W

Nickels et al.
(2005,
pp. 67–69,
90–93)

2002–2005 Workshops

Table 2 Heat Map key: climate and weather

Key Event occurring Red Blue Grey

Ew Extreme weather Yes

Wp Unpredictable weather Yes

Wd Unstable wind direction Yes

Wt Warmer temperatures Yes

Sc Season length change Yes

Wc Prevailing wind direction
change

Yes

Ib Earlier ice break-up Yes No Yes and no

If Later ice freeze-up Yes No

Wl Water level changes Lower Higher

Ti Ice thickness changes Thinning

Sf Snow frequency Less snow More snow Less and more

Rf Rain frequency More rain Less rain

Fr Freezing rain frequency More freezing rain

S Storm frequency More storms

E Erosion frequency Increased
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snow) with a couple having opposite values reported in the same community (e.g.
less snow and more snow).

Overwhelmingly, communities in the four Inuit regions reported unpredictable
and unstable weather (89%), later ice freeze-up (89%), thinning ice (86%), and
less snow (72%) (Tables 3 and 4). Changes in timing and length of seasons (62%)
and higher temperatures (51%) were reported throughout all regions except Inu-
vialuit. Increased erosion (58%), earlier ice break-up (58%), and falling water levels
(58%) were reported in all regions, although two communities (Ikpiarjuk and Iqaluit)
reported higher sea levels. Wind direction instability (24%) was reported only by
community members in Nunavut and Nunavik; however, change in prevailing winds
(58%) was reported in all regions. Rain was reported as more frequent in 48% of
communities (except those inNunavik) and less frequent in 13%of communities (and
only those in Nunavik). Freezing rain (27% overall) occurred in communities in all
regions exceptNunatsiavut.More frequent storms (48%)were reported in all regions,
although four communities in Nunavik reported less frequent storms. And while just
over half of all communities reported extreme weather events (55%), the majority
occurred in the eastern regions of Nunavik and Nunatsiavut. Extreme weather in
Nunatsiavut was water drying-up (Goldhar et al. 2014, p. 76) and extremely high
summer temperatures (Nickels et al. 2005, p. 67); in Nunavik, drought (Martin et al.
2007, p. 198) was reported along with a lightning event that caused fire in a dried-out
area (Cuerrier et al. 2015, p. 387); in Nunavut were extremely high summer tem-
peratures (Nickels et al. 2005, p. 67) and mudslides (Nickels et al. 2005, p. 69); and
in Inuvialuit were extremely high summer temperatures (Nickels et al. 2005, p. 67),
mudslides (Nickels et al. 2005, p. 69), and thunderstormswhere none occurred before
(Nichols et al. 2004, p. 77).

The health and development variables were predominantly yes or no questions
(Table 5). Bear sightings were classified as more or less. Members from a few com-
munities reported both the presence and the absence of a few variables.

Difficulties faced by communities from climate change varied by region (Tables 6
and 7). Although 20% of Inuit region communities reported more dangerous hunt-
ing, 44% reported more difficult hunting, more expensive hunting, and shorter or
delayed hunting seasons. Nunavik reported only more difficult hunting and not more
dangerous hunting, more expensive hunting, or shorter or delayed hunting seasons. A
decline in wildlife health was reported in 62% of communities, along with a decline
of or increased inaccessibility of caribou (34%), fish (27%), and berries (37%).
Half of communities (48%) reported resorting to store-bought food, although none
were communities in Nunatsiavut. Communities in all areas reported infrastructure
damage (58%) from weather. Difficult travel was reported in 65% of communities,
while more dangerous travel was reported in the majority (82%) of communities.
More polar bears were sighted in Nunavut (Beaumier et al. 2015, p. 555; Bunce et al.
2016, p. 1427; Nancarrow and Chan 2010, p. 6) alongwithmore grizzly bears around
Arviat (Beaumier et al. 2015, p. 556). Members of Nunavik communities reported
seeing more black bears (Cuerrier et al. 2015, p. 389). Fewer polar bears were seen
around Ikaahuk (Berkes and Jolly 2001, p. 5; Nichols et al. 2004, p. 73).
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Table 3 Heat Map: climate and weather by community
Region or 
Territory Community Ew Wp Wd Wt Sc Wc Ib If Wl Ti Sf Rf Fr S E

Inuvialuit 
Settlement 

Region 
(ISR) 

and area

Aklaavik 

Ikaahuk 

Inuvik

Paulatuuq

Tuktuujaqtuuq

Ulukhaqtuuq

Nunavut 
and area

Arviat

Iglulik

Ikpiarjuk

Iqaluit

Kangiqtugaapik

Kugaaruk

Naujaat

Pangnirtuuq

Qurluqtuuq

Sanirajaq

Nunavik 
and area

Ivujivik

Kangiqsujuaq

Kangirsualujjuaq

Puvirnituq

Umiujaq

Nunatsiavut 
and area

Aqvituq

Happy Valley-
Goose Bay

Kikiak

Marruuvik

Mud Lake

North West River

Nunainguk

Qipuqqaq
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Table 4 Heat Map: climateClimate and weather by Inuit region

Region Variable 
Direction Ew Wp Wd Wt Sc Wc Ib If Wl Ti Sf Rf Fr S E

Inuvialuit 
Settlement 

Region 
(ISR) 

and area

% of 6 
communities 50 100 0 0 0 50 83 83 66 100 83 83 66 66 83

% of 6 
communities 0 0 0

% of 6 
communities 0 0

Nunavut 
and area

% of 10 
communities 20 100 40 50 80 40 30 90 30 80 40 30 20 30 20

% of 10 
communities 20 0 0

% of 10 
communities 10 10

Nunavik 
and area

% of 5 
communities 100 80 40 80 80 80 60 80 80 100 80 0 40 20 80

% of 5 
communities 0 80 80

% of 5 
communities 0 0

Nunatsiavut 
and area

% of 8 
communities 75 75 0 75 75 75 75 100 75 75 100 75 0 75 75

% of 8 
communities 0 0 0

% of 8 
communities 0 0

All Regions

% of 29 
communities 55 89 24 51 62 58 58 89 58 86 72 48 27 48 58

% of 29 
communities 6 13 13

% of 29 
communities 3 3

Table 5 Heat Map key: health and development

Key Event occurring Red Blue Grey

Id Infrastructure damage Yes

Hd Hunting is more difficult Yes

Hn Hunting is more dangerous Yes

Hs Hunting season shorter or
delayed

Yes

He Hunting is more expensive Yes

Cd Fewer caribou in the area Yes No: more caribou

Fd Fewer fish in the area Yes No: more fish Yes and no

Bd Fewer berries in the area Yes Yes and no

Wh Lower health of wildlife Yes

Si Increase in purchase of
store-bought food

Yes

Bp Polar bear sighting change More bears Less bears

Bg Grizzly bear sighting change More bears

Bb Black bear sighting change More bears

Td Travel is more difficult Yes Yes and no

Tn Travel is more dangerous Yes
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Table 6 Heat Map: health and development by community
Region or 
Territory Community Id Hd Hn Hs He Cd Fd Bd Wh Si Bp Bg Bb Td Tn

Inuvialuit 
Settlement 

Region 
(ISR) 

and area

Aklaavik 

Ikaahuk 

Inuvik

Paulatuuq

Tuktuujaqtuuq

Ulukhaqtuuq

Nunavut 
and area

Arviat

Iglulik

Ikpiarjuk

Iqaluit

Kangiqtugaapik

Kugaaruk

Naujaat

Pangnirtuuq

Qurluqtuuq

Sanirajaq

Nunavik 
and area

Ivujivik

Kangiqsujuaq

Kangirsualujjuaq

Puvirnituq

Umiujaq

Nunatsiavut 
and area

Aqvituq

Happy Valley-
Goose Bay

Kikiak

Marruuvik

Mud Lake

North West River

Nunainguk

Qipuqqaq
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Table 7 Heat Map: health and development by Inuit region

Region Variable 
Direction Id Hd Hn Hs He Cd Fd Bd Wh Si Bp Bg Bb Td Tn

Inuvialuit 
Settlement 

Region 
(ISR) 

and area

% of 6 
communities 83 100 16 66 83 100 16 83 83 83 0 0 0 83 83

% of 6 
communities 0 16 16

% of 6 
communities 50 0 16

Nunavut 
and area

% of 10 
communities 30 80 50 10 70 30 10 20 40 50 40 10 0 50 80

% of 10 
communities 20 0 0

% of 10 
communities 0 0 10

Nunavik 
and area

% of 5 
communities 60 80 0 0 0 20 0 80 60 60 0 0 60 60 60

% of 5 
communities 0 0 0

% of 5 
communities 0 20 0

Nunatsiavut 
and area

% of 8 
communities 75 12 0 100 12 0 75 0 75 0 0 0 0 75 100

% of 8 
communities 0 0 0

% of 8 
communities 0 0 0

All Regions

% of 29 
communities 58 44 20 44 44 34 27 37 62 48 13 3 10 65 82

% of 29 
communities 6 3 3

% of 29 
communities 10 3 6

4 Discussion

Far more similarities were seen with changes in weather and climate among the
regions than with health and development. Unpredictable weather, later ice freeze-
up, and changes in timing and length of seasons no doubt contributed to difficult
travelling and danger travelling as reported by the vast majority of communities. A
rise in extremeweather events, rain, storms, and erosion has also likely lead to greater
infrastructure damage, all ofwhichwere reported in communities of all regions.Addi-
tionally, the substantial changes in weather and climatemay be lowering the health of
wildlife, which was a common observation throughout all regions along with various
difficulties of hunting. Most communities reporting a rise in store-bought food also
reported a decline in the health of wildlife, which is an understandable correlation.
Communities in Nunatsiavut were the only ones to report declining wildlife health
while at the same time not reporting resorting to store-bought food; however, the
region may have better prospects for hunting that has allowed its members to avoid
store-bought food in favour of country food. Although reports of polar bears, with
less ice to hunt on, moving in-land, along with more common sightings of grizzly
bears and black bears, did come up, relatively few communities reported this or, per-
haps, omitted such events for the lack of concern (e.g. bears can be targets in sport
hunting, so hunters may not be concerned if more bears are nearby). We also suspect
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that, while changes in climate and weather may be easier to see and measure, there
may be a lag between environmental change and the change and reporting of health
and development in arctic communities.

5 Conclusion

In this systematic review, we identified studies that included observations of commu-
nity members of communities in Canada’s arctic and sub-arctic regions. Changing
weather and climate in the twenty-first century has adversely affected the health of
people in Inuit communities by causing damage to infrastructure and increasing risk
of injury when travelling in unpredictable weather and unsafe conditions. Chang-
ing climate, too, has lowered the health of much wildlife and caused caribou, fish,
and bear to move to different territories, sometimes close to or further away from
communities, which has affected the ability for hunters to catch game for nutrition
and employment. And although no single observation about hunting was present
across all regions, different regions reported at least one detrimental fact of hunting
life, whether it was more difficult hunting, more dangerous hunting, more expensive
hunting, shorter or delayed hunting seasons, or a combination of them. As an activity
that is a large part of subsidence and employment in many communities, the increas-
ing difficulty, and danger, of hunting cannot be understated as just as damaging to
the health and development of these communities as damaging thunderstorms. More
in-depth analyses and more discussion with the Inuit who live in northern commu-
nities are most assuredly desired and absolutely necessary to understand the effects
of climate change on their lives.
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Wildland Fire, Extreme Weather
and Society: Implications of a History
of Fire Suppression in California, USA

Donald Schweizer, Tom Nichols, Ricardo Cisneros, Kathleen Navarro
and Trent Procter

Abstract Wildland fire is a natural process integral to the formation and health
of forest ecosystems globally. California, USA, is case study where large areas of
wildland have a recent 100 plus year history of human suppression of fire that with
extreme weather is combining to create large high intensity burns changing both
species composition and increasing threats to life, health and property. The cool wet
winters and hot dry summers in California produce a climate where fire is common
and many environmental systems have evolved to rely on frequent fire for repro-
duction and health. Fire has been systemically removed creating a backlog of fuels
as vegetation normally burned accumulates. Extreme weather enhanced by climate
change is increasing the duration of the fire season and occurrence of extreme fire
weather and events. The abundance of fuels and increase in probability of fire, pri-
marily due to human-caused ignitions in thewildland–urban interface, are creating an
increase of large catastrophic fires not typical of these ecosystems. These large high-
intensity fires are an immediate threat to life and property, produce large amounts of
smoke impacting human health far from the fire, and leave behind a burn area then
susceptible to extreme rainfall events that create landslides andmudslides. Returning
fire to the historic role it has played in sustaining these systems reduces the proba-
bility of catastrophic fire and the conditions where extreme rainfall can additionally
cause further threats to life and property from debris flows. Exposure of the public to
smoke from wildfire increases when high intensity burns occur. Wildland fire typical
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of this ecosystem which occurred before suppression limited the extent and amount
of such exposure. There are current attempts to effect positive change to policy and
give a voice to the role of fire in the ecosystem. Long-standing policy based on the
unsustainable complete exclusion of fire and public pressure on air quality inhibits
functional change to smoke and fire management. The collision of what current
fire and smoke science advises as the appropriate action (inclusion of fire as a land
management tool), and public opinion driving implementation of fire management
decisions in California (the exclusion of fire) illustrates a global problem where cli-
mate change and policy driven by belief are synergistically worsening environmental
and human health.

Keywords Wildland fire · Extreme weather · Smoke management policy

1 Introduction

Disturbance from fires is essential to the ecological health of forests and natural areas
worldwide (Stephens et al. 2014, pp. 116–117; Thonicke et al. 2008, p. 670). Fuel
loading was relatively light in areas where fire was frequent before the era of sup-
pression which has caused multiple fire cycles to be missed and fuels to accumulate.
Increases in temperature and drought in others areas, such as the northern Rocky
Mountains, USA or the boreal forest biome, with longer intervals between fires are
also causing concern because fires are expected to increase in occurrence, area and
severity (Gauthier et al. 2015, p. 820).

Fire has an important role to play in the forest ecosystem; however, increased
human development of forested areas has reduced the role of fire in the environmental
system. Fire is widely suppressed across the world. Suppression is integral to good
fire management in a modern world but may undervalue the long-term benefits of
this natural disturbance, as well as the social and ecological consequences of the
attempted suppression of all fires. Large destructive fires are occurring globally from
Mediterranean region including Greece and Portugal to the arctic boreal forests of
Canada, Sweden and Russia to the Australian bushfires. Media coverage tells of the
destruction of life and property and the devastation of fire when suppression fails.
This cycle of using suppression to postpone the occurrence of fire and then reacting
to the devastation when suppression does not work with even greater suppression
efforts appears to be a policy failure of modern land use because it largely ignores
the importance of natural process in forest health and as a mitigation to the effects
of climate change.

Extreme weather events and their frequency are a concern globally. How often
and where extreme events have been occurring is not uniform spatially (Easterling
et al. 2000, p. 417). Where extreme weather combines with an increased fire size
and intensity, large high intensity “megafires” can occur. Anthropogenic-driven cli-
matic stressors are contributing to an increase in megafires (Flannigan et al. 2013,
pp. 59–60). The negative effects of these fires are heightened by policies and human
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behavior which lead to increased development susceptible to burning in fire-prone
ecosystems (Calkin et al. 2015, pp. 5–6) and extreme levels of fuel loading from
active suppression of fire (Steel et al. 2015, pp. 19–20).

Megafire is increasing largely from increased fuel loading and continuity, rising
temperatures and longer fire seasons, and increased development within and around
fire-prone forests. The 2017 fire season inCalifornia, USA, is an excellent example of
the conflict between natural process andmodern land use and the consequences when
suppression fails. The 2017wildfire season inCaliforniawas foreseeablewith 45 plus
years warning of an out of balance fire-prone ecosystem (Kilgore 1973, p. 511) and
anthropogenic emissions altering climate. Despite scientific evidence, fire is rarely
allowed to burn as it did for millennia. This is particularly true in wilderness areas
far from development where the short-term benefits from suppression are largely
elimination of smoke.

The use of naturally occurring fire as a management tool along with both sup-
pression and prescribed fire (planned fire with an arranged set of weather and safety
conditions to meet burn objectives) each have a role in comprehensive fire manage-
ment. A question to consider is whether we are accurately valuing the role fire has in
the ecosystem for long-term human and ecological health or are we unduly biasing
our actions to human intervention. In this chapter, we explore the consequences when
suppression policy, or the implementation of the policy, fails and suggest that current
air and fire policy and management need substantive change to limit catastrophic,
unwanted fire. We discuss the importance of fire as a natural process for forest and
human health and how air management policy must recognize that while smoke may
be undesirable to the public, it is inevitable and that current air and land manage-
ment policy actions are contributing to the problem through institutionalized lack of
foresight.

2 Fuel Loading and Extreme Weather Influence
on Wildland Fire in California, USA

Wildland fire is a natural process with widespread occurrence throughout much
of California, affecting natural and cultural resources, human health, infrastructure
and public safety. It has a wide range of behavior and effects, which are due to
combinations of topography, climate, weather patterns, vegetation types and both
natural and human sources of ignition.

The general relationship among fire cycle (years between fires), fire behavior
(flame lengths, rate of spread) and vegetation type is called a fire regime. Federally
protected land managed for resource objectives include much of the landscape of the
AmericanWest.Although federal landmanagement agencies (e.g.USForest Service,
National Park Service, Bureau of Land Management, Bureau of Indian Affairs, and
the Fish and Wildlife Service) have different founding legislation and missions from
resource extraction to conservation, they all are required to minimize the impact of
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development and use of the land they manage. The agencies additionally have large
areas of federal Class I Wilderness Areas (Fig. 1), protected and managed so as to
preserve its natural conditions, which are protected by the 1964 Wilderness Act.

This large area of little developed land andwilderness in the western USA embod-
ies the scope of the issue of smoke impacts to populated areas adjacent and dependent
on fire-prone areas with fire-adapted species dependent on an active fire regime to
remain healthy and unimpaired for future generations. Prior to European settlement

Fig. 1 Wilderness and other federal land management areas in California area, USA
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(~1800), stands of mixed conifer forests on the western Sierra Nevada of California
(Fig. 1) burned frequently. This fire regime is characterized by low-intensity fires
which occurred historically on a cycle of twenty years or less (Sugihara et al. 2006,
p. 270). Other vegetation types, such as subalpine forests or coastal chaparral, have
fire regimes with longer cycles but can burn more intensely.

Ecosystems tend to be adapted to a specific fire regime. If fire occurs too infre-
quently, fire regimes with short cycles will be impaired by increasing tree density, an
accumulation of fuel, and unnaturally intense fires which often kill mature trees. If
fire is too frequent, such as the result of increased human-caused ignitions from arson
or carelessness, fire regimes with longer fire cycles will be impaired and over-burn.
For example, chaparral can be replaced by invasive grasses if burned too frequently.

Beginning in the early twentieth century, wildfires ignited by human and natural
sources begin to be suppressed by local, state and federal fire agencies. While wild-
fire suppression had occurred before this period, the 1910 wildfires in the Northern
Rockies influenced the US Forest Service to approach fire suppression more system-
atically, and as a cornerstone of its land management policy, which in turn influenced
other agencies. The use of fire, such as prescribed fires ignited to produce various
post-fire benefits, was also discouraged, although the practice continued in the south-
eastern USA.

The suppression of wildfires which threaten public safety continues to be an
important objective. Protection of life and property is an important component of
sound wildland fire management. However, the suppression of all natural fires has
significant consequences to forest health and resiliency, especially in areas of Cal-
ifornia which are characterized by fire regimes with shorter fire cycles, such as the
Sierra Nevada and southern Cascades.

Prior to the onset of fire suppression, recently burned areas had reduced quantities
of wildland fuels and new, green growth which acted as barriers to fire spread from
subsequent ignitions, producing a mosaic of different aged burned areas which could
affect and limit the spread of wildfires.

Due to fire suppression, the historic fire mosaic has been lost in many forested
ecosystems in the western and southwestern USA. This has been replaced by a
layer of continuous wildland fuels which supports the rapid growth of wildfires,
especially during wind events. As noted by the California Department of Forestry
and Fire Protection (Cal Fire), since accurate records started to be kept in 1932, the
top five and seven of the ten largest wildfires in the state have occurred since 2000
(Cal Fire 2018). California fire statistics throughout this chapter only include the last
full year of record (2017). It should be noted that 2018, without a complete annual
record, already has the largest California wildfire (Mendocino Complex) and the at
least 13th deadliest (Carr Fire), suggesting the large destructive wildfires of 2017
were not an anomaly (Fig. 2).

Fire is important to ecological health. Past policies removing fire from the land-
scape have made these systems susceptible to extreme weather and delayed smoke
impacts to the future (Cisneros et al. 2018b, p. 123). Additionally, the changing cli-
mate increases fire potential (Liu et al. 2010, pp. 688–691). Extremeweather resulting
from climate change is increasing and wildland fire is being affected. Anthropogenic
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Fig. 2 Significant fires in California since 2002 including the 2018 Carr and Mendocino Complex
Fires

emissions are enhancing extreme fire conditions, in which the risk of fire ignition and
spread is increasing and fire seasons are being extended (Kirchmeier-Young et al.
2017, pp. 374–376).

More extreme weather and fire conditions are a reality for fire management
(Dowdy 2018, p. 233), but fire management strategies and policy are slow to change
(North et al. 2015, pp. 1280–1281). Climate and weather impacts to forest fuels pro-
vide one metric for early warning and planning of fire management resources (Boer
et al. 2017, p. 1201; Littell et al. 2009, pp. 1017–1019). Suppression, a reactive
management strategy, is usually the primary tool used by management because the
decision process tends to favor the elimination of immediate wildfire risk, with little
to no incentive to consider consequences of such decisions that can occur a year or
many years in the future. This risk avoidance combined with other factors such as
the availability of fire management resources such as engines and aircraft, air quality
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and public tolerance of smoke, other wildfire activity, etc. creates an environment
where there is always a reason not to use fire as a management tool today.

While reactive measures to fire are integral to protect life and property, a healthy
forest using proactive fire management for resilience and adaptation is integral to
long-term prevention of this loss (Stephens et al. 2018, p. 85). There is an eco-
logical necessity of fire as a natural process for forest health (Hutto et al. 2016,
pp. 4–6; Kilgore 1973, pp. 510–511). Species which have evolved in the presence
of fire have developed many responses to it, often integrating it into their life cycles.
Chaparral species may re-sprout after fire, while some forest species such as knob-
cone pine (Pinus attenuata) and giant sequoia (Sequoiadendron giganteum) possess
cones which are opened by the heat of a fire, dropping their seeds on nutrient-rich
ash. Native grasses such as deergrass (Muhlenbergia rigens) are stimulated by fire.

3 US Fire Policy History

Pre-European settlement of the USA, fire was not actively suppressed and was used
for resource enhancement. Native Americans were aware of the post-fire responses
of many species, and ignited fires to encourage these benefits (Sugihara et al. 2006,
p. 272). As settlement increased, suppression became the dominant means to man-
age fire in the early twentieth century particularly in the western USA. As a result
of wildland fire research in the mid-twentieth century, it became apparent that fire
suppression as the only management strategy produced long-term negative conse-
quences such as the accumulation of wildland fuels which supported more intense
and damaging fires than had occurred during the pre-settlement period.

In the 1970s, federal fire policy changed from one of fire control, in which all
wildfires were aggressively suppressed, to one of fire management, which involved
a combination of aggressive wildfire suppression and the use of fire for various
purposes. This concept of “fire use” could include allowing wildfires to burn for
multiple objectives, as well as the execution of prescribed fires ignited by agency
staff, for the restoration or maintenance of fire-dependent ecosystems. Fire could
also be used to reduce hazardous quantities of wildland fuel, especially near the
wildland–urban interface.

The change in federal fire policy has presented land management agencies with a
broad spectrumofmethods bywhich public and firefighter safety, property protection
and resourcemanagement objectives may be pursued. However, wildfire suppression
remains the dominant approach, with the protection of safety and property of greatest
concern. The use of prescribed and natural fire to restore fire dependent ecosystems
which have become impaired by fire suppression, or to meet other management
objectives such as wildfire hazard fuel reduction, occurs much less often.
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4 Current Conditions: The Backlog of Fire
on the Landscape Scale

Nationally, over 4 million hectares of wildfire occurred in 2017 with a federal fire-
fighting cost of 2.9 billion dollars (NIFC 2018). Wildfires during 2015 and 2017
covered the largest area of any years since 1983 with recent prescribed years (2015,
2016 and 2017) also having the largest areas treated (Table 1).

Except for the Bureau of Land Management, the majority of prescribed fire acres
occurred in the southeastern USA; the exception was the southwestern USA for the
Bureau of Land Management. Generally, wildland fuels in these areas are grassy or
brushy, burn more quickly, and produce less smoke than do the heavier forest fuels
found in the western USA.

There have been 187 large fires (over 100,000 acres or ~40,000 ha) in the USA
since 1997 (NIFC 2018). The largest to burn land in California (32nd largest in the
nation 1997–2017) was the 2012 Rush Fire (127,710 ha). The Rush Fire burned
in both California (110,039 ha) and Nevada (17,671 ha) and thus the third largest
California wildfire ((1) 2017 Thomas 114,078 ha; (2) 2003 Cedar 110,579 ha) to
date (Cal Fire 2018). While California has not experienced the largest fires in the
USA, the state is fire-prone and densely populated. The year 2017 was a destructive
year for fire in California. In 2017, 5 fires in California destroyed 9386 structures
and directly caused 40 deaths (Cal Fire 2018).

Table 1 Area burned by
wildfire in the USA

Year Wildfire (ha) Prescribed (ha) Total (ha)

2017 4,057,417 2,601,819 6,659,236

2016 2,229,818 1,625,021 3,854,839

2015 4,097,506 1,197,166 5,294,672

2014 1,455,094 967,118 2,422,212

2013 1,748,060 809,388 2,557,448

2012 3,774,198 797,974 4,572,172

2011 3,525,368 855,025 4,380,393

2010 1,385,128 980,903 2,366,032

2009 2,396,464 1,024,306 3,420,770

2008 2,141,788 783,068 2,924,856

2007 3,774,929 1,274,383 5,049,313

From the National Interagency Fire Center fire information statis-
tics (NIFC 2018)
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5 Impacts to Life and Property

There are also indirect impacts to life, health and property from wildfire. Table 2
summarizes California fires with the largest losses to life and property (Cal Fire
2018). Loss of life and property can be expected to increase even with advances in
firefighting technology and tactics as population increases and fires get larger and
more intense. Large loss of life and property can occur on both large and small
wildfires. Through 2017, the 19 wildfires covering the largest area in California are
all since 1999 and correspond to a period of significant growth of communities into
California wildlands. Fire managers are increasingly challenged to suppress larger
and more intense wildfires while safeguarding their employees and the public while
protecting ever more structures in and adjacent to wildlands.

Burned areas are more vulnerable to erosion and endanger water supplies (Bladon
et al. 2014, p. 8939). In addition to ongoing threats to drinking water, extreme rain-
fall can induce mudslides that directly threaten life and property. For example, the
2017 Thomas Fire, which was the largest recorded California wildfire (until the 2018
Mendocino Complex Fire), was responsible for 1 death (Cal Fire 2018) while the
subsequent mudslides after high intensity rains were responsible for over 20 deaths.
The Thomas Fire burned north of LosAngeles inVentura and Santa Barbara Counties
in December of 2017 (Fig. 2). Extreme weather including the prolonged Santa Ana
winds (strong, dry down-slope winds that flow from inland areas to coastal Califor-
nia) helped spread the fire and, along with the lack of significant recent precipitation,
contributed to the large area burned. The fire forced over a hundred thousand residents
to be evacuated. Windy, warm and dry weather conditions were then followed by
heavy rains starting in early January, 2018, which caused flash floods and mudflows.
High-intensity fires increase the potential for debris flows because they remove veg-
etation that helps hold soil in place and creates a hydrophobic top layer of burned soil
(Ren et al. 2011, p. 336). Multiple heavy rain events occurred in this area of southern
California from January through July of 2018 with thousands of residents being told
to evacuate some multiple times. The extreme weather altering the seasonal timing,
extent and severity of the fire followed by extreme rainfall immediately after the fire
compounded and extended the disruption to residents of southern California.

Table 2 Selected California wildfires with large loss of life (firefighter and public) and property

Fire Size (ha) Year Deaths Structures lost

Griffith Park 19 1933 29 0

Tunnel 647 1991 25 2900

Tubbs 14,895 2017 22 5643

Cedar 110,579 2003 15 2820

Rattlesnake 542 1953 15 0

Valley 30,783 2015 4 1955

Witch 80,124 2007 2 1650
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It is difficult to capture the impacts of extreme weather and wildfire as it is a
complex interaction of the environment with far-reaching effects that can come with
the wildfire, the rainy season after, or many years later to ecosystem services such
as municipal water supplies. However, increases in extreme weather events amplify
the direct impacts to life and property from wildfire.

In order to mitigate the increasing threat of wildfires, the western USA has enor-
mous wildland fuel treatment needs; for example, 3.8 million hectares of forests in
Oregon and Washington are in need of prescribed fire and thinning for restoration
of conditions which are more resilient to wildfire (Haugo et al. 2015, p. 37). Not all
of this area must be treated; as noted by (Finney et al. 2006, p. 125), prescribed fire
and other methods of wildland fuels reduction which treat only 10% to 20% of the
landscape each decade are effective in disrupting the growth of large wildfires.

Even so, the area treated annually with prescribed fire and wildfire managed for
multiple objectives falls far short of the need for such treatments such as for wildland
fuel hazard reduction, even as wildfires are becoming larger, more damaging, and
expensive. This continuing pattern indicates the discrepancy between the flexible fire
policy which supports the use of fire, and the results of the implementation of this
policy.

6 Impediments for Beneficial Fire

Air quality regulations, and their application to smoke management, are commonly
listed as an impediment to the use of prescribed fire or of wildfire managed for mul-
tiple objectives. However, the fire management community also contributes to the
treatment shortfall; even if air quality regulators identify conditions under which pre-
scribed fires may be ignited, firemanagers may decline the opportunity. For example,
while spring weather may have excellent smoke dispersal conditions, fire managers
are reluctant to ignite prescribed fires which may continue to burn into the warming
and drying summer season, because of a risk that the fire may eventually escape the
intended burn unit. Consequently, fire managers prefer to conduct prescribed fires
in the fall, when conditions are cooler; however, smoke dispersal is also poorer, and
burning permits are more difficult to obtain.

Added to these factors are the frequent occurrence of large wildfires in California
in the summer and fall, which cause significant amounts of smoke. Even when such
wildfires are not present, there is at least a concern that such fires may occur during
this time and will require massive numbers of firefighters to fight, and so there is
a reluctance by fire mangers to commit fire staff to prescribed fires and wildfires
allowed to burn for multiple objectives and so be unavailable for firefighting if the
need arises.

The use of firewill continue to be impaired because the samefire staff chargedwith
short-term fire suppression emergencies is also charged with long-term planning,
staffing and management of prescribed fires and wildfires managed for multiple
objectives which may cover thousands of hectares and last for several weeks. Area
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treated will continue to be a fraction of what is needed, and this pattern is unlikely to
change unless fire staff is established, dedicated and funded specifically to conduct
proactive fire management strategies throughout the fire season.

7 Why not Burn More?

Some ecosystems can benefit from fire suppression, such as chaparral. If burned too
often, it can be converted to grassland. However, many California ecosystems are
adapted to short fire cycles, and the suppression of fire has caused them to degrade
and be more vulnerable to fire. Such forests are dependent on frequent low-intensity
fire where smoke will be visible. At the least, wilderness users and rural communities
near the fire will be impacted. Smoke will inevitably become a reason to slow down,
speed up, or suppress the burn.

Wildfire smoke is arguably the most reviled ecosystem process. While the role
wildland fire has in forest and ecosystem health is well studied, the ecosystem role
of smoke is not. Limited research has indicated smoke has a role to play in the fire-
prone ecosystems of California (Keeley et al. 2005, p. 2320; Klocke et al. 2011, p. 11;
Parmeter and Uhrenholdt 1975, p. 31; Thomas et al. 2007, p. 605). Estimations of
emissions and area burned in California suggest years that are currently considered
extreme fire years are actually more typical of the pre-European settlement period
(Stephens et al. 2007, p. 213). The lack of the historic smoke cycle in California may
have unintended consequences unrelated to the immediate impacts to human health
and comfort. More thoroughly understanding the role smoke plays in the ecosystem
will help to further quantify the impacts of fire suppression.

8 Biases and Shortfalls of Smoke Management

Wildfire is inevitable and there are multiple reasons not to burn. But, is smoke
perhaps the easiest to remedy? Smoke is in no means the only reason not to burn
but it is an important consideration in the anthropogenically polluted airsheds of
California. Even though wildland fire smoke has little impact on attainment of air
pollution standards (Preisler et al. 2015, p. 347), it is still unpleasant and, for a
population that has grown up and through the era of suppression, can be intolerable.
In addition, there have been documented adverse health impacts from smoke to
the public. Past studies have reported evidence of wildfire smoke being associated
with respiratory morbidity, which included exacerbations of symptoms of chronic
obstructive pulmonary disease and asthma, and possibly increased mortality from all
causes and respiratory infections (Reid et al. 2016, p. 1341).

The policy driving smoke management is a clash of unattainable public wants of a
smoke-free environment versus the inevitable smoke fromfire. Restricting prescribed
and ecologically beneficial fire puts the burden of increased fire risk and smoke expo-



52 D. Schweizer et al.

sure onto future generations. Under current policy, air regulators can pass impacts to
the future with little or no consequences. The fire next year is rarely attributed to the
fire put off today. In addition, fire managers often live in the most smoke impacted
areas and often take the brunt of local dissatisfaction. It is easy and convenient to
discount the long-term ecological and fire risk impacts of their decisions with regard
to the management of natural or prescribed fire where their neighbors are incensed
over smoke.

Event management, or documenting the amount and location of smoke and try-
ing to help the public reduce their exposure, is now common on most fires assess-
ing management decisions and is not designed to assess long-term degradation of
the environmental system from suppression actions (Schweizer and Cisneros 2017,
p. 34). Wildfire smoke, a natural process, is not managed like other naturally occur-
ring emissions such as pollen or volcanic gasses. Culturally, we are biased to believe
we can control wildland fire smoke and it is therefore different. Emissions are cal-
culated but unlike anthropogenic emissions have no economic pressure to bypass
emission controls and calculations. Wildfire emissions additionally are a much more
convenient source to explain air quality. Unlike automobile, agricultural, or industrial
emissions which have large financial incentives to err to the lowest amounts or avoid
emission controls, naturally occurring wildfire helps these sources most when smoke
emissions can be overestimated thereby providing another source for air regulators
to focus upon.

Firemanagement smoke policy is largely dictated by small vocal groups who have
an unrealistic belief that all fires can be suppressed (Schweizer and Cisneros 2017,
p. 34; Cisneros et al. 2018a, p. 1). But, that is an underestimate of public perception
and support. Californians living in and around smoke-prone areas with high levels
of anthropogenic pollution have a good understanding of the relative importance of
smoke to their overall air quality (Cisneros et al. 2017, p. 5). Nuisance complaints
can be an excellent input for fire and air managers but should not be used to determine
smoke management (Cisneros and Schweizer 2018, pp. 428–429).

9 A Path to the Future: Using Area Monitoring
and Regulatory Thresholds to Assess Smoke Impacts?

While impossible, attempting to eliminate smoke through suppression can help gar-
ner support from smoke sensitive groups but ignores both the increased threat to
health and safety when suppression fails and the unknown effects to forest ecosys-
tem health in a naturally smoky area. However, current event-driven smoke manage-
ment is not the solution (Schweizer and Cisneros 2017, p. 34). Model estimates of
emissions and atmospheric transport, while important to getting information to the
public to reduce smoke exposure, do not accurately reflect the ground-based condi-
tions and without empirical data for exposure are contributing to a false narrative of
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impacts over time (Cisneros and Schweizer 2018, p. 423; Schweizer and Cisneros
2014, p. 276).

For this reason, there needs to be two distinct independent strategies when man-
aging smoke—(1) event management and (2) proactive smoke management. Event
management is needed for a given fire where priority is given to early warning of
worse case scenarios. Proactive smoke management needs to consider all potential
fires and past impacts and look comparatively at management decisions critically.
While event management is widely in place in the USA, proactive smoke manage-
ment is not. Currently, smoke management is biased to single event analysis or how
bad is the smoke in a given location and how adamant is public disapproval.

Smoke from fires burning at historic normal levels of size and intensity can reduce
the smoke impacts from other fire types and remain largely below attainment stan-
dards (Schweizer andCisneros 2014, p. 276). Prescribedfire can also limit the impacts
through reducing the order of magnitude in size from a large high-intensity fire
(Navarro et al. 2018, p. 1). However, any manipulation of a fire that is burning within
the historic normal, including the addition of fire during times of good dispersal to
allay public smoke exposure concerns, increases smoke exposure (Schweizer et al.
2017, p. 354). Using established air quality standards and thresholds at a landscape
level is important for smoke management to be effective (Schweizer et al. 2017,
pp. 351–353).

Net smoke exposure seems to be tied fundamentally to the extent of fire manage-
ment ground actions. Smoke impacts from planned prescribed fire can be beneficial
in that the total emissions per day are reduced and meteorological conditions can be
chosen while unplanned high intensity forest fires are not. But, for fire in areas such
as wilderness where no life or property is at stake, burning at historic timing, size
and intensity reduces smoke exposure by limiting dispersal primarily to the less pop-
ulated area near the fire. This is in contrast with the high plume heights associated
with high intensity burns that can impact large urban centers long distances from
the fire. Sound smoke management to reduce net exposure needs to favor wildland
fires that need little to no fire management action wherever it is safe and possible
(e.g. wilderness). Natural process dominated ecosystems will provide the best health
outcomes. Favoring a return to natural process fire is integral to sound smoke man-
agement policy particularly in the era of increased extreme weather events from
climate change. This ideal is not immediately possible because of fuel build-up,
increased wildland–urban development and climate change but should be the goal.
Particularly in remote wilderness locations, fire that can be left alone should be and
fire and air managers along with the public need patience. There is a time and a place
for suppression. There is a time and place for prescribed fire. But, there is also a time
and place for naturally occurring wildfire to function in the environmental system.
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10 Summary and Conclusion

Although many people and organizations are attempting to effect positive change to
policy and its implementation and giving a voice to the role of fire in the ecosys-
tem, long-standing policy based on what the public wants, particularly in regards to
clean air, inhibits functional change to smoke and fire management. The short-term
benefits, including putting off smoke to future generations, belie the narrative that
there are no consequences and man’s dominion over environmental systems is infal-
libly beneficial. Management actions largely suppress wildfire while prescribed fire
is currently the advocated action by policymakers and implementers. While there is
a role for prescribed fire in fire-prone ecosystem restoration, attempting to replace
suppression with prescribed fire is largely dealing with the symptoms of fuel buildup
and development in the wildland–urban interface. This strategy may allow air and
land managers and the public to feel good about reintroducing fire to the system but
assumes our process is superior to natural process. Wildland fire smoke from natural
process fire takes patience and assumes some of the liability now when it can often
be put off.

Extreme weather, climate change, and a history of suppression are combining
to limit our ability to defer fire in many areas. Increased wildland fire will come
with increased smoke. Smoke can be at the highest exposure levels from megafires
when suppression fails (Cisneros et al. 2018b, p. 122). Alternatively, restoring the
fire cycle to forests and wilderness far from developed areas may prove the best to
reduce adverse health outcomes from smoke exposure and additionally provide forest
resiliency tohelpmitigate loss of life andproperty from largehigh-intensityfiresmore
likely under extreme weather events. However, wildland fire smoke in a community
comes with a myriad of short-term consequences to public comfort and health. The
long-term benefits can easily be disregarded today when we think we can put off the
burn to some indefinite future. Suppression also created an artificial expectation of
smoke free skies in theAmericanWest.Compoundedwith this unrealistic expectation
is the reality that a century of fire suppression has led to an unnatural accumulation
of fuels that ultimately will burn producing levels of smoke emissions orders of
magnitude larger than occurred before suppression. This “smoke debt” is difficult
for a community to accept now because it is more palatable to put it off to some
undetermined date in the future. The burden of debt is significant for the current
generation, which will have to accept, address and live through the smoke debt when
fire occurs and the debt comes due. Deferring both the fuel buildup and smoke debt
is a convenient and well-learned behavior developed over many generations in the
AmericanWest. However, treating these fuels and reducing smoke exposure will not
be easier tomorrow.
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Extreme Weather Events and Air
Pollution Peaks in the Light of Climate
Change: The Limits of the Notion of Risk

Isabelle Roussel

Abstract With the Anthropocene, the global risks induced by a deep degradation of
the planet and a disturbance of the great biochemical cycles cannot be compensated
or indemnified any more. Climate Change requires rethinking the notion of risk
and hazard through the resilience of territories and their way of adapting to the
environment. The management of climate control and air quality are closely linked
and question the daily governance of cities that must integrate air, climate and energy
into innovative and appropriate policies by all residents.

Keywords Climate change · Air pollution · Sustainable cities · Energy system ·
Adaptation · Resilience
The influence of humanity on the biosphere is such that the present era can be called
Anthropocene

1
because, as D. Bourg points out (Bourg 2018): “it is no longer a

question of scenery, nor environment to which we would print a static mark, but of a
sequence of which we are only a link and whose general movement escapes us and
carries us away, without us ever being able to Stop.” The fate of humanity seems
more and more linked to that of its environment. It is interesting, in this respect, to
resume the beginning of the book of M. Serres (1990) showing two men fighting
while moving-sands, in the image of the great disturbances to which the planet is
subject, are engulfing them. Human activities are responsible to these dysfunctions;
they question the urgency of the management methods to be implemented. Given
such perspectives, the notion of risk linked to extreme events is no longer operative.

1Qualifier proposed in 2002 by Paul Crutzen, Nobel Prize in Chemistry. Its final adoption by
geologists is still controversial.

I. Roussel (B)
University of Lille, Lille, France
e-mail: appa.irou@gmail.com

© Springer Nature Switzerland AG 2020
R. Akhtar (ed.), Extreme Weather Events and Human Health,
https://doi.org/10.1007/978-3-030-23773-8_5

59

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-23773-8_5&domain=pdf
mailto:appa.irou@gmail.com
https://doi.org/10.1007/978-3-030-23773-8_5


60 I. Roussel

Fight with cudgiels by Goya (1748–1826)

With the Anthropocene, global risks from a deep degradation of the planet and
disrupted major cycles biochimic cannot be compensated or indemnified. Given the
magnitude of the phenomenon of climate change and announced unpredictability of
disaster, the notion of risk in insurance sense of the term is no longer appropriate.
Henri de Castries, CEO of Axa,2 makes the link between the one-off risk and the
longer-term risk linked to Climate Change, by declaring: “We do not have the choice:
a world at +2 °C would still be insurable, a world at + 4 °C would certainly not be.”

Even though IPCC (Intergovernmental Panel on the evolution of the climate)
climate scientists are still reluctant to consider extreme events as markers of Climate
Change, they are alert to public opinion as to what the reality of everyday life will
be in a sustainable Climate Change. The lessons learned from these alerts help to
better support a prevention policy that has been made possible by the entire natural
risk management policy. Alerts and the concept of health risk have also been used
for the management of air pollution, which at the present time can no longer be
considered separately from climate risk, as is shown by experiments in many cities.
The only possible attitude is that advocated by U. Beck in “the risk society” (Beck
2001) which is a pragmatic adaptation to themateriality of theworld. The perspective
of global climate change has upsetted the apprehension of extreme weather events
as they anticipate the reality of future climate. How climate change management
and the quality of the air they take into account these forms of adaptation to natural
resources, the requirements of human health and that of the planet, too neglected at
the time of the industrial revolution?

2AXA, a major French insurance company.
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It is this question that is the subject of this contribution which is based both on
the example of Climate Change and on that of air pollution whose evolutions, very
different, tend to converge today to show little operational nature of the concept of
risk when it comes to ensuring a better livability of cities that are, at present places
that concentrate the vulnerabilities and challenges. Projection of these issues toward
a certain future must not be seen as an inescapable threat that calls for passivity
but rather as an incentive to better control the environment and to integrate it into
the different planetary and local policies. However, the obstacles to overcome are
numerous.

1 From the Extreme Climate Events to Climate Change
Adaptation

Are heatwaves and extreme events are part of the chaotic and inherently variable
nature of the climate, or are their occurrence and frequency increasing with global
warming? However, the logic of insurance risk and that of Climate Change are
different. The question of the cohabitation of these two different approaches has
been analyzed in the SREX report, in 2012.3 The confrontation with extreme events
in the present, nevertheless, makes it possible to set up adaptation policies, as shown
by the lessons learned from the 2003 heat wave.

1.1 Disaster and Risk Management Exist Before
the Emergence of Climate Change

The management of risks, considered as the crossroads between a hazard and the
vulnerability of territories, exists before the emergence of Climate Change and the
first reports of the IPCC (Intergovernmental Panel on Climate Change). In his thesis
(2015a, p. 154), Buffet (2015a) showed how the theme of disaster risk reduction has
been gradually developed since the 1970s, and more particularly in the context of the
International Decade for the Reduction of Disaster Risk Reduction, (1990–1999).4

The crossover between the two approaches has been difficult to achieve and Cli-
mate Change has been classified as emerging risk regardless of recorded disasters.
On average, from 2000 to 2016, more than 220 million people were affected by
natural disasters and more than 92,000 died. To USA (Valantin 2017), the estimated
average cost for damage caused by so-called natural disasters was $3 billions a year
during the 1980s and then $20 billions during the first decade of this century and $40

3https://www.ipcc.ch/pdf/special-reports/srex/IPCC_SREX_FR_web.pdf.
4It then experienced a further acceleration following the tsunami in South Asia in 2004. In 1990,
a United Nations-specific body (IDNDR, which became UNISDR208 in 2000) is responsible for
coordinating a work plan aimed at strengthening disaster risk.

https://www.ipcc.ch/pdf/special-reports/srex/IPCC_SREX_FR_web.pdf
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billions from 2011 to 2012. In 2017, with hurricane Harvey and other disasters, the
cost reaches 200 billions.

1.1.1 Disasters Have Given Rise to Different Types of Damage
Mutualisation

Climate Change, integrated into the concept of the Anthropocene, reports a new
type of hazard which challenges human responsibility. The early IPCC reports have
kept a very climate-centric approach and therefore very (too) theoretical in dealing
with climate risk control by separating natural phenomena from their social aspects
(Kelman et al. 2015, p. 28). However, climate risk is an essential economic challenge
because of the key role that canbeplayedby insurance because it generatesworldwide
economic losses every year that the reinsurance industry estimates at 100 billions
euros, of which only 30 billion are insured. Hence, the end of the insurance system
is declared by Henri de Castries (cf. above). The second report from December 1995
confirms the responsibility of human activities on Climate Change. The publication
of the third report from January 2001 concludes that there is a probable link between
human activities and the increase in temperature since 1950. Following the IPCC’s
fourth report in 2007, the theme of natural disasters has been increasingly associated
with Climate Change: “Climate change contributes to a wide variety of extreme
conditions: heat waves, torrential rains, fires, droughts, melting snow and ice5.”
In France, the IFOP survey, conducted in September 2015,6 shows that 31% of
respondents state that humanitarian crises due to meteorological phenomena (floods,
storms or droughts) are the consequences of Climate Change. The 5th report of the
IPCC is published in September 2013, which states that the link between human
activities and the increase in temperatures observed since 1950 is extremely likely.
It would seem that the sixth report, from the introduction, would affirm: “Greenhouse
gas emissions from human activities are the main causes of global warming, that has
been occurring at an average rate of 0.17 °C (±0.07 °C) per decade since 1950.”

It is thus the man who can prevent the climatic risk either by controlling the
emissions of GHG (greenhouse gas) or by limiting the vulnerability of the territories.
These adaptation actions are very diverse as shown by the example of heat waves
(cf. below).

Risk management policies and those of controlling Climate Change belong to two
different logics, however, and tend to subside within the “risk society” (Beck 2001).
These two logics are differentiated by the longer time scale for Climate Change than
for the emergency of the disaster. Thus, are two management modes that can even be
contradictory: the actions brought to avoid the catastrophe, can neglect more radical

5Our Common Future in the Face of Climate Change—Final Declaration of the CFCC Scientific
Committee 15, chaired by Chris Field and organized by UNESCO, Future Earth and ICSU.
6Ifop survey for Cap 21 Solutions conducted in September 2015 with a sample of 1000 people
representative of the French population aged 18 and over.
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solutions but more effective in the long term. The classic example is the construction
of a dike to preserve a building when it would be better to leave or to move it.

The risks of increasing the frequency and intensity of natural disasters activate a
discourse presenting each disaster as a sign of the impacts of Climate Change. This
discourse is more about fear or threat than about integrating risk into everyday life
(Charles and Kalaora 2017).

1.2 The Example of the Heat Wave of 2003

1.2.1 The Heat Wave of 2003 as a Precursor of Future Heat Waves

From 7 to 14 August 2003, in several cities in southern Europe, minimum tempera-
tures were almost continuously above 20 °C (Fig. 1). Paris and Lisbon were partic-
ularly affected. Between 4 and 12 August, the maximum temperatures recorded at
Paris-Montsouris remained well above 36 °C.

Studies on the modalities of this heatwave and its effects are still in progress
(European project CANICULE) to draw the lessons of this episode whose frequency,
according to the scientists of the IPCC is called to bemultiplied. According to GHGs,
emission scenarios beyond 2050, heat wave will be more intense, more durable and
will happen early (from May) and/or later (until October). Thus, under the most
pessimistic scenario envisaged by the IPCC (RCP 8.5), heat waves could become
two to three timesmore numerous by themiddle of the twenty-first century.We could
observe on average on the horizon 2021–2050: nearly a heat wave a year. Studies

Fig. 1 2003, Mean temperatures of European cities, between August 1 and 15 (Météo France)
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show that the most vulnerable regions to heat waves (South of USA) are also the
most exposed to Climate Change.

1.2.2 The Damaging Effects of This Climatic Phenomenon Have
Mainly Been Felt in Cities

According to the C40,7 «The number of cities exposed to extreme temperature will
nearly triple over the next decades. By 2050 more than 970 cities will experience
average summertime temperature highs of 35 °C (95 °F). Today, only 354 cities are
so hot. The urban population exposed to these high temperatures will increase by
800 percent to reach 1.6 billions by mid-century».

The city of Paris, where 1067 excess deaths were recorded during the episode,
contributed by itself to 7.2% of the excess mortality while the Parisian population
represents only 3. 7% of the French population (BEH 2018; Cadot and Spira 2006).

The geographical distribution of Parisian mortality during this episode highlights
the importance of certain individual socio-demographic characteristics, specially the
age and social isolation of people (Canouï-Poitrine et al. 2006). O’Neill et al. (2005)
had highlighted the excess mortality of the most disadvantaged populations during
the heat waves and attributed this excess to the unequal access to air conditioning
which, according to him, should be generalized.

1.2.3 Although Age and Isolation Were the Main Factors in This
Summer Mortality, the Characteristics of Housing and Urban
Planning also Played a Role in Paris

Mortality was higher in dwellings located on the upper floors of buildings as the
highest flats are more sensitive to the sun and less spacious. In Paris in 2003, living
under the roof increased the risk of mortality by four. The density of urbanization
favors the existence of an urban heat Island, sensitive specially at night when the
walls restore the heat stored at the heart of the day. However, it is the remaining of
high night temperatures that are more difficult to bear, from a health point of view.
On the other hand, the proximity of sea, river or green spaces reduces the temperature
of neighboring districts.

1.2.4 These Observations Make It Possible to Envisage What Measures
Should Be Taken to Avoid the Harmful Consequences of Such
Phenomena

This fine analysis of the characteristics of the Paris heat wave made it possible to
outline solutions, or bundles of solutions, likely to mitigate the effects of the future

7https://www.c40.org/other/the-future-we-don-t-want-for-cities-the-heat-is-on.

https://www.c40.org/other/the-future-we-don-t-want-for-cities-the-heat-is-on
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heat waves. Indeed, sustainable development avoids the use of long-term harmful
expedients such as air conditioning (Benmarhnia and Beaudeau 2018).

Thermal insulation of the building can affect both winter energy consumption
and summer comfort by dividing the mortality risk by five, if natural ventilation is
maintained. The orientation of the dwelling, the presence of shutters (occultation
of the windows from the outside) and the opening of opposite facades result in
significant differences temperature.

The introduction of green spaces, real islands of freshness, the greening of the
walls can also refresh the city. The decrease in car traffic (or its ban as in Athens) in
the centers can contribute to the same result.

The French health authorities have set up a national heat wave plan, aimed at
improving forecasting by anticipatingwarnings fromweather forecasts that are some-
times difficult to understand. The plan also has a social component encouraging the
reporting of isolated seniors, while institutions have to provide a refreshed room to
residents. It seems that the implementation of these devices results as a reduction
in mortality during episodes of extreme heat that occurred in 2006 and 2017, but
weather conditions were not comparable.

These considerations highlight the difficulties of adaptation policies that are
impossible to manage by the only point of view of regulations because they cor-
respond to technical and social innovations that cannot emerge from a strongly nor-
mative framework.

1.3 Some Reflections on Adaptation to Climate Change

The heat wave of 2003 helped to raise awareness of how badly the local climate has
been integrated into planning policies. For example, the architecture, promoting the
bay windows or neglecting the topoclimatic conditions of the exhibition, contributed
to the unbridled consumption of energy. The first step in the actions to be taken is to
put an end to bad adaptation. The last century and the beginning of this century have
been marked in the Western world by a process of vulnerability and artificialization
of environments.

Adaptation presents paradoxes since modern society has progressively freed
itself from the climate to ensure better food and sanitary security. For example, in
many countries the summer heat, thanks to the cold chain and air conditioning, is
no longer reflected in a resurgence of dysentery and infant mortality. Adaptation,
paradoxically, is not directly anchored in an approach of integration with nature but
rather in protection approach which, to overcome the fluctuation of climate, tends
to resort to sophisticated technical processes precisely to take refuge in a better-
controlled world. The obvious health benefit of this type of adaptation raises ethical
questions, as access to security is not available to everyone. What is the right mode
of resilience to develop the territory: integrate the climate or protect it?

In fact, unlike climate models, adaptation must start from an analysis of the
territory and its capacity for resilience. It must go beyond the analysis of risks and
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possible disasters to create new opportunities, not just to fight against phenomenon
with undesirable effects. Adaptation, according to the writings of the Stockholm
Environment Institute,8 affects behaviors, practices and policies. According to Buffet
(2015b), “In about fifteen years, adaptation has gone from a question of impact
modeling to a human experience.” He pointed to the example of Typhoon Haiyan,
which devastated the Philippines and caused over 7000 deaths at the opening of
COP-19 in Warsaw. The COP bulletin of 19 November 2013 does not hesitate to
report on this event to encourage participants to combine actions to prevent Climate
Change with those of extreme events: “the world has entered an era of loss and
damage devastating because of climate change. The collective failure of reducing our
emissions and the necessary support for adaptation actions means that vulnerable
communities, ecosystems and countries are increasingly faced with irreversible loss
and damage. Typhoon Haiyan, which may have affected more than 9 millions people
in the Philippines, is a stark reminder of the damage caused by the most severe storms.
This position implies integrating not only emergency response but also prevention.”

Adaptation should not be based on a threat but on the desire to improve the
quality of life for all integrating health concerns and the notion of environmental
health into policies. But the modern welfare state that wants to be protective uses
the registers of fear and threat. The answers given are often partial and unsuitable
because adaptation supposes the flexibility and dynamics of individuals likely to
build their most resilient environment and the most favorable to their health (Charles
and Kalaora 2017).

This type of adaptation, favorable to the health of individuals, is inseparable
from the maintenance of breathable air quality. Indeed, the management of air
quality, after having followed logic of the alert related to adverse weather situations
must be thought today in a dynamic integrated to the control of Climate Change. Here
again, the example of heatwaves illustrates this requirement of an integrated approach
since the health risks associated with heat are combined with those caused by an
increase in ozone levels that accompanies, especially in the city, high temperatures.
It is especially in cities that Climate Change and air quality create a new dynamic
favorable to the implementation of innovations or experiments.

2 The Atmospheric Pollution Between Peak Management
and Better-Integrated Air/Climate/Energy Management
from Risk Management to Resilient Territories

Themanagement of air pollution ismuch older and has had a trajectory quite different
from that of ClimateChange since air pollution has never been considered as a natural
hazard. It has been regulated in the modern era on the respect of the standards to
avoid the peaks of pollution than to control the chronic health risk. As with extreme

8ClimateChange andDisasterRiskReduction, 2014, http://www.preventionweb.net/english/hyogo/
gar/2015/en/bgdocs/SEI,%202014.pdf.

http://www.preventionweb.net/english/hyogo/gar/2015/en/bgdocs/SEI%2c%202014.pdf
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weather events, air quality management has shifted from controlling the exceptional
phenomenon (the peak of pollution), linked to unfavorable weather conditions to
controlling daily chronic pollution. Currently, the vision of pollution is much more
global and is a more radical transformation of the economy and society, while relying
on a local scale of quality of life and justice. This necessary integrated vision no
longer focuses on exceptional events, but introduces daily health concerns in the
construction of urban governance.

2.1 A Brief History of Air Pollution from Meteorological
Risk to Health Risk

The concept of risk in the field of air pollution has been used in different ways. The
risk in the sense of the occurrence of a climatic hazard made it possible to understand
the peak phenomenon and to trigger warnings but the risk has also become more
sanitary and chronic (Roussel 2015).

For centuries, air pollution has beenmore a matter of impurity and waste, and thus
of an anthropogenic origin. In the eighteenth century, it was taken into account by the
miasma theory and the aerism and then dropped out, due to advances in chemistry
and after discovery Pasteur microbes.

In Europe, themurderous London smog episode of 1952marked a turning point in
the management of air pollution, the control of which became imperative to accom-
pany industrial development. The political agenda of atmospheric pollution is con-
temporary with the development of metrology, which has generalized the measure-
ment and allowed to enact health standards at the European level. Thus, thanks to
the objectivities of pollution, its management has gone from a subjective complaint
based on the notion of inconvenience or nuisance to compliance with emission or
concentrations standards. This orientation accompanies the massive industrializa-
tion of Europe after the Second World War. The development of electronics on the
devices used revealed peaks of pollution while their reliability was lower to measure
the background noise.”

2.1.1 Industrial Alerts Guided by Weather Conditions

Thanks to advances in metrology, the authorities were able to set up warning systems
when, adverse weather conditions were forecasted, so pollution levels might exceed
the authorized standards.

These devices were located in industrial areas to encourage companies to change
their fuel in case of weather risk. Their effectiveness reflected the linearity between
sulfur dioxide concentrations in the atmosphere and industrial emissions and, with
little media coverage, the alerts were part of an effort to control industrial waste by
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Fig. 2 Air Pur n°56 proceedings of Seminar presenting results of the CNRS study called “does the
alert in the field of the air quality correspond to a sanitary, physical or media risk?” June 1999

the state. Over the years, the number has decreased due to greater control of polluting
industrial emissions.

The development of reliablemeasurement networks hasmade it possible to under-
take more precise epidemiological studies (Fig. 2).

2.1.2 The Health Risk Related to Air Pollution Becomes Clearer

The results of the Parisian measurement network AIRPARIF allowed some epidemi-
ologists, trained at the Canadian school, to be interested in the effects of Parisian
pollution. The ERPURS (Urban Health Hazard Risk Assessment) study carried out
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by Ile-de-France health observatory between 1985 and 2000 is based on the temporal
ecological epidemiological method. It highlighted a strong link between pollution
levels and a number of health indicators such as the number of days of hospital-
ization. This work was supported by the results of many other studies built on the
same pattern and covering several agglomerations, such as the NMMAPS projects
in the USA (Samet et al. 2000a, b, c) and APHEA in Europe (Katsouyanni et al.
1996). These studies put air pollution at the heart of public health and health risks
that question the responsibility of the state in the same way as other health scandals
that occur at the same time about AIDS and asbestos or even dioxin. It is in this
context that the EU is developing strong regulation and many standards9 which the
Member States undertake to respect.

Epidemiological studies have shown the existence of a relationshipwithout thresh-
old between pollution and health risk. References to annual averages emphasize
chronicity risk that is not only focused on the goal of alert thresholds.

Yet in France, the air law in 1996 Air opened the way for quality management of
air by alerts issued from the state and highly publicized.

2.1.3 Highly Publicized French Alerts

The persistence of the management by the alerts is a French specificity which is
explained by the weight of the State which, under the pretext of its responsibility
for health risk, manages the alerts instituted by the law and specified by procedures
which rely on the AASQA (Associations approved for the monitoring of air quality).
The authorities have had to manage three types of alerts by thinking of imposing
restrictions on emissions to improve air quality: alerts related to an exceedance of
the threshold observed on nitrogen oxides, and therefore in connection with traffic,
alerts related to ozone as a result of the heat wave of 2003 and the Directive “ozone”
in 2002. The link between traffic restrictions and the health risks associated with
this pollutant in power irritatingly strong was more difficult to admit to population
because ozone is a secondary pollutant spreading over vast areas.

According to the French High Public Health Council (HCSP 2012), the effective-
ness of these alerts is limited only the fight against chronic pollution has a health
effect. In addition, the peaks of pollution have little mobilized public opinion despite
intense media coverage. The lack of results rather discouraged inhabitants who felt
pollution as a threat related to a meteorological hazard that was difficult to control
(Charles and Kalaora 2017). In the French context of management by the peaks
considered as communication tools, the absence of alert for the particles had con-
tributed to neglect this pollutant yet very sensitive (Fig. 3). Particle alerts, introduced
in 2007, often corresponding to foggy days, have hit people’s minds evenmore, since

9Directive 96/62/EC, as amended in 2008, distinguishes alert thresholds: “level beyond which
short-term exposure poses a risk to human health and from which Member States take appropriate
and immediate action” and limit values: “a level established on the basis of scientific knowledge,
with the aim of avoiding, preventing or reducing the harmful effects on human health and/or the
environment as a whole, to be achieved within a given period and not to exceed once reached.”
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Fig. 3 Particles that darken the horizon strike the minds and impose means of prevention such as
the wearing of masks during the Beijing Marathon (APPA)

the extent of the harmful effects of this pollutant has recently been discovered and
has helped to raise public awareness.

2.2 The Importance of the Deleterious Effects of Particles
in the Mobilization of Public Opinion

Scientific research on the effects of pollution has progressively recognized the role of
particles and their massive health impact; this led to a reassessment, worldwide, of air
pollution balance estimated at between seven million (WHO 2012) and nine million
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annual deaths (Lancet Commission on Pollution and Health 2018) estimated10 out-
door and indoor air combined. In 2013, after ten years of work on this complex issue,
the WHO recognized carcinogenic to humans, classified into group 1, the outdoor
air pollution.11

The publication of the number of pathologies affected by high levels of particles
has struck the minds because the finest particles, crossing the boundaries of the
organs, can contribute to the emergence of different cancers that the population
dreads. In addition, the visibility of the dust that veil the atmosphere reinforces the
impression of malaise (even if the ultra-fine particles, the most harmful, are invisible)
and gives a reality to the figures of 48,000 deaths attributable to the pollution by PM
announced by Public Health France (Fig. 3).

In Europe, particles come mainly from three sources that play a strong cultural
role: car traffic, agriculture and the inside the houses so practically all inhabitants
become emitters therefore actors of the air quality that has become “the business of
all.” Yet survey conducted at the level of Europe12 shows that only 30% of women
and 26% of men want better health information while the majority of EU citizens are
opting for a regulation very institutional for reducing emissions at European level.

2.3 The Links Between Atmospheric Pollution and Climate
Change

Now, ozone and particles (called short-lived climate forcers13) have effects on the
climate, despite their shorter lifetime than greenhouse gases (GHGs) that can persist
for several decades in the atmosphere. In addition, all these gases are mainly from
combustion phenomena whose control is beneficial in many ways.

The challenges of climate change have emerged recently in spirits, it was able in
drawing attention to CO2, to hide the question of atmospheric pollution introducing
some confusion with GHG emissions as shown studies on the perception of climate

10http://www.who.int/mediacentre/news/releases/2014/air-pollution/fr/. With the order of 1.2 mil-
lions annual deaths in China related to outdoor air, about 500,000 annual deaths in Europe, 240,000
in the USA and 48,000 in France.
11“TheWorkingGroup found that there is sufficient evidence in humans and in experimental animals
for the carcinogenicity of outdoor air pollution in general and of PM in outdoor air pollution more
specifically. These findings are supported by strong mechanistic evidence in exposed humans,
including studies showing increased frequencies of micronuclei and chromosomal aberrations in
individuals occupationally or residentially exposed to polluted air, as well as by studies showing
genetic and related effects in animals and various experimental systems. At wide range of other
effects related to carcinogenesis, including oxidative stress, inflammation and epigenetic alterations,
have been observed in exposed humans and animals and in various experimental systems.” (IARC
monograph 109, p. 34).
12Eurobarometer 468, November 2017. http://ec.europa.eu/commfrontoffice/publicopinion/index.
cfm/Survey/getSurveyDetail/yearFrom/1974/yearTo/2017/surveyKy/2156.
13Their reduction begins to interest international bodies, http://ccacoalition.org/en/news/
declaration-short-lived-climate-pollutants-ratified-members-parliamentary-confederation.

http://www.who.int/mediacentre/news/releases/2014/air-pollution/fr/
http://ec.europa.eu/commfrontoffice/publicopinion/index.cfm/Survey/getSurveyDetail/yearFrom/1974/yearTo/2017/surveyKy/2156
http://ccacoalition.org/en/news/declaration-short-lived-climate-pollutants-ratified-members-parliamentary-confederation
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change (Boy 2013). Nevertheless, air pollution and climate change represent the
aspects of the environment which, according to various surveys, concern between 30
and 40% of French and Europeans. These two topics are, rightly, very mixed. The
emergence of the fear of a large-scale climate change has contributed to broadening
the dimension of air pollution toward all environmental issues impacted and to better
highlight the link between pollution and the energy system. The end of fossil fuels
is very beneficial for air quality, which benefits from all the investments made in
favor of energy innovation. On the other hand, the fight against Climate Change
has been confined for a long time to the technical sphere in a top/down movement,
while moving toward adaptation, and highlights the health benefits of the measures
to be taken. China is a good example of the identification of co-benefit air/climate/
energy/health.

Despite these conclusions, institutions are still very sectored and separate man-
agement of the air quality of the climate change that could lead to contradictions
such as heating wood encouraged to reduce fossil fuels but may, without additional
precautions, contribute to the increase of particulate levels in indoor and outdoor air.

On the other hand, at the city level, the two issues are better integrated and the
benefits or collateral damage better controlled.

3 Cities and the Implementation of an Integrated
Air/Climate Policy/Energy/ Health

More than 50% of the world’s population lives in cities (77% in Europe) and 70%
in 2050. Cities currently emit about 80% of global greenhouse gases. In France, 19
agglomerations exceed the European standards and show the insufficiency of the
solutions used until now to clean the air of the cities.

The Paris Climate agreement in 2015 recognized the need for the involvement of
“stakeholders” in the implementation of transformations related to Climate Change
in a context where the mobilization of states is far below the stakes. In particular,
cities and local communities have shown a real dynamism to engage, through inno-
vative initiatives, the transformations needed to build a carbon-free world. They are
particularly active in the exchange of their experiments within networks14 that have
been organized at different levels since the 1990s. The articulation between different
sectors of urban life is a major challenge at the local level, precisely between the air
quality, energy and climate. The latter, built according to distinct logics and consti-
tuting independent intervention sectors, must henceforth be the subject, in France,
of a joint planning approach through the elaboration of the Territorial Climate-Air-

14UCCRN is a network of cities dedicated to providing good the Information That city leaders—
from government, the private sector, non-Governmental organizations and the community—need in
order to for Assessment current and future Risks, make choices That improve resilience to Climate
Change and climate extremes, and take actions to reduce greenhouse gas emissions.
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Energy Plans.15 (PCAET) also meet difficulties, since some actions that favor the
reduction of greenhouse gases are not necessarily beneficial for the reduction of
atmospheric pollution, and vice versa.

3.1 Promotional Urban Policies for Air and Climate

The change in the energy system and the remains of fossil fuels can only be beneficial
for air quality, which encourages cities to promote all innovations that can result
in a reduction or optimization of energy consumption. Thus, climate change by
accelerating the reduction of the most polluting energies is favorable to the quality
of the air. New technologies promoted by “smart cities” can support this transition
as long as they are open to everyone and not only to the technophile population.
Innovations are developing in many sectors both technical and social: search for
energy-efficient buildings, urban densification, reflections on modes of transport,
health benefits, etc.

The services of the city, connected to international networks (C40 for example16),
are important for partners to network and support local initiatives. This new context
is fueling the creativity of managers tempted by the implementation of interesting
experiments for urban life and creating local jobs not only in large industrial groups
but also in small and medium-size enterprises that have seen the profit they could
take from working with the city to create endogenous economic development.

These environmental imperatives in cities can only be imagined by considering,
in the long term, a set of solutions involving the housing, city planning and mobility
possibilities it offers.

In the field of urban transport, car pooling and its various variants, transport
on demand, car-sharing systems and self-service bikes for pedibus and bikebus, the
range of services to the mobility has grown steadily in recent years by relying on the
development of digital systems.

The promotion of public transport and electric vehicles has the advantage of giving
way to the smallest polluting diesel vehicles with quieter vehicles, which can reduce
the noise level of cities, which is a major nuisance for city dwellers.

European cities seek to implement solutions to reduce vehicle emissions in the
city. Thus, 232 LEZ “Low Emission Zones” have been established in 12 European
countries17 (Pouponneau 2018). In France, the principle of ZCR (restricted traffic
zones) is supported by the energy transition law, the device operates according to a

15The procedures for drawing up and updating these new plans (compulsory for inter-municipal
cooperation institutions (EPCI) with own taxation of more than 20 000 inhabitants) are specified
in Law No. 2015-993 of 17 August 2015 on the energy transition for green growth, the decree n°
2016-849 of June 28, 2016. They will have to be realized at the latest on December 31, 2018.
16https://www.c40.org/.
17In September 2017.

https://www.c40.org/
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selection of authorized vehicles18 to enter the city center according to their seniority
and therefore their membership in a Euro standard level. The presence of a LEZ,
like that of an urban toll, should, in theory, accelerate the transformation of the
car fleet and encourage the disappearance of the engine and contribute to increase
the adherence to the soft modes or even the decrease of the frequentation of the city
centers. This good evolution for the environment can only be beneficial for the health
of the population.

3.2 In the Area of Housing and Urban Planning, Some
Points of Vigilance Are Needed

The residential and tertiary housing sectors have a significant margin of GHG reduc-
tion since this sector contributes nearly a quarter of the final energy consumption
responsible for greenhouse gas emissions. Housing insulation is beneficial in the
event of heat waves (see above), but to reconcile the reduction of GHG emissions
with the requirements of air quality, it is important that energy savings do not dete-
riorate the indoor air quality or thermal comfort.

The urban heat islands (ICU) are the object of growing concern in the urban spaces
whose sensitivity to the heat waves is recognized (cf. above) The night temperatures
recorded in the city center show 4 even 5° than in neighboring peripheries. The dense
city, which is particularly important from the point of view of energy restrictions, is
not without its health disadvantages, especially when it is composed of “canyons”
streets, poorly ventilated,which trap pollutants in addition to heat. Themain solutions
considered for reducing the heat island are the reduction of energy consumption in
the city and the creation of islands of freshness through the planting of vegetation
and the development of urban agriculture.

Woodheating should be recommendedwith caution because if toxic emissions can
be easily controlled in large boiler rooms, only efficient domestic heating methods
should be encouraged. This vigilance focuses on open fireplaces and old wood stoves
that not only generate indoor pollution but also contribute to increased particulate
concentrations in the ambient air.

3.3 But Above All, Vigilance Must Concern Urban
Governance

The challenges are considerable because they concern the future of the planet; the
implementation of these challenges is based on profound cultural changes as it is

18The vignette The Crit’Air sticker is a macaron visibly placed on cars, motorbikes and light
vehicles, indicating their level of pollutant emission according to their date of registration and to
their type of carburant.
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nothing less than revisiting the notion of inhabiting the land or the city by leaving
more room for climate and the environment.

While international agreements grant a great deal of flexibility to local initiatives,
the responsibility of the elected representatives, in partnership with the various stake-
holders, is strong because they must ensure that the progress made contribute to a
greater justice, as well in countries than in cities that need to become more inclusive.

3.3.1 The Inclusive City

The new tools with great flexibility of form allow all the actors of the city to imagine
the city, with dwelling and mobility of the future remain inclusive. However, the
innovative aspects tend to favor the city center compared to the periphery and the
inhabitantsmost able to invest in new technologies.However, tools for assessingwell-
being and fair distribution are still modest because it is easier to define quantitative
rather than qualitative objectives, while knowing that these question concern many
sectors of urban management (Wheel-Legall et al. 2015).

It is necessary not to consider the air quality or energy savings are only profits
or collateral damage of climate policies. Integrating management transgresses silo
management logic of different urban projects, it is difficult to apply because health
issues are still often considered a curative and non-preventive logic. Environmental
health leaves the strictly sanitary world to question all sectors of urban life.

These topics question not only horizontal and transectorial fluidity but also vertical
fluidity since the issues to be taken into account range from the proximity of the
interior environments to the global dimension.

3.3.2 Management of Scales from Local to Global

Local initiatives by actors convinced of the need for action face the heterogeneity
of situations and lifestyles that delay the implementation of coherent policies to
train the entire population. About 81% of Europeans are aware of their environment
as a factor in their quality of life and health, and Climate Change (Fig. 4) and air
pollution are high on the agenda. On the other hand, we see that the importance given
to these two factors depends to a large extent on the sensitivity of individuals to the
environment and therefore to their level of information, which shows how much
raising the awareness level remains an important goal for associations, because it is
the inhabitants who, through their motivation, can advance the policies.

According to the 2017 Eurobarometer, 58% of knowledgeable individuals place
a lot of importance on Climate Change and 49% on air quality, and this percentage
is reduced to 24% in the general population for Climate Change and to 30% in air
pollution that enters more into the sphere of proximity.

However, as demonstrated ozone alert, the solutions to be implemented don’t
necessarily lie locally and expected results can be shifted in time and space, which
invites the political to remain consistent at different spatio-temporal scales.
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Fig. 4 Percentage of Europeans who consider the environment to have a direct impact on their
daily lives and their health in response of this question: «Please tell me to what extent you agree or
disagree to the following statement: environmental issues have a direct effect on your daily life and
health». Source Eurobarometer Special Eurobarometer 468 2017

4 Conclusion

It seems that public opinion, carried by a number of NGOs, is beginning to realize
that the control of Climate Change and air pollution is a condition for the survival
of humanity in the medium term and even in the short term, since the recommended
solutions are beneficial for health. The extreme events that will become more and
more frequent illustrate what can become the daily reality of the future climate. In
the context of the Anthropocene, the notion of hazard has evolved since the anthropic
responsibility has become evident; thus, conventional risk and alerts responses are
inoperative as well as state policies based on injunctions or regulations. It is a true
transformation of the relationship between humanity and the planet that imposes
itself; on the other hand, the actions undertaken are not at the scale of these stakes
even if, especially in the cities, a dynamic, still confined to a few actions, begins to
appear. The cultural change required is deep and institutions have not always taken
the measure. Only the economic and financial world, supported by the consumer
power and the sensitivity of the people can act in favor of the transformation of the
energy system on a planetary scale and the reduction of the weight of the human
activities on the Earth system.
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Extreme Weather and Human Health
in Italy

Cosimo Palagiano

Abstract Italy is a very fragile country due to its recent geological formation. Fre-
quent earthquakes and volcanic phenomena create situations of danger with a large
number of victims. Moreover, earthquakes are sudden and unpredictable, and many
structures and houses have not been built with earthquake-proof constructions. The
situation is getting worse and worse due to climate change, which leads to irregu-
larities in precipitation and temperatures. Some consequences of this situation are
landslides and floods, which, on the other hand, involve the whole country. There-
fore, the watercourses break their riverbeds causing floods and landslides, which the
lack of vegetation cover makes frequent and dangerous.

Keywords Italy · Climate change · Earthquakes · Floods · Landslides · Health

1 Introduction

Climate change has a significant impact on Italy for the following reasons: (i) the
extent of the country in latitude, (ii) the geological and morphological constitution,
with relatively recent ridges, (iii) immersion in the Mediterranean, of which receives
strong and changing influences. The consequences of these peculiarities are strong
variations in temperature and precipitation in the same season and year by year, which
produce floods and landslides throughout the territory. Many buildings are destroyed
and many lives are lost. According to ISTAT (Italian Statistical Institute 2010) in the
decade 2000–2009, the average annual temperature, equal to 13.3 °C, was higher by
0.8 °C compared to the climatic period 1971–2000.

1
Also the maximum temperature

(18.0 °C) and the minimum temperature (8.5 °C) were higher than their respective
climatic values of 0.9 and 0.6 °C, respectively. In all the years of the decade, with
the exception of 2005, the average, maximum and minimum temperatures recorded
climatic values always higher than the reference ones. In the decade 2000–2009,

1The data of period considered are the more recent available.
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the average annual precipitation was 763 mm, with 30 mm of rain less than the
climatic value of the period 1971–2000. The least rainy year was 2001 with 189 mm
of deviation from the climatic value, while the wettest one 2002 with 88 mm more.
Precipitation not only they differ between the north and south of the country, but
above all present oscillations in the amount of annual rainfall fallen to soil, which is
themostworrying aspect of the phenomenon, because in every territory it is necessary
to manage years of heavy rainfall and years of strong water shortage, resulting in
increased risk of landslides and floods in the first case and water shortages and
droughts in the second. InValle d’Aosta, for example, has gone from 1894 mm of
precipitation in 2000 to 520 in 2005, while in Sardinia from 668 mm in 2004 to
351 of 2001. It should be noted that due to climate change not only temperature
and rainfall differ from previous periods. In addition, the alternation of high and low
temperatures, and high and low rainfall is rapid. Therefore, it is important to consider
the short duration of the so-called good and bad weather (Fig. 1).

Exploitation of the territory, lack of interventions and climate change put more
and more people in a dangerous situation. To date, seven million citizens live in
areas at risk—a number that could increase in the future. In Italy, there are seven
million people living under the threat of hydro-geological instability with the night-
mare of landslides and floods. A constant threat is caused by years of wild building
speculation, land consolidation and interventions that remain stationary and blocked
by bureaucracy and appeals. And the future risks being already marked, with an
exploitation of the territory that continues inexorable, while meteorological events
are becoming increasingly violent and sudden.

1. Heat waves

Heat waves are another risk to human health due to high temperatures. In the summer
of 2015, the statistics found in 21 Italian cities, 13% of deaths of people over 65 years
of age are attributable to the heat. The deaths of individuals between 65 and 74 years

Fig. 1 Deviation of average, maximum and minimum temperature and total precipitation from
the climatic value in Italy. Years 2000–2009 (temperature in degrees Celsius and precipitation in
millimeters)
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of age were 305 (9%), of individuals between 75 and 84 years of age were 791 (11%)
and individuals of okltre 85 years of age there were 1559 (15%) (http://www.salute.
gov.it/caldo).

2. Floods occurred in Italy between 2000 and 2017

Floods are a rather common phenomenon in Italy, with the loss of buildings and
human lives. This phenomenon is due to the irregularity of the rains, the hydrographic
regimes and the construction of houses too close to the waterways. Many homes are
illegally built in areas subject to flooding (Table 1).

In total, 189 were dead and 12 were missing. But we have to consider that in
many cases houses and constructions (roads, railways, bridges, etc.) were destroyed.
Many families were evacuated and lost their properties. The most severe damages of
constructions and infrastructures were suffered by the population of Genoa, Liguria,
Province of Alessandria and Milan on November 15, 2014: in Province of Alessan-
dria, 238 mm of rain had fallen in a day. On May 3, in the commune of Senigallia,
the waters and the mud of the River Misa covered the streets up to 3 meters up to the
first floors of the buildings. On November 18, 2013, in Sardinia the rivers Cedrino
and Posada flooded the village of Torpè with over 3000 cubic meters per second.
On October 25, 2011, 520 mm of rain had fallen in 6 h in Lunigiana. In the same
year 2011, on 11 June, the damages amounted to 7,200,000 Euros for individuals
and businesses and about 450,000 Euros for public damages. About 185 families and
50 productive slabs were affected. Other extraordinary events have to be registered
in Vibo Valentia (on July 3, 2006), in Province of Massa Carrara (on September 23,
2003), in Piedmont, Valle d’Aosta and Lombardy because of the Po flooding (on
October 13–16, 2000) and in Soverato (Calabria) 441 mm of rain had fallen and
150 km of coast between Catanzaro and Reggio di Calabria were devastated by bad
weather. The worst years were 2014, 2011 and 2000. Perhaps, this is an evidence of
climate variability.

The resident population exposed to flood risks in Italy is equal to 2,062,475
inhabitants (3.5%) in the scenario of high hydraulic danger (return time between
20 and 50 years), 6,183,364 inhabitants (10.4%) in the scenario of average danger
(time return between 100 and 200 years) and 9,341,533 inhabitants (15.7%) in the
scenario of low probability of floods or scenarios of extreme events. The regions
with the highest values of allotropic risk population in the medium hydraulic hazard
scenario are Emilia-Romagna, Tuscany, Veneto, Lombardy and Liguria.

The families at risk of floods in Italy are 2,648,499 (10.8%) in the medium
hydraulic hazard scenario. Emilia-Romagna, Tuscany, Veneto, Lombardy and Lig-
uria present the highest number of families and flood risk in the scenario of average
hydraulic hazard. The regions of Emilia-Romagna, Tuscany, Veneto, Lombardy and
Piedmont present the highest number of buildings at risk of flooding in the scenario
of average hydraulic danger.

The buildings at risk of floods in Italy are 1,351,578 (9.3%) in the scenario with
medium hydraulic hazard. The regions of Emilia-Romagna, Tuscany, Veneto, Lom-
bardy and Piedmont present the highest number of buildings at risk of flooding in
the scenario of average hydraulic danger.

http://www.salute.gov.it/caldo
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Table 1 Floods occurred in Italy between 2000 and 2017

Date Geographical area Dead

September 9–10, 2017 Livorno and Pisa 8

January 24, 2017 South Italy and Islands 1

September 14, 2015 Emilia 3

November 15, 2014 Genoa, Liguria and Milan 1

November 10, 2014 Liguria 2

October 14, 2014 Tuscany Maremma 2

October 9–10, 2014 Genoa 1

August 2, 2014 Prov. of Treviso 4

May 3, 2014 Prov. of Ancona 1

January 19, 2014 Prov. of Modena 1

November 18, 2013 Sardinia 18

November 12, 2012 Prov. of Grosseto 6

November 11, 2012 Prov. of Massa e Carrara 1

November 22, 2011 Prov. of Messina 3

November 4, 2011 Genoa and province 6

October 25, 2011 La Spezia and Lunigiana 13

June 11, 2011 Prov. of Parma 1

March 3, 2011 Marche and Romagna 5

November 1–2, 2010 Veneto 3

October 5, 2010 Prato and province 3

October 4, 2010 Genoa and Savona 1

September 9, 2010 Costiera Amalfitana 1

October 1, 2009 Province of Messina 36

July 18, 2009 Province of Belluno 2

October 22, 2008 Province of Cagliari 5

May 29, 2008 Villar Pellice (Turin) 4

April 30, 2006 Naples 4

July 3, 2006 Vibo Valentia 4

September 23, 2003 Prov. of Massa Carrara 2

September 8, 2003 Prov. of Taranto 2

August 29, 2003 Prov. of Udine 2

November 6 and 23, 200 Prov. of Imperia and Savona 7

October 13–16, 2000 Piedmont, Valle d’Aosta, Lombardy 23 + 11 missing

September 9, 2000 Soverato (Calabria) 13 + 1 missing
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There are 31,137 (15.3%) flooding cultural assets in Italy in themedium hydraulic
hazard scenario and reach 39,426 (19.4%) assets in the low-priced scenario. The
highest number of cultural assets at risk in the medium hydraulic hazard scenario is
recorded in Emilia-Romagna, Veneto, Liguria and Tuscany. Among the municipal-
ities with the highest number of cultural assets at risk of flooding in the scenario of
average danger are the cities of art of Venice, Ferrara, Florence, Genoa, Ravenna and
Pisa. For the protection of cultural heritage, even the scenarios of low probability of
occurrence assume particular importance, considering that in the case of event the
damages to the cultural heritage would be priceless and irreversible.

In Fig. 2, the population at risk landslides is highlighted. The populations most
affected are those of the Po Valley, as these lands are affected by major Italian
waterways such as the Po and its tributaries. In ancient times and even in very recent
times, the Po is overflowing, given its nature as a hanging river, i.e. the watercourse
flows above the lands crossed. Another population at risk is the one that resides in
the areas crossed by the Arno. The flood of the Arno in Florence in 1966 is very well
known, when not only houses were damaged, but also a part of the artistic and book
heritage. Another area damaged by the floods is that of northeastern Sardinia, where
the mouths of the rivers are often invaded by marine waters. The Rome region is also
subject to floods due to the presence of surface and underground rivers. The capital
itself is often flooded in the streets, because the sewage system does not receive
enough rainwater. The same applies to Naples and its region. For decades, Italy has
been the victim of floods, even with deaths, but successive governments have done
almost nothing to alleviate the health conditions of the population.

3. Landslides in Italy

Italy is one of the most affected by landslides countries with 629,808 landslides
on an area of 23,700 km2, equal to 7.9% of the national territory. About a third
of the total landslide is due to rapid kinetic phenomena (collapses, rapid mud
and debris flows, characterized by high speeds, up to a few meters per sec-
ond, and by high destructiveness, often with consequences in terms of loss of
human lives. One of the first Italian geographers who dealt with landslides was
Roberto Almagià in the early twentieth century (Almagià 1907, 1910). The most
recent study is that of Walter Palmieri in January 2004, with a good bibliogra-
phy (https://www.researchgate.net/publication/259358789_La_storia_delle_frane_
in_Italia_e_gli_studi_di_Roberto_Almagia 2004 (author Palmieri W )). The popula-
tion at risk of landslides in Italy, residing in high and very dangerous areas, amounts to
1281,970 inhabitants, equal to 2.2 of the total. Campania, Tuscany, Emilia-Romagna
and Liguria have the highest values of population at risk landslides. The families at
risk in areas of high and very high landslide danger are 538,034, equal to 2.2% of
the total.

The cultural heritage at risk of landslides in Italy totaled 37,847, equal to 18.6%.
The highest number of cultural heritage sites with high and very dangerous landslides
can be seen in Tuscany, Marche, Emilia Romagna, Campania and Liguria. Numbers
are the historical borghi affected by landslides triggered or reactivated even in recent
years, such as the cliff of San Leo (Rimini) Volterra (Pisa) and Civita di Bagnoregio

https://www.researchgate.net/publication/259358789_La_storia_delle_frane_in_Italia_e_gli_studi_di_Roberto_Almagia
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Fig. 2 Map of population at risk floods in Italy. Source ISPRA
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(Viterbo). In recent decades, several historic centers have been the object of consol-
idation and reduction of hydrogeological risk, such as in Certaldo (Florence), Todi
(Perugia) and Orvieto (Terni).

Buildings at risk in areas of high and very high landslide hazards are 550,723,
equal to 3.8% of the total. The regions with the highest number of buildings at risk
of landslides in areas of high or very high danger are Campania, Tuscany, Emilia-
Romagna and Calabria: On a provincial basis, the provinces of Salerno and Genoa
have the highest number of buildings at risk of landslides (ISPRA 2018).

It should be noted that the fragility of the Italian territory for geological, hydro-
graphic and morphological reasons is accentuated by the work of a man who has
built houses often abusive in areas at risk, such as in areas near the waterways or
even building roads burying the waterways. Even the buildings built at the foot of
the ridges are at risk (Table 2).

In Fig. 3, areas with the greatest danger of landslides are highlighted. Compared
to the most frequent floods in the plains, landslides are prevalent in mountainous and
hilly areas and therefore very intensely distributed throughout the national territory.
They constitute the greatest danger especially in winter when they are caused by
heavy rains and copious snowfalls. The major problem, besides the instability of the
climatic events, is also the improvidence of the man who built in unsuitable land,
with unsuitable materials and deforestation, which is no longer able to retain the
geologically recent lands.

2 Conclusion

Italy’s fragility is due to two essential factors: (i) the frequency of earthquakes and
(ii) the irregularity of the rains. Moreover, in the consequence of climate change,
temperatures and rains with sudden changes accelerate the frequency and danger of
landslides and floods. Added to this is that not only earthquakes but also landslides
and ravines are unpredictable and this causes damage to people and property. In
recent years, the damages are more considerable.

The latest governments have paid more attention to emergencies than to forecasts,
especially since many administrators do not believe in climate change and that often
governments lack the ability to make long-term projects.

Not only that but often the controls are not constant or accurate as happened at
the recent collapse of the Genoa Bridge. The privately owned motorway company
that manages the network does not effectively control the infrastructure nor it is
controlled in turn by the responsible ministry.
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Fig. 3 Map of population at risk landslides in Italy. Source ISPRA
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Impact of Hurricanes on Mental Health

Olaniyi Olayinka and Muge Akpinar-Elci

Abstract Hurricanes are among the leading natural disasters in the USA and are
associated with significant psychological distress and mental disorders. Hence,
understanding the mechanism underlying the development of mental health prob-
lems during a hurricane is critical. This chapter highlights the main factors that
increase the risk for hurricane-related mental health problems. Common mental dis-
orders and popular screening instruments that are available for rapid mental health
assessment of a population affected by a hurricane are described. The chapter also
emphasizes the importance of disaster mental health management and surveillance
during the entire disaster management cycle.

Keywords Mental health · Disasters · Posttraumatic stress disorder · Depression ·
Psychological stress · Disaster surveillance

1 Introduction

Hurricanes are large, circulating winds with sustained wind speed of 74 miles
per hour or higher. In the USA, hurricanes occur in early June to late November,
often causing significant morbidity and mortality, as well as destruction of property
(Taylor et al. 2012). Regarding cost, a recent analysis by the National Oceanic and
Atmospheric Administration (NOAA) found Hurricanes Katrina, Harvey, Maria,
Sandy and Irma—the costliest hurricanes in America since 1980—accounted for
over US$500 billion in financial loss and damages to the USA (NOAA 2018). The
mental health impact of hurricanes on Americans is particularly huge, dispropor-
tionately affecting socially vulnerable populations. A pre-post assessment of mental
health outcomes related to Hurricane Katrina, for example, revealed a significantly
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higher prevalence of posttraumatic stress disorder (PTSD) and other mental illnesses
among participants after the disaster (Rhodes et al. 2010). Recently, a group of men-
tal health clinicians that provided care during Hurricane Harvey, a major hurricane
classified as Category 3, reported that over 200 evacuees sought mental health care;
50% reportedly had a secondary psychiatric diagnosis (Shah et al. 2017). Access to
psychotropic medications and managing acute suicidality were a few of the chal-
lenges first responders faced during Hurricane Harvey. The storm surge and extreme
flooding associated with most major hurricanes add to their negative impact on the
mental health of affected populations (Akpinar-Elci et al. 2018). As the number and
intensity of hurricanes are predicted to increase in the future, partly due to a ris-
ing mean global temperature, a corresponding increase in hurricane-related mental
health problems is likely. Since Hurricane Galveston made landfall in Southern USA
in 1900, Americans have experienced approximately 40 major Hurricanes. In 2017
alone, 10 hurricanes occurred in the USA, two of which were reported to be the most
devastating hurricanes to hit the country in the past decade (NOAA2017). In addition
to short-term consequences, the long-term mental health impact of these hurricanes
is predicted to be substantial (Shultz and Galea 2017). This chapter provides a gen-
eral overview of the relationship between hurricane and mental problems, aiming to
simplify the complexmechanism underlying the development of disaster-attributable
psychological distress.

2 Mental Health Effects of Hurricanes

Several models for explaining the mental health impact of hurricanes exist. As it
is for many chronic diseases (e.g., Alzheimer’s disease), interaction between mul-
tiple risk factors are likely involved in the development of disaster-related mental
health problems. In an attempt to simplify this interaction, one might adopt the
Risk-Hazard-Exposure-Vulnerability equation, i.e., Risk (R)= Exposure (E)× Vul-
nerability (V ) × Hazard (H). It is also important to consider this equation in the
context of a population’s capacity to cope with a hazard. For example, the risk for
a supposed hurricane-related mental health problem (e.g., PTSD) would depend on
the extent of exposure of a vulnerable population to the hazard, hurricane. Indeed,
individual-level factors (e.g., gene, resilience) and community-level factors (e.g.,
level of disaster preparedness and response, availability of social support networks)
moderate the risk for developing hurricane-attributable psychological distress. A
brief discussion of the components of the risk-exposure equation, in the context of
disaster-related mental health, is discussed below.
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3 The Hazard—Hurricanes

Hurricanes are a type of natural hazard; hazard is defined as a “process, phe-
nomenon or human activity that may cause loss of life, injury or other health impacts,
property damage, social and economic disruption or environmental degradation”
(UNISDR 2017). What would make a hurricane more “hazardous” than another?
For example, Hurricanes Dolly and Ike, Category 1 and Category 2 hurricanes,
respectively, occurred during the same hurricane season. However, Hurricane Ike
garnered more media attention because it had more negative impact on human lives
and property. Hence, the category of a hurricane, which correlates with its propen-
sity to cause severe damage and disrupt lives, defines how hazardous a hurricane is.
According toNOAA, hurricane hazards include highwinds, storm surge and flooding
(NOAA n.d.).

4 Vulnerability Factors

Despite similar level of exposure, some individuals or populations are more likely
than others to develop mental illness following a hurricane. The difference between
these two groups may lie in what is considered a “vulnerability factor.”World Health
Organization (WHO) defines vulnerability as “the degree to which a population,
individual or organization is unable to anticipate, cope with, resist and recover from
the impacts of disasters” (WHO 2002). In general, vulnerable groups reported in the
scientific literature include children, pregnant women, the elderly and those suffering
from preexisting mental health problems or other chronic diseases. Certainly, these
groups are likely to report significant psychological problems during the initial period
following a disaster. Other vulnerability factors are also reported in the scientific
literature. Thirteen to 16 months after Hurricane Sandy in 2012, a telephone survey
of residents living in communities hardest hit by Sandy found that neighborhoods
closest to the ocean, parental status, as well as being Asian or Black, were significant
vulnerability factors among residents living in the boroughs of Brooklyn and Queens
(Gruebner et al. 2015).

5 Exposure

Americans are more likely to be exposed to hurricanes during the Atlantic hurricane
season, which starts on June 1 and ends onNovember 30 of each year. The probability
of exposure also increases for people living in areas prone to hurricanes. In its analysis
of hurricane data from1944 to 1999,NOAAfound the odds of exposure to a hurricane
to be highest among residents of Miami, Florida; Cape Hatteras; North Carolina;
San Juan, Puerto Rico; and New Orleans, Louisiana (NOAA 2014). While direct
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exposure might be the focus of first responders and public health decision-makers
during the immediate aftermath of a hurricane, those indirectly exposed may suffer
negative mental or psychological consequences as well. For example, according to
the Diagnostic and Statistical Manual of Mental Disorders, 5th Edition (DSM-5),
PTSD may occur in a person who learned that a close family member or friend died
or suffered life-threatening injuries during a hurricane. Additionally, single versus
repeated exposure to a harmful hurricane, or its effect on others,may cause significant
short-lived or lifelong psychological distress. The severity/intensity of exposure is
equally crucial when determining the risk for mental illness post-disaster. This is
defined by Sir Bradford Hill as biologic gradient or dose–response relationship.
For example, exposure to a Category 2 hurricane for a protracted period of time is
likely to induce psychological distress compared with brief exposure (Hill 2015).
Of course, in reality, the relationship between a risk factor/cause and effect could
be nonlinear because of the presence of confounding factors. For example, brief
exposure to a Category 1 hurricane may cause a mental disorder in a genetically
predisposed individual who has a history of childhood trauma (Romens et al. 2015;
Ballard et al. 2015; Jansen et al. 2016) (Fig. 1).

Vulnerable individuals/
populations/situations

 Children 
 Elderly people 
 Persons with a 

history of mental 
illness 

 Persons with a 
history of other 
chronic illness 

 Persons of low 
socio-economic 
status 

 Persons living in 
coastal 
communities 

Exposure to Hazard

Hurricane
Hurricane
Category – the
potential physical
effects of a
hurricane increase
with Category
thereby increasing
the risk for
developing
mental problems
e.g. a Trauma-and
Stressor-Related
Disorder

Risk

Increased risk of
mental
illness/psychologi
cal problems/
substance use

Fig. 1 The disaster risk equation



Impact of Hurricanes on Mental Health 93

6 Disaster-Related Mental Health Issues

6.1 Posttraumatic Stress Disorder

PTSD is one of the most reported and widely researched mental disorder among
hurricane-impacted populations (Foa et al. 2006; Pietrzak et al. 2012a; North and
Pfefferbaum 2013; Fergusson et al. 2014).While very few, well-conducted incidence
studies exist, the prevalence of hurricane-related PTSD has been found to range from
2 to 30%, depending on population characteristics, pre-hurricane factors and the
period post-hurricane that a population is assessed (CDC 2006; Caramanica et al.
2015; Lowe et al. 2015; Boscarino et al. 2017; Heid et al. 2017). For example, a study
found the prevalence of PTSD among police officers and firefighters, 2 months after
Hurricane Katrina, was 19 and 22%, respectively (CDC 2006). Some studies have
shown that a prior history of disaster-related PTSD and low socioeconomic status
increase the risks for PTSD (Caramanica et al. 2015). It is worth mentioning that the
prevalence of PTSD appears to decrease months after a hurricane.

Regarding PTSD assessment, most studies use the Primary Care PTSD Screen,
the Impact of Events Scale-Revised, the PTSD CheckList or the Trauma Screening
Questionnaire survey instruments in screening individuals. Overall, individuals diag-
nosed with PTSD following a hurricane must have been either directly or indirectly
exposed to its traumatic effect and exhibit the following features for at least four
weeks: re-experience the event (e.g., through flashbacks), actively avoid thoughts
or situations associated with the event, display negative alterations in cognition and
mood and suffer fromhyperarousal (e.g., hypervigilance or irritable behavior) (Amer-
ican Psychiatric Association 2013).

6.2 Major Depressive Disorder

Clinical features of major depressive disorder (MDD) (e.g., sleep disturbance,
depressed mood, suicidal ideation) are prevalent among hurricane-affected popu-
lations (Lowe et al. 2015; Akpinar-Elci et al. 2018). Individuals with MDD have
five or more depressive symptoms that often interfere significantly with their ability
to function socially or at work. The Patient Health Questionnaire (PHQ-9) is the
most common standardized screening tool used to identify depression in epidemi-
ologic studies. A survey of residents living in communities impacted by Hurricane
Sandy in NYC found that the 13- to 17-month prevalence of probable MDD was
8.9% (Lowe et al. 2015). This is similar to the prevalence of MDD of 8.6% that
was reported among 193 Galveston Bay area adult residents who were surveyed
8–20 weeks after Hurricane Ike (Pietrzak et al. 2012b). When the Galveston Bay
residents were screened at 12 months after Hurricane Ike, the prevalence of MDD
appeared stable compared with a decrease in PTSD rate.
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6.3 Other Mental Health Issues

The intense psychological stress experienced during the immediate periods following
a hurricane has been associated with various mental health issues (e.g., anxiety
disorders) and substance use. However, rapid identification of disaster-relatedmental
disorders can be time-consuming and expensive. Screening instruments that can
identify probable DSM disorders are especially important as they inform clinical
treatment. The K10/K6 nonspecific distress scale is a validated, easy to administer,
screening instrument used in differentiating individuals withDSM-IV disorders from
non-cases (Kessler et al. 2003). Of note, screening instruments based on DSM-5
disorders (e.g., the Distress Questionnaire-5) and that are culturally sensitive are
being advocated (Batterham et al. 2016; Stolk et al. 2014). Based on the above,
anxiety and affective disorders are some of the most commonly reported mental
disorders among hurricane survivors. A telephone survey of a representative sample
of residents of Hurricane Katrina-affected areas, 5–7months after the incident, found
that the 30-day prevalence of anxiety and affective disorderswas approximately 30%.
Of these, approximately 10 and 20% met the K6 criteria for a probable severe and
mild/moderate mental illness, respectively (Galea et al. 2007).

7 Disaster Mental Health Management and Surveillance

In order to effectively address disaster-related mental health problems, one must
adopt a comprehensive approach. This includes activities targeted to the different
phases of a disaster which, according to the WHO Disaster Management Cycle, are
the predisaster, disaster and post-disaster periods. The goal is to prepare for, miti-
gate, respond to and quickly recover from the negative health impact of a disaster. For
instance, increasing mental health awareness in communities and educating primary
health care professionals on the importance of early disease detection and manage-
ment before disasters strikemay increase resilience and reduce risk of disaster-related
mental illness in a population. To detect hurricane-related mental disorders, non-
traditional sources of data may be sought to augment existing, traditional sources
(Olayinka et al. 2017).

Malilay and colleagues identified four, cross-cutting, disaster-related epidemio-
logic activities that are adaptable in disaster mental health management. These are
“rapid needs assessments, health surveillance, tracking and registries and epidemi-
ological investigations” (Malilay et al. 2014). For example, early detection of indi-
viduals with hurricane-related psychiatric disorders is critical for rapid allocation of
mental health services. Such an approach would invariably reduce the psychological
burden of hurricanes, accelerate psychological healing and help affected popula-
tions to return to pre-hurricane level of functioning. This is particularly important
given that approximately 1 in 4–5 American youths and adults has a mental illness
(Bagalman and Napili 2018; Merikangas et al. 2010). Population-based assessment
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of disaster-related psychiatric disorders, however, is fraught with challenges. This
ranges from how cases are identified in affected populations (e.g., screening instru-
ments using differing thresholds/criteria to determine whether a subject is a probable
case) to what is considered a true disaster-related mental disorder. For example,
psychiatric epidemiologists and public health professionals are not clear whether
mental disorders that develop several months following a disaster can be considered
disaster-related. Furthermore, unlike the ease with which the physical effects of a
disaster can be identified because affected populations are typically within the area
where a hurricane makes landfall, the mental health of individuals in distant loca-
tion may be impacted (e.g., in the case of PTSD). Additionally, areas affected by a
hurricane may be inaccessible for rapid mental health surveillance, particularly dur-
ing the immediate aftermath of such event. Despite the aforementioned, tremendous
progress is being made in the field of disaster mental health epidemiology.

8 Conclusion

With the high probability of a hurricanemaking landfall in the USA annually, the risk
for hurricane-relatedmental disorders remains amajor public health concern.The risk
for mental illness following a hurricane depends on a complex interaction of factors
including the intensity of exposure to hazards associated with the hurricane (e.g.,
wind speed, flooding) as well as vulnerability factors (e.g., pre-hurricane history of
mental illness). There is abundance of evidence showing an increased risk for PTSD,
MDD and anxiety disorders among populations exposed to hurricane. Despite the
progress made in disaster mental health surveillance, more still needs to be done to
stem the negative mental health impact of hurricanes and other natural disasters in
general. For example, harmonizing existing screening instruments and developing
a robust case definition for hurricane-related mental disorders are lacking . More
importantly, making disaster-related mental health a priority through awareness-
raising and integration in disaster management policies at the local, national and
global levels is crucial.
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Climate Change, Wildfires, Heatwaves
and Health Impacts in Australia
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Abstract Heat-related extreme events, such as wildfires and heatwaves, have histor-
ically imposed a burden on Australian society, and according to rigorous and robust
scientific literature, it is expected that there will be an increase in frequency, intensity
and duration of these types of natural hazards. Within Australia, wildfires and heat-
waves are currently responsible for more than 60% of all direct fatalities related to
natural hazards, and it is highly likely that this is an underestimation of all deaths as
some health impacts are not routinely quantified (e.g. premature death related to air
pollution from wildfire smoke exposure). Deaths attributable to heatwaves and fire
smoke pollution are more commonly due to exacerbations of pre-existing health con-
ditions, than to specific direct impacts such as heat stroke. Some groups, such as the
elderly, infants and those with pre-existing conditions, tend to be more vulnerable to
these impacts. Furthermore, evidence suggests that there are synergistic additional
impacts when exposed to high temperature and air pollution and that probably health
impacts are considerably underestimated in the case of some specific groups such as
those with occupational chronic exposure to fire smoke. To avoid increases in public
health effects, society at all levels needs to increase its adaptive capacity. Measures
need to be taken from a planning andmanagement perspective through to community
response at a local level, adequately focusing resources to include vulnerable sectors
and population groups.
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1 Wildfires and Heatwaves and Climate Change: Global
Context

Wildfires and heatwaves are important natural hazards that will be exacerbated by
climate change. Fire is a process that is complex by nature and is highly variable
in how it behaves in space and time; it needs to be ignited, have available fuel to
burn and be set in particular weather and topographic conditions that will allow it to
successfully spread (Hughes andAlexander 2017).Wildfires, in contrast to prescribed
burns, are less predictable processes, with high uncertainty in their behaviour and
impacts due to variations in how they start, the fuel being burnt and the existing
meteorological conditions that may or may not be beneficial to their spreading.

For heatwaves (or heat events), there is no quantitative universal definition, and
different metrics to identify these have been used. According to the World Mete-
orological Organization and World Health Organization, heatwaves are defined as:
“periods of unusually hot and dry or hot and humid weather that have a subtle onset
and cessation, a duration of at least two to three days and a discernible impact on
human activities. During such periods of hot weather, not only do daytime temper-
atures reach high values but nocturnal temperatures and humidity levels may also
rise well beyond their long-term mean” (McGregor et al. 2015, p. 1). A key feature
is a marked departure from typical background weather conditions for the affected
geographical region (Nairn and Fawcett 2013). This means, for example, that a heat-
wave in Tasmania may be considered as moderate weather conditions in another
place such as Adelaide, and therefore, the definition of a heatwave is relative to its
location.

A wide body of scientific literature supports the fact that global warming will
produce more frequent and intense extreme weather events worldwide, and there is
very high confidence that these shifting patterns, including those caused by changing
temperature and occurrence of heatwaves and fires, have an impact on human health
(Bowman et al. 2017; Mora et al. 2017b; Smith et al. 2014). In the Intergovernmental
Panel on Climate Change (IPCC) Fifth Assessment Report (AR5), Smith et al. (2014,
p. 713) state that there is a “greater risk of injury, disease, and death due to more
intensive heatwaves and fires” with some level of climate change.

During a forest fire, the process of combustion produces great amounts of smoke,
consequently being an important contributor to air pollution in urban and rural set-
tings. Air pollution is one of the largest threats to humans, one of the main causes
of death in the world, and there is no evidence of a safe threshold level of exposure
below which no negative effects occur (WHO 2013). It is estimated that outdoor
and indoor air pollution (urban and rural sources) is responsible for around 7 mil-
lion premature annual deaths (1 out of 8 total deaths), mostly from cardiovascular
diseases, and from the development of respiratory diseases such as acute respira-
tory infections (ARIs) and chronic obstructive pulmonary diseases (COPDs) (WHO
2014a). In fact, a study published in 2012 in the Lancet found that for the year 2010,
household air pollution from solid fuels was the third leading risk factor for global
disease burden (Lim et al. 2012). Air pollution produced by landscape fires is not
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very different in the way it impacts health, and one of the main differences would
be related to exposure. With urban air pollution people usually suffer from chronic
exposure, while with landscape fire smoke people might be exposed for short periods
of time to very high levels of air pollution. It is estimated that landscape fire smoke is
responsible for 340,000 annual deaths globally (Johnston et al. 2012), and for a high
number of morbidity effects such as increased respiratory hospital admissions and
chronic diseases, asthma attacks, emergency department visits and reduced produc-
tivity, among others (Adetona et al. 2016; Black et al. 2017; Duran 2014; Kochi et al.
2010; Liu et al. 2015; Reid et al. 2016; Youssouf et al. 2014).Mortality estimatesmay
have a great variation related to climatic conditions, ranging from 262,000 deaths
globally with strong La Nina conditions to 532,000 with strong El Nino conditions
(Johnston et al. 2012), and may potentially be underestimated as long-term effects
have not been quantified. In fact, landscape fires could well be one of the most rel-
evant emission sources, because of the uncertainty in its nature and its capacity to
negatively influence air pollution reduction efforts, producing average increases of
annual PM2.5 concentration (Larsen et al. 2018) and producing greater impacts in
public health (Ford et al. 2018).

According to the World Health Organization (2014b) and assuming no adapta-
tion to climate change, by the year 2030, heat will be responsible for 92,207 (95%
confidence intervals: 64,458–121,464) additional deaths globally for people aged
65 and over. This value will rise to 255,486 (191,816–364,002) for the year 2050.
Worldwide, a significant amount of people (30%) are currently exposed to extreme
heat conditions for at least 20 days per year, and it is expected that by the year
2100, exposure will increase to about 48% in a conservative climate change scenario
(Mora et al. 2017b), while severe warming could produce increasingly intolerable
conditions (Sherwood and Huber 2010).

These two types of extreme events and their impacts are not necessarily discon-
nected, and there are often strong associations between them. A heatwave can occur
in isolation, but it will increase the risk and likelihood of a severe wildfire (Cardil
et al. 2014; Johnston et al. 2011a; Shaposhnikov et al. 2014).

Impacts of extreme weather events related to increased temperatures translate
into multiple impacts on human well-being. The objective of this chapter is to inte-
grate research and findings from both government and non-government reports and
assessments and peer-reviewed scientific articles to present an overview of the grow-
ing health and well-being implications the Australian community will face with
increasing risk of wildfires and heatwaves driven by change in climatic conditions.
The following sections will present in more detail the health impacts produced by
exposure to wildfires and heatwaves, will discuss the conjoined effects of high tem-
peratures and wildfires and will highlight the need to increase adaptation capacities
throughout Australian society.



102 N. Borchers Arriagada et al.

2 Wildfires and Health Impacts in Australia

Wildfires (known as bushfires in Australia) and their consequences have always been
a part of the Australian landscape (Hughes and Alexander 2017), and their projected
increase in frequency and intensity is of great concern when the effects on human
well-being (and health specifically) are considered.

Impacts of wildfires on human well-being are diverse by nature and include:

– Loss of houses and other buildings (Ashe et al. 2009; Blanchi et al. 2014)
– Property damage and destruction (Ashe et al. 2009; Blanchi et al. 2014)
– Threats to water security (Johnston 2009)
– Loss of agricultural crops (Stephenson et al. 2013)
– Fatalities (Blanchi et al. 2014; Haynes et al. 2010)
– Injuries (Cameron et al. 2009)
– Loss of livestock (Whittaker et al. 2012)
– Loss of biodiversity (Stephenson 2010)
– Air pollution emissions and its consequences in human health (Adetona et al.
2016; Cascio 2018; Hyde et al. 2017; Liu et al. 2015; Navarro et al. 2018; Reid
et al. 2016)

– Mental health problems (e.g. Post-Traumatic Stress Disorder) (Gibbs et al. 2013;
Hughes and Alexander 2017; Reid et al. 2016; Stephenson 2010).

The occurrence of wildfires has a very high impact on Australian society, with
a recorded yearly average of 100 fatalities, 3,000 direct injuries and 83 lost homes
per year, with an estimated cost of AUD $12,000 million or 1.3% of GDP for 2005
(Ashe et al. 2009). Blanchi et al. (2014) developed and analysed a data set regarding
wildfire with loss of life for the period between 1901 and 2011. Complementing this
analysis with official fatality figures reported by the Australian Disaster Resilience
Knowledge Hub (AIDR 2018), it is estimated that only 7 fire events were responsible
for 71% of all civilian fatalities (Table 1) for the period studied.

Although these numbers seem relevant by themselves, impacts of wildfires go
further, negatively impacting the quality of the air that we breathe and imposing
substantial health burdens on society. But in general, the study of the effects that fire
smoke has on human health tends to be challenging (compared to general urban air
pollution) for a myriad of reasons that include (1) the unpredictability of episodes,
(2) disperse and heterogeneous spatial and temporal distribution of smoke impacts
compared to those of other sources, (3) exposure affecting both urban and rural areas
with differing levels of population density, (4) higher peak concentrations of PM2.5,
(5) lack of availability of monitoring data in rural areas affected by fires, (6) exposure
of small populations not representative of broader community and (7) short duration
of episodes (even on large populations) that don’t allow for detection of significant
changes (Johnston et al. 2011b; Salimi et al. 2017). Also, the study of health impacts
due to exposure to fire smoke has had less attention than those related to urban air
pollution, but there is still a considerable amount of literature available, and it has
been found that health outcomes are significantly diverse in the nature and size of
populations affected as shown in Fig. 1.



Climate Change, Wildfires, Heatwaves and Health Impacts … 103

Table 1 Major fire events in Australia according to the number of direct civilian fatalities

# Date of fire Bushfire Location Number of
civilian
fatalities

Number of
homes
destroyed

1 Feb/1926–Mar/
1926

1926 bushfires Gippsland,
Victoria

60 550

2 Jan/1939 Black Friday
bushfires

Victoria 71 1,000

3 14/Jan–14/Feb
1944

1944 bushfires Victoria 15–20 >500

4 7/Feb/1967 Tasmanian
“Black
Tuesday”
bushfires

Hobart,
Tasmania

62 1,400

5 Jan/1969 1969 bushfires Lara, Victoria 23 230

6 Feb/1983 Ash
Wednesday
bushfires

South Australia 75 2,000

7 Feb/2009 Black Saturday
bushfires

Victoria 173 2,029

Adapted from Blanchi et al. (2014) and AIDR (2018)

Fig. 1 Total public health impacts of wildfire smoke or PM2.5. Adapted from Cascio (2018)
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There is robust evidence for an increase in respiratory morbidity and all-cause
mortality, andmixed findings in the case of both cardiovascular morbidity and cause-
specific mortality due to short-term exposure to fire smoke (Black et al. 2017; Cascio
2018; Reisen et al. 2015; Youssouf et al. 2014). Exacerbation of respiratory health
conditions is likely to be the most common immediate impact (Black et al. 2017).
Long-term health effects due to exposure to fire smoke should also be taken into
account, as some studies have shown that a considerable amount of population may
be exposed to an average annual increase of more than 0.75 µg/m3 of PM2.5 (Cascio
2018; Rappold et al. 2017), in which case public health impacts in terms of morbidity
and mortality will likely be considerable.

Epidemiological studies following Australian bushfire smoke events have found
positive associations for multiple effects, especially respiratory (Table 2), while
results for cardiovascular morbidity and mortality in general have been more vari-
able. In 2010, Morgan et al. (2010) studied fires occurring in Sydney between 1994
and 2002 and found no consistency in associations between wildfire particulate mat-
ter (PM10) with cardiovascular admissions and mortality. Later in 2011, Johnston
et al. (2011a) analysed fires between 1997 and 2004 and found that smoke events
could produce a 5% increase in non-accidental and cardiovascular mortality. Evi-
dence regarding cardiovascular impacts has been strengthened, as Dennekamp et al.
(2015) and Haikerwal et al. (2015) have found positive associations between expo-
sure to smoke from the 2006 to 2007 wildfires in Victoria and out-of-hospital cardiac
arrest (OHCA) and ischaemic heart disease (IHD). Results seen in Australian studies
are consistent with those done elsewhere, where evidence is robust around positive
associations between fire smoke and respiratory morbidity, evidence is increasing
regarding positive associations between smoke and respiratory infections and all-
cause mortality, but there are still important gaps in research with respect to effects
on cardiovascular morbidity, specific causes of mortality and other endpoints such
as birth outcomes and mental health (Reid et al. 2016).

Similar to the effects of air pollution in general, certain population groups tend to
be more vulnerable to these outcomes, such as pregnant women, the elderly, infants,
smokers, firefighters and people with pre-existing respiratory or cardiovascular con-
ditions (Hughes and Alexander 2017; Rappold et al. 2017; Youssouf et al. 2014).
Australian indigenous people might also be affected more strongly than the rest of
the population (Hanigan et al. 2008). Johnston et al. (2007) found effects to be higher
in Indigenous people compared to the rest of the population: associations for COPD
and asthma were more than double, and they appeared to have a higher risk of being
admitted for cardio-respiratory effects. This likely is a reflection of how Indigenous
people are at higher risk from environmental hazards such as air pollution (Johnston
et al. 2007). Some areas of Australia tend to be at higher risk of suffering bush-
fires and the largest effects will be experienced in high-density urban areas, where
concentrated populations are potentially exposed to fire smoke.
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Table 2 Examples of positive associations between fire smoke PM and health effects—Australian
studies

Health outcome Place Year/period/episode Reference

Increased respiratory
and cardiovascular
emergency
ambulance
dispatches (EAD)

Sydney Greater
Metropolitan Region

2004–2015 Salimi et al. (2017)

Increased emergency
department (ED)
attendances for
asthma

Victoria 1 Dec 2006–31 Jan
2007

Haikerwal et al.
(2016)

Increased
out-of-hospital
cardiac arrest
(OHCA)

Melbourne July 2006–June 2007 Dennekamp et al.
(2015)

Increased
out-of-hospital
cardiac arrest
(OHCA) and
ischaemic heart
disease (IHD)

Victoria 1 Dec 2006–31 Jan
2007

Haikerwal et al.
(2015)

Increased
non-accidental and
cardiovascular
mortality

Sydney January 1994–June
2007

Johnston et al.
(2011a)

Increased ED
attendances for all
non-trauma
conditions,
respiratory
conditions, asthma,
and chronic
obstructive
pulmonary disease
(COPD)

Sydney 1996–2007 Johnston et al. (2014)

Increased admissions
for respiratory
infections for
Indigenous people

Darwin Fire seasons between
1996 and 2005 (1
April–30 November)

Hanigan et al. (2008)
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3 Heatwaves and Health Impacts in the Australian Context

Australians have been heavily impacted from extreme heat events throughout history.
It is a country that is highly vulnerable to changing climatic conditions, and it is
expected that the number of hot days, warm nights and heatwaves will increase
by the end of the twenty-first century (Cowan et al. 2014). Australian society will
experience various types of impacts, such as:

• increased human morbidity and mortality (Cheng et al. 2018; Lindstrom et al.
2013; McGregor et al. 2015; Mora et al. 2017b; Tong et al. 2014; Turner et al.
2013; Wilson et al. 2013)

• increased risk for outdoor activities (Nairn and Fawcett 2013)
• stress for people, animals and plants (Sherwood and Huber 2010)
• increased bushfire risk (Cardil et al. 2014)
• damage to crop and vegetation (Wreford and Neil Adger 2010)
• increased demand for resources (e.g. water, energy, etc.) (Zuo et al. 2015)
• stress on infrastructure such as roads and buildings (McEvoy et al. 2012)
• negative impacts in tourism (Nairn and Fawcett 2013).

Heatwaves will be responsible, in the case of Australasia (Australia and New
Zealand), for an estimated additional 217 (132–345) yearly deaths by the year 2030
and for 605 (434–980) by 2050 (WHO2014b). However, these numbersmay increase
considerably when in the presence of an extreme heat event. For example, a major
heatwave struck Europe during the summer of 2003 and was responsible for over
70,000 deaths (Robine et al. 2008). In Australia, the highest number of recorded
deaths from natural hazards are attributable to heatwaves, and even with their relative
importance in terms of fatalities, these have not been studied with similar intensity as
other natural hazards such as floods and storms (Coates et al. 2014; Lee 2014). Only
11 events (out of 350) are responsible for more than 30% of all recorded heatwave-
related deaths for the period 1844–2011 (Table 3). Victoria, New South Wales and
South Australia have the highest number of fatalities, with most of these occurring
during summer months.

It is probable thatmany earlier studies underestimated the real impact of heatwaves
on Australians, as only uncommon but specific heat-related diseases such as heat
strokewere attributed to the heat event (Coates et al. 2014).However, epidemiological
studies increasingly use statistical methods to attribute excess hospital admissions,
regardless of the specific medical diagnosis, to particular events such as heatwaves,
and the pathophysiological processes that lead from elevated body temperature to
death through direct toxicity and exacerbations of cardiovascular, renal andmetabolic
conditions are well characterised (Mora et al. 2017a).

Australian regions are prone to high temperatures, hot summer and extreme heat,
and the association of these conditions with adverse health impacts has been well
studied (Bi et al. 2011), with a more intense focus on mortality rather than morbidity
effects (Dalip et al. 2015; Loughnan et al. 2010) and with less available studies
for the southern hemisphere including Australia (Loughnan et al. 2010). Health
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Table 3 Significant heat
events in Australia,
1844–2011 (Coates et al.
2014)

# Date of event Area affected Total
heat-associated
deaths

1 January–February
1879

NSW, Vic 22

2 October
1895–January
1896

WA, SA, Vic,
Qld, NSW

435

3 January 1906 NSW, SA 28

4 January 1908 Vic, SA, NSW 213

5 January 1939 Vic, SA, NSW 420

6 January 1940 Qld, NSW 65

7 February 1955 Perth (WA) 30

8 January–February
1959

Melbourne (Vic) 145

9 January 1960 Greater Sydney
(NSW)

25

10 January 2000 Southeast Qld 22

11 January–February
2009

Vic, SA 432

Total deaths 1837

impacts include dehydration, heat strokes, cardiovascular morbidity effects, renal
diseases and death. Recent studies (Table 4) have addressed the associations between
heat events and multiple health effects in various cities around Australia and have
found increased adverse impacts that range from increased use of health services to
increased total mortality.

The very young, the elderly (especially those 75+) and people with pre-existing
medical conditions are especially vulnerable, while more socially advantaged groups
(in terms of socioeconomic status) tend to have lower impacts (Cheng et al. 2018;
Coates et al. 2014; Dalip et al. 2015; Xiao et al. 2017). Other population charac-
teristics such as living in urban or rural areas (Jegasothy et al. 2017), gender (Xiao
et al. 2017) and geographical location (Tong et al. 2014) may define the level of
vulnerability and adaptability that exists towards heat-related health impacts. Cowan
et al. (2014) estimate that changes in frequency and duration of heat events will affect
mainly northern tropical regions of Australia, while higher maximum temperatures
will be felt in southern Australia.
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Table 4 Examples of positive associations between heatwaves and health effects—Australian stud-
ies

Health outcome Place Year/period/episode References

Increased health
service utilisation

New South Wales 2005–2015 Jegasothy et al. (2017)

Increased mortality in
the elderly

Brisbane,
Melbourne,
Sydney

1988–2009 Tong et al. (2015)

Increased emergency
department visits

Brisbane Summer seasons
(December–February)
from 2000 to 2012

Toloo et al. (2014)

Increased emergency
hospital admissions
for renal diseases in
children (0–14 years)

Brisbane 1 Jan 1996–31 Dec
2005

Wang et al. (2014)

Increased all-cause,
cardiovascular and
respiratory mortality
and hospital
admissions for
heat-related injuries,
dehydration, and other
fluid disorders

Sydney Mortality
(1997–2007)
Hospital admissions
(1997–2010)

Wilson et al. (2013)

Significantly
increased total
hospital admissions,
emergency
department
presentations, general
medical admissions,
and rise in number of
deaths

Melbourne 2009 heatwave
(Jan/Feb 2009)

Lindstrom et al.
(2013)

Increased daily
mortality, total
emergency
department
presentations,
renal-related
emergency
department
presentations

Perth 1994–2008 Williams et al. (2012)

Increased ambulance
call-outs, renal
morbidity for elders,
heat-related
admissions, ischaemic
heart disease in the
15–64 age group, total
mortality particularly
in the 15–64 age
group

Adelaide Summers of 2008 and
2009

Nitschke et al. (2011)
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4 Wildfire and Heatwaves: Relative and Combined Effects

Severe fire and heat events have been recorded and will likely increase in the future,
producing important environmental, social and economic consequences (Bowman
et al. 2017). For Australia, 2017was its third hottest year on record, including highest
historical maximum temperatures during winter and very low rainfall, shaping a per-
fect scenario for heat-related extremeweather events such as wildfires and heatwaves
to develop (Steffen et al. 2018).

Heatwaves and wildfires were responsible for more than 65% of the 8,256 direct
fatalities attributed to natural hazards in Australia for the period between 1900 and
2011 (Fig. 2). Heatwaves alone accounted for more fatalities than all other natural
hazards (>50% of deaths), while wildfires were responsible for more than 10% of
these deaths (Coates et al. 2014), withmost wildfire fatalities (>65%) concentrated in
the State of Victoria (Blanchi et al. 2014). As we discussed above in the case of wild-
fires though, it is highly likely that the magnitude of these impacts would increase
considerably if indirect deaths caused by exposure to fire smoke were included.
Increases in air pollution can have a large public health impact if extensive popu-
lations are affected. For example, Horsley et al. (2018) estimated that 183 days of
exposure to landscape fire smoke were responsible for 197 premature deaths, 436
cardiovascular hospitalisations and 787 respiratory hospitalisations in a period of
13 years (2001–2013) in Sydney alone. This represents almost 23% of all direct
fatalities recorded for Australia in a 111-year period.

As mentioned earlier, days of high temperature (heat events) have a strong influ-
ence on increasing the likelihood of large wildfires, especially when combined with
high wind. Conditions for fires become highly favourable, and as moisture content
decreases the probability for ignition increases, and fires can burn more intensely
and rapidly (Cardil et al. 2014). Additionally, there may even be interactions in mor-
tality effects produced by exposure to heatwaves and fire smoke (Katsouyanni et al.

Fig. 2 Total fatalities from bushfires and extreme heat compared with other Australian natural
hazards between 1900 and 2011. Adapted from Coates et al. (2014)
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1993; Shaposhnikov et al. 2014). In 1987, a major heatwave impacted Greece, and
high levels of smoke and ozone were present during the same period. Katsouyanni
et al. (1993) found statistically significant interactions between high temperatures
(>30 °C) and sulphur dioxide (SO2), and statistically suggestive interactions for ozone
and smoke with high temperatures. In 2010, Moscow experienced a disastrous heat-
wave with high levels of air pollution simultaneously, with 44 days of continuous
heat during major heat event and PM10 exceeding 300 µg/m3 on multiple days. Dur-
ing this period, there was an estimated near 11,000 excess deaths, almost doubling
the expected deaths when considering both phenomena as if they were independent
(Shaposhnikov et al. 2014). According to the authors, the interactions between pol-
lution from fire smoke and high temperatures were responsible for more than 2000 of
these deaths. Different studies have been undertaken in Australian cities, and there is
suggestion for a synergistic effect between high temperature and air pollution (PM10,
SO2 and ozone) and that this impact (excess mortality) is additional to that of the
sum of effects from each exposure variable (Dean and Green 2018).

Furthermore, there are fewer studies that relate the effects of occupational expo-
sure (e.g. firefighters) tofire smoke (Adetona et al. 2016). These types of professionals
are part of the population segments that are particularly more vulnerable to health
effects associated with fire smoke exposure (Youssouf et al. 2014). The exposure to
smoke that firefighters experience is very different to that of the rest of the popula-
tion, and they work very close to the actual sources of emission and are exposed to
high concentration levels of particulate matter and other pollutants (Adetona et al.
2016). Some of the effects experienced by firefighters include the increase of pul-
monary and systemic inflammation and a decrease in lung function (Youssouf et al.
2014). A study carried on in Australia assessed exposure of firefighters to smoke
during prescribed burns and wildfires and found that a considerable proportion of
the firefighters had high to very high levels of exposure, and this would result in an
increased likelihood of having acute and chronic health effects (Reisen et al. 2011).

It is very likely that the total public health impacts of fire smoke exposure have
consistently been underestimated. There appears to an opportunity and need to ade-
quately assess the effects produced by a conjoined exposure to fire smoke and heat-
waves, as the synergistic impacts might be higher than the sum of its parts. Also, it
seems relevant to consider impacts due to occupational exposure and find ways in
which this could be reduced.

5 Adaptation to Heat-Related Extreme Weather Events

As climate change shapes the future ofAustralia with increasing heat-related extreme
weather events, there will be a higher demand for resources, capacities and planning
that should be available to approach these issues. There is an urgent need to act
regarding future potential natural hazards produced by climate change (Steffen et al.
2018). Wildfires and heatwaves will become a norm for Australian society, and it
is necessary that authorities and decision-makers focus adequate amount and type
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of resources on reducing risks (Clayton et al. 2014; Cleland et al. 2011; Nairn and
Fawcett 2013). Actions such as increasing effectiveness of communication channels
and levelswith the community (Fish et al. 2017), education programs aimed at chang-
ing behaviour (Richardson et al. 2012; Walker and Salt 2006), improving emergency
response and incorporating wildfire and heatwave events into the planning and man-
agement of our built environment and social processes are necessary to improving
the adaptive capacity that systems will have in an ever-changing environment (Tong
et al. 2014). Resources must be focused on increasing adaptation to climate change,
improving and increasing preparedness for bushfire disasters (Johnston 2009) and
extreme heat events, including improvement of public health services, identifica-
tion of vulnerable sectors and population groups and development of early warning
systems (Lowe et al. 2016; Smith et al. 2014).

6 Conclusions

As global warming imposes important changes in climate and weather, with increas-
ing temperatures and levels of drought, Australians will experience a higher risk
of suffering from extreme wildfires and intense heatwaves. The many impacts will
probably be distributed unequally throughout society. Infants, the elderly, labourers
and people with pre-existing conditions, lower socioeconomic status or belonging to
indigenous groups may be at higher risk of suffering from smoke and heat-related
illnesses, while those living at the urban–rural interface are at higher risk of being
directly affected by wildfires. Geographically, population exposure and density dif-
fer around Australia, and studies suggest that the Southeast of Australia has higher
risk of mortality and disease from wildfire and smoke-related impacts while South
Australia presents the highest heat-related mortality rates, although most fatalities
have concentrated in Victoria, NSW and South Australia. There are some important
aspects that have had relatively limited consideration, such as the possible synergistic
adverse health impacts of simultaneous exposure to fire smoke and heatwaves, and
the more extreme personal exposures of professionals who work outside during heat-
waves and bushfire air pollution events. Necessary steps should be taken at federal,
state and local levels to ensure safety of communities and to minimise the loss of
resources, lives and well-being, especially focusing on the sectors of society that are
more vulnerable due to their physical locations, social and economic disadvantage
or higher-risk occupational groups.
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Climate Adaptation of Sea-Level Rise
in Hong Kong

Yun Fat Lam and Shimul Roy

Abstract Hong Kong is a coastal city with 733 km long of coastline. With the high-
rise buildings residing millions of people, it is highly susceptible to the impacts of
sea-level rise (SLR) and storm surge. It is observed that the average sea level has been
steadily increased at a rate of ~3.1 cm per decade. As the sea level rise is expected
to be exacerbated in the end of this century, due to climate change, it would be
important for the local government to implement adaptation measures for combating
this issue. In 2013, the Hong Kong government initiated a comprehensive review on
SLR caused by climate change and its implications on design of coastal structure,
attempting to update the existing PortWorksDivisionManual (PWDM). In the study,
the IPCCAR5was used as the projection scenario for estimating future SLR in Hong
Kong. Pattern scaling was applied to normalize the relationship between the local
SLR and global SLR from different AR5 scenarios (i.e., RCP scenarios), producing
a 2D SLR pattern for the South China Sea. It is recommended that the height of the
coastal structures should be increased by 0.46, 0.56, 0.58 and 0.78 m for accounting
the rise in the mean sea level under RCP2.6, 4.5, 6.0 and 8.5 scenarios, respectively.
For the worst-case scenario (i.e., RCP8.5), the construction cost associated with the
changes in the coastal structures (e.g., public pier structure and vertical block work
seawall) would be increased by 1.3–1.9%.

Keywords Climate change · SLR · Pattern scale · Sea-level projection · Thermal
expansion
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1 Introduction

Climate change is a burning issue for the presentworld. It is evident that the increase in
greenhouse gases (GHGs) has contributed to a large part of the increase in the earth’s
average temperature, resulting in an escalation of the polar ice-caps and glaciers
melting, and sea-level rise. It modifies the distribution of fresh water by influencing
regional precipitations and affecting the ecosystem (IPCC 2007). Currently, sea level
is rising at an unprecedented rate, potentially threatens billions of people who are
living in the coastal regions (Hardy 2003). In Hong Kong, the government was aware
of the potential influence of climate change. An inter-departmental working group
had been formed to evaluate its impacts, as sea-level rise and extreme weathers
(e.g., typhoon) were identified as the major impacts. In 2010, the Civil Engineer-
ing and Development Department had conducted the first review on the influence of
sea-level rise and recommended suitable adaptation strategies under the Intergovern-
mental Panel on Climate Change (IPCC) Fourth Assessment Report (AR4) (Arup
2012). A follow-up study based on the latest IPCC Fifth Assessment Report (AR5)
projections was conducted in 2013 to review the existing Port Works Design Manual
(PWDM) and implement necessary adaptation measures for the coastal structures
(Arup 2016). In the study, the rise of local mean sea level and increase in average
wind speed were identified to cause the increase in maximum sea level height dur-
ing the storm surge condition (Chow et al. 2017). In this chapter, we summarize
the factors influencing global sea-level rise and sea-level changes in the twenty-first
century; different projections of the global sea-level rise; factors influencing local
sea level; overview of pattern scaling and projection of sea level rise in Hong Kong;
and changes in the design of coastal infrastructures.

2 Climate Change and Sea-Level Rise

Climate change is one of the most serious issues for the human environment to exist
on the planet earth. It is evident that the global climate is changing dramatically
since the earth formed more than 4.5 billion years ago. Scientific studies identified
the increase in greenhouse gases (GHGs) is the main cause behind the global climate
change in this century, where heat is being trapped and affects the earth environment
and its components (biotic and abiotic). Billions of people living in the coastal cities
around the globe are susceptible to the impacts of climate change. These impacts
include sea-level rise (SLR), increase in coastal erosion and intensification of tropical
cyclones and storm surges. It has been reported in the IPCC AR4, many countries
in Asia regions and marine-time continents are highly vulnerable to these impacts.
The effects of SLR not only influence agriculture, forest ecosystem and freshwater
resources, but also produce immense socioeconomic damages to human settlements
and coastal infrastructures. It increases the costs for coastal embankments/protection
from flooding. In the IPCCAR5, Representative Concentration Pathways (RCPs) are
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Table 1 Projection of global
mean SLR from AR5 (IPCC
2013)

Scenario Mean SLR (m)

2046–2065a 2081–2100a

RCP2.6 0.17–0.32 0.26–0.55

RCP4.5 0.19–0.33 0.32–0.63

RCP6.0 0.18–0.32 0.33–0.63

RCP8.5 0.22–0.38 0.45–0.82

aProjections at 5–95% model range

used to represent different greenhouse gas concentration (not emissions) trajectories,
and the numerical values of RCP (e.g., RCP8.5) represent a continuous rise in radia-
tive forcing to the designated levels (W m−2) at the end of the twenty-first century
(e.g., 8.5 W m−2). A bigger value means a higher level of GHGs in the atmosphere
by 2100. In the report, it is projected that the global SLRwill be increased noticeably
at the end of this century, regardless of which RCP is being occurred. Table 1 shows
the projected global mean SLR in the mid- and late-twenty-first century for different
RCP scenarios obtained from the ensemble mean of General Circulation Models
(GCM). In RCP4.5 and RCP6.0, the projected ranges of mean SLR are almost at
the same levels for the mid- and late-twenty-first century, respectively, while much
higher range of global mean SLR (i.e., 0.45–0.82 m) is observed in RCP8.5 (high
GHGs emission). The result in RCP8.5 mimics the impacts of SLR if no or minimal
GHGs mitigation is being in place.

When the IPCC AR5 projected the global mean sea level would rise in between
0.2 and 0.8 m in the twenty-first century (Bilbao et al. 2015), some studies have
suggested that the projected SLR could bemuch higher (0.8m or even 2m) due to the
accelerated loss of ice-sheets (Pfeffer et al. 2008; Lowe et al. 2009). The recent studies
based on semi-empirical approach are summarized in Fig. 1. Rahmstorf (2007) stated
that by 2100, the projected SLR could be 1.4 m above the 1990 level. The reason
behind the lower rate of SLR in the IPCC AR4 is probably due to the limitations
in GCM. For instance, the contribution from ice-sheets melting in Greenland and
Antarctic assumes to be nearly zero or melted at a lower rate than the actual observed
values (Rahmstorf 2010). For AR5, it has been reported that the projection of SLR
is also larger than the one in AR4 with similar pattern and regional distribution.
This discrepancy is mainly attributed by the improvement of model representation
on land-ice components in GCM. Although the projected SLR in AR5 may not be
perfect and its projections are still subjected to some levels of uncertainties, it is still
the most widely accepted projections for future adaptation and mitigation planning.

2.1 Factors Influencing Global Sea-Level Rise

SLR is one of the major consequences of climate change directly contributed from
the global warming. Compared to the previous century, the global mean sea level
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Fig. 1 Projected global MSL (5–95% range) for the twenty-first century

(MSL) has changed significantly. Church and White (2006) estimated a global SLR
at a rate of 1.7 ± 0.3 mm year−1 for the twentieth century with 0.6–0.9 °C increase.
However, during the period from 1993 to 2010, the global mean SLR was intensified
to 2.3–3.4 mm year−1, corresponding to the change of 1.5–1.8 °C per century (Blun-
den et al. 2018). According to the AR5 projections, by 2100, global MSLwill rise by
~0.8 m mainly contributed from the warming of the global ocean and increased rate
of glaciers melting. Figure 2 summarizes the factors that influence the global SLR.
These factors include thermal expansion of the global ocean, melting of glaciers,
polar ice-caps and ice-sheets, input from land water reservoirs, and vertical land
movement. It is clear that thermal expansion and melting of glaciers, ice-caps and
ice-sheets are the two key factors responsible for the global SLR. It contributes to
30–55 and 15–35% of global SLR, respectively (IPCC 2007; IPCC 2013; Halle-
gatte et al. 2011; Nicholls and Cazenave 2010). The combination of these effects has
found to constitute more than 75% of global mean SLR observed since the 1970s
(IPCC 2013). According to IPCC, the projected SLR at the end of the twenty-first
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Fig. 2 Factors influencing global SLR (Dash box: factors were considered in AR5)
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century due to the thermal expansion is ranged from 0.11 to 0.38 m. It should be
noted that regardless of the change of GHG emissions or projected scenarios in the
twenty-first century, the global MSL is still expected to rise continuously in response
to the slow feedback from the effects of global ocean thermal expansion and melting
of glaciers and ice-sheet from the last century.

3 Understanding of Local Sea-Level Rise in Hong Kong

3.1 Climate and Geophysical Characteristics of Hong Kong

Hong Kong is located at the tip of the Pearl River Delta (PRD) in Southern China
with a total area of 1,106 km2. It lies between 22.3964°N and 114.1095°E with the
sub-tropical climate and influenced by Asian monsoons. Daily average temperature
ranges from 12 to 31 °C. In winter, the temperature may drops to 10 °C while in
summer it may exceed 35 °C. In winter, prevailing synoptic winds from the north
and northeast brings relatively cold air while in summer it comes from the southwest.
Generally, June to August are considered as the wettest months, while January and
December are the driest months. The annual average rainfall ranges from 1,400 to
3,000mm,whereasmost of it occurs in betweenMayandSeptember, and it frequently
experiences tropical cyclones and results in substantial precipitation and storm surges
(Lam 2018). Geographically, Hong Kong has a complex terrain, which is surrounded
bymountains and ocean (Wang et al. 2001). There are many faults and joints in Hong
Kong’s bedrock that play a vital role in rivers and streams formation. Although there
are no large rivers present, the river system inHongKong still contributes appreciable
freshwater to Pearl River.

3.2 Historical Observation of Mean Sea Level

From the records of different tide gauge stations, it is unambiguous that since the
1990s the sea level in Hong Kong is rising noticeably. Table 2 shows the rate of
mean SLR in different tide gauge stations including North Point and Quarry Bay
(NPQB), Tai Po Kau, Waglan Island, and Tsim Bei Tsui (Li and Mok 2012). Both
NPQB and Tai Po Kau are located in the eastern part of Hong Kong and highly
exaggerated by storm surges from typhoons (Wong et al. 2003). The results show
that a significant rise in sea level has been observed in different parts of Hong Kong
(e.g., central, eastern and western) with a range from 2.6 to 4.2 mm year−1. These
values are much higher than the global mean SLR of 1.9 mm year−1 projected by the
IPCC during the period 1901–2010 (IPCC 2013). Recent observation data show that
the local SLR from NPQB (Victoria Harbour) is rising at a rate of 3.0 cm per decade
from 1954 to 2017. However, this rising trend is not constant throughout the period
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as shown in Fig. 3. From 1954 to 1986, a falling trend was observed followed by a
significant rising from 1987 to 2000, afterward a falling trend was observed again,
and from 2011 the sea level has started to rise again. Similar trend is also observed in
other stations (e.g., Tai PoKau in the Tolo Harbour) of HongKong. Overall, the trend
analysis reveals that the estimated rate of local SLR from observation could be easily
affected by the time period selection. As a result, the linear projection of local SLR
using observation could be subjected to appreciable bias. This is clearly reflected in
the data of Waglan Island, where a short period (1982–2010) was used and resulted
in much higher rate of mean SLR (55% higher than the other two stations). Hence,
linear projection is not recommended to be used for projecting long-term local SLR
(e.g., 2050 or 2100).

Table 2 Rate of mean SLR
in Hong Kong (CEDD 2013)

Station Period Rate of mean SLR
(mm year−1)

North Point/Quarry
Bay

1954–2010 2.6 ± 0.5

Tai Po Kau 1963–2010 2.7 ± 0.5

Waglan Island 1982–2010 4.2 ± 2.0

Tsim Bei Tsui 1974–2010 No noticeable trend

IPCC reference 1901–2010 1.9

Fig. 3 Observed annual MSL in Hong Kong (adopted from HKO 2018)
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3.3 Short-Term Influence on Local Sea Level from Tropical
Cyclones

In Hong Kong, storm surge caused by the tropical cyclones or typhoons has a pro-
found influence on the short-term SLR, which is referred to as the temporary rise
of sea level resulted from the integrated effects of low pressure and strong winds
(HKO 2018). Due to its geographical location, Hong Kong is subjected to the tropi-
cal cyclones from the Western North Pacific and the South China Sea, which cause
storm surges and therefore have profound impacts on SLR or flooding. Hong Kong
experienced around 6–7 tropical cyclones every year (Lee and Wong 2007), which
increase sea flooding caused by storm surges and consequently results in coastal
inundation, coastal erosion, saltwater intrusion in land and freshwater system. Stud-
ies showed that additional 0.5–1.0 m rise in MSL due to the storm surges resulted
from past tropical cyclones affect Hong Kong, which assumes to be high enough to
cause sea flooding when occurs near the astronomical high tide (Lee et al. 2010). In
extreme cases, the sea level could rise 3.0 m that may result in severe sea flooding
and coastal inundation. For instance, Typhoon ‘Hagupit’ in 2008 carried a storm
surge of 1.4 m at the Victoria Harbor, which caused a sea-level rise of 3.53 m (Lee
et al. 2010) thereby threatened the community and caused huge property damages
and economic loss. As the increase in MSL in the future climate, the SLR impacts
would be intensified. Therefore, it is necessary to have more stringent regulations on
the construction of coastal structure to against the potential devastated impact from
the combination of SLR with storm surge.

3.4 Factors Influencing Local Mean Sea-Level Rise

The local SLR can be exacerbated by both global SLR and localized factors such
as tectonic movement or sedimentation process (IPCC 2013). In the process of esti-
mating local SLR in the future, it is crucial to take into account the climate change-
induced global SLR as part of the impacts. In general, the global SLR is served as the
baseline ofmean SLRwhile other local factors (e.g., changes in surfacewind pattern)
are added on top of it to reflect the local influence. Figure 4 summarizes the factors

Changes in mean 
surface wind 

pattern

Local mean sea level rise

Increase surface 
water height 

Vertical land
motion/ landslides 

(natural or 
anthropogenic) 

Global SLR 
caused by global 

warming

Increase ocean 
water volume 

Coastal uplift/ 
subsidence 

Fig. 4 Factors influencing local mean SLR
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that influence the local SLR. These factors include the global SLR resulted from
global warming, vertical land movement or earth’s tectonic movement, and changes
in surface wind pattern. Among all factors, the vertical land motion or movement
along the coastal areas is considered as one of the crucial factors. The movement
can either caused by natural phenomena (e.g., tectonic activity) or anthropogenic
processes (e.g., mining, oil drill and excessive groundwater extraction). According
to the IPCC AR5 (IPCC 2013), land subsidence in the coastal areas is a common
phenomenon that leads to sea-level changes. In Hong Kong, it has been reported that
the land subsidence is at a rate of 4–5 mm year−1 (1960–2005) observed in North
Point and Quarry Bay (NPQB) station. The land subsidence adds an additional rise
of sea-level relative to the land surface, and it would have a huge implication to the
future MSL and design of coastal structure (Ding et al. 2004).

4 Projection of Local Sea-Level Rise Using Pattern Scaling
in Hong Kong

4.1 Pattern Scaling Technique, Its Assumption
and Applications

In this study, pattern scaling was applied to normalize the results of mean SLR
from different GCM to yield a single estimate of local mean SLR for each of the
IPCC-projected scenarios. Below summarizes the basic theory and its limitations of
pattern scaling. The pattern scaling is a technique used to construct climate scenarios
by connecting the Simple Climate Models (SCMs) to the GCM (Mitchell 2003),
which was first used in the IPCC TAR (Third Assessment Report) for developing
climate scenarios for 2030 (Mitchell et al. 1990). The pattern-scaling approach is first
presented by Santer et al. (1990) and was employed to equilibrium experimentations
where the foremost assumption was that there is a linear relationship between the
climate system and radiative forcing (Santer et al. 1990). However, the recent method
in pattern scaling as suggested by Mitchell et al. (1990) can be defined as an effort
to estimate the difference in a variable (V ) as shown in the following equation:

V ∗
xi j y = Sxy · V ′

zi j (1)

whereV* is the estimationof anomaly for a variable; x is the selected forcing scenario;
i is particular grid-box in GCM; j is month or season; y is year or period; V ′ is the
response pattern; S is a scaler (i.e. response at individual grid-box); and z is the same
or different forcing scenario under GCM experiment to obtain scaler (S).

The estimation of an anomaly using pattern scaling is generally employed by
calculating local changes in variables (e.g., differences in mean values between the
end of twentieth century and at the end of the twenty-first century) relative to global
average change (Tebaldi andArblaster 2014).However, the key assumption of pattern
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scaling is that there is a linear relationship between the local changes in a variable
(e.g., temperature, precipitation, sea-level height) due to climate change and the
global anomaly in climate variables (Mitchell 2003). For sea-level rise projection, it
is assumed that the rise in local sea level is linearly related to the changes in the global
mean sea level (Bilbao et al. 2015; Chow et al. 2017; Tebaldi and Arblaster 2014;
Mitchell 2003). By using the feature of pattern scaling, it allows one to perform easy
interpolation for the period even when the GCM output is not available, making the
interpolated data highly flexible for use in engineering application.

4.2 Sea-Level Rise Projection in Hong Kong

The GCM outputs are so far considered as the reliable source of information used
for the projection of climate scenarios; however, in the case of local-scale climate
change simulation, it shows comparatively poor performances compared to the his-
torical observed data and has limitations in the direct use of GCM time series to
analyze extreme climate event. Different downscaling methods such as dynamic
downscaling, statistical downscaling and pattern scaling are available for climate
change projections. According to IPCC (2013), for different climate change impact
studies at local scales, these downscaling techniques are employed and there is high
confidence that downscaling techniques provide better results for regional or local
scales having highly varying topography. Although the dynamic downscaling tech-
nique can provide better accuracy at finer scales, the computational demand is high,
which makes it highly challenging for analyzing uncertainties for various scenarios
and GCM. On the contrary, statistical downscaling and pattern scaling are cost-
effective and efficient in computation and can provide more accuracy on local MSL
projection from the GCM outputs (CEDD 2013).

In this study, the pattern scaling has been applied to downscale the global SLR
information from GCM outputs to derive local mean SLR projection from the AR5
scenarios.More than13GCMoutputs fromvariousmodel configurations have passed
the basic screening process andwere incorporated into pattern scaling. The process of
pattern scaling involves two steps. The first step is to calculate the ratio of local SLR
in relation with the global mean SLR from all selected GCM outputs using Eq. (2),
expressed as relative sea surface height (DZOS). This value reveals whether the local
SLRwill be higher, equal or lower than the globalmeanSLRvalue. Figure 5 shows the
DZOS values from 4 of the selected GCM (i.e., CSIRO-MK3.0, GFDL2.1, MIROC-
H and HADCM3). In these cases, the DZOS values were separately determined. The
normalized value of SLR has the unit of cm/cm and is ranged from 0.64 to 2.3 cm/cm
for eastern China. High variability is observed in between the model cases, while
only limited variability is found in between grid locations, indicating that ensemble
process is an important step to reduce uncertainties for the projected SLR.

DZOSi j = (ZOSi j,y − ZOSi j,base year) + �GMSLR

�GMSLR
(2)
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Fig. 5 Relative sea surface height from pattern scaling (cm/cm) (adopted from CEED 2013)

whereDZOS is the relative sea surface height;�GMSLR is the change in globalMSL
and is calculated by �GMSLR = ZOSTOGAy − ZOSTOGAbase year; ZOSTOGA is
the total change in global mean SLR due to thermostatic change; ZOS is the local
sea surface height; ij is the longitude and latitude position; y is the target year; and
“base year” is assumed to be 1996 (average value of 1986–2005).

The second step involves using the obtainedDZOSvalue from each selectedGCM
and multiplied it with the change in global MSL (�GSLR) to obtain the projected
SLR (�SLR), as shown in Eq. (3). All local SLR results are then averaged to produce
the ensemble mean SLR for the projection scenarios. Figure 6 shows the projected
change in MSL in Hong Kong for different time horizons of the twenty-first century
(e.g., 2010, 2030, 2050 and 2100). It should be noted that the projected mean SLR
in Hong Kong may reach 0.78 m while under the RCP2.6, RCP4.5 and RCP6.0, it
may reach 0.46, 0.56 and 0.58 m, respectively. These values are on the high side of
the reported values shown in Table 1, meaning that Hong Kong would experience a
higher SLR than most of the places around the world.

�SLRi j = DZOSi j × �GSLRi j (3)

where �SLRij is the calculated SLR; DZOSij is the relative sea surface height;
�GSLR is the change in global sea level; and ij is the longitude and latitude position.
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Fig. 6 Mean SLR projections for Hong Kong (CEED 2013)

4.3 Coastal Structures in Hong Kong

The Civil Engineering and Development Department (CEDD) of Hong Kong SAR
is responsible for the development of the coastal structures and its design based on
the changing circumstances due to the climate impacts (e.g., rising sea-level height).
Observation records on SLR from the previous decades indicate a rising trend of
mean sea level, which draws attention in recent times to develop or design new
coastal structures to cope with the adverse impacts of long-term SLR. The CEDD
Port Works Division is the responsible party to oversee different coastal structures
including public pier, sloping rock armor seawall, vertical blockwork seawall and
rubble mound breakwater. These coastal structures have their distinct construction
and maintenance costs, which depends on their design parameters, materials used
and construction lifetime. In this section, we summarize the change of design criteria
in the Port Works Division Manual (PWDM) and estimated cost associated with
such changes. Table 3 shows the suggested changes to the design parameters for the
projected SLR (RCP8.5) of 0.33 m for the year 2062. The selection of 2062 as the
base year, instead of 2100, is due to the fact that the design lifetime of a typical
coastal structure is 50 years, while the 0.33 m is obtained directly from the local
MSL projection without adding the contribution of land subsidence projection. It
has been observed that the spatial pattern of land subsidence is not clear and not yet
been fully understood. Therefore, it was not included in the final SLR estimate. If
more evidence is found in the future, another call of review should be conducted in
the future.

InTable 3, it is recommended that the proposed deck level in public pier has to raise
from 4.30 to 4.63 m to take into account for the local SLR caused by climate change.
The change in deck height induces extra wave lift and water forces to the structure;
hence, structure reinforcement is required to maintain the stability of the elevated
deck. For vertical block work seawall, the crest height is needed to be increased to
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Table 3 Design changes in
selected coastal structures due
to local sea-level rise (Chow
et al. 2017)

Parameters Units Year 2012 Year 2062

Design water level mPD 3.40 3.73

Deck level mPD 4.30 4.63

Pile cut-off level mPD 2.50 2.83

Pile-steel liner m 12.5 12.8

Pile-concrete infill m 12.5 12.8

Pile-concrete reinforcement % 2.50 3.00

Fender top mPD 4.00 4.33

Fender length m 3.65 3.98

Crest height mPD 5.5 5.86

Filter layer (vol.) m3 22.1 23.0

Rock fill (vol.) m3 163.5 176.2

Geotextile (vol.) m2/m 58.8 60.8

Sand fill (vol.) m3 264.5 260.6

Reclamation general fill
(vol.)

m3 133.2 148.1

mPD Meter in principal datum, vol. volume

sustain the wave overtopping and the structure of the block work seawall has to be
wider as well as the volume of armor layer, rock fill, sand fill and geotextile volume
need to be increased for better stabilization of the structure. It is expected that,
due to changes, the construction and maintenance costs of these selected coastal
structures will increase. The percentage of costs in construction and maintenance
has increased by 1.9 and 1.3% for the public pier structure and vertical block work
seawall, respectively (Chow et al. 2017).

5 Conclusion

The consequences of climate change such as SLR and extreme weather events have
become a major threat for the human and infrastructures for many coastal regions
around theworld. InHongKong, due to its geographical location, it is subjected to fre-
quent tropical cyclones and storm surges. As the storm surge would be strengthened
by the effect of SLR results from climate change, it is important to quantify its effects
and therefore incorporated into the coastal structure design. The projected SLR using
pattern scaling from RCP8.5 has been determined as 0.33 m and 0.78 m for 2062
and 2100, respectively. The selection of 2062 is based on 50-year design lifetime of
a typical coastal structure. The required changes in the design standards include (1)
raising structure height by 0.33 m, and (2) increasing the structure strength to sustain
additional force resulted from building a taller structure. At last, it has been deter-
mined that the additional construction and maintenance cost due to these changes



Climate Adaptation of Sea-Level Rise in Hong Kong 129

for public pier structure and vertical block work seawall would increase the overall
cost by 2% or less.
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Heat-Related Mortality/Morbidity
in East Asia

Yasushi Honda and Daisuke Onozuka

Abstract Heat causes (or exacerbates) various illness, including heat stroke, cir-
culatory diseases, respiratory diseases, infectious diseases, accidents and suicides.
Because of these diverse impacts on health, we evaluated heat-related excess mor-
tality using all-cause mortality as the outcome and statistical model in its definition;
the excess risk beyond the minimum mortality temperature (=MMT) is regarded
as the heat-related excess mortality. Based on the whole Japanese data for about 4
decades of observation, we found theMMT can be estimated using 84th percentile of
daily maximum temperature. Using this finding, we performed a projection of heat-
related excess mortality; with no adaptation, the world’s heat-related excess deaths
attributable to climate change was more than 90,000 in 2030 and 255,000 in 2050.
Autonomous adaptation, i.e., MMT shift along with warming, has been observed in
some countries; we also took this phenomenon into account. With the autonomous
adaptation, the future impact would be smaller, but the speed of adaptation is still
unknown, and further research is needed.

Keywords Excess mortality · Minimum mortality temperature · Distributed lag
nonlinear model · Future projection · General circulation model · Adaptation

1 Introduction

Heat is a killer. Heat is a disaster. This is what we have learned from summer 2018
in Japan. In the southern half of Japan, including Tokyo, the prevalence of air-
conditioners is close to 100%. Still, the number of deaths due to heatstroke was 210
in Tokyo in 2010,when the number of dayswith a dailymaximum temperature higher
than 35 °C was 13—the death toll was 35 in 2017 and 29 in 2016 for which 35+ °C
days were 3 and 2, respectively. This year, 2018, Tokyo experienced very hot summer
and had 5 of 35+ °C days in July only, resulted in 96 heatstroke deaths, according to
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one of the national newspapers (Sankei Shinbun 2018). Compared with the death toll
of 41 due toHokkaidoEarthquake in 2018 that caused thewholeHokkaido Prefecture
power blackout and the death toll of 9 due to Typhoon no. 21 in 2018 that caused
the shutdown of Kansai Airport; this year’s heat wave should be regarded as a huge
disaster. More striking fact is that heatstroke is only a small fraction of heat-related
mortality. Based on the temperature-mortality relation analyses, the contribution
of heat stroke to heat-related mortality is small (Honda et al. 1995); circulatory or
respiratory diseases contribute themost (Gasparrini et al. 2012; Honda et al. 1995). In
addition, causes that used to be considered non-heat-related can also be heat-related.
For example, it had not been obvious that suicide mortality is related to day-to-day
heat variability, but now we have several papers that showed this relation (Kim et al.
2016; Likhvar et al. 2011; Page et al. 2007).

In this chapter, we first introduce how diverse the heat impacts are in themorbidity
section. Then, in the mortality section, we concentrate on all-cause mortality to avoid
underestimation of heat effect.

2 Heat-Related Morbidity

2.1 Communicable Diseases

Several studies have assessed the public health implications of temperature-related
infectious diseasemorbidity. In Japan, previous studies have indicated an association
between high temperatures and a significant increase in the risk of infectious dis-
eases, such as Mycoplasma pneumoniae pneumonia (Onozuka et al. 2009) infectious
gastroenteritis, (Onozuka et al. 2010) mumps, (Onozuka and Hashizume 2011a),
hand-foot-mouth disease (HFMD), (Onozuka and Hashizume 2011b) and tubercu-
losis (Onozuka andHagihara 2015).A recent study in threeEastAsian cities of Japan,
China and South Korea has also shown that temperature was highly correlated with
the diversity of airborne bacteria (Lee et al. 2017). In China, high temperatures are
associated with the increased risk in the incidence of dengue (Shen et al. 2015),
bacillary dysentery (Cheng et al. 2017; Li et al. 2016a, b; Xu et al. 2017) infec-
tious diarrhea, (Zhou et al. 2013) and HFMD (Huang et al. 2018; Zhang et al. 2016;
Zhao et al. 2017a, b). A recent study in China has also suggested that the association
between temperature andHFMDvaries acrossChina, and the future impact of climate
change on HFMDwill vary as well (Zhao et al. 2018). In Hong Kong Special Admin-
istrative Region (SAR), admissions for respiratory and infectious diseases increased
during extreme heat (Chan et al. 2013). In Taiwan, there was an increase in medical
services for gastroenteritis when average daily temperature is above 30 °C (Huang
et al. 2011). In Vietnam, high temperatures were associated with hospital admissions
due to gastroenteritis in young children (Phung et al. 2015). Recent review stud-
ies have shown that high temperatures were significantly associated with increased
incidence of gastrointestinal infections (Ghazani et al. 2018) and HFMD (Cheng
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et al. 2018). Additionally, people living in subtropical regions and middle-income
areas had a higher risk of HFMD morbidity (Cheng et al. 2018). In Pacific island
countries, the highest-priority climate-sensitive health risks included compromised
safety and security of water and food, vector-borne diseases, and zoonoses (McIver
et al. 2016). These findings indicate that heat events can have a substantial impact on
the incidence of various infectious diseases in East Asia and suggest the importance
for the development and implementation of public health policies and strategies to
control heat-related infectious diseases.

2.2 Non-communicable Diseases

Emerging evidence suggests associations between heat and use of emergency ambu-
lance transports, emergency department visits and hospitalization for various dis-
eases. In Japan, a nationwide study has shown that extreme heat was associated with
an increased risk in the incidence of emergency transport for all-cause, cardiovascular
diseases, and respiratory diseases, and demonstrated differences in spatial and tem-
poral variations (Onozuka and Hagihara 2016). Another nationwide study in Japan
has shown that extremely high temperature is associated with an increased risk of
“out-of-hospital-cardiac-arrest” (OHCA) (Onozuka and Hagihara 2017a). Another
recent study in Japan has also demonstrated spatiotemporal homogeneity in the risk
of OHCA during periods of extremely high temperature (Onozuka and Hagihara
2017b). Previous studies in Japan and Korea have also reported that hot temperature
was associated with good neurologic outcome of OHCA (Cho et al. 2016; Fukuda
et al. 2014). In China, there was significant association between extreme heat and
emergency department visits and emergency ambulance dispatches in Beijing (Song
et al. 2018), Shanghai, (Sun et al. 2014; Zhang et al. 2014) and Huainan (Cheng
et al. 2016). In Beijing, China, there was a U-shaped association between temper-
ature and risk of emergency department visits that is independent of air pollution
and humidity (Zhao et al. 2017a, b). Another study in China has shown that high
temperatures could increase the risk of OHCA (Niu et al. 2016). A recent study
conducted in six Chinese cities showed that extreme hot temperatures increase the
risk of out-of-hospital coronary deaths (Chen et al. 2014). Another study in Beijing,
China, reported that daily hospital emergency department visits due to dog bites
also increased due to extremely hot temperature (Zhang et al. 2017). A study in
Beijing, China has also indicated that high temperatures significantly increased the
risk of occurrence of accidental casualties (Ma et al. 2016). In Guangzhou, China,
hot weather affected work-related injury, and significant associations were observed
for male and middle-aged workers, workers in small- and medium-sized enterprises,
and those working in the manufacturing sector (Sheng et al. 2018). In Changsha,
China, maternal exposure to extreme heat days during pregnancy increased the risk
of pneumonia in the offspring (Miao et al. 2017). A previous study in China also
reported that there was a clear positive relationship between maximum temperature
and heat-related illness (Gu et al. 2016). A multi-city study in China indicated that
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extreme heat is a risk factor for preterm birth (Guo et al. 2018). In Chongqing, China,
there were strong associations between extremely high temperature and heat wave
and heatstroke (Li et al. 2017). In a coastal city of China, heat waves had a substantial
and delayed effect on heat stroke, heat cramp and heat exhaustion (Bai et al. 2014).
In Hong Kong, China, significant nonlinear and delayed associations of hot temper-
atures were observed with pneumonia in the elderly (Qiu et al. 2016). Another study
in Hong Kong SAR, high temperatures are associated with an significant increase in
the incidence of mental disorder hospitalization (Chan et al. 2018). In Taiwan, the
annual first extreme heat event of 99th percentile temperature was associated with
higher emergency room visits for all causes and circulatory diseases (Wang et al.
2012). Another study in Taiwan has shown that there was an increase in medical
services for skin and eye diseases when average daily temperature is above 30 °C
(Huang et al. 2011). In Korea, a previous study found a relationship between tem-
perature and acute myocardial infarction occurrence during heat (Lee et al. 2014).
Another study in Korea has reported that hot temperatures were associated with a
higher incidence of ischemic stroke, especially in the older age (≥65) group and in
men (Han et al. 2015). Recent studies in Korea have also reported that extremely
high temperature is associated with an increase in the risk of hospital admission for
acute kidney injury (Kim et al. 2018; Lim et al. 2018). A multi-city study in Korea
reported that high temperature was responsible for an attributable risk for mental
disease, and the burden was higher in the elderly (Lee et al. 2018). Another study
conducted in seven major cities in Korea reported that the risk of OHCA was sig-
nificantly increased with heat waves, and excess OHCA events primarily occurred
during the afternoon when the temperature was high (Kang et al. 2016). In Vietnam,
heat waves were significantly associated with an increase in all causes and infectious
admissions, and cardiovascular and respiratory admissions were not significantly
increased after a heat wave event (Phung et al. 2017). A previous study in Vietnam
has also shown that the risk of cardiovascular hospital admissions increased dur-
ing heat wave events (Phung et al. 2016). A recent multi-city study in Vietnam has
shown that therewere the heterogeneousmagnitudes of temperature-related hospital-
ization across districts (Phung et al. 2018). Another study in Vietnam has also shown
that heat waves have increased the risk of hospital admissions for mental disorders
(Trang et al. 2016). In Pacific island countries, the highest-priority climate-sensitive
health risks included trauma from extreme weather events, heat-related illnesses,
respiratory illnesses, psychosocial ill-health, non-communicable diseases, popula-
tion pressures, and health system deficiencies (McIver et al. 2016). These results
could help public health officials predict temperature-related emergency ambulance
transports, emergency department visits, and hospitalization, and better prepare for
the impact of climatic change on these emergency events. These findings may be
useful for public health officials to predict temperature-related emergency events to
prepare for the effects of climatic change through public health intervention strate-
gies, such as timely public health and medical advice, and improvements to housing
and urban planning, early warning systems, health education, and healthcare system
preparedness.
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2.3 Human Behavior

In China, a cross-sectional study suggested that having a positive attitude toward sun-
stroke prevention and engaging in more preventive practices to avoid heat exposure
had a protective interaction effect on reducing the prevalence of heat-related illnesses
(Li et al. 2016a, b). Another qualitative study in Jinan, China, suggested that summer
heat poses a great threat to city bus drivers’ physiological and psychological health
and knowledge about heat-related illness may protect them from dangerous heat,
and air-conditioning is regarded as a strong protector in minimizing negative health
effects during heat exposure (Zhou et al. 2014). In Hong Kong, China, help-seeking
behavior such as call frequency among females appeared to be more sensitive to
high temperatures, while calls among males were more sensitive to cold tempera-
tures (Chan et al. 2011). Another study in Hong Kong, China, has also indicated that
females, elderly, people who did not live alone, relatively high-income people, and
those without medical histories of heart disease, hypertension, stroke, and diabetes
were more sensitive to extreme weather condition (Wong et al. 2015). However, heat
is a complex phenomenon resulting from the synergistic effects of air temperature,
humidity and ventilation levels, radiation loads and metabolic activity; therefore, air
temperature alone is seldom the reason for heat stress and heat-related health effects
(McGregor and Vanos 2017). Further studies are needed to address these issues.

3 Heat-Related Mortality

3.1 Definition

As shown in the previous section, epidemiological studies showed that there aremany
types of diseases that are related to heat but that cannot be identified if we simply rely
on the known physiological mechanisms. Thus, to avoid possible underestimation
of the impact, we address all-cause mortality to evaluate the short-term heat effect.
Using statistical model, we define the heat-related excess mortality as follows.

When we plot the relation between daily maximum temperature and all-cause
mortality, we usually see the relation as shown in Fig. 1. This is an example of
Tokyo, 2010–2015, but this V- or U-shaped relation can be observed all over the
world with few exceptions (Gasparrini et al. 2015a, b). The temperature at which
the mortality is lowest is regarded as minimum mortality temperature (=MMT). The
mortality at the MMT can be considered to be the lowest risk of this population in
terms of the ambient temperature. Then, if the temperature exceeds this MMT, the
mortality becomes higher. Thus, we can define the heat-related excess mortality as
the shaded area as shown in Fig. 1.

As for the temperature metric, we used daily maximum temperature, but the
correlation coefficient between daily maximum temperature and daily average tem-
perature is very high, and either index can be used. Hereafter, we use daily maximum
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Fig. 1 Relation between daily maximum temperature and mortality (Tokyo, Japan, 2010–2015)

temperature for temperature metric. Other weather factors are of concern. One of the
biggest concerns may be humidity effect. We decided not to include humidity in
our model, because there is no good model for humidity that can be used for global
projection. Wind speed and solar radiation would also be related to heat-related mor-
tality/morbidity. These factors are important to outdoor risk. People working outside
maybe heavily affected by these factors, but they are usually under close supervision.
Thus, they may suffer from heatstroke, but they rarely die.

3.2 Future Projection of Heat-Related Mortality

The basis for the projection model is the temperature–mortality relation model.
Figure 1 is one of the examples. The regression line of Fig. 1 seems good, because it
allows nonlinear relation. In addition, Armstrong developed the nonlinear tempera-
ture–mortalitymodel, i.e., distributed lag nonlinearmodel (=dlnm), that incorporated
the lag effect in evaluating temperature–mortality relation (Armstrong 2006). Using
the same model and the multi-country multi-city data, Gasparrini et al. confirmed
that the lag effect of heat exists; they also showed that the lag effect of heat is usually
short, i.e., less than a week (Gasparrini et al. 2015a, b). Thus, in our calculation of
future projection of heat-related mortality, we decided to use dlnm that allows non-
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linear relation and that considers the lag effect of heat. To evaluate the heat effect,
we accumulated the heat effect across the lag days.

Our assessment of heat-related mortality in the future was done as one of the
health impacts of climate change project lead by World Health Organization (Hales
et al. 2014). Because most of the victims of the other impacts were children, we
restricted our projection to 65+ years old age group to avoid possible double count.

Use of dlnm allows us to develop heat–mortality relation model. However, one
of the biggest obstacles in developing a global projection model was that MMT
varies with climate; warmer areas have higher MMT and colder areas have lower
MMT (Curriero et al. 2002). Although we knew MMT is related to climate, there
was no good model to estimate the MMT. After an exhaustive search, we found
that 84th percentile of daily maximum temperature can be used for MMT (Honda
et al. 2014). Using this finding, we developed the global projection model based
on 47 prefectures in Japan. To note, it was not certain at the time whether or not
the relation is V-shaped in tropical areas where there is little temperature difference
throughout the year. However, we are now certain that the similar relation can be
found even in tropical areas such as the Philippines (Dang et al. 2016; Dang et al.
2018; Seposo et al. 2015).

The detailed description of the projection can be found in the WHO report (Hales
et al. 2014). In brief, the projection used 5 global circulation models, i.e., BCM2,
EGMAM1, EGMAM2, EGMAM3, IPCM4 and assumed A1B emission and socio-
economic scenario and calculated the impacts for 2030 and 2050. Table 1 shows
the “attributable deaths due to climate change“. Even without climate change, heat-
related mortality occurs. Here we subtracted the heat-related mortality without cli-
mate change from the heat-related mortality with climate change. Thus, for example,
in high-income Asia-Pacific region, the expected heat-related mortality in 2030 is,
on average, 3383 deaths more than the situation without climate change.

Table 1 shows that the hardest-hit areas are among Asian countries. This is partly
because the population size is large. Also it is obvious that the impact is not restricted
to low- and middle-income countries. This is noteworthy because other impacts such
as undernutrition, diarrheal disease, and vector-borne diseases, are mainly among
low- and middle-income countries; high-income countries suffer little. This fact
is important to demonstrate that high-income countries need to be serious about
mitigation and adaptation actions, not only because they are responsible for the large
emission of greenhouse gases but also because their own citizens are susceptible to
climate change.

After this 2014 report (=WHO2014), World Health Organization provided the
impact report by country. See http://www.who.int/globalchange/resources/country-
profiles/en/ for country-specific impacts.

http://www.who.int/globalchange/resources/country-profiles/en/
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Table 1 Climate change-attributable heat-related excess number of deaths by region, without
adaptationa (cited from WHO2014 report with permission by WHO with ID: 267350)

Region 2030 2050

Asia Pacific, high income 3383 (2375–4106) 6221 (4339–8280)

Asia, central 1752 (847–2282) 4886 (2850–5656)

Asia, east 19,323 (13,080–23,740) 47,367 (29,689–70,528)

Asia, south 21,648 (15,974–25,653) 62,821 (48,133–83,447)

Asia, south-east 6739 (4269–9089) 22,517 (17,174–32,887)

Australasia 217 (132–345) 605 (434–980)

Caribbean 281 (193–431) 862 (550–1314)

Europe, central 2279 (1563–4244) 4373 (2461–8184)

Europe, eastern 4988 (2899–8185) 8745 (5576–14,469)

Europe, western 6261 (2644–12,412) 14,148 (8942–25,840)

Latin America, Andean 540 (332–753) 2142 (1689–3100)

Latin America, central 2293 (1481–2989) 7704 (6138–11,251)

Latin America, southern 972 (690–1612) 2377 (1769–3386)

Latin America, tropical 1808 (1330–2707) 5912 (3727–10,181)

North America, high income 7288 (4986–8609) 16,076 (12,488–21,152)

North Africa/Middle East 4997 (3184–5837) 18,688 (12,122–22,936)

Oceania 52 (44–71) 217 (177–341)

Sub-Saharan Africa, central 921 (717–1119) 4107 (3399–5277)

Sub-Saharan Africa, eastern 3266 (2828–4448) 13,713 (10,055–19,295)

Sub-Saharan Africa, southern 671 (384–911) 1970 (1469–2700)

Sub-Saharan Africa, western 2529 (1716–3391) 9971 (7890–13,365)

World 92,207 (64,458–121,464) 255,486 (191,816–364,002)

aENSEMBLE means, with low and high estimates in brackets

3.3 Unsolved Issues

As we have shown above, MMT is higher for warmer areas. Because susceptibility
to heat is less for warmer areas because of this phenomenon, MMT difference can
be regarded as adaptation. In this adaptation, no adaptation policy has been involved.
For this reason, we call it “autonomous adaptation.” Because this area difference has
occurred, it is natural to think that the climate change would raise the MMT along
with the 84th percentile value rise over time. Our preliminary analysis suggested that
this MMT rise had been occurring. For this reason, we incorporated this chronolog-
ical “autonomous adaptation“ in the WHO2014 report. However, we had no good
model to estimate the speed of autonomous adaptation. Thus, we considered 100%
adaptation when the MMT is at the level of 84th percentile value of daily maximum
temperature at the time, and 50% adaptation if the MMT is the mid-point of no
adaptation case and the 100% adaptation case.
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In the WHO2014 report, we did not take seasonal change into account. As Gas-
parrini et al. reported, heat impact of the same strength is larger when it occurs early
summer than in late summer (Gasparrini et al. 2016). This fact is important for adap-
tation strategy, but for future projections, average impact for entire summer should
be sufficient.

Although heat impact should be alleviated with adaptation actions anyway, pol-
icymakers are concerned about net effect of global warming, i.e., whether or not
increased heat impact would be offset by the improvement of cold impact. Gaspar-
rini and coworkers reported that, if the risk function stays as it is today, the net impact
of climate change on heat and cold related mortality will be mostly adverse (Gaspar-
rini et al. 2017). Other report suggests that the cold impact would not be alleviated
by climate change (Kinney et al. 2015).

Another issue that would affect the impact estimation is the change in susceptibil-
ity; the risk for a certain temperature is mostly decreasing (Gasparrini et al. 2015a, b).
The exception was UK, Australia and Korea, where they did not find risk reduction.
Another paper on this issue showed the risk reduction in Korea (Chung et al. 2017).
The discrepancy occurred because the former used 2006 to show the recent situation;
after 2006, the risk declined in Korea, which was captured by the latter. Still, UK
showed no sign of risk reduction, and we need more research to incorporate the risk
reduction in the projection.

3.4 Future Direction

As stated above, research on autonomous adaptation and on chronological risk reduc-
tion are the issues many researchers are investigating. Other issues include the fol-
lowing:

As Dang et al. showed, the temperature–mortality relation curve for the central
area of Ho Chi Minh City was almost identical to that for the surrounding area,
and that the effect of urban heat island effect in terms of heat-related mortality was
attributed to temperature distribution difference (Dang et al. 2018). Up until now,
global projection has not incorporated urban heat island effect, but because the city
population will occupy 68% of the global population in 2050 (https://population.un.
org/wup/Publications/Files/WUP2018-KeyFacts.pdf) and ignoring urban heat island
impact would substantially underestimate the heat-related mortality in the future.
For this projection, understanding of heat-island impact in some other cities and
development of downscaling method that can provide valid sub-city level surface
temperatures.

Co-benefit analysis is very important for policy makers. In this regard, co-benefit
by reducing short-lived climate pollutants is also necessary to be studied. For this
purpose, development of impact models that incorporate temperature and air pol-
lutants is the first step. Although some researchers controlled for temperature in
evaluating air pollution effect, deeper understanding of the inter-relation between
the air pollutants and temperature is necessary for co-benefit analyses.

https://population.un.org/wup/Publications/Files/WUP2018-KeyFacts.pdf
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Thunderstorms During Pollen Season
as Risk Factors for Allergic Respiratory
Diseases and Severe Asthma

Gennaro D’Amato and Maria D’Amato

Abstract Thunderstorm-asthma outbreaks are characterized, mostly at the begin-
ning of thunderstorms, by a rapid increase of visits for asthma to general practitioners
or hospital emergency departments. Pollen grains can be carried by thunderstorms
at ground level with release of allergenic biological aerosols of paucimicronic size
derived from the cytoplasm of pollens ruptured or not, which can penetrate deep into
lower airways. In other words, there is evidence that under wet conditions or during
thunderstorms, pollen grains, in part after rupture by osmotic shock, release into the
atmosphere their content, including respirable, allergen-carrying cytoplasmic starch
granules (0.5–2.5 micron) or other paucimicronic components that can reach lower
airways, inducing asthma reactions in pollinosis patients. Subjects without asthma
symptoms, but affected by seasonal rhinitis, can experience an asthma attack. No
unusual levels of air pollution were noted at the time of the epidemics, but there was
a strong association with high atmospheric concentrations of pollen grains such as
grasses or other allergenic plant species such as Parietaria inMediterranean areas and
in some cases also Alternaria. However, subjects affected by pollen allergy should be
informed about a possible risk of asthma attack at the beginning of a thunderstorm
during pollen season. In particular, during the first 20–30 min of a thunderstorm,
patients suffering from pollen allergy may inhale a high concentration of the aller-
genic material released by pollen that is dispersed into the atmosphere, which in turn
can induce asthmatic reactions that can be severe.
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There are observations that thunderstorms occurring during pollen season can induce
severe asthma attacks in pollinosis patients (Andrew et al. 2017, p. 5636; Bellomo
et al. 1992, p. 834; D’Amato et al. 2007a, p. 976; 2007b, p. 11; 2015, p. 1; 2016a,
p. 434; 2017, p. 1786; 2018, p. 17; Hajat et al. 1997, p. 639).

According to current climate change scenarios, there will be an increase in inten-
sity and frequency of heavy rainfall episodes, including thunderstorms, over the next
few decades, which can be expected to be associated with an increase in the number
and severity of asthma attacks, both in adults and in children (Andrew et al. 2017,
p. 5636; D’Amato 2002, p. 30; D’Amato et al. 2005, p. 1113; 2007a, p. 976; b, p. 11;
2011, p. 120; 2012, 82; 2015, p. 1; 2016a, p. 434; 2017, p. 1786; 2018, p. 17).

Associations between thunderstorms and asthma attacks have been identified in
multiple locations around the world (Andrew et al. 2017, p. 5636; Bellomo et al.
1992, p. 834; D’Amato et al. 2007a, p. 976; 2007b, p. 11; 2015, p. 1; 2016a, p, 434;
2017, p. 1786; 2018, p. 17). The so-called thunderstorm asthma is characterized by
asthma outbreaks, possibly caused by the dispersion of more respirable allergenic
particles derived from pollen and spores (Pulimood et al. 2007, p. 610).

Thunderstorms have been linked to asthma epidemics, especially during the pollen
seasons, and there are descriptions of asthma outbreaks associated with thunder-
storms, which occurred in several cities, mostly in Europe (Birmingham and London
in theUKandNapoli in Italy) andAustralia (Melbourne andWaggaWagga) (Andrew
et al. 2017, p. 5636; Bellomo et al. 1992, p. 834; D’Amato et al. 2016b, p. 390). The
thunderstorm-asthma outbreaks are characterized, at the beginning of thunderstorms,
by a rapid increase of visits for asthma to general practitioners or hospital emergency
departments. Subjects without asthma symptoms but affected by seasonal rhinitis can
experience an asthma attack. No unusual levels of air pollution were noted at the time
of the epidemics, but there was a strong association with high atmospheric concen-
trations of pollen grains such as grasses or other allergenic plant species. However,
subjects affected by pollen allergy should be informed about a possible risk of asthma
attack at the beginning of a thunderstorm during pollen season.

On 21 November 2016 in Melbourne, there was a dramatic event with 10 deaths
and 9000 patients who needed medical treatments in emergency departments of
Melbourne Hospital for asthma attacks (Andrew et al. 2017, p. 5636; D’Amato et al.
2017, p. 1786; Lee et al. 2017, p. 146; Lindstrom et al. 2017, p. 235).

This has been the worst event of thunderstorm-asthma inMelbourne. It arose from
an extraordinary association of environmental factors with a very unusual weather
occurrence of wind and torrential rain combined with a high pollen count (grass
pollen airborne count of more than 100 pollens for cubic meter), which dispersed a
high quantity of pollens and allergenic submicronic particles derived from pollens
across the city.



Thunderstorms During Pollen Season as Risk Factors for Allergic … 147

InMelbourne, ambulances and hospitals experienced a high demand during a few
hours on 21 November, with grass allergens dispersed over a very large geographical
area of Victoria. The rapid onset of themedical emergency and its consequences were
unprecedented in intensity, and it tested the capacity of the Melbourne health system
to be ready for this type of medical emergency. However, demand management
strategies were insufficient to manage such a widespread and rapid onset event, with
ambulance resources quickly depleted and police officers had to be used to conduct
welfare checks (Andrew et al. 2017, p. 5636; Lee et al. 2017, p. 146; Lindstrom et al.
2017, p. 235).

The event in Melbourne greatly surpassed the previous epidemic in London of
June 1994 that was the largest documented outbreak before the Victoria epidemic
(Table 1).

One of the first observations regarding thunderstorms and asthma outbreaks was
provided by Packe and Ayres (1985, p. 199) at the East Birmingham Hospital (Birm-
ingham, UK) on 6 and 7 July 1983. These authors described a remarkable increase
in the number of asthma emergency department admissions during the hours of a
thunderstorm. In a 36-h period, 26 asthma caseswere treated in the emergency depart-
ment, compared with a daily average of two or three cases in the days preceding the
outbreak.

Another asthma outbreak occurred in London, UK, coinciding with a heavy thun-
derstorm on 24 June 1994, when a large increase in the number of visits for asthma at
the emergency departments of London and the south-west of England was observed
(Davidson et al. 1996, p. 601; Venables et al. 1997, p. 725; Levy and Bryden 2007,
p. 69). Several patients, who were not known to be asthmatics or were affected only
by seasonal rhinitis, experienced an asthma attack. During a 30-h period from 6 pm
on 24 June 1994, 640 patients with asthma or other airways disease (283 of whom
were not known to be asthmatic and 403 who were affected only by seasonal rhinitis)
attended several emergency departments, nearly 10 times the expected number of 66
patients. In total, 104 patients were admitted (including five to an intensive care unit);
574 patient admissions were attributable to the thunderstorm.

Other asthma outbreaks during thunderstorms have been described in Australia.
In Melbourne, other than the dramatic outbreak of 21 November 2016, two large
asthma outbreaks (rapid increase in hospital or general practitioner visits for asthma)
coincided with thunderstorms (Andrew et al. 2017, p. 5636; Lindstrom et al. 2017,
p. 235).

In south-eastern Australia, Marks et al. (2001, p. 468; 2007, p. 530) observed that
the incidence of excess hospital attendances for asthmaduring late spring and summer
was strongly linked to the occurrence of thunderstorm outflows and demonstrated
that the arrival of a thunderstorm outflow was accompanied by a large increase in
the concentration of ruptured pollen grains in ambient air.

Thunderstorm-related asthma was observed in Naples, Italy, on 3 June 2004
(D’Amato et al. 2007a, p. 976; 2016a, p. 434; 2017, p. 1786), when five adults and
one child received treatment in emergency departments. One patient was admitted
to an intensive care unit for a very severe bronchial obstruction and acute respiratory
insufficiency following a sudden thunderstorm. All individuals were outdoors when
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Table 1 Examples of thunderstorm-associated asthma outbreaks (D’Amato et al. 2007a, p. 976;
2007b, p. 11; 2015, p. 1; 2016a, p. 434; 2017, p. 1786; 2018, p. 17)

Year Country Observations

1983 UK 26 sudden cases of asthma attacks in relation to thunderstorms

1992 Australia Late spring thunderstorms in Melbourne can trigger epidemics of
asthma attacks (five- to tenfold rise)

1997 UK Asthma or other airways disease-related hospital visits. 640 cases
attended during a 30-h period in June 1994, nearly 10 times the
expected number

1992–2000 Canada 18,970 hospital ED asthma visits among children 2–15 years of age.
Summer thunderstorm activity was associated with an OR of 1.35
(95% CI 1.02–1.77) relative to summer periods with no activity

1993–2004 USA 215,832 asthma ED visits; 24350 of these visits occurred on days
following thunderstorms. There was a significant association between
daily counts of asthma ED visits and thunderstorm occurrence
Asthma visits were 3% higher on days following thunderstorms

2000 Australia Asthma visits during thunderstorms. History of hay fever and allergy
to ryegrass are strong predictors for asthma exacerbation during
thunderstorms in spring

2001 Australia The incidence of excess hospital attendances for asthma during late
spring and summer was strongly linked to the occurrence of
thunderstorm outflows

2002 UK A case–control study of 26 patients presenting to Cambridge
University Hospital with asthma after a thunderstorm. Alternaria
alternata sensitivity is a compelling predictor of epidemic asthma in
patients with seasonal asthma and grass pollen allergy and is likely to
be the important factor in thunderstorm-related asthma

2004 Italy Six cases of thunderstorm-related asthma because of pollen
(Paretaria)

2010 Italy 20 cases of thunderstorm-related asthma because of pollen (olive tree)

2010 Australia Epidemics of “thunderstorm asthma” that occurred in Melbourne
during spring 2010. The approach of spring, together with high
winter rainfall in and around Melbourne that heralds another severe
pollen season, raises the risk of allergic rhinitis and asthma in
pollen-sensitive individuals

2016 Australia Epidemics of thunderstorm asthma in Melbourne with 10 deaths and
9000 emergency department visits

the thunderstorm struck. In one severe case, a female sensitized only to Parietaria
pollen allergen soon began to show symptoms of intense dyspnea, which gradually
worsened. She was taken to hospital where she was intubated and given high intra-
venous doses of corticosteroids. She was discharged a few days later. This patient
had previously suffered from seasonal asthma but had been asthma-free for the past
few years and did not need continuous therapy. None of the other five subjects took
anti-allergic and/or anti-asthma drugs regularly. All six patients were sensitized with
allergic respiratory symptoms upon exposure to Parietaria pollen but were not sen-
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sitized to grasses. Parietaria is an Urticacea that is widespread in the Naples area of
Italy with a spring and summer pollen season that is, in part, coexistent with that
of grasses. During the thunderstorm, the concentration of airborne Parietaria pollen
grains was particularly high, with a peak of 144 grains/m3 being recorded on 3 June
2004. Air pollution levels for both gaseous and particulate components based on the
hourly concentrations of nitric dioxide, ozone and respirable particulate matter were
not particularly high in Naples on 3 and 4 June 2004. Subjects with sensitization
to Parietaria who were indoors in Naples with the windows closed during the night
between 3 and 4 June 2004 did not experience asthma attacks. No moulds or viruses
were involved in the Naples epidemics.

Other outbreaks and/or case reports have been described in Barletta (Italy), Carta-
gena (Spain), Atlanta (USA) and Canada (Toronto).

A similar phenomenon has been suggested for moulds after the observation of
a possible key role of sensitization to Alternaria species in thunderstorm-related
asthma (Pulimood et al. 2007, p. 610).

Although much remains to be discovered about the relationship between an
increase in the number of asthma attacks and thunderstorms, reasonable evidence
exists in favour of a causal link between them in patients suffering from pollen
allergy. The most prominent hypotheses for thunderstorm-related asthma are linked
with bio-aerosols and involve the role of rainwater in promoting the release of res-
pirable particulate matter (D’Amato et al. 2016a, p. 434). Pollen grains can be carried
by thunderstorms at ground level, where pollen rupture would be increased with the
release of allergenic biological aerosols of paucimicronic size, derived from the
cytoplasm and which can penetrate deep into lower airways. In other words, there is
evidence that under wet conditions or during thunderstorms, pollen grains may, after
rupture by osmotic shock, release into the atmosphere part of their content, includ-
ing respirable, allergen-carrying cytoplasmic starch granules (0.5–2.5 lm) or other
paucimicronic components that can reach lower airways, inducing asthma reactions
in pollinosis patients.

These allergens can likely penetrate deeper into the lung, provoking more severe
symptoms. It has been suggested that grass pollen starch granules are the most likely
cause of associations between thunderstorms and asthma (D’Amato et al. 2016a,
p. 434). Suphioglu et al. (1992, p. 6569) showed that ryegrass pollen grains contain
a large amount of starch granules coated with allergens. After being ruptured in rain-
water by osmotic shock, each grain can release 700 starch granules, which are small
enough to penetrate the airways and trigger asthma attacks in previously sensitized
subjects. Later Taylor et al. (2002, p. 569) hypothesized that the turbulent front of the
advancing outflow releases more pollen from flowering grasses and grass pollen may
release large amounts of paucimicronic allergenic particles, namely cytoplasmatic
starch granules containing grass allergens (allergen bearing starch granules), after
rupture by osmotic shock during thunderstorms.

A recent manuscript in Nature Climate Change (Finney et al. 2018, p. 210) sug-
gests that lightning may decrease in the tropics under climate change. However, it
seems that science on effects of climate change is quite dynamic and uncertain in
relation to lightning/thunderstorm intensity and frequency.
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Table 2 Aspects of Epidemics of Thunderstorm-Associated Allergic Asthma in the World
(D’Amato et al. 2007a, p. 976; 2007b, p. 11; 2015, p. 1; 2016a, p. 434; 2017, p. 1786; 2018,
p. 17)

• There is a link between storms and asthma epidemics in patients with pollen allergy during
pollen seasons with the appearance of symptoms during the first 20–30 min of a storm

• Thunderstorm-related epidemics are limited to late spring and summer (in Europe, USA and
Canada from April to end of June and in Australia from October to December), when pollen
and/or mould counts are high

• There are no descriptions of allergic symptoms in individuals with allergy to pollens and
moulds who are indoors with the windows closed during a storm

• It is possible that sudden cold and/or electric charges trigger asthma attacks in allergic subjects

• Individuals with allergic rhinitis only and no previous asthma can experience
broncho-constriction, sometimes severe, during thunderstorms

• Subjects with pollen allergy need be informed about a possible risk of asthma attack at the
beginning of a thunderstorm during pollen season

• Individuals who experience rhinitis and asthma during a storm are not usually taking suitable
anti-inflammatory treatment. It is important to have correct anti-asthma treatment by using
bronchodilators and corticosteroids by inhalation at increasing dosage if there is a need

• The world’s worst recorded thunderstorm asthma attack was on 21 November 2016 in
Melbourne, where nine subjects died and more than 8500 were hospitalized in Victoria. It
caused many people, including those who had no history of asthma or respiratory issues, to
experience mild to severe breathing difficulties and near-fatal asthma

• Any serious asthma attack during a thunderstorm can be life-threatening and can induce
near-fatal asthma and death

The health consequences of thunderstorm asthma may be prevented by meteorological forecast,
by the correct use by patients of adequate anti-allergic and anti-asthma therapy and by avoiding
the outdoors at the start of a storm during pollen season

In summary (Table 2) the occurrence of these epidemics is closely linked to
thunderstorms and they are limited to late spring and summer when there are high
levels of airborne pollen grains. There is a close temporal association between the
arrival of the thunderstorm, a major rise in the concentration of pollen grains and
the onset of epidemics. As a consequence, subjects affected by pollen allergy should
be alert to the danger of being outdoors during a thunderstorm in the pollen season
(D’Amato et al. 2017, p. 1786).
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Sea Level Rise and Its Socio-economic
Impacts: A Case Study in Mumbai, India

Gandharva Pednekar and S. Siva Raju

Abstract Coastal zone supports flora and fauna biodiversities and is endowed with
a wide variety of habitats. Both marine and terrestrial processes have their influence
on coastal zones. As coastal zones are often under pressure from both anthropogenic
activities and natural processes, coastal zones are one of the most fragile, dynamic
and productive ecosystems. Sea Level Rise (SLR) is a by-product of climate change
on a global scale. Though climate change has happened in the past, the rate of current
levels of change is unparallel and cannot be explained, without highlighting human
contribution as a major reason. Global commerce and trade relies heavily on historic
marine transportation routes and port cities. In the era of globalization, sea-level rise
becomes a significant concern at individual, local government as well as to global
economy levels. India has a coastline measuring upto 7515 km. Around 35 percent
of Indians live within 100 km of the Indian coast. Given the varying levels of sea
rise predictions, it is important to understand the concentration of population in the
coastal regions, and they will become the victims of adverse effects of sea-level rise.
The paper focuses on sea-level rise (SLR), its effects on coastal communities and
socio-economic impacts in India, with a special focus on the island city of Mumbai.

Keywords Sea level rise · Global warming · Displacement · Urban infrastructure ·
Biodiversity ·Mitigation

1 Introduction

In a phenomenon unprecedented in 65 million years at least, the ocean has absorbed
about 30 per cent of the anthropogenic carbon dioxide, resulting in ocean acidifica-
tion and changes to carbonate chemistry. Survival, calcification, growth, development
and abundance of a broad range of taxonomic groups (i.e., from algae to fish) are
at risk with substantial evidence of predictable trait-based sensitivities. There will
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be a wide range impacts on marine organisms, ecosystems, as well as sectors such
as aquaculture and fisheries due to ocean warming and acidification (corresponding
to global warming of 1.5 °C of global warming) (IPCC 2018). The coast is defined
as a spatial zone where land, sea and atmosphere interact and influence each other
continuously. Both marine and terrestrial processes have their influence on coastal
zones. As they are often under pressure from both anthropogenic activities and nat-
ural processes, coastal zones are one of the most fragile, dynamic and productive
ecosystem. Coastal zone supports floral and faunal biodiversity and is endowed with
a wide variety of habitats such as coral reefs, mangroves, sea grasses, sand dunes,
mudflats, salt marshes, estuaries, lagoons etc.

In Indian scenario, as per Rao et al. (2008), frequent tropical cyclones and asso-
ciated floods and tidal surges occur regularly in coastal Andhra Pradesh leading to
loss of life and property in the region. An area of about 565 km2 would be sub-
merged under the new low-tide level along the coastal Andhra Pradesh, if the sea
level rises by 0.59 m as predicted by IPCC (2007). The 2004-tsunami that devastated
the Indian coasts underlined the role of geomorphology and coastal slope in sea level
rise. At Nagapattinam in the southern state of Tamil Nadu, the low swales behind
shore-parallel dune ridges claimed several lives due to lateral flows from tidal inlets
or breaches in dune ridges. Longer penetration of tsunami inland due to gentle slope
of the coastland was also observed (ISRO 2012). ISRO also calculated the Coastal
Vulnerability Index for the state of Gujarat, which in on the west coast of India,
and found that geomorphologically only 29.24 per cent of the coast represented by
rocky/cliffy and indented sections comes under very-low to low categories, while
34.53 per cent of the Gujarat coast is very high to high vulnerable and 36.04 per cent
of Gujarat coast is moderate vulnerable.

Studies (IPCC 2013; Parris et al. 2012; Sweet et al. 2017) suggest that the average
rate sea-level rise of 3.4 mm per year is observed in globally, which will increase
in the coming decades. According to the U.N. Atlas of the Oceans (2016), eight
of the ten most populous cities—Tokyo, Mexico, Mumbai, Sao Paulo, New York,
Shanghai, Lagos, Los Angeles, Calcutta and Buenos Aires—are in coastal regions.
The paper focuses on sea-level rise (SLR), its effects on coastal communities and
socio-economic impacts, with a special focus on the island city of Mumbai.

2 Sea-Level Rise (SLR)

According to the National Oceanic and Atmospheric Administration (NOAA 2017a,
b, c, d), there is variation in sea-level rise, as some coastal communities experience
a greater increase in sea level. As per Mimura (2013), there are two significant
causes to global sea-level rise: thermal expansion and the melting of land-based ice.
Complicated geologic processes such as isostatic rebound and groundwater pumping
are also to be attributed for the same (Eggleston and Pope 2013). Since the beginning
of the twentieth century, global sea surface temperatures have increased at an average
rate of 0.13 °F per decade (1901–2015; NOAA 2016). Though climate change has



Sea-Level Rise and Its Socio-economic Impacts … 157

happened in the past, the rate of current levels of change is unparalleled and cannot
be explained without bearing in mind human contribution as a major reason (NCA
2014). NOAA (2015) estimates that 90 per cent energy of heat-trapping greenhouse
gases has been stored in the ocean and as water warms, it expands. The other main
cause of global sea-level rise is the melting of land-based ice sheets, mainly found
on Greenland and Antarctica. Their melting can lead to sea-level rise in metres, as
together they contain more than 99 per cent of the freshwater ice on Earth (NSIDC
2018). Tropical storms, prolonged rain, fluctuations in ocean currents and moon
phases also play an important role in the spatial-temporal variability in the height of
the ocean other than thermal expansion and the decay of glaciers.

Sea level can be divided into three broad categories according to the variations in
the range of temporal and spatial scales. These are occurrences of sea-level extremes
associated with storm surges and tides, Global Mean Sea Level (GMSL) and the
regional variation about this mean. Since the late nineteenth century, GMSL has been
rising at low rates of change that characterized the previous two millennia (Church
et al. 2013). Instrumental drift in the observing satellite system (Watson et al. 2015)
and volcanoes (Fasullo et al. 2016)may be the reasons for slowing in the reported rate
over the last two decades (Cazenave et al. 2014), accounting for the former results
in rates (1993 to mid-2014) of between 2.6 and 2.9 mm yr-1 (Watson et al. 2015).
Thermal expansion, glacier and ice-sheet mass loss, as well as fresh water storage
on land, are the main contributors towards the same (Church et al. 2013; Watson
et al. 2015), and their attribution is dominated by anthropogenic forcing since 1970
(15 ± 55% before 1950, 69 ± 31% after 1970) (Slangen et al. 2016).

As per IPCC (2018), by the end of the century, GMSL rise will be around 0.1 m
less in a 1.5 °C world as compared to a 2 °C warmer world. Up to 10.4 million
fewer people are exposed to the impacts of sea level globally in 2100 at 1.5 °C
as compared to 2 °C. Reduced sea-level rise will enable greater opportunities for
adaptation though the sea-level rise will continue beyond 2100, as instabilities exist
for both the Greenland and Antarctic ice sheets that could result in multi-metre rises
in sea level on centennial to millennial timescales.

FromFig. 1,we can observe the estimated, observed and predicted global sea-level
rise during the period 1800–2100. Different colour bands reflecting different data are
red band—1800–1890—estimates from proxy data; pink band—uncertainty; blue
band—1880–2009—shows tide gauge data; and green band—1993–2012—satellite
observations. The figure predicts future scenarios of SLR ranging from 0.66 to 6.6
ft in 2100.

3 Concentration of Population in the Coastal Regions

Given the varying levels of sea rise predictions, it is further more important to under-
stand the concentration of population in the coastal regions, as they will become the
victims of adverse effects of sea-level rise.
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Fig. 1 Sea-level rise predictions. Source Khan (2018)

(1) Favourable climatic conditions—Coastal zones have moderating influence of
land and sea breezes and the temperature rage also remains low.

(2) Contact point settlement—coastal habitats are also termed as contact point set-
tlements, as they are located at such a place, where the residents were involved
in more than one primary economic activities such as fishing as well as agricul-
tural.

(3) Favourable locations during colonial period—coastal locations were developed
as ports for import-export of materials. The colonial rulers found it safer to
reside, as the local people were unknown to them. The colonial rulers built forts
and isolated themselves from the local people.The coastal climatewasmoderate,
and it was easier for colonial rulers to assimilate with the new environment.

(4) Legacy of the colonial period—underdeveloped/developing countries depended
on the developed countries for the technological support in colonial era. When
the developing countries became independent, they used the infrastructure
developed by the Europeans. The port cities became million cities due to inter-
nal migration. Impact of these cities spread along with the coast e.g. the sphere
of influence of Mumbai extends fromDahanu in the north to Alibag in the south
along the coast of Arabian Sea.

(5) Development of tourism—tourism is considered as invisible export and con-
tributes substantially to the developing countries like Singapore and Mauritius.
Many new tourist destinations developed along the coast, thus increasing the
concentration of population in the coastal areas.
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(6) Migration—as the port cities developed at a rapid pace, the influx of migrants
to cater to industries also grew. As port cities have limited space to grow hori-
zontally, they started to grow vertically by construction of skyscrapers. But the
cost of living became exorbitant, leading to the creation of slums, where the
majority of the migrant population settled.

Indian port towns like Kolkata, Chennai, Mumbai, Kochi, Vishakhapatnam were
commercial hubs during mercantile period. During the colonial period, their growth
became more rapid, as they were the transport linkages with rest of the country to
source out raw material. With the growth in quaternary economic activities such as
service sector post-liberalization, the yesteryear port cities like Chennai, Kolkata
and Delhi developed into metropolitan cities, while Mumbai achieved the status of
a megalopolis. All the states on the west coast of India have more than 35% of its
population living in urban area, while on east coast there is a gradual progression in
urban population among states (Census 2011).

4 SLR and Coastal Communities in India

In India, coastal zones have gained importance because of high productivity of its
ecosystems, exploitation of renewable and non-renewable natural resources, concen-
tration of population, industrialization, discharge of waste effluents and municipal
sewage and growth of recreational activities. Land–ocean interaction in the coastal
zone produces a varied set of landforms and organisms having special forms of adap-
tation. The coastal processes largely operate within 10 m above or below and a few
kilometres landward and seaward of the shoreline. The coastal regions are highly vul-
nerable to storm surges, tsunamis and inland floods, due to their low-lying nature and
extremely gentle gradients (ISRO 2012). Coastal zones face themost direct impact of
the sea-level rise around the world as they fringe the world oceans and are low lying.
The sea-level rise leads to accelerated erosion, shoreline retreat, saltwater intrusion
into coastal groundwater, aquifers, inundation of wetlands and estuaries and creates
threats to historical and cultural resources as well as infrastructure (Pendleton et al.
2004).

India has a coastline measuring upto 7515 km. Around 35% of Indians live within
100 km of the Indian coast (ISRO 2012). The Indian coast can broadly be divided
into two parts: the west coast facing the Arabian Sea and the east coast facing the
Bay of Bengal. The coastal areas are in the states of Gujarat, Maharashtra, Goa,
Karnataka, Kerala, Tamil Nadu, Andhra Pradesh, Odisha, West Bengal and in the
union territories of Daman & Diu, Lakshdweep Islands, Puducherry, Andaman and
Nicobar Islands. Thewestern coastal plains are submerged coastal plain; hence, it is a
narrow belt and provides natural conditions for the development of ports and harbour.
On the other hand, the Eastern coastal plains are emergent coastal plain and their
continental shelf extends upto 500 km into the sea; hence, it is difficult to develop
good natural harbours and ports in this region. This also makes them more prone to
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be affected by disasters like tsunami, storm surge and cyclones. The coastal plains
of India are covered by fertile soils on which different crops like rice and coconut
are grown. In view of its economic importance, the Indian coast has several big and
small ports. Fishing is an important occupation in southern India, while low-lying
areas of Gujarat are famous for producing salt. Kerala backwaters and Goa beaches
are important tourist destinations.

5 Mumbai—A Historical Geography

The area known as Mumbai, then Bombay, consisted of a small archipelago in a
harbour on the west coast of India. The number of distinct islands was open to
interpretation since large areas were underwater at high tide and during the monsoon
season (June to September), when water discharged from Thane and Panvel Creeks
to raise the harbour’s sea level. At other times, it was possible to cross between the
islands on foot. This space contained a range of ecosystems: While some areas were
entirely submerged, others consisted of mangrove forests, tidal flats and artificial
salt pans. In 1661, Bombay was transferred by Portuguese to the English Crown
in the treaty accompanying the marriage of Charles II and Catherine of Braganza.
In 1668, the crown transferred the islands to the East India Company. The modern
assumption is that seven islands existed: Colaba, Old Woman’s Island, Bombay,
Mazagaon, Parel, Worli and Mahim. The area today, after extensive reclamation,
covers sixty-five square kilometres (Riding 2018) (Fig. 2).

Maharashtra State, barring a few centres, is as poorly developed as many indus-
trially backward states in the country. This concentration is the result of historical
forces. The British developed Bombay as the centre of their trade and also developed
port in its natural harbour. By the middle of the nineteenth century, Bombay was the
unrivalled trading centre in the whole India. Even traders from older centres, like
Surat, migrated to Bombay in this period. As in the case of all cities developed to
foster colonial trade, the transport network, specifically the railways, was developed
with Bombay as the centre, and the city thrived at the expense of its hinterland.
Agglomerative forces came into play leading to the growth of industries and diversi-
fied it in and around the city. This process continued unchecked till the 1960s, when
the State Government intervened to limit further growth of industry in Bombay. Gov-
ernment policy, together with dispersing forces like soaring rents and factor prices,
and labour trouble, led to the spill over of industry towards the suburbs at first and,
later, to the nearest large urban centre of Pune.

6 Impact of SLR on Mumbai

As the population in developing countries continued growing and many people were
living in high-risk, coastal locations, sea-level rise can have significant physical,
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Fig. 2 Islands of Bombay.
Source Riding (2018)

health, social, economic and environmental consequences on both individuals and
communities (Alderman et al. 2012).

Mumbai is termed as the economic capital of India. It is home to major financial
institutions such as Reserve Bank of India, the National Stock Exchange of India,
Bombay Stock Exchange and also to many of the corporate headquarters and com-
mercial establishments. As per Census (2011), the population of Mumbai is 1.2
million, a large section which still resides in slums. As most of the Bombay city is
reclaimed, the water stagnation is a major problem during monsoons. During high
tides, the sea water is many a time above the sea level, and hence the storm water
drainage is not able to function to its full capacity leading to flood-like situation in
the city.

(1) Health
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World Health Organization (WHO 2009) reports that flooding is expected to
occur more frequently in the coming decades because of climate change and
sea-level rise. According to Watts et al. (2015), the sea-level rise represents a
significant public health concern. Flooding and health issues, such as water-
borne diseases; respiratory diseases, such as asthma; vector-borne infections;
skin rashes; and malnutrition are all interlinked (Rose and Akpinar-Elci 2015;
Reponen et al. 2010), along with psychological issues such as depression, emo-
tional trauma and anxiety (Akpinar-Elci et al. 2018; Bei et al. 2013). Increased
incidence of respiratory diseases have been associatedwith floods, asmany com-
munities and houses are left damp, which often results in moulds and mouldy
smells (Rose and Akpinar-Elci 2015; Mendell et al. 2011) and a reduction in
quality of life (Reponen et al. 2010). It is often observed that the local adminis-
tration is criticized for its failure to predict as well as respond to flood situations,
despite it being a regular occurrence during monsoons. The health infrastruc-
ture in the city is usually strained due to excessive population, such floods exert
undue pressure on the medical services.

(2) Economic
Being a commercially developed megalopolis, many of the corporate houses
from India and abroad have their headquarters in the city. Post liberalization the
economic development of Mumbai city is supported by a massive infrastructure
development. The creation of Bandra Kurla Complex (BKC), restructuring of
Special Electronics Export Processing Zone (SEEPZ) at Andheri, creation of
business district at Mindspace, Malad was channelled to decentralize corporate
offices from South Mumbai. But still several trading zones are located in South
Mumbai like cloth market at Kalbadevi, electronic market at Grant road, gold
and diamond market at Zaveri Bazar, utensils and tools market at Loharchawl.
One of the biggest leather industry in located at Dharavi as a cottage industry
in the slums. Shifting elsewhere is not commercially viable to them, as they
pay very low rent. Sea level rise will lead to permanent inundation of these
areas over a very long time horizon, leaving billions of rupees worth investment
obsolete. In a city where currently a large workforce is involved in secondary
to quaternary economic activities, this incurs a great economic cost.

(3) Displacement
Coastal communities are more densely populated and rapidly growing in pop-
ulation (Neumann et al. 2015). Koli community, which is one of the original
inhabitants of Bombay Islands, live in a settlement called “koliwada” near the
sea. Versova, Madh, Marve, Colaba, Trombay and Worli are some of the larger
koliwadas in Mumbai. Fishing is a major source of livelihood among the mem-
bers of this community. As their boats are on the beach, the settlements have
formed right next to the sea and often during high tide the waves crash on the
walls of the dwellings. Over the years, regular flooding during monsoon has
started to occur in the koliwadas, as storm water from land and sea water merge
in these areas. As these koliwadas are right next to the sea, they fall under
Coastal Regulatory Zone (CRZ) due to which construction or repair becomes
difficult. This has lead to several unauthorised constructions mushrooming in
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the koliwadas. But as the sea level rises, the settlements are shrinking in size
and leading to relocation of the population (Kotak 2018).

(4) Infrastructure
To create multi-modal transport linkages construction of multiple flyovers,
express ways, metro &mono railways, skywalks have been carried out inMum-
bai as support to the economic boom post liberalization. East-West suburbs
connecting link roads like Jogeshwari-Vikroli Link Road (JVLR), Ghatkopar-
Mankhurd Link Road (GMLR), Santacruz-Chembur Link Road (SCLR), under
construction Mulund-Goregaon Link Road (MGLR) and Sion-Bandra Link
Road (SBLR) have been built over the years at a great cost and new residential
areas have mushroomed along these link roads. As sea level rise has an impact
which will only be visible in the long term, no specific measures are in place
to take care of the same. Over the years, Municipal Corporation of Greater
Mumbai has installed five pumping stations are Irla, Haji Ali, Cleveland, Love-
grove and Britannia (Reay Road). The work on Gazdarbadh, Mahul and Mogra
pumping stations are at various stages of completion (Pinto 2017). But these are
only effective in short-term disruptions like flooding in monsoon and are not
sufficient to mitigate sea level rise. Further, the government has planned coastal
road on the entire west coast from Colaba (South Mumbai) to Virar (Extended
Western Suburb) and statue construction in the sea, which will require reclama-
tion of land thereby advancing sea level rise in other parts of the city. Mumbai’s
southern part was once habited by colonial officials to a great extent which led
to construction of several heritage structures and art deco style building viz. the
Royal Opera House, Asiatic Building, Horniman Circle and the famed Gateway
of India. Sea level rise can lead to irreparable damage to this glorious historical
inheritance.
Sea-level rise also impacts hazardous waste management. Sea-level rise would
place waste management sites in the floodplain, exacerbating the impacts of a
storm or landfall tropical storm. Exposure to toxic waste can increase the risks
of toxicity of the liver and kidney as well as cause cancers (EPA 2018).

(5) Biodiversity
Seventy percent of the world’s wetlands are in coastal regions which include salt
swamplands,mangrovewoodlands and sludge flats, which are highly vulnerable
and very susceptible to changes in the environment (Spencer et al. 2016). A
model was developed Spencer et al. (2016) by to assess the biophysical and
socio-economic impacts of sea-level rise and wetland environments. The study
estimated that if the sea level rose 50 cm up to 59 per cent of all coastal wetlands
would be inundated, while in case of a higher sea-level rise scenario (110 cm),
the statistic would increase to 78 per cent. Chowdhury and Behera (2015) has
studied the changes inmean sea levelwith the help of tidal gauge stations located
at Mumbai, Kandla, Cochin and Hiron Point (Bangladesh). TheMumbai station
has a data for over 100 years, which has provided some significant findings.
Figure 3 clearly shows that over the past century the average sea level rise has
been more than 100 mm at Mumbai station, which is also consistent with the
global estimate of 1–2 mm/ year (IPCC 2013).
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Fig. 3 Average Mean Sea Level (AMSL in mm) at master stations

Mumbai, due to its peculiar peninsular shape, has mangroves on all the sides.
Thesemangroves prevent erosionof soil and inundationby seawater by reducing
wave action. They also absorb carbon dioxide. However, in recent years due to
reasons like unauthorised reclamation of land, high salinity ofwater, blockage of
intertidal region, coastal pollution, the mangrove cover is depleting (Chatterjee
2018).

7 Adaptation and Mitigation

Sea-level rise (SLR) is a a by-product of Climate Change on a global scale. It is
a reality which has to be accepted by the world and adaptive measures need to be
placed in this regard. Due to lack of space in urban areas, the damage of SLR will be
to a greater extent in urban area, while in rural areas shifting of settlement to higher
grounds will be required. As land availability is comparatively more in rural areas,
the land inundated by sea water can be used for aquaculture, desalination of water,
salt pans.

In terms of mitigation, building of sea walls or barriers is a practice that has been
done for a long time for the both areas, below and above the sea level. In Mumbai,
such examples of creating barriers with the help of tetrapods can be seen at Colaba,
Nariman Point and Marine Drive. But these are rather expensive and may not be
economically feasible option for a developing and underdeveloped countries (TNN
2001). The sea walls can be constructed in height for the immediate future and
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Fig. 4 Changes in Mangrove cover Source Chatterjee (2018)

designed to accommodate future increases in height. Dredging, creating off-shore
barrier islands and reshaping ocean floors are some of the measures which can also
be considered. Extending the wetlands by increasing the mangrove cover is also a
good way to mitigate the SLR as mangroves can prevent further encroachment by
the sea and at the same time keep alive the biodiversity in the area (Wong 2015).

Physical and digitalmodel simulation and analysis should be carried out in order to
study the segment of the ocean basin adjacent to the low-lying coastal area threatened
by sea-level rise. An initial mapping of the regional seabed with historical data
regarding currents and tides should be carried out with the objective of designing
and engineering a hydrological system that would allow an increased volume of
flow through the shallow water region, while limiting sea-level rise in the low-lying
coastal area. Oceanographers, marine scientists, engineers and regional planners can
collectively engage in limiting the adverse effects of sea-level rise (Wong 2015).
With the technological advancement of the current world, tools like geographical
information system and remote sensing can be used to generate scientific models
and data, respectively. E.g. the figures (Figs. 4 and 5) depict the Landsat remote
sensing data regarding changing mangrove cover at Thane creek, which is part of the
east coast of Mumbai.

8 Conclusion

Research suggests that continued sea-level rise in the coming century is very likely,
despite attempts to reduce greenhouse gas (GHG) emissions through agreements
such as the Kyoto Protocol or more recently the Paris Climate Accord (Levermann
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20171988

Fig. 5 Changes in Mangrove cover at Thane creek 1988 and 2017 Source NASA (2018)

et al. 2013). The concerns and impacts of climate change and sea-level rise on coastal
communities around the world vary to a great extent (Schulte et al. 2015). Geisler
and Currens (2017) estimated that 1.4 billion people could be displaced globally as
a result of climate change by 2060.

Global commerce and trade rely heavily on historic marine transportation routes
and port cities. In the era of globalization, sea-level rise becomes a significant concern
at individual, local government as well as to global economy levels. Hence, both
worldwide collaboration and localized strategies are very much required to address
the challenges of sea-level rise. Following are some of the measures which could be
taken into account for the same:

• The rate of sea-level rise may be slowed down by reducing the concentration of
heat-trapping, greenhouse gases (GHG) in the atmosphere.

• Retrofitting or reconstruction of infrastructural facilities like roadways, drainage
systems, homes and businesses may need to be carried out to reduce the impacts
of sea-level rise.

• Successful implementation of counter-measures to sea-level risewill require coop-
eration, trusting partnerships and locally focused adaptation strategies like invest-
ment in green infrastructure and nature-based solutions, revising zoning strategies,
construction of dikes and sea walls, improved drainage infrastructure, and inward
migration.

• Capacity building of coastal communities and reducing the impacts of sea-level
rise on global level will also require international research and worldwide organi-
zational support.
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Sea Level Rise and Coastal Communities

Michele Kekeh, Muge Akpinar-Elci and Michael J. Allen

Abstract Globally, sea level is rising and it represents a serious concern. The trends
are indisputable, and the predictions indicate that sea level will continue to rise
for the coming centuries. Sea level rise is a consequence of human-induced climate
change and has significant implications for low-lying coastal communities around the
world. The impacts are felt with increased coastal flooding during storms and higher
frequency of tidal flooding. Inmany countries, local drainage infrastructureswere not
designed to consider the mean of sea level rise observed in the past couple of years.
Consequently, outlet pipes are often inundated and covered at high tide, reducing
the efficiency of drainage in the event of heavy rain. With continued population
growth and many people living in high-risk, coastal locations, the potential exists for
significant physical, health, social, economic, and environmental consequences on
both individuals and communities especially in developing countries.

Keywords Sea level rise · Coastal communities · Health outcomes · Flooding ·
Monitoring · Adaptation
Globally, sea level rise is a serious concern. It is a consequence of human-induced
climate change and has significant implications for low-lying coastal communities.
With mean sea level projected to increase in the coming decades (Allen et al. 2018),
many coastal communities will experience increased probability of extreme events
such as heavy rainfall and tropical storms. These hazards may also interact with geo-
physical processes andmodify erosion rates or landslide frequency. Thus, addressing
climate change and sea level rise is integral to the success of countries’ sustainable
development plans. Food security, access to clean water, sustainable innovation, eco-
nomic security, and preservation of marine ecosystems are all relevant in the context
of a changing climate and sustainability (IPCC 2014a, b, c). It is crucial for policy-
makers and citizens, especially those in coastal locations, to understand the causes
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and long-term impacts of sea level rise. This chapter provides an examination of the
regions that are currently experiencing sea level rise, the threats it poses, and high-
lights some strategies that coastal communities are developing to improve resilience
to the impacts of sea level rise.

1 Regional Causes of Sea Level Rise

Global mean sea level is computed over the entire ocean, while local sea level refers
to the relative height of the sea at a specific location (Mimura 2013). According to
the National Climate Assessment, global sea level has increased by about 8 inches
(203.2 mm) since 1880 (NCA 2014). While this increase represents a global aver-
age, local factors play a significant role in regional observations. According to the
National Oceanic and Atmospheric Administration (NOAA), some coastal com-
munities experience a greater increase in sea level compared to the global average
(NOAA 2017a, b, c, d). In the USA, Sweet et al. (2017) highlight regional vari-
ability in sea level trends and found that parts of Alaska have experienced negative
trends or land uplifts exceeding 10 mm/year. Norfolk, Virginia, has experienced an
increase of 1.51 ft (0.47 m) since 1927, nearly twice the global rate. Some of this
increase is attributed to complicated geologic processes such as isostatic rebound
and groundwater pumping (Eggleston and Pope 2013).

There are two significant causes of global sea level rise: thermal expansion and
the melting of land-based ice (Mimura 2013). Since the beginning of the twentieth
century, global sea surface temperatures have increased at an average rate of 0.13 °F
(−17.70 °C) per decade (1901–2015; NOAA2016). Carbon dioxide and other green-
house gases have enhanced the greenhouse effect and led to a rapid increase in global
land and sea surface temperature over the past 150 years. While climate change has
happened in the past, the rate of this change is unprecedented and not explainable
without considering human contribution as a major factor (NCA 2014). The release
of heat-trapping, greenhouse gases through anthropogenic sources has warmed both
the atmosphere and the oceans; NOAA estimates that 90% of this energy has been
stored in the ocean (NOAA 2015).

As water warms, it expands thus requiring more space (NOAA 2017a, b, c, d).
This thermal expansion helps explain some of the increase in global sea level—
water expanding due to warming. The second main cause of global sea level rise is
the melting of land-based ice. As global temperatures increase, the decay of land-
based glaciers contributes to increasedwater volume found in the oceans.Much of the
climate change research focuses on the ice sheets found onGreenland andAntarctica.
Together, these ice sheets contain more than 99% of the freshwater ice on Earth and,
if fully melted, would contribute to dozens of meters in sea level rise (NSIDC 2018).
Currently, most of sea level rise can be attributed to thermal expansion and melting
of glaciers rather than the decay of these large ice sheets.

While thermal expansion and the decay of glaciers contribute to sea level rise,
tropical storms, prolonged rain, fluctuations in ocean currents, and moon phases
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also play an important role in the spatial–temporal variability in the height of the
ocean (Church et al. 2013). Understanding the coupled ocean-atmosphere factors that
influence global sea level are important, but so too are the human systems. Land-use
policy plays an important role in the development along the coast and, in some cases,
may enhance risk to sea level rise and coastal flood events.

Due to improvements in the modeling of land-ice contribution to sea level rise,
many projections suggest that it is very likely that the rate of global mean sea level
rise observed in the twenty-first century will be much higher compared to that seen
during the period from 1971 to 2010 (Church et al. 2013). While global average sea
level has increased by an average rate of 3.4 mm per year over this time, studies
suggest this rate will increase in the coming decades (IPCC 2013; Parris et al. 2012;
Sweet et al. 2017). A recent studywas the first to detect an acceleration and suggested
that sea level rise could more than double the amount compared to the static rate of
3 mm/year (Nerem et al. 2018). The processes governing the recent trends in sea
level rise could be different later in the century. As melting ice sheets become the
primary contributor to global sea level, the potential exists for significant sea level
rise not experienced in millennia.

Despite attempts to reduce greenhouse gas (GHG) emissions through agreements
such as the Kyoto Protocol or more recently the Paris Climate Accordingly, research
suggests that continued sea level rise in the coming century is very likely (Levermann
et al. 2013). The unmitigated release of heat-trapping gases will have significant ram-
ifications on human health, economic viability, and ecological habitats. In planning
for the future, policymakers should consider the evidence of climate change and sea
level rise. The future of low-lying, coastal communities may hinge on our ability to
mitigate the causes and adapt to the consequences of sea level rise.

2 Sea Level Rise and Coastal Communities: An Overview
of Selected Cases

Sea level rise will impact coastal communities around the world. According to the
UN Atlas of the Oceans, eight of the ten most populous cities are in coastal regions
(UN Atlas of the Oceans 2016). These cities include Tokyo, Mumbai, New York,
Shanghai, Lagos, Los Angeles, Calcutta, and Buenos Aires. Of these cities, only
Mexico City and Sao Paulo are not considered coastal. In the USA, 123.3 million
people or 39% of the entire population live in a coastal shoreline county, which are
often impacted by flooding, erosion, and hurricanes (NOAA 2013).

Rising sea levels pose severe problems to the city of NewYork. At least half of the
city’s population lives in coastal regions. The level of the sea in New York City has
increased by 1.1 ft (0.335 m) since 1900, which is almost twice the observed global
rate during a similar period (NASA2015).By2100, it is projected thatNewYork’s sea
level will rise an additional 18–50 in. (5.4864–15.24 m), and this trend is expected
to continue for centuries (DEC 2019). The rate of this rise is increasing and will
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threaten coastal communities and resources with more frequent and severe flooding
and storms, which will damage communities, infrastructure, and ecosystems. This
new trend was illustrated in 2012, when Hurricane Sandy put part of New York
City under 9 ft (2.743 m) of water and caused the deaths of dozens of people (Rice
2017). The peak water level recorded surpassed the highest level documented by the
Federal Emergency Management Agency (FEMA) since 1991. The storm caused
severe building damage to over 70,000 housing units, placed an unprecedented strain
on the healthcare system, and disrupted communication systems (ACEP 2015). The
total cost of Sandy was estimated at $70.2 billion (ACEP 2015). The anticipated
steady rise of the sea will only continue to erode beaches and inundate low-lying
lands over time. New York City may very likely be confronted with compromises
to or even collapses of low-lying sewage systems, transportation, and wastewater
management. The sea level rise will likely cause catastrophic flooding in the coming
decades.

A rising sea level is putting the entire state of Louisiana at risk of flooding because
the land is sinking. Currently, there are approximately 955,000 people at risk of
coastal flooding in the state (The New York Times 2016). It is predicted that an
additional 262,000 more people inland would be at risk due to the rising of the sea.
The level of the sea has risen 24 inches (0.609 m) since 1950; however, for the past
decade, the speed of this rise has been increasing by 1 in. (0.025 m) every two years.
Louisiana has lost 4,900 km2 since 1932 and could possibly lose an additional 4,600
km2 due to severe weather and storm surge (The City of New Orleans 2017). In
Louisiana, New Orleans is at higher risk because the city is the largest population
center in the state and is located below sea level (Campanella 2018). The city has
invested in flood defenses along the coast due to recent events. In 2005, Hurricane
Katrina flooded over 80% of New Orleans, filling neighborhoods with up to 12 ft
(3.657 m) of seawater, killing 1,833 people, and leaving millions more homeless
(Zimmermann 2015). An increase in sea level of just 5 feet will cause 88% of the
city to flood (The New York Times 2016), which has led city leaders to focus on
need-based approaches to flood management.

Second only to New Orleans, Norfolk stands as the second most vulnerable to
sea level rise in the USA. The city is situated at the mouth of the Chesapeake Bay
and is penetrated by various creeks and rivers. With 144 miles (232 km) of coastline,
the port city has thrived in an age of trade and commerce and currently serves as
the home to the world’s largest naval bases. Before 1971, the city averaged 20 h
of minor flooding, but since that time, a ninefold increase in flood hours has been
observed (Atkinson et al. 2012). Local drainage infrastructure was also not designed
to consider the 1.51 ft (46.02 cm) of sea level rise over the last 90 years. Consequently,
outlet pipes are often inundated and covered at high tide, reducing the efficiency of
drainage in the event of heavy rain. Flooding cancels school, disrupts transportation
infrastructure, and erodes sand dunes designed to reduce the impact of storm surge.
The U. S. Department of Defense recently called climate change and sea level rise
a threat multiplier (Banusiewicz 2014), drawing attention to the issue in the context
of global geopolitics and national security.
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In Florida, although the sea level only rose by 8 inches on average (0.20 m) from
1950 to 2017 (NOAA 2018a, b), this increase has cost the state about four billion
dollars so far. The speed at which the sea level rises will accelerate over the next
10 years, increasing to 1 in. (0.025 m) every 3 years. The four most vulnerable
counties in Florida are Broward, Miami-Dade, Palm Beach, and Monroe due to the
low-lying locations. In many of these locations, people who are most susceptible to
sea level rise have a high income level. The wealthiest tend to live more closely to the
coast compared to the poor. Bloetscher et al. (2016) suggested that areas vulnerable
to sea level rise may only increase over time and highlighted the necessity to define
incremental strategies and planning actions to reduce socioeconomic impacts and
provide better monitoring and reporting of diseases in the region. The challenge
with Florida is that many traditional mitigation strategies such as building walls or
barriers will not apply to the area due to the porous nature of the ground, which allows
saltwater to seep into the drinking water reserve andmay compromise sewage plants.
In addition, at least 120,000 properties are vulnerable due to frequent flooding. Hauer
(2017) speculated that Florida may lose an estimated 2.5 million of its population
due to just 1.8 m of sea level rise.

Throughout USA, rising seas pose a significant threat to coastal infrastructure.
For example, a report from the California Department of Boating and Waterways
highlighted the 1,100 miles of California coastline and estuarine shoreline vulner-
able to sea level rise (King et al. 2010). The impacts are already being felt with
increased coastal flooding during storms, higher frequency of tidal flooding (e.g.,
nuisance flooding), and increased erosion. With continued population increase and
development which does not often fully consider the future risk of sea level rise and
climate change, 480,000 people and $100 billion in property stand to be at risk of
flooding by 2100 (PHI 2016).

In the USA, the impacts of sea level rise are well studied (Brown et al. 2011).
However, with continued population growth and many people living in high-risk,
coastal locations, the potential exists for significant physical, health, social, eco-
nomic, and environmental consequences on both individuals and communities espe-
cially in coastal areas countries (Alderman et al. 2012).

3 Sea Level Rise and Health

Sea level rise represents a significant public health concern (Watts et al. 2015). Glob-
ally, low-income communities are often most vulnerable to the impacts of hazards
as recovery is dependent upon coping capacity, institutional power relations, and
availability of resources (Rufat et al. 2015). In the USA, low-cost flood insurance
that does not fully consider the rising sea incentivizes risky land development along
the coast (Cleetus 2013). Land-use policy often does not adequately account for
long-term risk but rather focuses on short-term economic benefit.

With projected changes to sea level, the added volume of water will increase
the probability of severe flooding. Compound hazards associated with sea level rise
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can put community members at risk of water-borne diseases, reduce food security,
increase stress-related disorders, and contribute to massive displacement of people.
According to the NOAA, flooding is expected to occur more frequently in the com-
ing decades because of climate change and sea level rise (NOAA 2019). Research
has linked flooding and health issues, such as water-borne diseases; respiratory dis-
eases, such as asthma; vector-borne infections; skin rashes; malnutrition (Rose and
Akpinar-Elci 2015; Reponen et al. 2010); and psychological issues such as depres-
sion, emotional trauma, and anxiety (Akpinar-Elci et al. 2018; Bei et al. 2013). After
floods, many communities and houses are left damp, which often results in molds
and moldy smells. These have been associated with increased incidence of respira-
tory diseases (Rose and Akpinar-Elci 2015; Mendell et al. 2011) and a reduction in
quality of life (Reponen et al. 2010). Furthermore, as sea level rises and intrudes on
freshwater aquifers, populations dependent on these reservoirs will experience an
increased risk for hypertension and diarrheal diseases (Vineis et al. 2011). Sea level
rise also impacts hazardous waste management. Sea level rise would place waste
management sites in the floodplain, exacerbating the impacts of a storm or landfall
tropical storm. Exposure to toxic waste can increase the risks of toxicity of the liver
and kidney as well as cause cancers (EPA 2018).

Sea level rise plays a role in the displacement of people. Following Hurricane
Katrina, 800,000 Louisiana residents were displaced (Kent 2006). While Hurricane
Katrinawas not caused by climate change, the probability of extreme events increases
with a warming climate. With higher waters, storms may inundate more inland loca-
tions not historically prone to flooding.Additionally,massmigrations from low-lying
island communities may result. For example, the island of Salomon has experienced
some of the highest rates of sea level rise since 1993—an increase of more than 8mm
per year (Australian Bureau of Meteorology and CSIRO 2011). This has led to an
increase in the frequency and intensity of flooding in the villages, forcing people to
relocate to other islands. The displacement of individuals has led to disharmony in
communities and between families. In assessing the perceptions of residents, Asug-
eni et al. (2015) found that many people were fearful of the future with respect to
rising sea level and flooding. Citizens were worried about food security, the inability
to mitigate saltwater intrusion, and the uncertainty of where to live in the future
(Asugeni et al. 2015). Salomon is not alone. As coastal communities around the
world cope with the impacts of climate change and sea level rise, some are faced
with migration concerns (Schulte et al. 2015). Globally, Geisler and Currens (2017)
estimated that by 2060, 1.4 billion people could be displaced as a result of climate
change. The potential displacement of people is one reason the U.S. Department of
Defense considers climate change a threat multiplier (Banusiewicz 2014).

4 Impacts on Coastal Wetlands and Biodiversity

In addition to the health implications of sea level rise, reduced biodiversity is also
of concern. In coastal regions, the changes in sea level combined with development



Sea Level Rise and Coastal Communities 177

and agricultural production are the most critical long-term causes of the changes
in biodiversity. With future projections in sea level rise, ecosystems of low-lying
islands are at high risk of being submerged, leading to significant biodiversity loss.
Species rely on such environments for habitat, food, and migration routes. In total,
70% of the world’s wetlands are in coastal regions and include salt swamplands,
mangrove woodlands, and sludge flats. Salt marsh wetlands are highly vulnerable
and very susceptible to changes in the environment (Spencer 2018).

Spencer et al. (2016) developed a model to assess the biophysical and socioeco-
nomic impacts of sea level rise and wetland environments. The study estimated that
up to 59% of all coastal wetlands would be inundated if the sea level rose 50 cm.
Under a higher sea level rise scenario (110 cm), the statistic would increase to 78%.
Since 1932, Louisiana has lost 5,197 km2 of land (USGS 2017). While the changes
in the landscape are attributed to both climate and non-climate factors, the reduc-
tion has compounding impacts on local fisheries and critical infrastructure along the
coast. With exponential increases to sea level projected, the landscape changes will
also likely intensify.

Additionally, changing the acidity, temperature, or overall composition of water
threatens estuarine and coral environments which are highly diverse and important
for local identity, food sources, and tourism.

5 Socioeconomic Impacts of Sea Level Rise

Compared tomore inland locations, coastal communities aremore densely populated
and rapidly growing in population (Neumann et al. 2015). Additionally, more people
are living in andmigrating to urban locations than ever before (UN 2014). The ability
for cities to maintain healthy environments requires a proactive approach in planning
for climate change and sea level rise impacts. The issue remains also synergies with
sustainable development goals.

Individuals live near the coast for a variety of reasons. Marine and estuary envi-
ronments provide valuable resources for seafood production, and global commerce
relies upon transportation routes and historic port cities. Sea level rise projections
pose significant costs to individuals, local municipalities, and the interconnected,
global economy. One study estimated the cost of storm surge and sea level rise to
exceed $990 billion for the USA (Neumann et al. 2015). Infrastructure including
roadways, drainage systems, homes, and businesses may need retrofitting or recon-
structed to be resilient to the impacts of sea level rise. Some locations may not have
the capacity to address such a financial burden. Reinforcing the shoreline—through
green or concrete structures—comes at a large economic cost, depending on the
type of protection. Often, the price tag is beyond the means of many developing
countries. In addition, the cost of insuring and inspecting these structures can be
unsustainable. For example, the Caribbean region suffered significant damage in the
1980s and 1990s. As a result, many insurance companies withdrew from providing
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coverage in the region, which led to the remaining companies raising their prices and
incorporating higher deductibles (IPCC 2013).

As populations migrate to urban, coastal locations, increased demand for housing
adds stress to development. The increase in the frequency or intensity of flood-related
events could adversely affect the built environment of many coastal communities,
especially in countries with limited capacity.

6 Adaptation and Mitigation

Many strategies exist designed to reduce risk associated with the impact of sea level
rise. These strategies include mitigating the causes (e.g., reducing greenhouse gases
(GHG) emissions) and/or adapting to the consequences. This section provides a
snapshot of possible solutions to addressing risk and reducing vulnerability related
to sea level rise.

Multiple opportunities exist in reducing GHG from diet modifications, improv-
ing the efficiency of products, transforming the energy sector from fossil fuels to
renewables, or developing a carbon fee or cap-and-trade program. Together, these
individual and collective efforts reduce the amount of greenhouse gases emitted into
the atmosphere.

Long-term development strategies that utilize scientific evidence are needed to
address the challenges of sea level rise. Adaptation measurements included man-
aged retreat, construction of dikes and sea walls, investment in green infrastructure
and nature-based solutions, improved drainage infrastructure, and revising zoning
strategies. No one solution exists in addressing the issue, and thus, cross-disciplinary,
cross-national cooperation is required.McLeman (2018) writes about migration with
dignity. Acknowledging that some locations may not be inhabitable, developing and
incentivizing managed retreat strategies may be a method by which worst-case chaos
may be averted. The management of this across geopolitical boundaries remains an
area of future research.

The Multihazard Mitigation Council (2017) showed that for every dollar spent on
proactively planning and risk reduction, $4 are saved in the long-term recovery. Local
governments can reduce risk by designating non-habitable zones and discouraging
development in high-risk areas. Minimizing assets in high-risk zones eliminates the
economic cost in recovery.

Efforts to address the challenges of sea level rise require worldwide collaboration
and localized strategies. Located in the Chesapeake Bay in Virginia, Tangier Island
faces similar challenges to other coastal communities (Gertner 2016). However,
the strategies designed to improve resilience for Tangier Island may not work for
other coastal communities such as Bangladesh. Comparing the two locations, the
political and economic structures are quite different. Locally focused adaptation
strategies are important as successful implementation will require cooperation and
trusting partnerships. Technical assistance and capacity building should help themost
vulnerable prepare for the future impacts of sea level rise. Organizational support
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and international research will be essential in building capacity and reducing the
impact of sea level rise on our coastal communities, well-being, and global economy.
In addition to the transformation of the energy sector, the economic and political
discourse surrounding the science of sea level rise must also be considered.

7 Monitoring and Impact Assessments

Coastal regions in the USA are main centers for economic, social, ecological and
environmental, and cultural development. To address the challenges faced by coastal
areas due to sea level rise, it is essential to have a social conversation and political
support to determine the future of coastlines (Allen et al. 2018). These conversations
include a good understanding of future predictions and regional variabilities, the
storm patterns, what type of monitoring measures is economically sound do not put
a burden on the local economies. Agreements should involve all stakeholders and
their active participation with decision-makers. For example, a significant portion of
Florida’s tourism depends on its natural resources, and the constant inundation of the
shoreline in addition to anthropogenic pressures only increases the likelihood of their
degradation. To address these issues, the South Florida Regional Planning Council
started a dialogue with decision-makers and city planners. The Council adopted a
multi-sector collaboration strategy tomonitor and assess the impacts of sea level rise.
The work team’s focus is to develop a timely health impact assessment to ensure that
human health is considered as a component of any adaptation measures (Bloetscher
et al. 2016). Someof these solutions include protecting sewage systems, raising roads,
improving stormwater management, and creating seawalls. Tomakemore informed,
evidence-driven decisions to address the wide range of impacts, the Council used
data collected through monitoring and surveillance tools. Many tools have been
developed and are satellite-based to collect meaningful information that gives us a
broader understanding of the issue. Jason-3, a US-European oceanography satellite
was launched in 2016 tomonitor sea level rise (NASA 2016). Such innovations allow
for improved resolution inmodeling and are useful for evaluating risk at a finer-scale.

In the USA, NOAA has developed a program called Sea Level Rise Viewer which
storehouses data, photos, and maps to visualize and compare sea level rise scenarios
along the coast of the USA (NOAA 2018a, b). This viewer is a web-based visualiza-
tion and planning tool that provides a community-level analysis as to the impacts of
sea level rise. In addition, HAZUS-MH is a tool employed by the Federal Emergency
Management Agency (FEMA) that provides a risk-based approach to disaster and
risk mitigation, emergency preparedness, and recovery by identifying and display-
ing hazards and vulnerabilities (FEMA 2018). By incorporating demographic and
community-level data, HAZUS serves as a data management system and used to
support risk decision-making by estimating potential losses from natural hazards.
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8 Summary Statement

Coastal regions are directly affected by recurrent flooding, loss of biodiversity, and
storm damage exacerbated by sea level rise. To adequately prepare for the impacts,
individual citizens, community leaders, and policymakers must address the causes of
climate change and sea level rise while identifying the multi-sector risks associated
with the consequences. At present, research has established the health and socioeco-
nomic impacts of sea level rise on coastal communities in the USA, yet capacity to
address the challenges is still limited. This hinders the assessment of coastal impacts
and future predictions. Therefore, further research may continue to synergize across
disciplines and geopolitical boundaries to address these deficiencies.
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Storm Surges, Heavy Rain and Strong
Wind: Impacts of Tropical Cyclone
Winston in Fiji—Focus on Health

Helene Jacot Des Combes

Abstract On February 20th, 2016, tropical cyclone (TC) Winston, a category 5
cyclone, hit Fiji, affecting more than half the population of the country and leaving
behind damages worth more than 30% of the GDP of the country. The health sector
alone suffered damages and losses amounting to FJ$13.9 million, corresponding to
the damage or destruction of 88 health facilities out of 214. One characteristic of this
cyclone was the importance of damages caused by the storm surge associated with
the cyclone in some areas. This is extremelyworrying in a changing climate andmore
specifically the context of sea-level rise, and studies indicate that climate change has
an influence on cyclones and storm surges although it is still difficult to precisely
quantify it. TCWinston had important impacts on health and on the health system in
Fiji. A total of 44 casualties were recorded, and more than 120 people were injured,
including 45 who were hospitalized. Cases of diarrheal diseases, leptospirosis and
typhoid were observed and monitored, but actions were taken and there was no
large outbreak after the cyclone. This chapter provides general information about
TC Winston, then presents the specific impacts of the storm surge associated with
TC Winston and discusses the influence of climate change, and the last sections
details and discusses the impacts of TC Winston on health in Fiji.

1 Introduction—Tropical Cyclone Winston in Fiji

The tropical disturbance TD09F, which would become tropical cyclone (TC) Win-
ston, was first observed between Fiji and Vanuatu on February 7. The system evolved
into a category 1 cyclone and was named Winston on February 11, 2016, by the
Regional Specialised Meteorological Centre (RSMC) based in Nadi, Fiji. The cate-
gory 1 cyclone was located west of Fiji and was moving southwards. On February
14th, TC Winston turned northeast and stayed north of Tonga on the 17th. At that
stage, most of the forecasts indicated it would continue northeast, but it turned back
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and started to move westward and reached category 5 on both the Australian Tropical
Cyclone and Saffir-Simpson intensity scales by February 19th. TC Winston made
a landfall in Fiji on February 20th (Fig. 1), with maximum sustained 10-min wind
speed estimated at 204 km/h (110 kt) near its center (Fiji Meteorological Services
2016a, b) but maximum gust wind speed was recorded at 303 km/h (Government
of Fiji 2016). TC Winston also brought heavy rain to Fiji, with accumulated rainfall
over February 20th and 21st reaching 479 mm at Nadarivatu, in the north of Viti
Levu, close to the cyclone’s path, compared to the long-term average rainfall for
February based on the 1971–2000 period which stands below 300 mm. This heavy
rain over a short time period generated flooding in several locations in Fiji although
the main urban centers were not affected (Fiji Meteorological Services 2016b).

Not only was TC Winston a very intense cyclone but it made a direct landfall to
Fiji, the eye passing just between the two main islands of Vanua Levu (north) and
Viti Levu (south) where the capital city Suva is located. This led a large part of Fiji
to sustain the maximum wind speed over 100 km/h and in some areas up to over
150 km/h (Fig. 2). This resulted in a significant part of the population, infrastructure
and environment of Fiji exposed to these strong winds (Fig. 3).

The consequences of the direct landfall of a category 5 cyclone in Fiji were
disastrous for the country. Forty-four people were killed, twenty-seven hospitalized,
one hundred and seventeen injured, four hundred eighty-five thousand and thirty lost
the livelihood of the family breadwinner, and a total of five hundred forty thousand
four hundred and fourteen were affected. In May 2016, damages were estimated at
more than FJ$1.5 million and the losses at more than FJ$1.3 billion. The total of
over FJ$2.85 billion corresponded to one-fifth of Fiji’s 2014 GDP (Government of

Fig. 1 Tropical cyclone Winston observed (black spirals) and projected (pink spirals) path. Source
Joint Typhoon Warning Centre (2016)
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Fig. 2 Map of modeled wind speed during tropical cyclone Winston path through Fiji between
February 19 and 22, 2016. Source Government of Fiji (2016)

Fiji 2016). All economic sectors were affected although the agriculture sector alone
suffered damages and loss accounting for FJ$542 million, while damages and loss
in the health sector amounted to FJ$13.9 million (Government of Fiji 2016).

The government declared the state of emergency for all four divisions on Febru-
ary 20th. The nine national humanitarian clusters coordinated the government
in its response to the event and different national, regional and international orga-
nization and governments supported Fiji in the response and reconstruction phases
(Government of Fiji 2016).
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Fig. 3 Tropical cycloneWinston path through Fiji and potential affected population as of February
23rd, 2016. The cyclone on the Australian Tropical Cyclone Intensity Scale is indicated by the
figure at the center of the spiral. Source Fiji Ministry of Health and Medical Services and WHO
(2016)

2 TC Winston Storm Surge and Waves and Their Impacts

With an atmospheric pressure of 930 hPa measured at the center of the cyclone on
February 19, a storm surge was expected to affect the coastal areas of Fiji during TC
Winston (Fiji Meteorological Services 2016a). Contrarily to the Australian Tropical
Cyclone intensity scale, the Saffir-Simpson Hurricane scale indicates a range of
height for storm surges associated with tropical cyclones of different categories. For
category 5, whenwinds are stronger than 249 km/h, the USNationalWeather Service
from the National Oceanic and Atmospheric Administration indicates that the storm
surge can be higher than 5.5 m (18 ft). However, the actual height of a storm surge is
controlled by local parameters such as bathymetry and flow bottom friction (Bastidas
et al. 2016). Another important parameter is the influence of storm size (in particular
its radius) on the height of storm surges. When this parameter is included in the
model to predict storm surges, there is a better correlation with the observed surges
in the USA (Irish et al. 2008). There is no such study conducted in the Pacific so far
but it could be useful for early warning systems to get a more precise prediction of
storm surges.

Reports on the characteristics of TC Winston include precise information on
the wind speed and amount of rainfall; however, there is no precise information
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on the height of the associated storm surge, although it has been recognized that
the storm surge was responsible for a significant part of the damages observed in
different locations around Fiji; in particular Koro and Vanua Balavu Islands and
the southern coast of Vanua Levu where the seawater reached 200 m inland in some
locations (Government of Fiji 2016). This significant storm surge generated damages
on infrastructure and coastal vegetation and plantations (Fig. 4). Marine ecosystems
such as coral reef which are known to protect the coast were also damaged by the
storm surge (Government of Fiji 2016).

The intensity of TC Winston and its occurrence, one year after TC Pam, another
category 5 cyclone which affected Vanuatu, Tuvalu and Kiribati in 2015 led to the
question of the influence of climate change on the intensity and/or frequency of
these “super cyclones” and the attribution of their characteristics (e.g. Emanuel 2005,
2017; Knutson et al. 2010; Terry and Lau 2018; Tukayabu et al. 2015). This question
was very relevant in the case of TC Winston due to the regional context. Climate
change has been recognized since the mid-1990s by all leaders of the Pacific Small
Islands Developing States (PSIDS) as a very serious threat for their development
and even, in the case of the low lying atoll countries like Tuvalu, Kiribati or the
Republic of the Marshall Islands, as a threat to their mere existence, leading to the
inclusion of climate change adaptation and mitigation in two major frameworks for
the region: the Framework for Pacific Regionalism in 2014 and the Framework for
Resilient Development in the Pacific in 2016 (Pacific Community et al. 2016; Pacific
Islands Forum Secretariat 2014). There is thus an intense activity of observation
and monitoring of climate change impacts in the region, with a special focus on the
impact of sea-level rise. The question was also raised in response to the succession

Fig. 4 Picture of Vatulele Village, north-eastern extremity of Koro Islands after TCWinston. Koro
was one of the most affected small islands in Fiji, where most of the damages were caused by strong
wind (185 km/h) and the storm surge. Source Fiji National Disaster Risk Management Office (n.d.)
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of intense tropical cyclones (categories 4–5) in the region before 2016, including
(but not limited to): TC Pam (cat. 5 in 2015 in Vanuatu), TC Ian (cat. 4, in 2014 in
Tonga), TC Evan (cat. 4 in 2012 in Samoa and Fiji) and TC Tomas (category 4 in
2010 in Fiji). In this context, the two questions on TC Winston and climate change
were: Was the frequency of these intense cyclones the result of climate change? Was
sea-level rise partly responsible for the height of the storm surge associated with TC
Winston?

In response to the first question, although recent studies have shown that model
results indicate and increase in the frequency of intense cyclone due to climate change
(e.g., Sugi et al. 2016; Backmeister et al. 2018), globally by an average of 25–30%
per °C of global warming (Holland and Bruyère 2013), there is a large regional
variability and the frequency is expected to decrease in the South Pacific Basin (Sugi
et al. 2016).

With regards to the second question, a recent study of super typhoon Haiyan in the
Philippines, comparing the models of the storm surge associated with this cyclone in
a changing climate with the storm surge associated with a similar cyclone in a pre-
industrial environment, indicated that up to 20%of the height of the storm surge could
be attributed to climate change (Takayabu et al. 2015). This supported the findings
of a study conducted in Bangladesh which concluded that sea-level rise of 0.3 m
and increased sea surface temperature by 2 °C would increase the area inundated by
a storm surge by about 15% (Karim and Mimura 2008). However, a study on the
strength of the waves associated with TCWinston based on the displacement of coral
boulders on the coasts indicated that the waves for TC Winston reached up to 10 m
high with an associated flow around 14 m/s but were not unprecedented and were,
in fact, comparable to those generated by TC Tomas (cat. 4) in 2010 (Terry and Lau
2018). It seems thus likely that climate change, and in particular sea-level rise, will
increase the height and the intensity of storm surges associatedwith tropical cyclones,
widening the inundated areas and generating more damages. Even if comparable
events were observed in the previous 400 years, the extent of coastal development
since then, both in terms of population increase and infrastructure building, would
significantly increase the risks in the coastal region of Fiji.

3 Impacts on Health

In terms of direct impacts, the number of casualties was 43 on March 10th, 2016
but increased to 44 on March 18th (Fiji Health and Nutrition Cluster 2016a, b). On
March 10th, 126 peoplewere reported injured, 45were hospitalized as a direct conse-
quence of TCWinston, probably due to trauma caused by collapsed structures, debris
carried by strong winds or near drowning. These cases were treated in the different
health structures, and tetanus shots were also provided to limit the risk of contracting
the disease (Fiji Health and Nutrition Cluster 2016a). However, tetanus being part
of the national childhood immunization program, coverage in 2013 was estimated
to be above 95% and 74% for maternal tetanus toxoid; a part of the population,
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including elderlies who were not included in the childhood program, remains at risk
though (Fiji Ministry of Health and Medical Services and WHO 2016). A total of
19,812 people were displaced (Fiji Health and Nutrition Cluster 2016a). This figure
decreased to 4,299 onMarch 18th, and 361 onMarch 29th (Fiji Health and Nutrition
Cluster 2016b, c).

The high number of displaced people, sheltered in 557 evacuation centers,
caused worry on the higher risk of secondary impacts due to living in overcrowded
conditions. In such situation, the risk of transmission of communicable diseases,
such as acute respiratory infections, measles and rubella, diarrheal disease (bac-
terial and viral), hepatitis A, Leptospirosis, meningococcal disease and typhoid,
increases (Fiji Ministry of Health and Medical Services and WHO 2016). Chil-
dren under 5 are particularly at risk, especially from acute respiratory infection and
diarrheal disease, as was observed after the floods in Honiara and Guadalcanal,
Solomon Islands, in 2014 which were followed by a diarrheal epidemic affect-
ing more widely children under 5 who had 20 more chances to contract the dis-
ease than older children (Fiji Ministry of Health and Medical Services and WHO
2016). One of the priorities of the Fijian authorities and of the Health and Nutrition
Cluster was to limit the secondary impacts as much as possible. These secondary
impacts are generally attributed to three main causes: lack of proper nutrition, in
particular for children below 5, lack of access to clean water, and life in overcrowded
conditions in shelters (FijiMinistry of Health andMedical Services andWHO2016).
A few case suspicions of measles were recorded after TC Winston (Fiji Health and
Nutrition Cluster 2016b) and several cases of conjunctivitis were recorded in Suva
(Fiji Health and Nutrition Cluster 2016c).

The reduction in the public health risks associated with TC Winston comprised
different actions which built on public health programs in place before the cyclone.
A specific Early Warning Alert and Response System (EWARS) was put in place to
monitor risks of transmission of communicable diseaseswith 33 stations participating
onMarch18(FijiHealth andNutritionCluster 2016b).Among the diseasesmonitored
by the EWARS was acute or bloody diarrhea, expected to be caused by bacterial
since the other potential cause, rotavirus, vaccination, has been part of the national
childhood immunization program since October 2012, thus limiting the risks of a
large outbreak (Fiji Ministry of Health andMedical Services andWHO 2016). Some
clusters of diarrhea were observed in Keiyasi and other badly affected areas (Fiji
Health andNutritionCluster 2016b; FijiMinistry ofHealth andMedical Services and
WHO 2016). Priorities identified to be addressed by the first appeal to international
aid included: supporting the delivery of health services to all people, procurement
and distribution of urgent and essential medical products such as treatment and
vaccines and provide children andmaternal care aswell as address the risk of sexually
transmissible diseases (FijiMinistry ofHealth andMedical Services andWHO2016).

In addition to diarrheal disease, leptospirosis and typhoid were monitored by
EWARS. Leptospirosis had been observed after the floods in Fiji in 2012 when
576 cases were reported with 7% fatalities (Lau et al. 2016). Although there were
some concerns for the Navua area on March 19th, no cases were observed after TC
Winston (Fiji Health and Nutrition Cluster 2016b). A typhoid outbreak of 35 cases
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was observed after TC Winston in the villages of Qelekuro and Nabulini on the
north-east part of Viti Levu, the main island of Fiji but no fatalities were observed.
This outbreak was explained by a worsening of the environmental conditions due
to the cyclone in an area of high seroprevalence of antibodies against Salmonella
enterica, one of the bacteria responsible for typhoid fever (de Alwis et al. 2018).
To address this outbreak, twenty thousand doses of typhoid vaccine have arrived in
Fiji for outbreak prevention and control, if indicated in line with the typhoid fever
vaccination strategy that has been finalized by the Public Health Intervention group
(Fiji Health and Nutrition Cluster 2016d).

Vector-borne diseases such as dengue, zika and chikungunya were also monitored
after TC Winston since several of these diseases are present in Fiji. On March 19th,
71 cases of dengue-like disease (fever, rash, edema of the hands and feet, joint
and muscle pain) were reported from Lautoka, west of Viti Levu (Fiji Health and
Nutrition Cluster 2016b) and on April 9th, 15 cases of Zika had been confirmed (Fiji
Health and Nutrition Cluster 2016d). Prevention measures to limit the proliferation
of mosquitoes were implemented to limit further spreading of these diseases.

Malnutrition was a serious problem in some areas after TCWinston, in particular
for children under 5. On March 9th, a total of 15 malnutrition cases were recorded,
12 mild and 3 severe ones which were treated at divisional hospitals (Fiji Health
and Nutrition Cluster 2016a). The number of cases increased to 26 on March 29th
(Fiji Health and Nutrition Cluster 2016c). To address this issue, food ration contents
were reviewed, micronutriment powder was distributed and a nutrition specialist
joined the staff of the Fiji Ministry of Health and Medical Services for three months
after TC Winston (Fiji Health and Nutrition Cluster 2016c, d). The cyclone had
a significant impact on local fisheries which provide fish to schools, limiting the
supply of proteins to the children (World Conservation Society 2016). Several cases
of malnutrition were observed on Koro Island. Because of the damages caused by
the cyclone on this island, the terrestrial food sources were damaged or destroyed by
strong wind, heavy rain and storm surge which also led to a contamination of the soil
by saltwater (Government of Fiji 2016). In addition, coastal fisheries in Koro were
very badly affected by the cyclone, for example around 96% of the fishing boats in
Koro were destroyed, affecting the food supply of the households, 92% of which
depends on local fisheries for subsistence and leading to a decrease in the amount
of fish delivered to the local school to 0% (World Conservation Society 2016). The
cyclone also had a longer impact on livelihoods in Koro since 50% of their income
came from Kava farming which was completely destroyed after the cyclone (World
Conservation Society 2016). The situation regarding food supply was difficult and
there was some evidence of young girls offering sexual services in exchange for food,
thus increasing the risk of sexually transmitted diseases and of violence. A system
of food vouchers was established by the government to facilitate food supply for all
affected people (Government of Fiji 2016).

A total of 8,466 people received psychological first aid after TCWinston. Training
of trainers workshops was organized by the Ministry of Health andMedical Services
to support the deployment of staff in all areas of Fiji, and more than 300 nurses were
trained to provide psychological help (Fiji Health and Nutrition Cluster 2016b, d).



Storm Surges, Heavy Rain and Strong Wind: Impacts of Tropical … 193

Persons with disabilities were also affected by TC Winston. A survey was con-
ducted by UNICEF and the Pacific Disability Forum on a sample of 963 people. The
findings indicate that 13.6% of children with disabilities were in need of psychologi-
cal aid, and that specific first aid kits and dignity kits were needed to ensure a level of
hygiene preventing the development of diseases. It was also noted that a significant
number of persons with disability did not go to the shelter during Winston, either
because there were accessibility issues or because of the lack of security (Pacific
Disability Forum and UNICEF 2016).

4 Impacts on the Health System

The damages and loss faced by the health sector in Fiji amounted to FJ$13.9 mil-
lion and corresponded to the damage or destruction of 88 health facilities out of
214, including clinics (Table 1). The damages included damage to the infrastructure
themselves, loss of medical supplies, interruption of telecommunications, road and
sea transportation and disruption of water and energy supplies. For example, parts of
the main hospital in Fiji were flooded (Canyon 2017). Priority requests to partners
included the procurement of vaccine cold chains (Fiji Health and Nutrition Clus-
ter 2016a). Despite these damages, the priorities were the establishment of medical
care centers to treat the different medical emergencies and to ensure the continuous
care for patients with chronic diseases or infections (Fiji Health andNutrition Cluster
2016a). However, some of the main health facilities were able to reopen and function
normally relatively rapidly after the cyclone (Canyon 2017).

To face the needs to treat the population after the cyclone, retired nurses were re-
engaged to support the medical teams deployed in the country (Government of Fiji
2016). Despite the support for the extra personnel, it was sometimes difficult to send
medical personnel in affected areas because of the lack ofmeans of transportation and
because the safety of the first responders and other personnel on the ground needed
to be ensured (Fiji Health and Nutrition Cluster 2016a). However, one public health
outreach programwas organized with the support of the extra nurses and another one
was carried in mid-March.While the Eastern Division of Fiji was fully covered, 85%
of the villages and 84% of the settlements were visited in the Northern Division and
96% of the villages and 82% of the settlements were visited in the Western Division
(Fiji Health and Nutrition Cluster 2016b).

The reconstruction of the health infrastructures was expected to cost around FJ$31
million to ensure that all health facilities are fully operational. The most important
costs for the reconstruction covers the relocation of some facilities in less exposed
areas, the reconstruction of damaged facilities and the provision of drug and supplies
(Government of Fiji 2016). In addition to these costs, FJ$59 million are needed to
make the sector more resilient to climate change and disasters in the long term. Costs
planned for this building-back-better include the retrofitting of existing facilities,
build back better the destroyed facilities and the costs associated with the relocation
of facilities (Government of Fiji 2016).
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5 Conclusions

TC Winston caused devastation in Fiji in February 2016, leading to an important
loss of lives and catastrophic socio-economic consequences. The health sector faced
important damages and losses and struggled to continue to care for the health of
Fijians in the aftermath of the cyclone. In some places, such as Koro island, strong
winds, heavy rain and high storm surges combined to destroy infrastructures and food
sources for coastal villagers. This destruction had long-term impacts and affected
food security and several malnutrition cases were recorded on the island. The mag-
nitude of the cyclone and its associated impacts raised the question of the influence
of climate change and sea-level rise in the frequency and intensity of these extreme
events. Although new studies focus on the attribution of cyclones to climate change,
it is still difficult to precisely quantify the influence anthropogenic climate change
has on cyclones. The high number of people seeking shelter in the evacuation centers
increased the risk of secondary outbreak of diarrheal, acute respiratory diseases and
vector-borne diseases that were already present in Fiji such as typhoid, dengue or
leptospirosis. Although some cases were observed in the most affected areas or in
urban environment, the monitoring and treatment of these cases prevented the gen-
eration of large outbreaks of these diseases. Malnutrition was closely monitored as
well as vector-borne disease and campaigns of reduction of mosquito populations
were conducted in the months after the cyclone. A total of 88 health facilities were
damaged or destroyed, out of the 214 located in Fiji, for a total of FJ$13.9 million.
Infrastructures damages, issues with power and clean water supply were the biggest
problems, and there was a need to procure system to ensure the continuity of cold
chain for vaccines against the secondary diseases. However, these difficulties were
addressed so the health of Fijian could be supported as best as possible under the
circumstances. The reconstruction of the health infrastructure, including building
back better for a more resilient health sector to climate change and extreme events,
is expected to cost FJ$ 90 million, but it is considered an important investment due
to the vulnerability of the country to these issues.
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Extreme Weather Events and Health
Responses in Taiwan

Li-San Hung and Mei-Hui Li

Abstract In this study, epidemiological studies on the effects of temperature-related
andwater-related extreme events on health in Taiwanwere reviewed. Results of stud-
ies on the effects of temperate-related extreme events on health have varied because
of the different indices used and diseases targeted; however, overall, these studies
suggest that extreme low-temperature events generate greater mortality risk than do
extreme high-temperature events, although health consequences from extreme high-
temperature events cannot be ignored. With regard to health consequences from
water-related extreme events, most related studies have focused on the association
between floods and excessive rainfall, caused mainly by typhoons, with morbidity
and mortality. Results of numerous studies have suggested that floods and excessive
rainfall increase the risk of various diseases, especially water-borne, vector-borne
and food-borne diseases.

Keywords Climate change · Urban areas · Cardiovascular diseases · Kidney
disease · Infectious diseases · Cold surges

1 Introduction

Taiwan is located at the border that delineates tropical and subtropical regions; the
island’s annual average ambient temperature is above 20 °C, and its annual rainfall
is approximately 3000 mm (Huang et al. 2016). Average temperatures in Taiwan
have risen by 1.4 °C between 1911 and 2009, and it is approximately twice the
increase in global surface temperature (0.74 °C; Hsu et al. 2011). The median near-
surface temperature change has been estimated at between 2.1 and 2.4 °C based on
the projected 2080–2099 average minus the 1980–1999 average (Hsu et al. 2011).
Additionally, in the future, Taiwan may experience increased rainfall in the wet
season and less rainfall in the dry season (Hsu et al. 2011). Studies have suggested
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that extreme temperature and water events seriously affect morbidity and mortality
(Cann et al. 2013; McMichael et al. 2006). Accordingly, the effects of temperature-
related and water-related extreme events on health in Taiwan warrant examination.
This chapter summarizes the effects of temperature-related andwater-related extreme
events on health based on the findings of epidemiological studies of Taiwanese cases
conducted over the past 25 years and particularly since 1994.

2 Temperature-Related Extreme Events

No universal definitions of heat waves or cold surges have been established. Accord-
ing to the World Meteorological Organization, a heat wave is defined as a period of
more than 5 consecutive days where the daily maximum temperature exceeds the
average maximum temperature by at least 5 °C. However, this definition is not suit-
able in Taiwan because conditions where the daily maximum temperature exceeds
the average maximum temperature by 5 °C occur infrequently. An official definition
of a heat wave has still not been determined for Taiwan. The most common method
to establish specific thresholds involves selecting the tail of distributions for extreme
temperatures. Diurnal temperature range (DTR—the difference between maximum
and minimum temperatures) is one of the derived variables applied in studies of
climate change or extremes.

Lu et al. (2012) analyzed climate variation and change based on records gath-
ered from 1911 to 2009 from six meteorological stations (Taipei, Taichung, Tainan,
Hengchun, Taitung and Hualien) (Fig. 1). The threshold for an extremely hot day
from June to August was defined as one with temperatures reaching the 90th per-
centile of the probability distribution of the 99-year daily temperatures recorded at
each station. The annual numbers of extremely hot days have increased at all six
stations over the preceding 99 years (Lu et al. 2012). Among the aforementioned six
stations, the Taipei station is located in the most urbanized area and the records from
this station exhibited the steepest trend in temperature increase, with 1.4 extremely
hot days per decade over the preceding 100 years and 4 extremely hot days per
decade over the preceding 30 years. Moreover, the number of extremely hot days
between 2000 and 2009 was more than 10 greater than that for 1911–1920 at the
Taipei station. By contrast, the annual number of extremely hot days was highest
for the periods of 1950–1960 at the Tainan station and 1955–1965 at the Hengchun
station (Lu et al. 2012). In addition, data from these six stations revealed that the
frequency and intensity of cold surges decreased because of the effects of warming
from 1911 to 2009 (Lu et al. 2012). Cold surges were defined in relation to the fol-
lowing temperature changes: (1) the rank of the daily minimum temperature within
a 48-h temperature drop was higher than the 90th percentile, or (2) the percentile
rank of the daily minimum temperature was lower than the 10th percentile at each
station (Lu and Lee 2009).

Shiu et al. (2009) analyzed hourly meteorological data collected at 26 meteoro-
logical stations in Taiwan from 1961 to 2005. The decreasing trends in DTR were
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Fig. 1 Locations of mentioned meteorological stations, urban areas and regions in this study
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significant at most stations. The decrease of DTR was largest in major urban areas
and smaller in smaller cities. In the study of Kueh et al (2017), a 95th percentile
threshold was used as the standard to identify hot extremes over a period of con-
secutive days. These authors examined heat waves in Taiwan and their relevance to
the anomalous western North Pacific subtropical high by performing dynamically
downscaled simulations based on observations from 1979 to 2003 as well as sim-
ulations for 2075–2099. Heat waves are projected to be more severe in the future;
in addition, daily minimum temperatures are expected to be high, and the DTR is
expected to be relatively large. Lin et al. (2017) studied climate change based on
heat waves that occurred from 1971 to 2010 in three major cities of Taiwan—Taipei,
Taichung and Kaohsiung (Fig. 1). In that study, a heat wave was defined as daily
maximum air temperature in the 95th percentile for more than 3 consecutive days
during the study period; the results revealed that from 2001 to 2010, heat wave tem-
peratures in Taipei and Kaohsiung significantly increased by 0.6 °C, and heat wave
events or numbers of days and duration also increased. Moreover, the researchers
calculated the wet-bulb globe temperature heat stress for the aforementioned three
cities from 2003 to 2012 and simulated thewarming scenario for 2075–2099 by using
ECHAM5/MPIOM-WRF (ECW) with dynamic downscaling and 5-km resolution.
Their simulation results indicated that heat stress in the three cities will exceed or
approach the danger level by the end of the current century. In summary, the afore-
mentioned studies have indicated that the effects of dangerous heat stress on public
health are expected to increase and require more attention in Taiwan.

3 Temperature-Related Mortality and Morbidity

Increased mortality and morbidity due to extreme temperature events are recognized
as a major global public health challenge. Cardiac failure, stroke, and respiratory
infections are expected to increase with exposure to cold extremes. Additionally,
elevated temperatures and more frequent and prolonged hot days may induce health
complications such as heat stroke, heat exhaustion and exacerbation of health con-
ditions in people with obesity, cardiovascular disease, respiratory disease and dia-
betes mellitus (Turner et al. 2012; Bunker et al. 2016). In Taiwan, many island-wide
epidemiological studies have been conducted to identify vulnerable regions that
exhibit links between socioeconomic factors and susceptibility to extreme tempera-
ture events. Urban areas also exhibit critical vulnerabilities under extreme weather
events. Therefore, some studies have assessed extreme temperature events and health
complications in urban areas. The following subsections are organized around the
two types of studies, namely urban-area-focused and island-wide studies, in their
presentations of epidemiological evidence regarding the health effects of extreme
temperature events in Taiwan.
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3.1 Health Responses to Extreme Temperature Events
in Urban Areas

Several studies have investigated health responses associated with extreme tempera-
ture events in four major cities (Taipei, Taichung, Tainan and Kaohsiung) in Taiwan
(Fig. 1). Lin et al. (2011) revealed that elderly individuals exhibited the lowest overall
mortality when the temperature was 26 °C from 1994 to 2003; this finding suggests
that low temperatures may have caused greater mortality than high temperatures
through the aggravation of circulatory diseases. Lin et al. also discovered that mor-
tality risk slightly increased under more intense and prolonged heat extremes but did
not increase under more intense or prolonged cold extremes. In another study by the
same research team, low temperatures were associated with greater risk of mortality
from cardiovascular diseases than were high temperatures from 1994 to 2007 (Lin
et al. 2013a). Wang et al. (2012) evaluated emergency room visit (ERV) risk for all
causes and independently for cardiopulmonary disease associated with long-lasting
extreme temperatures from 2000 to 2009. Low temperatures were associated with
a slightly higher risk for circulatory-disease-related ERVs than were high tempera-
tures. After accounting for the 4-day cumulative temperature effect, the ERV risks
for all causes and respiratory diseases independently were associated with extreme
cold in the 5th percentile that lasted for > 8 days and that in the 1st percentile that
lasted for > 3 days. In addition, the first extreme heat event reaching the 99th per-
centile temperature for each year was associated with higher ERV for all causes and
circulatory diseases.

Sung et al. (2013) adopted a daily mean heat index that combined temperature and
relative humidity to predict the risk of mortality in populations from six major cities
(Keelung, Taipei, Taichung, Tainan, Chiayi and Kaohsiung) in Taiwan from 1994
to 2008 (Fig. 1). In all six cities, significantly higher risk ratios of daily mortality
were found when the daily mean heat indices were at and above the 95th percentile
compared with the risk ratios associated with the lowest percentile. The increased
risks were similar among individuals aged 65 years and older in the five largest cities
but not among those in the least urbanized area, namely Chiayi.

3.2 Factors of Vulnerability to Extreme Temperature Events
in Island-Wide Studies

In Taiwan, all deaths are reported to the township and district household registry
offices. Socioeconomic and demographic variables for each township may be esti-
mated using data from the Department of Health and the Taiwanese government’s
census report. Chen et al. (2010) examined the nonstationary effects of social deter-
minants on cardiovascular mortality between 1997 and 2003 for 349 townships in
Taiwan (the nine townships from the four offshore islands were excluded). Their
results revealed that an immediate increase in cardiovascular mortality occurred



202 L.-S. Hung and M.-H. Li

after each cold surge. Five social determinants, namely social disadvantage, lack
of economic opportunity, stability, vulnerable groups and rurality, exhibited spatial
nonstationary effects on cardiovascular mortality rates after cold surges. This find-
ing provided an empirical basis for developing public health programs with local
emphasis on the effects of extreme cold. The same research team (Wu et al. 2011)
used spatial regression models to examine the relationships among the spatial char-
acteristics of temperature, extracted factors from demographic and socioeconomic
parameters, and mean cardiovascular mortality in all 358 of Taiwan’s townships
2 weeks before and after cold and heat events. The study results indicated that urban
areas were associated with substantially lower mortality than were rural areas after
cold and heat events that occurred from 1994 to 2003. Compared with heat events,
cold events exerted greater effects on mortality ratios in most townships. Further-
more, a negative associationwas found betweenmortality after extreme cold and heat
events and urbanization or medical resource availability. High percentages of older
people, vulnerable groups and aborigines in certain township populations might have
contributed to the high vulnerability of township populations to extreme cold and
heat events.

Based on geographical and socioeconomic characteristics, several studies have
examined the association of health effects and extreme weather in seven regions of
Taiwan (Fig. 1) from 2000 to 2008. Lin et al. (2013b) examined the association of
hospital admissions for kidney disease in relation to extreme and prolonged heat and
cold events. The effect of hot temperatures on kidney-disease-relatedmorbidity lead-
ing to hospital admission was more significant than that of cold temperatures but the
additional adverse effects were weak for prolonged extreme heat events. Wang and
Lin (2014) evaluated ambient temperatures and extreme temperature events’ associ-
ations with risk of outpatient visits for asthma, and chronic airway obstruction not
elsewhere classified (CAO). The results indicated that elderly patients with respira-
tory disease and CAO were vulnerable to temperatures of 30 °C and higher, whereas
younger patients associated with all types of respiratory diseases were vulnerable
to temperatures of 18 °C and below. Elevated numbers of outpatient visits for all
respiratory diseases and asthma were associated with events of extreme heat lasting
for 6–8 days. Conversely, events of extreme cold lasting for more than 8 days were
significantly negatively associated with outpatient visits for all respiratory diseases.
Lin et al. (2015b) analyzed the all-cause and cardiovascular disease mortality risks
associated with regional ambient temperatures for the same period. The mortality
risks were greater during low temperatures than high temperatures, especially that
from cardiovascular disease. These results are in agreement with the results of studies
from other subtropical (Ou et al. 2013) or tropical area (Xuan et al. 2014). People
living in tropical or subtropical regions are probably experienced a higher mortality
risk or health effects to cold temperature than those living in cold regions. It suggests
cold-related mortality is also an important public health problem and should not be
underestimated on temperature-attributable mortality and morbidity.
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4 Water-Related Extreme Events

Global climate change is expected to influence the global frequency, intensity and
duration of extreme water-related events such as droughts, storm surges, floods, and
excessive rainfall (Cann et al. 2013). Extreme rainfall events may increase the risks
of pathogen transmission in the environment through bodies of water (Chen et al.
2012). Such events can increase water turbidity and lead to gastrointestinal illness
(Hunter 2003). Exposure to contaminated water, moist soil, and vegetation after
typhoon or flood events may lead to various infectious diseases such as leptospirosis
and melioidosis (Chiu et al. 2009; Ko et al. 2007). Extreme water-related events are
likely to bemore severe in the future (Hsu et al. 2011), and this will likely increase the
number and intensity of public health challenges that the public and private sectors
must address.

Several studies have examined the historical patterns of precipitations in Taiwan
and have used climate models to predict future precipitation scenarios. Tung et al.
(2016) used a probability index (PI) to evaluate changes in extreme rainfall between
1960 and 2009 in Taiwan. For the PI, the cumulative density function of a generalized
extreme value distribution was used to fit and standardize the annual daily maximum
precipitation (RX1 day). Although the RX1 day is a popular index for representing
extreme rainfall events, it is sensitive to outliers and difficult to apply to large areas.
In their study, Tung et al. divided Taiwan into four regions: north, center, south and
east. Their study results indicated that no distinct linear trend occurred for decadal
change in any of the four regions before the year 2000. That study also projected
future extreme rainfall events based on RCP4.5 and RCP8.5. The RCP8.5 scenario
predicted that the PI will increase 10% by 2065 and 14% by 2100. Huang et al.
(2012) investigated the effects of climate change on rainfall frequency in Taiwan
based on five Intergovernmental Panel on Climate Change climate models under the
Special Report on Emission Scenario A1B. The change in the frequency of events
of maximum consecutive dry days and events of maximum 1-, 2- and 3-day rainfall
for 1980–1999 and 2080–2099 were observed. The results indicated that the risk of
droughts and floods in Taiwan is likely to increase in 2080–2099. Additionally, water
resources are likely to be more unevenly distributed in the future. Chen et al. (2009)
investigated the historical trends of meteorological drought in Taiwan based on data
obtained from 22 climate stations. Their study suggested that since 1960, incidence
of meteorological drought has decreased in northeastern Taiwan but increased in
central and southern Taiwan. In addition, the results revealed that the number of dry
days has increased.

5 Water-Related Mortality and Morbidity

Water-related climate events include droughts, storm surges, floods and excessive
rainfall. Few studies have examined the relationships between drought events and
mortality and morbidity in Taiwan, especially with regard to the influence of climate
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change. In the present study, we focused on the available literature concerning the
associations of floods with excessive rainfall, mortality and morbidity in Taiwan.
Many annual flood events and excessive rainfall events in Taiwan are caused by
typhoons during summer and fall. Between 1958 and 2016, approximately 4,388
people were reported as missing or dead and approximately 15,010 people were
reported as wounded because of typhoons (Central Weather Bureau 2018). A pre-
liminary study on the 1,556 deaths attributed to typhoons in Taiwan between 2000
and 2014 suggested that the work-related deaths therein were mostly related to out-
door activities such as farming and fishing, and the non-work-related deaths were
mostly associated with inundation in people’s homes and landslides (Chang 2016).

At least two studies have investigated the relationships between water-related
extreme events and incidences of several infectious diseases in Taiwan. Chen et al.
(2012) studied the effects of extreme precipitation on the distribution of eight
infectious diseases, both water-borne and vector-borne, across the main island
of Taiwan from 1994 to 2008. The infectious diseases studied were hepatitis A,
enteroviruses, bacillary dysentery, leptospirosis, melioidosis, scrub typhus, dengue
fever and Japanese encephalitis. The results indicated that daily precipitation lev-
els were significantly correlated with incidences of all of these infectious diseases
in Taiwan. For water-borne diseases, extreme torrential precipitation, defined as >
350 mm/day, was correlated with higher relative risks for bacillary dysentery and
enterovirus infections compared with an ordinary precipitation level, defined as <
100 mm/day. Regarding vector-borne diseases, the relative risk of dengue fever and
Japanese encephalitis increased with greater precipitation only up to 350 mm/day.
Huang et al. (2016) investigated the incidences of flood-related diseases of the eyes,
skin and gastrointestinal tract in Taiwan between 1998 and 2008; the study results
suggested that the ratios of disease incidence within 10 days after flood events to
10 days before the events were 1.15 for eyes, 1.08 for skin and 1.11 for the gastroin-
testinal tract after covariates had been controlled for.

Several studies have investigated the relationships between extreme rainfall events
and the incidence of intestinal infections such as those involving Vibrio para-
haemolyticus and diarrhea-associated diseases. Hsiao et al. (2016) studied the effects
of climate variation on Vibrio parahaemolyticus infection outbreaks in Taiwan
between 2000 and 2011. The study results indicated that the level of maximum
daily rainfall (current and one month ago) significantly and negatively affected the
incidence ofVibrio parahaemolyticus infection. Pathogen concentrations in estuaries
may have been diluted during heaving rainfall, thereby reducing levels of contam-
ination in fish and other seafood; this may explain the study results. However, a
study by Chou et al. (2010) suggested that heavy rainfall was positively correlated
with the incidence of diarrhea-associated diseases in Taiwan. The authors used the
number of days of extreme rainfall as the indicator of heavy rainfall, and their results
suggested that extreme rainfall dayswere strongly related to diarrhea-associatedmor-
bidity in Taiwan between 1996 and 2007. Specifically, the authors discovered that
extreme rainfall days were significantly correlated with diarrhea-associated morbid-
ity in young adults (15–39-year-olds) but not in children (0–14-year-olds) or older
adults (40–64-year-olds).
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Health consequences after the strike of typhoons were widely discussed. Chiu
et al. (2009) reported that a hospital in Taiwan admitted six patientswith serologically
confirmed cases of leptospirosis between 2004 and 2008. All six patients had been
in contact with contaminated soil or water, likely from typhoon-associated floods
and heavy rainfall. Thus, the authors suggested that people must be educated about
how not to come into contact with contaminated water or soil and to wear protective
clothing and footwear in areas of suspected contamination during typhoon season.Ko
et al. (2007) reported an outbreak of 40 cases ofmelioidosis that followedwidespread
flooding in southern Taiwan caused by Typhoon Haitung, which hit on July 16, 2005.
That study also confirmed that melioidosis is endemic in Taiwan.

Several diseases were reported after the struck of Typhoon Morakot, which had
record-breaking rainfall over southern Taiwan in the past 50 years (Chien and Kuo
2011), in August 2009. These diseases included leptospirosis (Lin et al. 2012; Su
et al. 2011) andmelioidosis (Su et al. 2011). Lin et al. (2013c) discussed the epidemi-
ological characteristics of lower extreme cellulitis occurrence after floods caused by
Typhoon Morakot in 2009. The researchers found that the number of patients with
cellulitis increased from 183 to 344 during the 30-day period after the typhoon. In
another study, Lin et al. (2015a) investigated the risk factors for post-flood infec-
tious diseases among people displaced by Typhoon Morakot in Taiwan. Among the
288 studied samples, seroconversion of Entamoeba histolytica was observed in 128
participants (44.4%). A significantly higher rate of seroconversion was identified
in the shelter group (56.1%) than in the community group (36.8%). A few cases
of vaccine-preventable diseases of measles, mumps and rubella were also found in
both the community group and shelter group. These results suggest that a clean water
supply is crucial for the management of post-disaster situations, and vaccination pro-
grams should be extended to populations at high risk of post-disaster displacement.

6 Conclusion

This chapter reviews the health consequences of extreme weather-related and water-
related events in Taiwan for the past 25 years. The results suggested that overall, in
Taiwan, extremely low-temperature events have resulted in greatermortality risk than
have extreme high-temperature events, while extreme high-temperature events have
increased in higher risk for several kinds of diseases, such as kidney-related diseases
and cardiovascular diseases. Besides, floods and excessive rainfall are associatedwith
increased incidences of various diseases, especially water-borne, vector-borne and
food-borne diseases. Mitigation of these negative effects remains a critical topic for
Taiwanese society. Taiwan’s temperature is likely to increase. In addition to focusing
on the health effects of extreme temperature events, the public and private sectors
in Taiwan may be required to increase their attention on the health consequences
associated with water-related extreme events.
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Extreme Weather and Climate Events
and Occupational Health in Thailand

Uma Langkulsen and Desire Rwodzi

Abstract Background Extreme weather and climate events impact public health in
multiple ways and extreme heat is one of the major environmental challenges for
public health in Thailand. Objective We assessed the effects of heat stress on occu-
pational health among agricultural workers who are exposed to the heat at different
levels for both males and females in different age groups. We further investigated
the responses to extreme heat among the government agencies. Methods A cross-
sectional study was used to identify heat exposure situations that create heat stress-
related health risks. The question guidelines have been developed to assess occupa-
tional heat impacts in the study site and used semi-structured interviews to describe
how agricultural workers experience heat exposures where they work. TheWet Bulb
GlobeTemperature (WBGT) index and temperaturesweremeasured byWBGTmon-
itors in both winter and summer. Twenty-nine participants aged 24–76were recruited
to the study. Results All participants had one or more signs and symptoms of heat
stress; however, they had concerns about work-related heat stress prevention. Out-
door WBGT was found to be highest between 11:00 AM and 11:59 AM, and 13:00
PM and 13:59 PM in winter and summer, respectively. Our findings revealed that
study sites had heat indices necessitating extreme caution, where sunstroke, muscle
cramps, and/or heat exhaustion were possible with prolonged exposure. Conclusions
A heat health warning system is essential to reduce the negative impacts of extreme
weather.
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1 Introduction

A clear manifestation that the global climate has changed over the past half-century
is the increased frequency and duration of extremeweather events such as heat waves
around the world (McMichael et al. 2006). Extreme weather events have made the
risks associated with exposure to high ambient temperatures a major public health
concern. Several epidemiological investigations have linked exposure to high ambi-
ent temperatures with heat stress in humans, culminating in morbidity and mortality.
Heat stress occurs when a person’s surrounding environment, clothing and activity
interact in a manner that forces the body temperature to rise (Health and Safety
Professionals Alliance: HaSPA 2012; Parsons 2014). The rate of metabolic heat pro-
duction leads to a rise in body core temperature (Jay and Brotherhood 2016). Heat
stress has had its toll on human populations in a variety of settings across the world.
There is enough evidence to characterize the temperature on morbidity and mortal-
ity relationships (Bai et al. 2014; Gasparrini et al. 2015; Hajat and Kosatky 2010;
Jackson et al. 2010; Metzger et al. 2010; Tawatsupa et al. 2014; Ye et al. 2012). The
heterogeneity in heat-relatedmorbidity andmortality between populations could also
be explained by population density, gross domestic product (GDP) as well as age
distribution (Hajat and Kosatky 2010).

Both acute and chronic effects of heat stress on human health arewell-documented
(Xiang et al. 2014). Acute effects include deterioration of concentration and fine
motor skills, and heat exhaustion may start to manifest within a rise in core body
temperature of 2 °C (HaSPA 2012). Prolonged heat exposure causes chronic diseases
affecting the kidney, liver, heart, digestive system, nervous system, skin and respira-
tory system, as well as sleep disorders, and alterations in gestational length (Baccini
et al. 2008;HaSPA2012; Tawatsupa et al. 2012). Furthermore, prolonged exposure to
heat threatens the thermoregulatory system of outdoor workers and causes significant
productivity loss in occupational settings (Langkulsen et al. 2010). HaSPA (2012)
revealed that dehydration of 1–2% of body weight results in a 6–7% reduction in
physical work rate. In Thailand, working under heat stress was associated with both
worse overall health and psychological distress (Tawatsupa et al. 2012). In addition,
vector-borne diseases are also prevalent among workers who work at dawn or dusk
to avoid heat stress (Bennett and McMichael 2010).

Most of the evidence from epidemiological studies of extreme temperatures has
been done in North American and European populations (Hajat and Kosatky 2010;
McMichael et al. 2006). These populations are in temperate-developed countries,
whereas little has been studied about the effects of hot and humid weather in tropical
countries such as Thailand, where temperatures are expected to rise even further
under global climate change (Tawatsupa et al. 2014). Because of its geography and
stage of economic development, Thailand is one of the countries that is experienc-
ing a substantial increase in temperature over recent years. Thailand’s annual mean
maximum temperature increased significantly from 1951 to 2017 by approximately
1 °C (Thai Meteorological Department 2018a). Chronic illnesses such as diseases
of the circulatory system and diseases of the respiratory system, which have been
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linked to excessive heat exposure, have also become a serious public health issue as
they are among the top five leading categories of cause of death in Thailand (Strat-
egy and Planning Division 2018). Morbidity rates induced by the effects of heat and
sunlight exposure (International Statistical Classification of Diseases and Related
Health Problems 10th Revision: ICD 10 T67) of the Thai population for the whole
kingdom (excluding Bangkok Metropolis) rose from 2.42 per 100,000 population
in 2013 to 4.61 in 2016, and decreased by 0.22 per 100,000 population in 2017.
Children aged 10–14 and the elderly (aged 60 years and above) are the most affected
by heat and sunlight; based on occupational groups, agricultural and farm workers
are disproportionately affected, as substantiated by their morbidity rates (Ministry
of Public Health 2018).

2 Climate Variability and Extreme Heat in Thailand

The map in Fig. 1 shows the annual average maximum temperature across Thailand
from 2012 to 2016. The dataset was produced by theWeather Forecast Bureau of the
Thai Meteorological Department. During March to May 2013, the daily maximum
temperatures exceeded 40 °C in ten stations are shown in Table 1. The maximum
temperature of the year 2014 was 41.8 °C at Thoen in Lampang province and at
Mueang in Mae Hong Son province on March 31 and April 24, respectively (Thai
Meteorological Department 2018b).

In 2015, the maximum temperature in several areas of Thailand reached a new
record. Based on the annual mean temperature data, there was an increase of 0.8 °C

Fig. 1 Annual averagemaximum temperature inThailand, 2012–2016.SourceThaiMeteorological
Department, 2017
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Table 1 Description and location of meteorological stations

No. Station name Province Region Latitude Longitude Temperature
(°C)

1 Sakon
Nakhon
Agromet

Sakon
Nakhon

Northeastern 17.7.0 104.3.0 41.0

2 Burirum Burirum Northeastern 15.13.0 103.14.0 41.2

3 Bangkok
Metropolis

Bangkok
Metropolis

Central 13.43.35 100.33.36 40.1

4 Aranyaprathet Sa Kaeo Eastern 13.42.0 102.35.0 40.3

5 Nong Phlub
Agromet

Prachuap
Khiri Khan

Southern
East Coast

12.35.0 99.44.0 40.8

6 Phichit
Agromet

Phichit Northern 16.26.17 100.17.33 40.7

7 Tha Phra
Agromet

Khon Kaen Northeastern 16.20.0 102.49.0 42.6

8 Kamalasai Kalasin Northeastern 16.19.57 103.35.18 41.8

9 Roi Et
Agromet

Roi Et Northeastern 16.4.0 103.37.0 41.2

10 Chai Nat
Agromet

Chai Nat Central 15.9.0 100.11.0 41.6

Source Thai Meteorological Department

above normal for all months, with the annual mean temperature of 27.9 °C. The
Thai Meteorological Department reported that 2015 was the second warmest year
in 65 years of record-keeping, following only 1998. Similarly, the annual mean
temperature for 2016 was 28.0 °C, and the mean temperature was above normal by
more than 1 °C. The mean temperatures over Thailand were 2.2 °C above normal
duringApril and 1.8 °C above inMay. Several areas of Thailand have the new highest
recorded maximum temperature (Thai Meteorological Department 2018b).

3 Health Impacts of Extreme Heat

Given the paucity of studies on the subject, particularly in populations residing in
hot and humid environments, we aimed to investigate the effects of heat stress on
agricultural workers in Thailand.
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3.1 Methods

3.1.1 Study Design

A cross-sectional study design was used to examine the relationship between climate
variables and health status in a natural occupational setting exposed to heat.

3.1.2 Study Area

Pathum Thani province is located in the central part of Thailand and occupies
1525.856 km2 (Pathum Thani 2018) as shown in Fig. 2. The province is consist-
ing of seven districts include Mueang Pathum Thani, Thanyaburi, Khlong Luang,
Lam Luk Ka, Lat Lum Kaeo, Sam Khok, and Nong Suea. Lat Lum Kaeo district had
the highest number of rice farming households and a rice planting area of 84,896 rai
(Pathum Thani Agricultural Provincial Extension Office 2018). The study area of
paddy in Lat Lum Kaeo district in Pathum Thani province was selected purposively.

This province was selected for the study because the average rice yield is 758 and
754 kg/rai in crop year 2011/2012 and 2012/2013, respectively (Office of Agricul-
tural Economics 2016). In addition, the provinces in Thailand are officially grouped
into four levels, based on rice production potential; Pathum Thani province was
considered to be R1 as the rice production potential is more than 550 kg/rai (Rice
Department 2018).

The climate of Pathum Thani province is governed by twomonsoon winds, which
originate from the northeast between mid-October and mid-February, and the south-
west from mid-May to mid-October. In 2011, the average daily temperature ranges
from 20.8 to 33.6 °C, a mean annual temperature of 28.6 °C, average daily humidity
of 75.1%, and mean annual rainfall of about 1530 mm (Pathum Thani Provincial
Office 2018).

3.1.3 Study Participants

Sample size calculation is not required for this qualitative research, 29 rice farmers
of Lat Lum Kaeo district were included in the study. The standard approach for in-
depth interviews as well as standard practice for estimates of interviews was applied.
Inclusion criteria were agricultural workers aged 20 and 80. The exclusion criteria
were a refusal to give informed consent. All participants provided written informed
consent prior to their participation in the study.
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Fig. 2 Location of the study area

3.1.4 Interviews

The study on occupational health was conducted on 29 participants in Pathum Thani
province. The question guidelines were first developed in English by the Hothaps
team (High Occupational Temperature: Health and Productivity Suppression)
under the Hothaps program for climate change impact assessment and prevention
(Kjellstrom 2012). The guidelines were then translated into Thai and tested to ensure
they are phrased the right way. We formulated 7 parts regarding (1) general informa-
tion; (2) type of work; (3) heat exposure at work; (4) impacts of heat on health; (5)
impacts on work activities and productivity; (6) heat prevention approaches; and (7)
heat exposure outside of work.
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Fig. 3 WBGT monitor in
paddy at Lat Lum Kaeo
district

3.1.5 WBGT Measurements

The data collection took place between January and May 2012. Wet Bulb Globe
Temperature (WBGT) heat stress index is used in the assessment of the effects of
a wide range of outdoor weather conditions on human responses. Heat exposures
were monitored at three locations in a paddy where rice farmers normally worked
for 10 consecutive days, using QUESTemp° 34 Monitor (Quest Technologies Inc.)
made in the USA as shown in Fig. 3. These locations represent the heat exposure
that working rice farmers experience outdoors.

3.1.6 Data Analysis

The hourly data were presented as time trend graphs based onWBGTmeasurements.
Comparisons of dry season (winter and summer) measurements were made in this
study. The collected data were analyzed using SPSS 23.0 for Windows. Descriptive
statistics are used in the study to describe the characteristics of participants.

3.1.7 Ethical Approval

This study was approved by the Human Research Ethics Committee of Thammasat
University (No. 2) (Number of COA 010/2554).
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Table 2 Description of the participants

Variablesa Age group of participant

< 60 years of age (n = 25) ≥ 60 years of age (n = 4)

Male, n (%) 22 (88) 1 (25)

Mean age, years ± SD 42.4 ± 11.1 68.2 ± 5.8

Work experience, year average 24.6 55.0

Signs and symptoms of heat stress,
n (%)

Excess sweating 25 (100) 4 (100)

Feeling thirsty 25 (100) 4 (100)

Heat rash 10 (40) 4 (100)

Tiredness and exhaustion 25 (100) 4 (100)

Feeling faint 5 (20) 4 (100)

Moody 17 (68) 4 (100)

Insomnia 13 (52) 2 (50)

Nausea 11 (44) 3 (75)

Dizziness 15 (60) 3 (75)

Headache 20 (80) 3 (75)

Muscle cramps 14 (56) 3 (75)

Heat exposure reduce work output,
n (%)

14 (56) 2 (50)

Aware of any safety standards
regarding heat, n (%)

14 (56) 2 (50)

aSD = Standard deviation

3.2 Results

3.2.1 Characteristics of Study Participants

A total of 29 participants were enrolled in the study and the mean age was 46.0 years
(SD = 13.8). The group of participants was comprised of 23 males (79.3%) and
6 females (20.7%). The mean work experience was 28.8 years (SD = 17.3; range
3–60). Rice cultivation activities include preparation of fields, transplantation, field
maintenance, and harvesting. Participants are exposed to heat and work in outdoor
environments of a hot climate.Adescription of the participants is presented inTable 2.

3.2.2 Impacts of Heat on Health

In terms of signs and symptoms of heat stress, both age groups reported experiencing
excess sweating, feeling thirsty, tiredness and exhaustion while working or spending
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time outside. Headaches were reported by 75–80% of those interviewed in both age
groups, as shown in Table 2.

3.2.3 Impacts on Work Activities and Productivity

In the age group 60 years and older, all participants reported heat exposure impacts
on work activities during work on hot days. Among them, only half reported work
output and productivity decreases for each crop.

Among participants less than 60 years of age, most participants (76%) reported
heat exposure impacts on work activities, and 11 (57.9%) of the 19 participants
reported work output and productivity decreases as shown in Table 2.

3.2.4 Heat Prevention Approaches

Participants less than 60 years of age were more aware of any safety standards
regarding heat than the participants aged 60 years and older, as shown in Table 2.
Participants reported that methods tomanage heat stress conditions included increas-
ing the number of rice farmers over summer, longer workdays, earlier starts, split
shifts, regular breaks, lighter protective clothing, active rehydration, and more time
in the shade.

3.2.5 Heat Exposure Outside of Work

Participants were also asked about heat exposure outside of work. Only 11 partici-
pants less than 60 years of age (44%) reported heat exposure at home or during travel
to and from work affecting their health, while participants aged 60 years and older
reported that heat exposure outside of work did not affect their health.

3.2.6 Exposure Results

In winter, the outdoorWBGT data for 10 consecutive days from 6:00 AM on January
10 to 5:59AMon January 20, varied from 19.2 to 36.7 °C, with an average of 25.5 °C.
Relative humidity (RH) ranged from 28.0 to 100%, with an average of 74.9%. The
ambient temperature (Ta) ranged from 20.7 to 42.5 °C, with an average of 27.2 °C
as shown in Figs. 4 and 5.

In summer, the outdoor WBGT data for 10 consecutive days from 6:00 AM on
May 11 to 5.59 AM on May 21, varied from 20.9 to 36.3 °C, with an average of
28.2 °C. RH ranged from 28.0 to 100%, with an average of 76.8%. The ambient
temperature ranged from 24.2 to 41.4 °C, with an average of 30.2 °C as shown in
Figs. 6 and 7.
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Fig. 4 WBGT, temperatures, and RH variation in winter 2012, January 10–15. (Dry bulb temper-
ature = Ta, globe temperature = Tg, natural wet bulb temperature = Tnwb)

Fig. 5 WBGT, temperatures, and RH variation in winter 2012, January 16–20. (Dry bulb temper-
ature = Ta, globe temperature = Tg, natural wet bulb temperature = Tnwb)

The outdoor WBGT was found to be highest during 11:00 AM and 11:59 AM in
winter and during 13:00 PM and 13:59 PM in summer. RH was high at midnight and
in the early morning and decreased after sunrise, as shown in Figs. 4, 5, 6, and 7.

The number of days in which the heat index categorized as extreme caution
(32–41 °C) (NOAA 2018) is 4 days in winter and 10 days in summer as shown in
Table 3.
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Fig. 6 WBGT, temperatures, andRHvariation in summer 2012,May 11–16. (Dry bulb temperature
= Ta, globe temperature = Tg, natural wet bulb temperature = Tnwb)

Fig. 7 WBGT, temperatures, andRHvariation in summer 2012,May 17–21. (Dry bulb temperature
= Ta, globe temperature = Tg, natural wet bulb temperature = Tnwb)



220 U. Langkulsen and D. Rwodzi

Table 3 Heat indices in
paddy in dry season, 2012

Winter Heat index
(°C)

Summer Heat index
(°C)

January 10 26.4 May 11 38.1

January 11 26.8 May 12 36.6

January 12 27.1 May 13 36.4

January 13 27.4 May 14 35.9

January 14 31.3 May 15 36.0

January 15 32.0 May 16 33.6

January 16 34.1 May 17 35.1

January 17 33.3 May 18 39.5

January 18 33.7 May 19 35.4

January 19 32.9 May 20 39.5

4 Responses to Temperature Extremes

4.1 Response from Ministry of Natural Resources
and Environment

The Department of Environmental Quality Promotion (DEQP) collaborated with
the Thai Meteorological Department for developing an interpretation of heat index
(HI) program for Thailand. This program was developed on Microsoft IIS (Internet
Information Server) and uses temperature and relative humidity data that display by
province in Google Maps application, as shown in Fig. 8. This program covered 50
meteorological stations in Thailand that users can choose to display as both map and
satellite images.

Four categories for the heat index included caution, extreme caution, danger, and
extreme danger as shown in Table 4. Heat index exceeding 54.5 °C can lead to
extreme danger, including heat stroke.

4.2 Response from Ministry of Public Health

In 2017, the Health Impact Assessment Division under the Department of Health
developed a heat health warning system for Thailand based on threshold tempera-
tures. Morbidity data used in this project from 2010 to 2015 were sourced from the
Strategy and Planning Division under the Office of the Permanent SecretaryMinistry
of Public Health. This project obtained meteorological data from 2006 to 2015 from
the Thai Meteorological Department. Threshold temperatures by region of Thailand
range from 38.23 to 39.97 °C, which are the lowest temperatures that can affect
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calculator

Display in 
Google Map

Fig. 8 Flow of interpretation of heat index program

Table 4 Heat index category Category Heat index (°C)

Caution 26.7–32.2

Extreme caution 32.2–40.6

Danger 40.6–54.5

Extreme danger Over 54.5

human health in Thailand. The heat health warning system for Thailand has 4 risk
levels: surveillance, alert, warning, and danger, as shown in Table 5.
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Table 5 Criteria of heat
health warning system for
Thailand

Level Risk level Temperature (°C)

1 Surveillance Less than 38.1

2 Alert 38.1–40.0

3 Warning 40.1–43.0

4 Danger Over 43 for 3 consecutive days or
over 45

5 Discussion

5.1 Most at-Risk Populations

For assessment of an individual’s thermal environment, six basic factors are essen-
tial. These include environmental (ambient air temperature, radiant temperature, air
velocity, humidity), and personal factors (clothing insulation and metabolic heat)
(HaSPA 2012). Previous studies in Europe and North America have reported posi-
tive associations between heat waves and mortality, with elderly persons especially
women being the most affected (McMichael et al. 2006). This is particularly true
among the elderlywith diminishedphysiological capacity for thermoregulation.Chil-
dren and homeless persons are also vulnerable to heat stress, particularly because of
the greater time spent outdoors (IPCC 2014). Outdoor workers and those who work
in hot environments, such as farmers, firefighters, construction workers, miners, and
factory workers, also have elevated the risk of heat-stress-induced morbidity and
mortality (HaSPA 2012). Due to urban heat island (UHI) effects, people in urban
environments are at much greater risk of heat stress than those in non-urban regions
(McMichael et al. 2006). Heat-relatedmortality rates differ from place to place, and a
number of factors could be responsible. These may include the unexpected duration
and intensity of a heat wave, lack of readiness of health care and social systems for
such an event, the non-existence of intervention plans and the absence of effective
technical solutions (Koppe et al. 2004).

5.2 Physiological Responses to Heat Exposure

According to the homeostatic mechanism, the maintenance of a constant internal
environment is the body’s natural response to any heat impact on the body, whether
from external environment conditions or because of work performed by the individ-
ual. HaSPA (2012) reported that the most effective way of regulating body tempera-
ture during an episode of intense heat is via evaporation of sweat. Prolonged exposure
to heat stress eventually leads to heat acclimatization, which basically refers to the
physiological changes that make the body accustomed to a hot environment (HaSPA
2012).
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5.3 Temperature Warning Thresholds

Questions regarding the best meteorological indicators to predict heat-related excess
mortality and the best warning thresholds remain unanswered; hence, setting up of
heat warning systems is beset with difficulties (Pascal et al. 2013). Nevertheless,
heat warning systems remain a key component of any heat prevention plan, and the
choice of indicators and thresholds is critical as they determine the timelines and
effectiveness of the warnings. Evaluating the effectiveness of heat warning systems
is problematic in that the systems can only go as far as educating the public, yet
it is the decisions that individuals make that largely determine their vulnerability.
Thus it is challenging to predict with accuracy the number of lives saved (Sheridan
and Kalkstein 2004). Heat warnings, however, should always strive to target the
whole population, especially vulnerable groups and institutions that are responsible
for their welfare. It is unfortunate that most governments do not perceive heat as a
major problem, mainly because of the predominantly simple measures people can
take to mitigate heat effects (Koppe et al. 2004).

5.4 Intervention Strategies to Prevent Heat-Related Illness

Several long-term intervention strategies have been proposed. These include the con-
version of energy by using solar systems for heating and cooling, reducing the number
of vehicles in cities to lessen the urban heat island effect, and themaintenance of high
levels of heat acclimatization by adopting an active lifestyle with properly adjusted
climatic exposure (Koppe et al. 2004). Options to address heat-related morbidity and
mortality may include warning systems linked to response strategies, and also urban
planning and improvements to the built environment to reduce heat stress (IPCC
2014).

6 Conclusions

In conclusion, heat health warning systems are important for reducing the harm-
ful effects of extreme weather and climate events. Government and stakeholders
require appropriate mechanism to effectively improve health and address the social
determinants of health equity in Thailand.
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Extreme Events, Disasters, and Health
Impacts in Indonesia

Budi Haryanto, Fatma Lestari and Triarko Nurlambang

Abstract Extreme weather events caused by climate change may destroy many
components of environment and facilities, direct physical harm, loss of income,
psychological stress, and other direct and indirect human health. In Indonesia, 80%
of disasters due to climate change during 1998–2018 which were dominated by
flooding (39%), heavy wind/storm (26%), landslides (22%), and drought (8%). In
2017, there were 2263 events, and 198 of these events are considered as health crisis.
There were 305,837 person impacted and 198 deaths, major injuries 2314 person,
minor injury 63,578 person and refugee 243,691 person in 2017. The estimated
impacts cost to the economy is about IDR 132 trillion (approximately US $ 8.8
billion) in 2050 as the consequences.

Keywords Climate change · Extreme events · Disasters · Health impacts ·
Economic costs

1 Background

Some studies claimed that the occurrence of extreme weather events has a significant
connection with climate change (Rosenzweig et al. 2001; Scott et al. 2013), such as
heavy rainfall, heat waves, storm and many others leading to severe disasters such
as flooding and drought. Heavy rainfall frequently happened in tropical climate as a
mechanismofwater evaporation from the land and sea, and eventually returns toEarth
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as rain and snow. Climate change intensifies this cycle because as air temperatures
increase, more water evaporates into the air. In nature, warmer air holds more water
vapor which is contributing to an increase in the average annual amount of rain and
snow in some places and creating more intense rainstorms in others. The result is
major problems like extremeflooding in communities around theworld.Additionally,
at the same time, sea levels are rising faster than at any time in almost 3000 years,
and its worsening coastal flooding globally.

The United Nations Environmental Program estimates that half of the world’s
population lives within 60 km (about 37 miles) of a coast—and three-quarters of all
major cities are on a shoreline. At the same time that some areas are experiencing
more intense precipitation, others are experiencing more drying and even drought.
In urban, suburban, and agricultural areas, this runoff can pick up pollutants from the
landscape—including sewage from overwhelmed single-pipe systems—and carry
them to nearby rivers and other waterways, including reservoirs. On the other end
of this same spectrum, periods of drought, enhanced evaporation, and decreases in
overall annual rainfall result in reduced water levels in streams, rivers, and lakes.
This leaves less water to dilute even relatively common pollutants—and eventually
less water to irrigate crops or drink.

Amajor drought can have serious consequences for people’s livelihoods, affecting
everything from agriculture and transportation to public health. And of course, all
of this has some major implications for food security and supplies of drinkable
water. Then there are consequences of severe drought in worsening forest fires.Many
deaths from extreme events and natural disasters occur in developing countries. For
Indonesia, climate change increases the risk of both heavy rains and extreme droughts
and causes massive health impact (BNPB 2018a, b). The character and severity of
health impacts from climate extremes depend not only from the extremes themselves
but also on exposure and vulnerability (IPCC 2012).

2 Indonesia’s Vulnerability

Indonesia is amongst the countries with the highest disaster risk globally. This risk
is driven by the country’s high exposure to a range of geophysical and hydro-
meteorological hazards, combined with grave vulnerabilities resulting from pop-
ulation growth, unequal economic development, urbanization, a lack of social and
environmental considerations within development processes, and other drivers. Dis-
asters caused by environmental hazards are becoming increasingly costly and severe
in Indonesia (Djalante and Thomalla 2012).

Indonesia is regarded as the second-ranking country after Bangladesh for highest
disaster risks in the world (Malpecroft 2010) and is known for its vulnerability
against disasters. The country’s reputation for disaster risk is intricately related to its
unique geographic characteristics. Indonesia is an archipelago consisting of around
17 thousand large and small islands that stretches along the equator (RBI-BNPB
2016). The country has 1.95 million km2 of land mass and 3.26 million km2 of
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water (5.21 million km2 in total). Indonesia’s regional geographic characteristics
have an intrinsic functional tie to its geological and climatological characteristics.
These characteristics in turn magnify the country’s vulnerability towards hydro-
climatological disaster events or extreme weathers. These events will likely rise in
occurrence in the future, along with increasing population and centralized migration
patterns to potentially vulnerable areas, mainly along coastlines (Lestari et al. 2017a,
b, c).

While climate-related disasters occurred more frequently and affected more peo-
ple, geological disasters were the deadliest. Recent publications on climate change
risks indices such as the World Risk Index (Buendnis Entwicklung Hilft and UNU-
EHS 2011) or the Global Climate Risk Index (Germanwatch 2011) and vulnerability
indices such as the Climate Change Vulnerability Map (Maplecroft 2011) and the
Multiple Climate Hazard Index (Yusuf and Francisco 2009), show that Indonesia
is at the top-end of the spectrum of most vulnerable country to natural hazards. In
addition, through its hydro-climatological characteristics, Indonesia has a climactic
zone that is influenced by its geographic position located along the equator. Because
of its equatorial position, the country’s climate is also affected by the Inter-Tropical
Convergence Zone (ITCZ) (Fig. 1).

The climate patterns of the regions of Indonesia is categorized into three types
(Aldrian 2003: 97–100): the monsoonal region of south Indonesia, the semi-
monsoonal regionof northwest Indonesia, and the anti-monsoonal regionofMolucca.
The existence of the three different regions also affects how extreme events are iden-
tified and located.

Fig. 1 Types of Precipitation in Indonesia. Source https://www.bmkg.go.id/

https://www.bmkg.go.id/
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3 Climate Disasters and Extreme Event: Occurrences
and Impacts

In Indonesia, 80% of disasters reported due to climate change during 1998–2018
which were dominated by flooding (39%), heavy wind/storm (26%), landslides
(22%), and drought (8%). Disaster such as flooding occurs due to extreme rain-
fall in a short time, due to weather disruption. The climate change phenomenon also
raises the drought longer. Data derived from CRED-EMDAT (2011a, b) show that in
the last 100 years 400 disasters occurred in Indonesia killing almost 241,000 people,
affecting almost 28 million people, and costing US$ 24 billion. These events were
predominantly geological and climate-related disasters.

The mechanism of connection between global temperature rise and wildfires is
pretty simple science: Droughts dry out the land, killing plant life—which then also
dries out itself, becoming far easier to ignite. And, with less predictable rains, it
is harder to stop these fires once they begin. Wildfires can leave communities and
governmentswith billions of dollars in damages, not tomention the incalculable costs
of lost plant, animal, and even human life. NationalWildlife Federation (NWF) offers
a bit more detail on how increases in average annual temperatures create conditions
that dramatically elevate the risk and severity of forest fires. Below-average rainfall
in some areas—a result of the enhanced evaporation rates associated with warming
and the climate crisis—naturally increases the probability and duration of a fire. One
major impact of climate change is increasing the potential for severe storms. Severe
storms carry a lot of energy, and NWF estimates that “lightning in the [American
West] could increase by 12–30% by mid-century.”

The terminology of weather and climate refer to different patterns which shares
similar components, such as air temperature, rain, wind, humidity, evaporation, sun-
light radiation, and so on. Conceptually, weather refers to atmospheric conditions
that constantly vary due to earth’s rotation, having absolute value, lasting for a short
duration, and having a more direct impact. Climate, on the other hand, refers to rela-
tively consistent atmospheric conditions, affected directly from a latitudinal position,
having a more lasting duration, and indirect impact. Meteorological processes and
weather conditions are studied in the domain of meteorology, while climatology
studies climate conditions (Fig. 2).

The differences between extreme weather conditions and extreme climate are
difficult to be precisely defined, but they are more easily differentiated in terms of
its time scale. An extreme weather event is typically associated with patterns lasting
for one day up to a few weeks. Extreme climate events, such as droughts, on the
other hand, lasts for much longer and is an accumulation of weather events, be they
extreme or non-extreme.

The National Oceanic and Atmospheric Administration (NOAA) have also differ-
entiated weathers and climates based on the duration of the atmospheric conditions
or events. NOAA specifically differentiated the time dimension of weathers and
climates for its Seamless Prediction of Weather and Climate framework which is
used for various meteorological or climatological applications. We can predict basic
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Fig. 2 Conceptual differences between weather and climate. Source The Geography Department
of Universitas Indonesia and BNPB (2013)

weather conditions in the duration of minutes, hours, and days, and only up to a
period of two weeks in the future (Fig. 3). It is fundamental for the meteorological
community to gain further understanding of the differences between extreme cli-

Fig. 3 Seamless prediction of weather and climate. SourceNOAA, 2009 in TheGeographyDepart-
ment of Universitas Indonesia and BNPB (2013)
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mate and weather in their spatial and temporal context through a consistent regional
or global methodology. This is based on the definition and the calculation of its
threshold, so that an efficient monitoring and predictive system could be deployed
to increase public resilience. These developments will improve the public’s ability
to cope with climate variability and adapt to climate change.

Since climate varies regionally, the definition of extreme weather and climate
events and their threshold also differs from one region to the others. In other words,
the extreme value for one climate element in a location might differ with the nor-
mal condition in another location. An extreme climate event in one place might
cause unprecedented disasters and outbreaks of diseases, while in another region
that extreme climate element might be considered normal. These differences natu-
rally cause the impact of extreme climate events to the people they affect to also
vary.

The World Meteorological Organization (WMO) defined several key characteris-
tics to identify and describe extreme weather and climate events (WMO 2018). The
first characteristic is magnitude, a measure of the threshold and a clear reflection
of extreme events which could show whether the current value is over or under a
certain threshold. The second characteristic is duration, the time in which an event
begins and ends. Severity is another indicator which measures the destructive poten-
tial of extreme events. An example of the usage of severity is to measure the loss
experienced by farms and the emergence of diseases during droughts. Severity could
also be measured by a combination of magnitude and persistence (Shiau 2009 and
Mirabbasi 2012 in WMO 2018). Extreme weather and climate events in Indonesia
could be considered unique. Traditionally, the designation extreme climate refers
to the D climate type on Koppen’s classification (WMO 2018), which describes a
condition of significantly different average air temperature, with winter air temper-
ature averaging less than 0 °C and summer air temperature averaging higher than
18 °C. Extreme weather is also related to atmospheric events that are significantly
different from normality or its average measurements, and these abnormalities could
be observed in a single or multiple weather elements. Extreme weather could also be
defined as a rare physical condition or phenomena in a particular location and time,
with a relatively short duration. The BMKG categorize weather events as extreme if
they fulfill these conditions: (a) Surface air temperature higher than 35 °C or under
15 °C (for lowlands/coastal regions); (b) Wind speed over 25 knots or 45 km/h; (c)
Rainfall above or equal to 50 mm in a single day, or; (d) Humidity under 40%.

Figure 4 shows an illustration of a spatial depiction of droughts in Sumatera,
Indonesia, which had caused fires in the island using the category developed by
McKee 1993, in WMO (2018).

Indonesia experienced an impact from extreme events and disasters including
flood, land and forest fires, drought, heavywind and landslides. Thedisasters involved
the total of 22,886 occurrences in the last 20 years (1998–2018) which are flood as
the most frequent (8814) followed by heavy wind/storms (5969), landslides (4946),
drought (1872), forest and bush fire (641), tidal wave/Abrasion (298), earthquake
(238), Eruption (95) and tsunami (13). Its proportion of the occurrences is shown in
Fig. 5 (Fig. 6).
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December 2013                                 January 2014                                   February 2014

March 2014 April 2014

Fig. 4 Distribution of drought in Sumatera, Indonesia, from December 2013 to April 2014. Source
WMO (2018)
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Fig. 5 Proportion of disasters in Indonesia 1998–2018. Source Disaster database & information
BNPB. http://dibi.bnpb.go.id/dibi/

The 2015 Indonesia’s extreme drought shows multitudes of consecutive days
without rain, with many regions in Indonesia experiencing over 60 days without
rain during that year. These droughts were observed in Bangka-Belitung, South
Sumatera, most of Java, Bali, East Nusa Tenggara, South Borneo, South Sulawesi,
North Sulawesi, and the northern areas of the Moluccas (Fig. 7).

Another potential risk to the extreme event in Indonesia is the location and dynam-
ics of tropical cyclones in the south-eastern area of the Indian Ocean in January to
April, and in the eastern part of the Pacific Ocean in May to December that could
create strong winds and massive rainfall. The transition period of the monsoon wind
from the north-east to the south-west also associated with remarkably strong wind

http://dibi.bnpb.go.id/dibi/
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Fig. 6 Indonesia rainfall and dry season patterns by region. Source Arcari et al. (2007, Fig. 3,
p. 256)

Fig. 7 Continuous dry days map showing the condition for early October 2015. Colors of the
circles denote the length of the dry days, ranging from short (green) to long (red). Source BMKG
(2018)
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velocity. As the El Niño event increases in frequency, the ten most devastating El
Niño happened after the 1970s and global warming started to gain speed. Despite
the current changes Indonesia experiences are due to El Niño or as a result from
greenhouse effects, or a mixture of both, it is clear that Indonesia is experiencing
a changing climate, and the consequences will be felt generations to come (UNDP
2007).

4 Human Health Impacts and Cost

The links between climate change and disease are very complex. As discussed in the
Indonesia Climate Change Roadmap paper on health, they may involve a number of
different direct and indirect connections:

• Changes in temperature and rainfall may affect the life cycles of the organisms
that cause the disease or the other species that transmit those diseases to humans.
Such impacts could be ofmany types. They could affect their reproductive success,
lifespan, the time required for them to reach an age at which they can transmit
disease, their spatial dispersion, or other factors that can affect the likelihood of
humans receiving the disease.

• Changes in temperature and rainfall will affect agricultural output, causing a risk
of harvest failure and malnutrition, with consequent increases in the risk of many
other health problems.

• Changes in rainfall and hydrology may affect water supply and sanitation, increas-
ing the risk of water-borne diseases.

• Extreme weather events may destroy settlements or income-generating resources
and facilities, leading to direct physical harm, loss of income and consequent
well-being, psychological stress, and other direct and indirect human health con-
sequences.

The climate change roadmap focuses on three diseases: dengue fever, malaria,
and diarrheal.

Two aspects of disease, direct expenditures for medical care and prevention and
foregone income due to illness or death, were analyzed. Estimates of direct costs
attributable to climate change were based on data found in the literature on current
expenditures related to dengue fever andmalaria in Indonesia, and then applied to the
number of cases of each disease that could result from climate change. The estimates
of forgone income use the so-called disability-adjusted life-year (DALY) to measure
the consequence of illness. This standard measure is the sum of the number of years
of life lost by those who die of a disease plus a weighted sum of the number of years
that people live with that disease. The weights are set to reflect shared views on the
burden imposed by living with different medical conditions. Thus, for example, the
weight for living with a spinal cord lesion that causes paralysis from the waist down
is 0.296. If each year of life is weighted equally, a man with a life expectancy of
60 years who dies in an accident at age 20 will generate 40 DALYs. If his twin sister
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(with the same life expectancy) in the same accident and lived with paralysis until
age 60, she would generate 40× 0.296= 11.84 DALYs. If she died at age 40 due to
complications of her paralysis, she would generate (40–20) × 0.296 + 20 = 25.92
DALYs. Theweights used to calculate DALYs for different diseases were established
through extensive global survey research (Salamon et al. 2012). A key issue in that
work was whether people at different income levels, or living in different countries
and cultures, feel differently about living with disease or disability.

Indonesian Ministry of Health is the leading sector to determine the health crisis,
based on the criteria that the district head has declared a certain disaster or the Presi-
dent or if the population impacted above 50 persons and there are a certain number of
refugees. Health crisis center is the center under Ministry of Health, which handles
health crisis management in Indonesia. All relevant data related to health crisis are
collected by health crisis center through information system or called Health Crisis
Management Information System. In general, the biggest health impact that should
be considered in disaster events is health crisis issues, including fatalities, injuries,
nutrition issue, refugees, hygiene and sanitation, the availability of freshwater, health
services, infectious diseases, mental health and reproduction health services issues.
The health crisis management-related problems that should be resolved as part of
health crisis management during disaster events are the information system, coordi-
nation amongst stakeholders to solve health-relevant issues, mobilization of donation
and assistance to disaster sites, unsupported financial system, early warning system,
limited resources to be sent to disaster areas, and the management of local and inter-
national aid that poorly supervised. Based on this reason, the integrated health crisis
management is needed to solve some health-related issues during the disaster events
in Indonesia (Lestari et al. 2017a, b, c).

Human health impact derived from extreme events and disaster in Indonesia is
presented in Table 1. During 2017, there were 2263 events and 198 of these events
are considered as health crisis. There were 305,837 persons impacted and 198 deaths,
major injuries 2314 persons, minor injury 63,578 persons and refugee 243,691 per-
sons.

Extreme events and disasters frequency which has an impact on human health has
been recorded as 16–30 events in 5 (five) major provinces in Indonesia: Central Java
(29 events), DKI Jakarta (26 events), West Java (19 events), East Java (17 events)
and North Sumatra (12 events). These 5 (five) provinces have been considered as
Medium to High Disaster Risk Index in Indonesia with score: Central Java (158—

Table 1 Human Health
impact from extreme events
and disaster in Indonesia
(2017)

Description Number of people

Deaths 198

Major injuries 2314

Minor injuries 63,578

Refugee 243,691

Source Health Crisis Center, Indonesian Ministry of Health, 2017
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Table 2 Extreme events and
disaster frequency in 5 (five)
major provinces in Indonesia
with its Disaster Risk Index

Provinces Extreme
Events and
disasters
frequency

Disaster risk
index score

Category of
disaster risk
index

Central Java 29 158 High

DKI Jakarta 26 103 Medium

West Java 19 166 High

East Java 17 171 High

North
Sumatra

12 150 High

Source Health Crisis Center, Indonesian Ministry of Health, 2017

High Disaster Risk Index); DKI Jakarta (103—Medium Disaster Risk Index), West
Java (166—High Disaster Risk Index), East Java (171—High Disaster Risk Index)
and North Sumatra (150—High Disaster Risk Index). The most frequent locations
extreme events and disasters frequency are located in Java Island (Table 2).

The estimated impacts of climate change to the economy cost in 2050 vary sub-
stantially both across areas of impact and across provinces. The total cost to the
economy is about IDR 132 trillion (approximately US $ 8.8 billion), in which agri-
culture sector accounts for the majority (53%) followed by health sector and sea level
rise (SLR) sector of 34 and 13%, respectively (Fig. 8).

Fig. 8 Cost of climate change in 2050 by area of impact (in millions IDR)
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5 The Future Challenges

Natural disasters are becoming more frequent, deadly, and costly. Within the period
of 1900–2010, there has been a fivefold increase in the number of natural disasters
reported, taking its peak within the period 2000–2010 (EM-DAT 2011a, b). While
there is a gradual reduction in the number of deaths, the number of people reported
affected increased rapidly in the last 40–50 years and averagedmore than 300million
by 2010 (EM-DAT 2011a, b). The costs of natural disasters have increased sharply
since the 1980s and the average costs peak at just below US$100 billion by 2010
(EM-DAT 2011a, b). Globally, the frequency and magnitude of weather and climate-
related hazards is increasing (IPCC 2007a, b; EM-DAT 2011a, b), with flood as the
most frequent disaster and affected most people.

Indonesia’s national statistical office, Badan Pusat Statistik (BPS) 2013, projected
population by province and by gender to 2035 (BPS 2013). The BPS provincial
projections were extended to 2050, ensuring that the total projected population in
2050 would be as close as possible to the United Nation’s projections. This was done
by projecting the 2020–2035 change in five-year growth rates for each province
to the period 2040–2050, using those projections to calculate growth rates for the
corresponding periods, and then using those calculations to project population in each
province in 2040, 2045, and 2050.8 BPS also projected the rural urban breakdown
out to 2035. This study used similar calculations to extend them to 2050 as well
(Table 3).

6 Disaster Risk Reduction Efforts

The anticipated increase in the frequency, intensity, and severity of climate-related
disasters therefore calls for better integration of disaster risk reduction (DRR) and
climate change adaptation (CCA) to reduce vulnerability and increase resilience
to natural disasters. The UNISDR defines DRR as “systematic efforts to reduce
disaster risks through analyzing and managing the causal factors of disasters includ-
ing the reduction of vulnerability, and improved preparedness for adverse events.”
The “Hyogo Framework for Action (HFA) 2005–2015: Building the Resilience of
Nations and Communities to Disasters” was adopted in 2005 as the international
framework for DRR. CCA is defined by The Intergovernmental Panel on Climate
Change (IPCC) as “an adjustment in natural or human systems in response to actual
or expected climatic stimuli or their effects, which moderates harm or exploits ben-
eficial opportunities” (IPCC 2007a, b).

Indonesia’s response to climate change remains dominated by mitigation activi-
ties, especially through the REDD program (www.redd-indonesia.org/). The Indone-
sian Climate Change Trust Fund (ICCTF) was created in 2009 to build on the policy
framework for climate changemitigation and adaptation and to support its implemen-
tation (UNDP Indonesia 2009a, b, c). The formation of the ICCTF addresses three

http://www.redd-indonesia.org/
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Table 3 Costs imposed by
climate change in 2050 due to
impacts of dengue fever/DHF
by province (in millions of
rupiahs)

Province Forgone
income

Medical
expenditures

Total

Aceh 7850 3108 10,958

Sumatera
Utara

94,638 29,248 123,887

Sumatera
Barat

421,256 154,116 575,372

Riau 1,337,241 135,425 1,472,666

Jambi 444,336 119,836 564,172

Sumatera
Selatan

546,086 159,957 706,043

Bengkulu 141,323 66,959 208,282

Lampung 287,807 115,733 403,540

Kepulauan
Bangka
Belitung

822,888 224,330 1,047,218

Kepulauan
Riau

1,650,170 197,813 1,847,984

DKI Jakarta 18,850,295 1,305,419 20,155,714

Jawa Barat 217,785 82,871 300,656

Jawa Tengah 8741 3676 12,417

DI
Yogyakarta

11,841 5237 17,078

Jawa Timur 1,889,658 554,485 2,444,143

Banten 80,860 25,749 106,609

Bali 172,332 56,287 228,619

Nusa
Tenggara
Barat

31,603 20,460 52,063

Nusa
Tenggara
Timur

13,477 11,504 24,981

Kalimantan
Barat

303,687 124,657 428,345

Kalimantan
Tengah

518,738 158,330 677,068

Kalimantan
Selatan

404,736 138,017 542,753

Kalimantan
Timur + Kal.
Utara

5,846,528 385,198 6,231,726

(continued)
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Table 3 (continued) Province Forgone
income

Medical
expenditures

Total

Sulawesi
Utara

291,005 102,222 393,226

Sulawesi
Tengah

224,721 85,012 309,733

Sulawesi
Selatan

260,453 90,510 350,963

Sulawesi
Tenggara

60,472 21,089 81,561

Gorontola 31,389 16,581 47,970

Sulawesi
Barat

56,194 28,929 85,123

Maluku 65,986 41,164 107,151

Maluku Utara 2981 1618 4599

Papua Barat 8671 1420 10,091

Papua 73,221 18,566 91,787

Total in Rps
106

35,110,852 4,444,691 39,555,543

major targets: conducting low-carbon economic development, promoting national
resilience to climate change, and achieving effective CCA (UNDP Indonesia 2009a,
b, c). Indonesia‘s First National Communication submitted to the UNFCCC in 1999
included a national emissions inventory of greenhouse gases (GHG), described sec-
toral measures to reduce GHG emissions and provided other important information
related to climate change. The Second National Communication published in 2009
reported Indonesia‘s progress in adapting and mitigating to climate change and pro-
vided a detailed plan for GHG emissions reduction of 26% by 2020 (MoE 2009;
UNDP Indonesia 2009a, b, c).

Adaptation activities to-date focus on the planning and formulation of key strate-
gic documents. The 2007 National Action Plan for Climate Change (RAN-PI), aims
to create development systems that are resilient to climate change and climate vari-
ability, and to implement more sustainable development that decreases the rate of
environmental destruction. This action plan outlines Indonesia’s strategies on miti-
gation and adaptation. The plan specifically states that the country’s current capacity
to cope with climate change will strongly affect its capacity in the future, and that
it is therefore important to incorporate Indonesia’s current RAN-PRB within the
RAN-PI. Bappenas (National Development Planning Agency) outlines in its report
“National Development Planning: Indonesia Responses to Climate Change” the pos-
sible impacts of climate change on Indonesia, sectoral targets for climate change
activities and possible funding mechanisms. It also provides a climate change sec-
toral roadmap (ICCSR) which identifies nine development priorities that will be
strongly linked with climate change mitigation and adaptation activities: energy,
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forestry, transportation, industry, waste treatment, agriculture, marine and fisheries,
water resources, and health (Bappenas 2009).

Most of the detected extreme rainfalls happened on the period of November to
January with the following definition of extreme rainfall.

Effort on disaster risk reduction in Indonesia has been aligned with Sendai Frame-
work Disaster Risk Reduction. It is also embedded with Sustainable Development
Goals. Indeed, community resilience is the main cause of community sustainability
and its assessment is an essential prerequisite for sustainable development. In paral-
lel, several studies on DRR had also being conducted. The assessment of community
resilience provides the baseline for recognizing gaps and directingmanagement deci-
sions for the fair, efficient, and effective allocation of the resources needed to improve
community resilience. An integrated Framework for Community Resilience Assess-
ment and Measurement has been developed by the FRAME project. Indonesia has
been selected as a case studies model amongst other three countries on the effort
to implement Disaster Risk Reduction and the development of this framework. This
framework provides guidance on the data collection and analysis of three distinct case
studies in different countries in Southeast Asia (Malaysia, Indonesia, and Thailand)
to establish the current situation with respect to community resilience. Indonesia has
been selected as a case study. The three cases have been presented in the workshop
that attended by key stakeholders such as ASEANHumanitarian Agency, Indonesian
National Disaster Agency, and AsianAgri (Lestari et al. 2018).

The significant impact of agriculture—negative in most provinces but positive
in some—will be important in developing approaches to adapt to climate change,
from both an economic and a food security perspective. Where rainfall is expected
to rise, farmers may wish to shift to corn, rain-fed rice, or other rain-fed crops
whose yields will be higher than in the past. In areas with increased rainfall, the
need to make use of existing irrigation systems may decrease unless the increase
in volume is also accompanied by an increase in irregularity. The fact that this
agricultural analysis (and indeed, all of the studies identified that consider links
between agriculture and climate change in Indonesia, including the government’s
climate change roadmap) relies on the same 2008 study by Handoko and Syaukat
means that more research on climate change and agriculture is essential. This issue is
also important for policy decisions to be based on a single study whose coefficients
are probably applicable only to a marginal change in weather conditions. Additional
research into how climate patterns affect agricultural output, covering the whole
country rather than just selected provinces, addressing a wider range of changes
in temperature and rainfall, and considering more carefully which crops may do
better or worse under the new conditions, is essential to design effective adaptation
strategies.

The impacts of health problems are second to those of agriculture. The research on
health and climate change focuses on how disease may increase with climate change
but the analysis finds that in some specific cases, the incidence of disease drops rather
than increases with climate change. This is quite clear in the case of dengue fever;
where rainfall is expected to drop, the disease may become less prevalent than it
is at present. These results suggest that more research on empirical links between
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rainfall, temperature, and the incidence of malaria across Indonesia, analogous to
the Arcari et al. (2007) work on dengue fever, may be useful to better understand the
implications of climate change for disease. This is not to suggest that climate change
is less of a problem for health than is usually thought. Rather, it is to suggest that
to plan for adaptation, it will be important to know more about the causes of lower
costs as well as the higher costs, as this is important information for the allocation
of resources to address the impacts of climate change.

As expected—and unavoidably—the impacts of SLR are only negative. Indeed,
there would be no plausible explanation for these results to be positive. Also not
surprisingly, the value of flooded urban land is much greater than that of flooded rural
settlements, a natural result of the higher property values in urban areas. Flooded
urban land is also much more costly than lost property in agriculture or aquaculture;
again, not a surprising result given the property values and income streams from the
different activities.

As already discussed, the biggest problemwith coastal flooding relates to extreme
storms rather than long-termSLR.Gradual SLR is predictable and easier to avoid, but
extreme storms may impose much greater costs and destroy properties near the coast
before the gradual change ever occurs. From an adaptation perspective, of course, the
problem is that the timing, magnitude, and location of extreme events are difficult to
predict, and the probability of one occurring in any specific place at any given time
is assumed to be low.

If it is not possible to estimate the probability of an extreme storm in any given
place, one way to analyze possible impacts is simply to determine what would flood,
if there were a storm surge of a given height, without knowing how likely it actually
is. If it can be determined what will flood, it is possible to estimate the losses, both
direct and, if the models can be built, indirect through economic multiplier effects.
To prioritize the choice of areas for investment in adaptation and to assess howmuch
investment is appropriate, it would be valuable to know how likely it is that a storm
surge of a given height would actually occur in different parts of the country; knowing
what would be lost if it did occur but not how likely it is to occur is not an adequate
basis for policy choices.

Initiated by the Ministry of Environment and Forestry (MoEF), on an integrated
line ministers union workshop most currently, it was agreed that climate change
adaptation measures can be integrated with disaster prevention with development
planning then budget implementation become more efficient. The Union will also
strengthen cooperation between sectors in implementation of an action plan for adap-
tation to climate change. “Both can run together, not divided.” The MoEF, who met
with the BNPB, the National Council on Climate Change, the Ministry of Public
Works, and the United Nations Development Program, mentioned there are three
main aspects that became the point of unification of adaptation measures of climate
change and disaster prevention, identification of opportunities and challenges in uni-
fication of adaptation and disaster prevention, the identification of the main focus
areas and the formed of roadmap for drafting a framework.
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7 Conclusion

Extreme storms and weather pose a great economic threat: Analysis of the prob-
ability of extreme storms in different parts of the country would be very valuable
in identifying the costs they will impose and setting priorities for investments in
adaptation. To the extent that the fields of climatology and oceanography can shed
light on this issue, investments in further research will be essential. Policymakers
must order a more detailed analysis of the impacts of extreme storms on large urban
areas, particularly Jakarta. In particular, work that can consider the macroeconomic
or multiplier implications of the loss of key urban infrastructure will be essential to
set priorities for investments in adaptation or strategies to minimize the harm caused
by such storms. The private sectormust anticipate these problems aswell; every com-
pany whose business relies on transportation through the harbor or airport should
create plans for continuity of its operations in the face of such extreme storms.

Work on the probability of extreme storms and the costs they would impose
in different parts of the country is also very important, particularly the macroeco-
nomic implications of flooding on nationally important transportation infrastructure
in Jakarta. More generally, flooding and drought have direct costs and multiplier
effects throughout the economy and these should be studied.

Indonesia cannot wait until 2050 to act: This study projects the situation in 2050
in specific areas of impact under specific parameters. As climate change is gradual,
it may be assumed that the conditions described for 2050 will evolve between now
and then, and that Indonesia will increasingly and inexorably experience the costs
and benefits each year. This means that policy makers should not wait until the future
to implement changes that either lessen or take advantage of the impacts.

It is suggested that firstly, there needs to be a re-orientation of the institutional
arrangements for DRR and CCA, to increase the effectiveness of planning and imple-
mentation; secondly, DRR and CCA activities needed to be stronger supported at
the local level, with a specific aim to reduce the underlying causes of vulnerabil-
ity of communities at risk, and thirdly, non-government organizations play a very
important role in integrating DRR and CCA through community-based initiatives.
For building resilience in particular, it is recommended to reorient the institutional
structure of the national government, strengthen technical and financial support to
local governments, and recognize the importance of NGOs and community-based
initiatives.
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Climate-Related Disasters and Health
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Abstract Urban heat island (UHI) is a typical urban thermal pollution which occurs
due to the development of higher ambient air temperatures in densely built cities that
deteriorate the air quality of urban area due to anthropogenic activities. The afore-
mentioned urban complexity results in the absorption and retention of heat which
is re-emitted after sunset, creating a steep temperature gradient between urban and
rural areas. The effect of UHI on public health is reduced outdoor thermal com-
fort levels of city dwellers in various urban settings. In this study, UHI, air quality
and thermal comfort are discussed as climate-related disasters on public health in
Malaysia. Understanding of UHI Intensity (UHII) using meteorological network’s
observations andmobileweather trackers in the urban and suburban areas ofMalaysia
will explore the hotspot and green lung of each climate zone for implementing a nec-
essary approach to minimize the human exposure to extreme heat and contaminated
air. Incorporation of more explanatory variables of UHI from both meteorological
and urban factors is a requisite to identify their pivotal association with UHI intensi-
fication in the Malaysian context. In spite of the fact that seasonal haze episodes and
UHI have become a recurrent seasonal phenomenon inMalaysia, the number of pub-
lic health studies is still scarce in this region.More intensive studies are still needed to
establish veritable evidence for the susceptible populations to devise effective health
planning to reduce haze and UHI-associated health impacts in Malaysia. With such
acquired knowledge of the UHI and air quality issues and related underlying mech-
anisms, urban planners, designers and decision-makers can perform more evidence-
based decision-making to create, reform or rejuvenate climate-friendly sustainable
cities for enhanced liveability in future. Furthermore, such scientific knowledge will
become a valuable input and tool for the policy-makers to identify the right policy
choices aimed at sustainable healthcare solutions.
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1 Introduction

Anthropogenic activities and natural disasters that exude sufficient quantities of
greenhouse gases into the atmosphere trap additional heat in the lower atmosphere
and affect the global climate. Southeast Asia (SEA) is occasionally experiencing
catastrophes such as flash flood, landslides and tsunami that challenged international
attempts to reduce health vulnerability related to climate change. Health impacts
associated with environmental degradation-induced climate change need to be well
studied to strengthenpublic health interventions and to increase community resilience
at local levels. In response to this, this chapter examines the association between cli-
mate-related disasters, specifically on air pollution, urban heat island phenomenon
and health issues inMalaysia as well as air quality and urban heat islandmanagement
policies to safeguard the community health.

2 Air Pollution and Public Health Issues

Generally, any substance introduced to the atmosphere including particulate matter,
gases, radioactive materials, hazardous air pollutants (HAPs) and many others which
cause severe effects to living things and the environment is an air pollution (Arshad
et al. 2015).Airborne particulatematter (APM)containingheavymetals is considered
as a public health concern as it can enter human lungs through the respiratory system
(Arshad et al. 2015). The size of these particles affects the radiation dose through
inhalation of airborne dust that determines where radioactivity was deposited, either
in the lung or in the tissues.While particles less than 5µmcan reach the pharynx tract,
fine particles less than 2.5 µm or ultra-fine particles can travel deep into the lungs
with the potential to penetrate tissues and deposit among the interstitial cells (Ny
and Lee 2011). In daily activities, humans are exposed to various substances, either
toxic or non-toxic through inhaling, digesting and skin contact. Continuous exposure
and accumulations of these chemical substances will lead to increased exposure and
risks of causing severe diseases and even death (Arshad et al. 2015). There are a
limited number of epidemiological studies that make it difficult to estimate the health
impact of air pollution inMalaysia. Illnesses related to air pollutionwere significantly
associated with ambient air quality and also proportionate with the duration of time
spent in areas with air pollution (Leh et al. 2012). Air pollution in general, whether
from traffic-related, industrial or haze-caused pollutants, is considered as a major
threat to human health at the population level because of its link to increasedmortality
(Forouzanfar et al. 2015).
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2.1 Background History of Air Pollution in Malaysia

The level of environmental concerns in Malaysia has always been low in earlier
periods until the haze episodes in 1983, 1984, 1991, 1994 and 1997 in Southeast Asia
brought instantaneous increase in awareness among the environmental management
groups inMalaysia (Afroz et al. 2003). In response to that, theMalaysian Air Quality
Guidelines, the Air Pollution Index and the Haze Action Plan were established to
improve the air quality inMalaysia (Afroz et al. 2003). TheAir Pollution Index (API)
is a system used in Malaysia to disseminate information regarding the level of air
pollution in its simplest terms for the general public. This index reflects the effect of
air pollution level on human health ranging fromgood to hazardous and is categorized
accordingly as stipulated in the National Haze Action Plan (DOE 2018). The five air
pollutants taken into account in the API system is the suspended particulate matter of
less than 10 microns in size (PMl0), sulphur dioxide (SO2), carbon monoxide (CO),
ozone (O3) and nitrogen dioxide (NO2). In Malaysia, Department of Environment
(DOE) monitors the API through a network, strategically located in urban, industrial
and residential areas in the country.

2.2 Sources of Air Pollution in Malaysia

The three major sources of air pollution in Malaysia are mobile sources, stationary
sources and open burning sources as illustrated in Fig. 1.

Emissions frommobile sources (motor vehicles) contribute at least 70–75% of the
total air pollution. Meanwhile, emissions from stationary sources (industry, power
stations, industrial fuel burning processes and domestic fuel burning), open burning
and forest fires have contributed 20–25% and approximately 3–5%, respectively, to
the total air pollution (Afroz et al. 2003). Besides that, a substantial amount of dust
particles (Wei et al. 1999) due to biomass burning activities from nearby Sumatra
has led to seasonal transboundary haze episodes in the past few decades (Shokoohi

Fig. 1 Sources of air pollution in Malaysia (Afroz et al. 2003)
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and Nikitas 2017). The occurrence of haze along with local emissions from motor
vehicles, industries and open burning activities further deteriorates the air quality
status in Malaysia.

2.3 Health Impacts as Relating to Local Gas Emissions

In terms of local emission as such from landfill, methane (CH4) and carbon dioxide
(CO2) are the major gases released to the environment. CO2 concentrations of 10%
or more can cause unconsciousness or death, while lower concentrations may cause
headache, sweating, rapid breathing and increased heartbeat, shortness of breath,
dizziness, mental depression, visual disturbances or shaking (ATSDR 2001). Other
gases produced from landfill are carbon monoxide (CO), hydrogen sulphide (H2S),
a trace amount of non-methane organic compounds (NMOC) in varying proportions
(Durmusoglu et al. 2010). One of the NMOCs is volatile organic compounds (VOCs)
such as benzene, toluene, ethylbenzene and xylenes (m, p, o-xylene) (BTEX). These
compounds are classified as hazardous air pollutants (HAPs) (Chiriac et al. 2009;
Chiriac et al. 2007; Durmusoglu et al. 2010). Exposure to HAPs can cause a variety
of health problems such as cancerous illnesses, respiratory irritation and central
nervous system damage (Durmusoglu et al. 2010; Nadal et al. 2009). In addition,
sulphur gases which are known to create an unpleasant odour in the atmosphere
are sources of undesirable health effects or symptoms such as headaches and nausea
(Kamarrudin et al. 2013) and mainly emitted from open burning, biomass burning
and treatment plants.

2.4 Health Impact Associated with Traffic-Related Air
Pollutions in Malaysia

In Malaysia, there is relatively scarce evidence on the health effects of traffic-related
air pollution (Wong et al. 2017). Public transport commuters are exposed to high
concentrations of air pollutants, both originated from vehicular traffic and those
caused by other urban, industrial or environmental factors. The three highest adverse
health experiences during daily normal commute are fatigue and weakness (35.5%),
coughing (23.6%) and dizziness (18.2%), while during haze days, the three highest
adverse health experiences were headache (85%), coughing (84.8%) and breathing
difficulties (84.5%) (Wong et al. 2017). On top of that, psychological effects of air
pollution can also lead to psychiatric symptoms, including anxiety disorders and
changes in mood, cognition and behaviour, as well as to a reduction in psychological
well-being (Genc et al. 2012; Lundberg 1996; Power et al. 2015).
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2.5 Health Impacts Related to Indoor Air Quality in Malaysia

Recentwork has suggested that second-hand smoke (SHS)which contains PM2.5 may
cause or exacerbate a range of illnesses and disease states (Brook et al. 2010; Eisner
et al. 2009; Jaakkola et al. 2003; Kurahashi et al. 2008). Lee et al. (2010) found that
the average concentration of PM2.5 in 22 indoor environments in Malacca, Malaysia,
is 1.8 times higher than the current standard permitted by the Air Quality Guidelines
(Lee et al. 2010;WHO2006). Themigration of PMof different sizes from the outdoor
to the indoor environment along its impact towards indoor air quality and potential
health impacts on indoor occupants remain largely unknown in SEA due to the lack
of systematic investigations and observational data.

3 Seasonal Haze and Health Impacts in Malaysia

Haze is an atmospheric phenomenon in which higher concentrations of particulate
matter and other aerosols in air obscure the clarity of the sky and results in a mea-
surable reduction of visual range (Latif et al. 2018). In a broader context, haze is a
result of interaction between high amounts of secondary gas, such as tropospheric
ozone with VOCs to form secondary organic aerosols (Liu et al. 2016; Wu et al.
2016). Even though haze episodes can be associated with various sources of pollu-
tions, forest fires and peat burning is of major concern due to their regular incidences
and adverse impacts on regional air quality in SEA (Huang et al. 2013). The result-
ing thick haze usually engulfs at least six main SEA countries such as Indonesia,
Malaysia, Brunei, Thailand, Singapore and the Philippines (Ramakreshnan et al.
2018a; Thomas et al. 2014).

3.1 Historical Background of Seasonal Haze and Health
Studies in Malaysia

In Malaysia, the first biomass burning induced-transboundary haze erupted in the
year 1982 and some severe episodes occurred in 1997, 2005 and 2015 (Latif et al.
2018). During these episodes, the concentrations of particulate matter with an aero-
dynamic diameter of less than 10 µm (PM10) exceeded the Malaysian Air Quality
Guideline for PM10 concentration (150 µg/m3 for a 24-h average) at many locations
throughout Malaysia (Latif et al. 2018). In another case, Pavagadhi et al. (2013)
clarified that about 90% of soot exuded from biomass burning is lower than 2.5 µm
in size and has a high probability of penetrating deep into the lower respiratory tract
(Pavagadhi et al. 2013). In certain studies, prolonged exposure of PM2.5, which is
defined as minute particles less than or equal to 2.5 µm in aerodynamic diameter, is
reckoned to increase the risk of developing lung cancers (Betha et al. 2013;Khan et al.
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2016). In this context, identification and apprehension of health impacts caused by air
pollutants loaded in transboundary haze episodes in Malaysia are vital to alert pub-
lic institutions to devise evidence-based prevention strategies and health plannings.
The year 1997s transboundary haze was the first event that causes many devastating
health impacts in Malaysia which stimulated various haze-induced health impact
studies. In general, outpatient visits to hospitals nearly tripled in the peak period of
haze in 1997 (WHO 1998). Assembled data indicated an increase in asthma, acute
respiratory infection and conjunctivitis cases in major hospitals in Kuala Lumpur
(Brauer and Hisham-Hashim 1998). Selangor recorded a significant increase in the
total number of respiratory-related cases (from 912 to more than 5000 cases), acute
respiratory infection cases (from about 6000 tomore than 30,000 cases) and conjunc-
tivitis (from 207 cases to 3496 cases) in between June and October 1997 (Afroz et al.
2003). Meanwhile, Nasir et al. (2000) demonstrated that the total health effects were
estimated to include 285,227 asthma attacks, 118,804 cases of bronchitis in children,
3889 cases of chronic bronchitis in adults, 2003 respiratory hospital admission and
26,864 emergency room visits during this period (Nasir et al. 2000).

3.2 Escalating Mortality Incidences During Haze Events
in Malaysia

The widely documented physical health effect in Malaysia is escalating mortality
rates during severe haze episodes. One of the earliest studies was undertaken by
Sastry (2002), who reported a rise in mortality counts when PM10 exposure exceeds
210µg/m3 among the elderly class, during the 1997 Southeast Asian wildfire (Sastry
2002). Later on, Marlier et al. (2013) discovered higher frequencies of regional
mortality due to cardiovascular diseases during high fire incidences between 1997
and 2006 in Southeast Asia (Marlier et al. 2013). Sahani et al. (2014) used a case-
crossover study design to identify the incremental risk of respiratorymortality among
elderly males during haze days when the PM10 concentration exceeds 100 µg/m3.
At the same time, a two-fifths increase of mortalities was found among the children
below 14 years old after two days of exposure during the haze episodes (Sahani et al.
2014). In another cross-country study across Indonesia, Malaysia and Singapore,
Koplitz et al. (2016) determined that the year 2015 recorded an excess of 100,300
mortalities compared to the year 2006 by comparing population-weighted smoke
exposure data of PM2.5 between both respective year’s haze events. Their results
revealed that regional smoke-related mortality in 2015 was more than double of the
2006 haze event that enveloped equatorial Asia (Koplitz et al. 2016).
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3.3 Haze-Associated Respiratory Cases in Malaysia

Besides this, another widely reported physical health impact of haze exposure is
respiratory morbidity and impairment of lung functions. Hashim et al. (1998) com-
pared pulmonary functions of 107 primary school children before, during and after
the haze episodes in Malaysia and identified significant reductions in pulmonary
functions during and after the haze episodes among the girls. A residual impact
of haze exposure on children’s pulmonary functions was found even after the haze
episode ended (Hashim et al. 1998). In another case, Mott et al. (2005) through the
time-series analyses between the pre- and post-haze periods had observed a statisti-
cally significant increase in respiratory hospitalizations, specifically those for chronic
obstructive pulmonary disease (COPD) and asthma in the 19–39 and 40–64 years’
age categories in Kuching, Malaysia. They also identified that elderly people above
65 years old with previous health records were more vulnerable to be re-hospitalized
during the follow-up period after exposure to the haze in 1997 (Mott et al. 2005).

3.4 Cardiovascular Morbidity During Haze in Malaysia

A limited number of studies reported the risk of cardiovascular morbidity due to haze
exposure. Sastry (2002)witnessed less cardiovascular-related infant deaths compared
to the other age categories in his retrospective study in Kuala Lumpur, Malaysia.
However, death risk from cardiovascular causes for the elderly above 65 years old is
twice as high after the direct exposure to the severe haze episodes (Sastry 2002). In
agreement to the previous findings, Mott et al. (2005) observed increasing records
of hospitalizations for ischaemic heart disease (IHD) among the individuals aged
between 40 and 64 years based on the historical data due to prolonged exposure
to the forest fires in Kuching, Malaysia, in 1997 (Mott et al. 2005). In Malaysia,
Excessive Lifetime Cancer Risk (ELCR) assessments due to carcinogenic pollutants
present in haze are still scanty. In a recent study, Sulong et al. (2017) estimated
highest excess lifetime cancer risk among the adult group (above 18 years old) in
Kuala Lumpur (KL) during haze period compared to pre- and post-haze periods
of 2016 (Sulong et al. 2017). In spite of the fact that seasonal haze episodes have
become a recurrent seasonal phenomenon in Malaysia, the number of public health
studies is still scarce. More intensive studies are still needed to establish veritable
evidence for the susceptible populations to devise effective health plannings to reduce
haze-associated health impacts in Malaysia.
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4 Urban Heat Island (UHI), Heatwaves and Public Health
Issues in Malaysia

Urban Heat Island (UHI) is a typical urban thermal pollution which occurs due to
the development of higher ambient air temperatures in densely built cities compared
to their rural surroundings (Rajagopalan et al. 2014; Roth and Chow 2012). UHI
phenomenon is often triggered by urbanization effects which are closely associated
with a larger number of buildings, compact and massive urban structures with nar-
row street canyons and reduced sky view factor, non-reflective and impermeable
surface materials, lack of transpiring vegetation, transport flows, increased energy
consumption as well as higher concentrations of urban pollutants (Elsayed 2012;
Ramakreshnan et al. 2018b; Shaharuddin et al. 2009). The aforementioned urban
complexity results in the absorption and retention of heat which are re-emitted after
sunset, creating a steep temperature gradient between urban and rural areas. The
effect of UHI on public health is reduced outdoor thermal comfort levels of the city
dwellers in various urban settings.

4.1 Historical Background of UHI in Tropics and Malaysia

The concern of UHI came into limelight when a British scientist, Luke Howard,
discovered that the city of London is relatively warmer than the surrounding rural
areas due to urbanization effects in the 1810s (Roth and Chow 2012). By replicating
his urban–rural pair temperature comparisons at twometres height above the ground,
many scientists conducted quantitative UHI assessments in various cities of different
climates that observed a rapid economic and human capital development due to
urbanization. In the tropics, UHI assessment was pioneered by Simon Nieuwolt in
Singapore in the late 1960s, which later inspired a serious of UHI work by Sani in
1970s in the neighbouring country, Malaysia (Ramakreshnan et al. 2018b; Roth and
Chow 2012). During his two-decadal comprehensive UHI work in and around Kuala
Lumpur (KL) using temperature transverse techniques, he identified that the UHI
Intensity (UHII) of KL can reach up to 6.7 °C in 1980 (Sani 1984). Later on, Elsayed
(2012) recorded an increase of 1.5 °C in UHII for KL City compared to a similar
study done by Sani in 1985 (Elsayed 2012; Sani 1986). After some period of time,
Ramakreshnan et al. (2019a) reported an intensity of 1.7 °C in one of the congested
urban stations (Petaling Jaya) of Greater Kuala Lumpur in 2016.

4.2 State-of-Art Review of UHI Assessments in Malaysia

Concerning about the weaknesses of in situ measurements with poor spatial and
temporal resolutions, a growing number of studies successfully employed wide and
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versatile applications of satellite technology in UHI quantifications in Malaysia. For
instance, Yusuf et al. (2014) reported an average gain of 8.4 °C in surface tem-
perature between 1997 and 2013 in Greater Kuala Lumpur (GKL) using Landsat
TM/ETM images (Yusuf et al. 2014). By integrating both TERRA/MODIS satellite
data and Geographical Information System (GIS), Shaharuddin et al. (2014) found
that the average UHII was higher (14.5 °C) during the intermediate monsoon sea-
son in GKL (Shaharuddin et al. 2014). Similarly, Amanollahi et al. (2016), Salleh
et al. (2013), Shaharuddin et al. (2009) and Hashim et al. (2007) explained the role
of land-use changes and conversion of natural, rural and agricultural land to urban
surfaces on temperature increment in various city centres of GKL using remote
sensing applications (Amanollahi et al. 2016; Hashim et al. 2007; Salleh et al. 2013;
Shaharuddin et al. 2009). Contemporary studies also used various modelling and
simulation approaches to investigate UHI phenomenon at the local scale. In this
context, Tso and Law (1991) successfully performed a simple surface energy bal-
ance (SEB) modelling over selected areas of the city of KL represented by heavy
concrete-made building structures and observed maximum peak of temperature at
12 p.m. due to heat absorption by concrete mass during intense solar radiation (Tso
and Law 1991). Rajagopalan et al. (2014) conducted numerical simulations in Muar
and identified that the chaotic development in the city has caused reduced ventilation
in urban canyons which subsequently resulted in 3.2 °C of UHII during night time
(Rajagopalan et al. 2014). Morris et al. (2015) applied a single-layer urban canopy
model coupled with the WRF/NOAH LSM modelling system in Putrajaya and dis-
covered that the UHII varied temporally and spatially with a maximum magnitude
of 3.1 °C in 2012 (Morris et al. 2015). In another study, Morris et al. (2016) used
the same simulation approach to investigate the local urban climate changes over a
decade (1999–2011) in Putrajaya and concluded that the canopy layer temperature
of the area was increasing at the rate of 1.66 °C per decade (Morris et al. 2016).
Besides, Morris et al. (2017) also used WRF mesoscale model and identified that
daily mean UHII of 0.9 °C with a more severe heating (1.9 °C) at night in GKL
(Morris et al. 2017).

4.3 Deterioration of Thermal Comfort and UHI-Associated
Health Impacts in Malaysia

The most documented direct effect of UHI on public health is reduced outdoor ther-
mal comfort levels of city dwellers in various urban settings (Fong et al. 2019).
For instance, Makaremi et al. (2012) quantitatively investigated the outdoor thermal
comfort in shaded outdoor spaces within Universiti Putra Malaysia‘s campus-based
upon the measurement of major climatic parameters. The findings revealed that the
values of Physiologically Equivalent Temperature (PET) thermal comfort index in
the selected shaded outdoor spaces of the campus were higher than the comfort
range defined for a tropical climate, especially during morning and late afternoon.
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This study also demonstrated that thermal adaptation and psychological parame-
ters play a pivotal role in affecting human thermal comfort level in outdoor spaces
(Makaremi et al. 2012). Nasir et al. (2012) conducted microclimatic measurements
and systematic interviews in shaded Shah Alam Lake Garden to identify the impacts
of weather and personal factors on respondents’ perpetual and sensation estimations.
The results showed that only one-fifth of the urban park users felt comfortable with
the surrounding microclimatic factors of the park, whereas 80% of them felt the
warm sensation (Nasir et al. 2012). In another study, Nasir et al. (2013) investigated
peoples’ perception of their physical activities in Shah Alam Lake Garden during hot
hours and identified that a negative correlation (r =−0.291, p < 0.001) between peo-
ple’s activities and the time in a day. This indicates that people show less interest in
doing outdoor activities during the hot time (Nasir et al. 2013). In addition, Qaid et al.
(2016) investigated the outdoor thermal comfort at different areas in a planned city
of Putrajaya and identified that the city’s human thermal comfort exceeds the natural
range of 30 °C. However, they discovered that high-rise residential buildings and the
Boulevard Street are thermally comfortable during daytime due to building shading
effects (Qaid et al. 2016). Besides thermal comfort assessments, Wong et al. (2017)
surveyed about 1050 working communities in the city of Kuala Lumpur from man-
ufacturing and service sectors regarding the health impact of UHI effects. Majority
of the respondents (90.2%) reported respiratory problems as the main health impact
due to increasing temperature in their surrounding environment. This is followed
by heat exhaustion (83.1%) and heat cramps (72.9%). Depression (64.7%) was the
experience that was reported the highest among all psychological health experiences
queried (Wong et al. 2017). In conclusion, no much research evidence was available
to elucidate the association between health impacts and UHI phenomenon effects
on the working community in the city of Kuala Lumpur. More scholarly studies are
vital to obtaining an in-depth view of UHI-driven physical and psychological health
impacts of the urban community in future.

5 Air Quality and Urban Heat Island Management
and Policy in Malaysia

5.1 Air Quality Management in Malaysia and Policies

The first Malaysia Ambient Air Quality Guideline has been used since 1989. The
NewAmbient Air Quality Standard adopts six air pollutants’ criteria that include five
existing air pollutantswhich are particulatematterwith the size of less than 10micron
(PM10), sulphur dioxide (SO2), carbon monoxide (CO), nitrogen dioxide (NO2) and
ground-level ozone (O3) as well as one additional parameter which is particulate
matter with the size of less than 2.5 micron (PM2.5). Clean Air Action Plan (CAAP)
under the DOE, the Clean Air Action Plan (2010–2020) was established in 2011 and
it contains five main strategies in order to improve the air quality. The five strategies
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are described to reduce emissions from motor vehicles, prevent haze pollution from
land and forest fires, reduce emissions from industries, build institutional capacity
and capabilities and strengthen public awareness and participation.

5.2 Sustainable Transport in Malaysia

For achieving significant levels of CO2 emission reductions, the idea of transit-
oriented development started to gain recognition after its inclusion in the Kuala
Lumpur Structure Plan and the draft of Kuala Lumpur 2020City Plan (Kuala Lumpur
Structure Plan 2017). The first evidence of any political attention being given to
sustainable transportation in KL was as recent as 2010, when the Economic Trans-
formation Program (ETP) was launched on; this programme is an initiative by the
Malaysian government to turn the country into a high-income nation and turn KL
into a liveable city by 2020 (Shokoohi and Nikitas 2017). KL Car Free Morning
started in January 2014 to promote a healthier lifestyle as well as create awareness
about the alternative modes of transportation.

5.3 Second-Hand Smoke (SHS) in Malaysia

Like in most other countries there are no Malaysian guidance or limit values in rela-
tion to SHS exposure either in theworkplace or for non-occupational exposurewithin
public spaces. The Malaysian Code of Practice for Indoor Air Quality guidelines for
non-industrial settingswas introduced by theMalaysianDepartment of Occupational
Safety and Health in 2005 and states that 8-h time-weighted average for PM10 was
150µg/m3 (Malaysia Department of Occupational Safety and Health 2005). In 2010
the WHO indicated that their AQG 2005 for PM2.5 (25 µg/m3) could now be applied
to indoor settings.

5.4 Unleaded Fuel in Malaysia

Two successful regulations that led to the reduction of negative impact of mobile
sources on air quality are the amendments in the Environmental Quality Act (EQA)
and the phase-out of leaded gasoline sales. A significant first step towards imple-
menting Malaysia’s Clean Air Plan was achieved in 1996 with the approval of two
regulations designed to reduce emissions from mobile sources: the Environmental
Quality (Control of Emissions from Diesel Engines) Regulations 1996 and the Envi-
ronmental Quality (Control of Emissions from Petrol Engines) Regulations 1996.
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5.5 Urban Heat Island Management in Malaysia

There are no policies in Malaysia that specifically address the UHI phenomenon,
even in the National Policy on Climate Change which was formulated in 2009 to
discuss some serious local issues of climate change. On the other hand, National
Urbanization Policies 1 and 2 (2006 and 2016) of Malaysia have provided general
statements on the need to address UHI impacts for future sustainable urban devel-
opment (Ramakreshnan et al. 2019b). However, the implementation of various local
guidelines on the development of green and sustainable cities constructed by the
Federal Department of Town and Country Planning of Malaysia is able to ameliorate
the eventual impacts and severity of UHI. One such guideline is the Green Neigh-
bourhood Guideline as presented in Table 1. Incorporating relevant best practices,
standards and guidelines (as shown in Table 1) in policies is one of the best moves

Table 1 General guidelines for Green Township Development in Malaysia

General guidelines Description

Site selection and site planning ◯ Avoid environment sensitive area (ESA)
◯ Connect existing street network with adjacent

network
◯ Introduce integrated infrastructure

Application of green technology in building
development

◯ Comply with international and national
assessment criteria for green building

Walkability and connectivity ◯ The pedestrian network is interconnected and
accessible to all amenities and services

◯ Apply universal design/barrier-free design
◯ Destination and amenities are within walking

distance

Green network ◯ Planting strips and street trees
◯ Connecting natural habitat and waterway with

landscape or garden
◯ Neighbourhood farming plot and home

‘green plots’

Short distance to transit ◯ Rapid, convenient and efficient transit service

Green infrastructure ◯ Provision of green infrastructure through the
application of technology or using natural
methods

Mixed-used development ◯ Diverse land use
◯Mixed use/multiuse building
◯ Diversity of activities

High density (compact development) ◯Higher density located in, adjacent to or within
close proximity to the core area

◯ Crucial in supporting public transportation
and as a threshold to support community
facilities

Source Hashim and Rosly (2011)
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to minimize the effects of UHI while enhancing the urbanite’s adaptation to strive
well in hotter cities.

6 Conclusion

Haze episodes, extreme heat and weather events have become a recurrent seasonal
phenomenon in Malaysia since 1997, and the number of public health and extreme
weather studies is still scarce. The association between respiratory morbidity, espe-
cially on the aggravation of asthma, and haze exposure was found in limited studies;
however, there is still lack of in-depth investigation associated with public health to
reach a strong and valid agreement between the patterns of other diseases during and
following exposure. Malaysia needs to initiate toxicological studies on the biological
mechanism of hazardous pollutants. In fact, long-term exposure assessments need to
establish veritable evidence for the susceptible populations for future health planning
(Ramakreshnan et al. 2018a). Understanding of UHI Intensity using meteorological
network’s observations and mobile weather trackers in urban and suburban area of
Malaysia will explore the hotspot and green lung of each climate zone for imple-
menting a necessary approach to minimize the human exposure with extreme heat.
Incorporation of more explanatory variables of UHI from both meteorological and
urban factors is a requisite to identify their pivotal association with UHI intensifi-
cation in the Malaysian context. With such acquired knowledge of the UHI issue
and related underlying mechanisms, urban planners, designers and decision-makers
can perform more evidence-based decision-making to create, reform or rejuvenate
climate-friendly sustainable cities for enhanced liveability in future. Furthermore,
such scientific knowledge will provide valuable input and tools for policy-makers to
make the right policy choices aiming at sustainable healthcare solutions.
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The Impact of Extreme Weather Events
on Health and Development in South
Africa

Christie Nicole Godsmark and James Irlam

Abstract High climate variability and deep societal inequalities render SouthAfrica
a climate-vulnerable nation. Extreme weather events are increasing and impacting
health and development in multiple ways. This chapter describes the impacts of
extreme heat; floods and storms; drought; and wildfires on health and development
in South Africa. It identifies socio-economic and occupational groups that are most
vulnerable. It describes important recent policy and legislative responses that have
the potential to create a more climate-resilient nation. It concludes with recommen-
dations for action on climate and health by health professionals in South Africa.

Keywords Climate change · Public health · Extreme weather events ·
Environmental health

1 Introduction

South Africa is a climate-vulnerable nation, due largely to high levels of existing
climate variability and to deep and persistent health and development inequalities
(Department of Environment Affairs 2017). Global climate change is predicted to
further existing trends of rising temperatures, increased rainfall variability, sea-level
rise, and more frequent and intense extreme weather events in South Africa (Davis-
Reddy 2017).

Under a high emissions’ scenario (RCP8.5),
1
mean annual temperature may rise

by about 5.1 °C on average from 1990 to 2100 (and by 1.4 °C under the low emissions
scenario of RCP2.6). The annual average of heatwaves (defined as 7 or more con-
secutive days with maximum temperatures above the 90th percentile threshold for
that time of the year) may increase from fewer than 5 days to as much as 145 days

1Model projections from CMIP5 for RCP8.5 and RCP2.6.
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during the same period (or 25 days under RCP2.6). The longest dry spell is pro-
jected to increase by about 30 days to approximately 110 days in the year 2100 (or
by fewer than 10 days under RCP2.6), with large year-to-year variability (World
Health Organisation 2015). The Mediterranean-type climatic region in the south-
western Cape is at particular risk of drying (Department of Environment Affairs
2017). Without significant adaptation under a high emissions’ scenario, an average
of 13,900 South Africans per year between 2070 and 2100 may be affected by flood-
ing due to rising sea levels. An additional 8500 people annually above the estimated
baseline of 45,900 in 2010 may be at risk of inland river flooding by 2030 because
of climate change.2 No change in the number of days with very heavy precipitation
of 20 mm or more is projected, however, remaining around 6–7 days on average
(World Health Organisation 2015). Although annual rainfall trends are weak overall
and non-significant, there is a tendency towards fewer rain days in almost all hydro-
logical zones. This implies a tendency for more intense rainfall events and longer
dry spells (Department of Environment Affairs 2013).

South Africa carries a quadruple burden of disease from four broad categories
of causes: injuries; non-communicable diseases; HIV/AIDS and tuberculosis (TB);
and communicable diseases, perinatal conditions, maternal causes, and nutritional
deficiencies (Gray and Vawda 2017). Climate change will most likely exacerbate this
existing burden rather than introduce many new diseases (Myers and Rother 2012),
but the following groups will be most affected: those living in the hottest parts of
the country; coastal populations prone to flooding from rising sea levels; those of
poor socio-economic status; those living in informal housing; migrants and displaced
groups; rural women; infants and children, especially those in child-headed house-
holds; chronically and mentally ill and physically challenged people; and outdoor
workers (Department of Environment Affairs 2017; Department of Environmental
Affairs 2011; Department of Health 2014).

In addition to South Africa’s variable climate, deteriorating ecosystems, and its
unequal and severe burden of disease, there aremanydevelopment-related factors that
contribute to national climate vulnerability. Significant socio-economic inequality,
among the worst in the world, increases household vulnerability and unequal access
to resources, which is exacerbated by rapid rural to urban migration, inadequate
infrastructure, poor delivery of basic services, limited information, and inflexible
institutions (Department of Environment Affairs 2017).

Global economic stagnation compounded by national leadership failures, cor-
ruption, and the undermining of state-owned entities all challenge South Africa’s
growth prospects, which undermines the ability to finance development of a more
resilient economy. Recent political developments in South Africa and new leader-
ship to address these challenges provide some hope of a recommitment to national
development as outlined in the National Development Plan (National Planning Com-
mission 2012), which is also cognisant of the national climate policy framework
(Department of Environmental Affairs 2011). Furthermore, the South African con-

2World Resources Institute Aqueduct Global Flood Analyzer, which assumes continued current
socio-economic trends and a 25-year flood protection. http://www.wri.org.

http://www.wri.org
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stitution recognises the right to an environment that is not harmful to health and
well-being and that is protected for future generations (RSA 1996).

2 Health and Development Impacts of Extreme Weather
Events in South Africa

Due to South Africa’s vulnerability to climate change, there is a strong imperative for
urgent adaptation towards greater climate resilience. The multi-sectoral Long-Term
Adaptation Scenarios (LTAS) Research Programme (Department of Environment
Affairs 2013) was mandated by the National Climate Change Response White Paper
(Department of Environmental Affairs 2011) to develop scenarios for long-term
adaptation planning.

LTAS classified the main impacts of extreme weather events in South Africa as
extreme heat, floods and storms, drought, and wildfires. These are summarised in
Table 1 and discussed below.

2.1 Extreme Heat

Heat-related deaths and illnesses are likely to increase in South Africa as the climate
warms and the number of hot days increases (Scovronick et al. 2018), which is con-
sistent with global evidence. Heatwaves are known to increase food insecurity and
malnutrition (Bloem et al. 2010), food-borne diseases such as salmonellosis (Kovats
et al. 2004), water-borne diseases such as cholera (Baker-Austin et al. 2016), air
pollution (Dawson et al. 2007), non-communicable diseases (Friel et al. 2011), and
mental ill-health (Doherty and Clayton 2011; Hansen et al. 2008). Civil violence,
interpersonal violence, and other criminal behaviours have also been associated with
raised temperatures (Breetzke and Cohn 2012; Ranson 2014). The influence of tem-
perature on the spread of vector-borne diseases, such as malaria, is equivocal, and
attribution is often weakened by control programs. Temperature, along with other
environmental variables such as rainfall and humidity, is a key driver of vector-borne
disease transmission, affecting the vector life cycle, proliferation of pathogens, and
geographic range of vector habitats (Beck-Johnson et al. 2013; Siraj et al. 2014).

2.2 Floods and Storms

Severe summer thunderstorms inmanyparts of SouthAfrica, especiallywhen accom-
panied by strong winds, flooding, hail, lightning, and occasionally tornadoes, pose
a considerable social and economic risk to agriculture, property, infrastructure, and
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Table 1 Main impacts of extreme weather events in South Africa

Exposure Main health, social and development
impacts

References

Extreme
heat

• Heat-related deaths and illnesses for
humans and livestock

• Reduced work capacity
• Cardiovascular disease
• Respiratory disease
• Renal disease
• Food-borne and vector-borne
diseases

• Pest-related diseases and increased
chemical exposures

• Violence and conflict
• Risk of wildfires

• Kovats and Hajat (2008), Thornton
et al. (2009)

• Kjellstrom et al. (2009)
• Scovronick et al. (2018)
• Glaser et al. (2016)
• Gage et al. (2008), Myers and Rother
(2012)

• Boxall et al. (2009), Costello et al.
(2009)

• Hsiang et al. (2013)
• Davis-Reddy (2017)

Floods
and
Storms

• Water-borne and diarrhoeal diseases
• Food insecurity, malnutrition
• Damage to crops and farmland
• Damage to critical infrastructure and
contamination of water supply

• Infectious diseases
• Environmental refugees (population
displacement)

• Mental ill-health, e.g. PTSD,
depression, suicide

• Hazard-specific injuries and deaths,
e.g. drowning

• Respiratory diseases

• Cann et al. (2013), Levy et al. (2016)
• Phalkey, et al. (2015)
• Rosenzweig et al. (2001)
• Mirza (2003), Davis-Reddy (2017)
• Patz et al. (2003), Shuman, (2010)
• Myers (2002)
• Berry et al. (2010)
• Davis-Reddy (2017)
• Ayres et al. (2009)

Drought • Food insecurity, malnutrition
• Reduced agricultural yield
• Loss of livelihoods and jobs
particularly in agriculture and
tourism

• Environmental refugees (population
displacement)

• Mental ill-health, e.g. depression,
suicide

• Conflicts for resources
• Risk of wildfires

• Phalkey et al. (2015)
• Davis-Reddy (2017)
• Myers (2002)
• Berry et al. (2010)
• Davis-Reddy (2017)

Wildfires • Hazard-specific injuries and deaths,
e.g. burns and smoke inhalation

• Exacerbation of respiratory
conditions, e.g. asthma

• Production of carcinogenic agents
• Loss of property and livelihoods
• Mental ill-health, e.g. PTSD

• Stefanidou et al. (2008)
• Naeher et al. (2007)
• Pharoah (2012)
• Berry et al. (2010)
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transport systems andmay lead to loss of life (Blamey et al. 2017). There is an average
of between 1.5 and 8.8 lightning-related deaths per million per year in South Africa,
which is considerably higher than the global average (Blamey et al. 2017). Yet despite
projected increases due to global climate change, the frequency and distribution of
severe storms is poorly understood (Blamey et al. 2017).

Frequent floods and stormsmay increase or decrease vector abundance by impact-
ing their habitats and may increase the risk of respiratory and diarrhoeal diseases,
drownings, and injuries (Hoshen and Morse 2004; Thomson et al. 2006). Damage to
sewerage systems fromheavy rainfall and storms is a risk factor for diarrhoeal disease
through the contamination of water sources. Water sources might also be contami-
nated by increased run-off of agricultural pesticides and other industrial chemicals
(Lipp et al. 2002; Patz et al. 2008).

Floods and storms may also displace people in large numbers (Myers 2002),
disrupt the food supply (Lobell et al. 2008), and increase malnutrition (Bloem et al.
2010). Landslides following fires and floods can cause huge loss of life and property,
leading to the spread of infectious diseases andmoremental ill-health. Post-traumatic
stress disorder (PTSD), grief over loss of loved ones, and depression and anxiety from
the disruption of livelihoods (Doherty and Clayton 2011; Friel et al. 2011) often have
long-term impacts (Hales et al. 2003).

2.3 Drought

Decreases in rainfall and the number of rainfall days over parts of South Africa
(Davis-Reddy 2017), and a long-term (1921–2015) drying trend in the north and
north-east regions (Davis-Reddy 2017), have increased droughts and impacted agri-
culture, ecosystems, and the economy. Severe impacts have been observed on vector
abundance (Thomson et al. 2006), food security and malnutrition (Bloem 2010;
Lobell et al. 2008), water supplies, and infectious diseases, all of which affect health
and well-being. Mental health is particularly impacted by loss of livelihoods and dis-
placement of people (Berry et al. 2010; Doherty and Clayton 2011; Morrissey and
Reser 2007; Myers 2002). The current severe drought in the Western Cape province
(see case study below) may be a foretaste of more frequent droughts in future as a
result of projected declines in regional winter rainfall (Davis-Reddy 2017).

2.4 Wildfires

Although trauma and burns are common effects of wildfires, smoke inhalation is
often more common and severe (Stefanidou et al. 2008). In urbanised and industrial
areas, the combustion of plastics and chemicals may also produce very harmful
secondary toxins (Stefanidou et al. 2008). More wildfires as a result of drought and
heat extremes in SouthAfricamay therefore increase all-cause and cardio-respiratory
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mortality, hazard-specific injuries, emergency hospital admissions, mental ill-health,
and even adverse birth outcomes (Jayachandran 2009; Papanikolaou et al. 2011;
Stefanidou et al. 2008; Youssouf et al. 2014). There are also indirect yet devastating
health impacts of wildfires due to secondary events such as landslides, which occur
more readily after heavy rainfall where the vegetation cover has been burnt away
(Santi et al. 2013).

3 Groups Vulnerable to Extreme Weather Events

Those most vulnerable to the direct and indirect impacts of extreme weather events
are usually alsomost vulnerable to themultiple impacts of climate change.Adults and
children with weakened immune systems are particularly vulnerable (Doherty and
Clayton 2011; Gardner 1980; Rocklöv et al. 2010; Katsumata et al. 1998). People
with pre-existing chronic diseases and respiratory conditions, such as asthma and
chronic obstructive pulmonary disease (COPD); smokers; children; the elderly; and
those of low socio-economic status are also vulnerable (Delfino et al. 2009; Rappold
et al. 2012; Youssouf et al. 2014).

Poor communities are vulnerable to extreme weather events for a host of rea-
sons. These include poor housing, poor environmental health and basic services, and
occupancy of marginal land that may be at high risk from flooding, storms, and other
extreme weather events (Shirley et al. 2012). Extreme weather events may cause
structural damage to homes, transport, and health infrastructure, thus exacerbating
negative health outcomes (Friel et al. 2011). Those migrating as environmental or
socio-economic refugees to rapidly urbanising areas where the demand is high for
inadequate social services, may become victims of conflict over resources and basic
services such as land, housing, water, sanitation, and employment (Hales et al. 2003).

In South Africa, many workers in heat-exposed sectors like agriculture, construc-
tion, and mining are vulnerable to heat stress (Mathee et al. 2010). Rescue workers
deployed during weather disasters and firefighters are at increased risk of death,
injury, and mental ill-health (Schulte and Chun 2009).

4 National Policy and Legislative Responses
to the Climate-Development Challenge

South Africa has adopted several significant national climate policies and adaptation
plans over the past 7 years to guide adaptation towards amore climate-resilient future.
Reference has been made above to the 2011 National Climate Change Response
White Paper (2011) (Department of Environmental Affairs 2011), which mandated
the multi-sectoral Long-Term Adaptation Scenarios (LTAS) Research Programme
(Department of Environment Affairs 2013) to develop scenarios for long-term adap-
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tation planning. The multi-sectoral South African National Climate Change Adapta-
tion Strategy (October 2017 draft) (Department of EnvironmentAffairs 2017) and the
health sector-specific National Climate Change Health Adaptation Plan 2014–2019
also provide important guidance for climate-resilient development (Department of
Health 2014).

South Africa’s National Climate Change Bill was gazetted in June 2018 (Depart-
ment of Environment Affairs 2018). The purpose of the Bill is to “build an effec-
tive climate change response and ensure the long-term, just transition to a climate-
resilient and lower carbon economy and society”,3 within the context of sustainable
development for South Africa. The Bill acknowledges that climate change is an
urgent threat to society and the environment and that anticipated domestic impacts
have the potential to undermine the country’s development goals. An effective, pro-
gressive, and well-coordinated response is therefore required, supported by a robust
legislative framework. The Bill provides for national, provincial, and local govern-
ment coordination, led by the Minister of Environmental Affairs and a ministerial
committee on climate change, including Health, Rural Development, Energy, and
Water and Sanitation, among others.

The Bill addresses national climate change adaptation, mitigation of greenhouse
gas emissions, and alignment of laws and policy. It calls for climate change adap-
tation to be guided by a National Adaptation Strategy that must include a national
assessment of “vulnerability to climate change and related risks at a sectoral, cross-
sectoral, and geographic level, including a consideration of relevant national disaster
risk assessments in terms of the Disaster Management Act 57 of 2002”. This Act
includes the formation of disaster management advisory forums at national, provin-
cial, and municipal levels to prepare context-specific disaster management plans. At
the sub-national level, provincial and municipal obligations include a climate change
needs and response assessment to inform a climate change response implementation
plan, both of which are to be reviewed every five years (Department of Environment
Affairs 2018).

5 Recommendations for Health Professionals in South
Africa

5.1 Education for Advocacy by Public Health Professionals

Health is the bottom line of climate change. It is therefore incumbent upon health
professionals to inform themselves, their colleagues, and their patients about climate-
health risks and the opportunities to act decisively and urgently to protect the public
from the worst impacts. Health professionals have a significant voice as agents of

3Statement from the Department of Environmental Affairs 11 June 2018.
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change in society and should be equipped to exercise this agency effectively and
strategically.

Health science curricula should therefore include climate and health issues at
undergraduate and postgraduate levels. Public health professional associations also
have an important role in mobilising and developing capacity among their members.
An example is the Climate Energy and Health Special Interest Group (CEH SIG)
of the Public Health Association of South Africa (PHASA), which recognises the
health and development challenges of the carbon-intensive energy sector in South
Africa.

5.2 Climate-Health Research

Climate-resilient development requires greater capacity for making decisions that
take climate change into account, despite the challenges of uncertainty. Reliable
climate change information and effective communication to key decision-makers
are thus required.

The prediction of extreme weather events in South Africa is an evolving science,
but more data and research on the health impacts are needed, especially among vul-
nerable populations. Attributing specific health outcomes to extreme weather events
is challenging due to incomplete reporting. The Long-Term Adaptation Scenarios
(LTAS) for South Africa therefore urge greater collaboration between stakeholders,
comprehensive risk and vulnerability assessments, improved reporting and commu-
nication, and stronger climate and health surveillance systems. Specific metrics for
immediate impacts could include population displacement, hospital admissions, and
deaths (Department of Environment Affairs 2013).

6 Conclusion

This chapter has described the health and development impacts in South Africa of
extreme heat; floods and storms; drought; and wildfires and has identified vulnerable
groups. It has also described some of the important policy and legislative responses
that can, if properly implemented and enforced at all levels of society, significantly
diminish this risk and create a more climate-resilient nation. A greater role for public
health professionals in raising public awareness of climate-health risks has also been
recommended.

The 40th anniversary of the International Declaration on Primary Health Care
(PHC) in 2018 (World Health Organization 2018) reminds us that the achievement
of “Health for All” requires all sectors of society to collaborate in addressing the
environmental and social determinants of good health, with particular attention to
the most vulnerable, and a deep commitment to social justice.



The Impact of Extreme Weather Events … 273

Effective action on climate change requires a similar approach to transform it from
a significant threat to a great opportunity to protect and improve public health and
development now and in future generations. South Africa has the will and capacity
to achieve this, but it will require strong leadership, good intersectoral collaboration,
evidence-based policies, and constant vigilance by the public health community and
civil society.

7 Case Study: Western Cape Water Crisis 2017–2018

The Western Cape Province of South Africa is experiencing a severe and prolonged
drought at the time of writing (July 2018): 22 of its 25 local and metropolitan munic-
ipalities are under water restrictions, with five municipalities facing very severe
restrictions. The City of Cape Town is currently under the most stringent Level 6B
water restrictions in the province, restricting residents and businesses to 50 l of water
per person per day. Climate change, poor rainfall in the catchment areas over the
last three years, the growing population and economy, and a shortfall in new dam
storage capacity are considered primary reasons for the water crisis (Western Cape
Government 2018).

The City of Cape Town has implemented a number of water augmentation strate-
gies, namely the building of desalination plants, harvesting groundwater through
aquifers, and water recycling/reclamation from treated effluent. As part of its public
awareness campaign, the City has created an online water dashboard, which displays
the projected date of Day Zero (when municipal water supply would be switched off
and people would need to queue for their daily water rations), as well as current com-
bined dam levels supplying the City, and links to extensive water-saving resources
(City of Cape Town 2018).

According to local news agency reports, the drought has already had direct and
indirect health impacts. As summer temperatures rise in Cape Town, diarrhoea cases
usually surge among children under five years old; a noticeable increase in cases
this past summer may have been due to worsening sanitation and personal hygiene
associated with water-saving (Evans 2018a, b). A national outbreak of listeriosis, a
food-borne disease, killed almost 200 people and resulted in the treatment of more
than 900 confirmed cases; 12%of thesewere from theWesternCape, highlighting the
risks of poor water and food hygiene. Decreased hand-washing and poor sanitation
may also stimulate antibiotic resistance through the improper use of medications and
may increase the transmission of bacterial and viral infections (Green 2018).

Farmers in the Western Cape have suffered large financial loses as a result of the
drought and severe water restrictions. Globally, farmer suicides linked to droughts
have been reported in Australia (Hanigan et al. 2012) and locally, according to a news
agency, there was an increase in farmer suicides in the Northern Cape Province in
2016, likely due to drought-related mental and financial stress (Child 2017). Many
seasonal agricultural workers and employees in the tourism sector lost their jobs
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during the drought (Phakathi 2018), which coupledwith increasing food pricesmight
worsen their vulnerability to ill-health and malnutrition.

Drought conditions often leave the soil compacted and less porous, so there is a
higher risk of flash flooding during heavy rainfall. In mid-February 2018 for exam-
ple, nine people drowned in a flash flood near Theewaterskloof Dam, one of Cape
Town’s largest water sources (Evans 2018a, b). A combination of high temperatures,
low relative humidity and precipitation, strong winds, and desiccated vegetation pro-
vides fuel for runaway wildfires in the area (Climate Systems Analysis Group 2016;
Flannigan and Harrington 1988). Climate change is anticipated to exacerbate these
conditions, and therefore, an increase in the frequency and intensity of wildfires is
predicted (Flannigan et al. 2013; Flannigan et al. 2009). This in turn increases water
demand in an already water-stressed region and places firefighters and residents at
greater risk of burns, trauma, and cardio-respiratory diseases (Stefanidou et al. 2008).
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The Complex Effects of ExtremeWeather
Events in the Greater Horn of Africa

Manpreet Singh, Mala Rao and Andy Bechingham

Abstract This chapter uses a primary, secondary, and tertiary effects model to
describe the effects of extreme weather events in the Greater Horn of Africa. Pri-
mary effects are the direct effects of climate change on health; secondary effects
are indirect; and tertiary effects operate at the intersection of climate, policy, and
ecology. We consider the tertiary effects of extreme weather on health through the
lens of a complex adaptive system. We draw on academic literature, and more con-
temporaneous sources, including newspapers and humanitarian situation reports, to
detail the impact of recent extreme weather events, including 2016–2017 droughts
and subsequent famine.

Keywords Horn of Africa · Climate change · Complex adaptive systems ·
Heatwaves · Famine ·Migration

1 Introduction

This chapter explores the complex effects of extreme weather events in the Greater
Horn of Africa.

The Greater Horn of Africa, as defined by the Intergovernmental Authority on
Development (IGAD), consists of nine countries: Djibouti, Eritrea, Ethiopia, Kenya,
Somalia, South Sudan, Sudan, Uganda, and Somaliland which withdrew from union
with Somalia but remains unrecognised in the international arena. This geographical
grouping had a population of 257 million people in 2015 (over 20% of the total
population of Africa) (United Nations Department of Economic and Social Affairs,
Population Division 2017). Using UNDP’s medium variant estimates of population
growth, the Greater Horn of Africa will have a population of 545 million people in
2050 (again, over 20% of the projected total population of Africa) (United Nations
Department of Economic and Social Affairs, PopulationDivision 2017). Countries in
the Greater Horn of Africa represent a wide range of political and economic contexts.
The region includes the two most fragile states as defined by the 2018 Fragile State
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Index (South Sudan and Somalia) (The Fund for Peace 2018); it also includes some
of the fastest growing economies in the world—Djibouti, Ethiopia, and Kenya all
experienced greater than five per cent GDP growth in 2017 (African Development
Bank 2018). Notably when considering the effects of climate change on health, the
region currently has four of the ten biggest source countries for refugees (in order:
South Sudan, Somalia, Sudan, and Eritrea), and three of the 10 biggest refugee
hosting countries (in order: Uganda, Ethiopia, and Kenya) (UNHCR 2017). Since
large proportions of the region’s population depend on rain-fed agriculture, and their
livelihoods become more precarious due to climate change, the rate of rural-urban
migration may be expected to grow still further, with many ending up in camps and
informal settlements. This may expose large numbers of people to a variety of new
risks, including outbreaks of infectious disease, food price increases and violence
(Serdeczny et al. 2017).

Given the political and economic situations outlined above, it is no surprise that
countries in the Greater Horn of Africa represent a wide range of health profiles.
Somalia and South Sudan both have a maternal mortality ratio above 700 deaths
per 100,000 live births (among the highest in the world) (Countdown to 2030 2017).
Although some countries in theGreater Horn have demonstrated rapid improvements
in health outcomes (e.g. Ethiopia’s annual rate of reduction in child mortality from
2006 to 2016 was over 5%), none of the eight countries is on track to hit the 2030
SDG targets for maternal and child health (McArthur et al. 2018). Importantly when
considering the effects of climate change on health, malnutrition is the biggest risk
factor for death and disability in all eight countries (IHME 2018). The effects of
climate change on nutrition and food security will be explored in more detail below.

We define extreme weather events using the definition of ‘climatic extremes’
from the IPCC SREX report of 2012 (IPCC 2012). This includes both short-term
events (on a timescale of days to weeks) and longer-term events (on a timescale of
weeks to years). The definition includes (but is not limited to) temperature extremes,
precipitation extremes, droughts and floods.

We use two interconnected frameworks to assess the effects of extreme weather
events on human health. The first is a primary, secondary, and tertiary effects model
(Butler and Harley 2010). In this framework, primary effects are the direct impacts of
the physical system on human health (e.g. heatwaves, trauma); secondary effects are
the indirect impacts (e.g. changes in the transmission cycles of vector-borne disease,
causing changes in infectious disease epidemiology); tertiary effects operate at the
intersection of climate, politics, and ecology (Butler and Harley 2010). A similar
framework was used by the authors of the 2017 Lancet Countdown on Health and
Climate Change (Watts et al. 2018). When considering tertiary effects, we bring
in a second framework, drawn from the science of complex adaptive systems—
this moves beyond traditional linear models of cause and effect and considers poor
health outcomes to be an emergent property of the complex interaction of multiple
interconnected elements (Rutter et al. 2017). Given this complexity, it is important to
consider how the impact of extreme weather events interacts with other pre-existing
biological and social vulnerabilities.
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2 Extreme Weather Events in the Greater Horn of Africa

Throughout this chapter, we will use recent extreme weather events to illustrate
the predicted impacts of future extreme weather events. Specifically, we will use
examples drawn from the 2011 and 2016–2017 droughts in the Horn of Africa.
From October to December 2016, rainfall across Somalia and South-eastern parts of
Ethiopiawas less than 30%of the 1981–2010 average (UNOCHA2017a, b). This had
dramatic effects on the availability of water for human and livestock consumption—
in January 2017, most monitored water points in Kenya, Ethiopia, and Somalia were
at ‘alert’ or ‘near-dry’ levels (UNOCHA 2017a, b). Recovery from the 2016–2017
drought has been varied across the Greater Horn of Africa. Although Ethiopia and
Somalia had a favourable rainy season in October 2017, Ethiopia has continued to
experience below average rainfall in 2018 (Famine Early Warning Systems Network
2018b). Parts of Kenya have experienced three consecutive poor rainy reasons, with
impacts on maize production and livestock productivity (Famine Early Warning
Systems Network 2018a, b).

These extreme events are already occurring (and will continue to occur) in the
context of long-term climate trends. Historically, there has been a decrease in rainfall
inEastAfrica over the last three decades, partly linked towarming in the IndianOcean
(IPCC 2014). Long-term effects of climate change on precipitation in the Greater
Horn of Africa are highly debated—many regional climate models predict increases
in precipitation (Souverijns et al. 2016; Tierney et al. 2015). This disconnect between
historically observed droughts and models predicting increases in rainfall has been
dubbed the ‘East African climate paradox’. Given this uncertainty, for the purposes
of this chapter, we explore the effects of both droughts and flooding. This is driven by
recent analyses, which suggest that there will be an increase in precipitation in South-
eastern Ethiopia and Somalia, and a decrease in precipitation over the Ethiopian
highlands, Great Lakes region, and Sudan (Souverijns et al. 2016).

There is clear evidence from the climate literature of an increase in heatwaves.
Regional climate models predict that even a scenario that limits global mean warning
to 2 °C (the outcome of the Paris agreement) will result in an increase in the number
and intensity of heatwaves in the Greater Horn of Africa (Weber et al. 2018; Dosio
2017). The impact of a high emissions scenario is even greater—projecting that days
of ‘heatwaves’ in Uganda will increase from 10 days per year in 1990 to 225 days
per year by 2100 (World Health Organization 2015c); in Ethiopia heatwaves will
increase from 10 days per year in 1990 to 250 days per year by 2100 (World Health
Organization 2015a).

Populations in the region have adapted over millennia to harsh climate, but in
recent times, catastrophes have grown in frequency. In Somaliland in the twentieth
century, droughts were seen about once every ten years, but in the twenty-first these
now occur every other year. Increases in temperature and precipitation changes have
resulted in droughts that have killed huge numbers of animals and created destitu-
tion for many households. But more permanent impacts are also seen—wind speed
increases have eroded topsoil, increased dune formation, and increased desertifi-
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cation. Increased run-off has depleted soils and drowned animals (Hartmann et al.
2009). The situation is likely to deteriorate without better drought risk management
(Abdulkadir 2017).

3 Health Effects of Extreme Weather Events

Primary

Primary impacts refer to the direct effects of climate change on health, typically
heatwaves and trauma (Butler and Harley 2010). As detailed above, regional climate
models predict an increase in the number and intensity of heatwaves in the Greater
Horn of Africa. The health effects of heatwaves are well established at a global
level and include both direct heat stress and an increase in cardiovascular mortality
(Watts et al. 2018). Elderly populations (those over 65) are particularly vulnerable
from the direct impacts of heatwaves. Under a high emissions’ scenario in Ethiopia,
heat-related deaths in the elderly are projected to increase from 3 per 100,000 people
per year between 1961 and 1990 to 65 per 100,000 people per year by 2080 (World
Health Organization 2015a). In Kenya, the projected increase is from 2 deaths per
100,000 people per year in 1961–1990 to 45 deaths per 100,000 people per year in
2080 (World Health Organization 2015b); in Uganda, from 2 deaths per 100,000
people per year in 1961–1990 to 81 deaths per 100,000 people per year in 2080
(World Health Organization 2015c).

Likewise, extreme weather events (e.g. floods) can directly cause deaths through
trauma. Between 2000 and 2018, 2300 deaths from flooding were reported in the
Greater Horn of Africa (Université Catholique de Louvain 2018), and the number of
people at risk is increasing through climate change. WHO estimates that in Ethiopia,
154,400 people are currently at risk of inland river floods; by 2030, an additional
248,200 will be at risk due to climate change (World Health Organization 2015a).
In Kenya, an additional 75,100 people will be at risk of annual river floods due to
climate change by 2030 (from a 2010 baseline of 29,600 people at risk) (WorldHealth
Organization 2015b); in Uganda, an additional 34,600 will be at risk of annual river
floods due to climate change by 2030, from a 2010 baseline of 15,500 people (World
Health Organization 2015c).

Secondary

The secondary impacts of extreme weather events on health are indirect, operating
through a number of complex and interconnected pathways. In this chapter, we
explore the effects of extreme weather events on water, agriculture and food security,
income, and infectious disease transmission.

Water

Extreme weather events affect both water quantity and quality—therefore causing
secondary impacts on health (e.g. through diarrhoeal disease), as well as impacting
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agriculture and food security (detailed below). This is particularly true for rural
poor populations where the water and sanitation infrastructure (e.g. pit latrines and
rainwater harvesting) is both more vulnerable to climate impacts and less adaptable
to respond to climate threats (Howard et al. 2016).

Considering water quality first—there is good evidence that as temperature rises,
common bacterial pathogens replicate more rapidly, and the incidence of diarrhoea
caused by bacterial infection rises (Howard et al. 2016). As a result of these tem-
perature impacts, WHO models suggest that, in eastern Africa, there will be 11,000
more deaths of children below the age of 15 from diarrhoea illness by 2030, in a
base-case climate change scenario (World Health Organization 2014).

There is also a hypothesized relationship betweendroughts (andwater availability)
and diarrhoeal disease, although this has not been included in WHO’s most recent
models, due to lack of quantitative evidence and statistical power (World Health
Organization 2014). The causal link seems apparent—reduced water availability
affects ability to hand-wash, and availability of drinking water for local populations
(Wall and Michael 2016).

Agriculture and food security

Droughts and other extreme weather events cause crop failure, livestock deaths,
and food insecurity. This has direct effects on mortality (e.g. through severe acute
malnutrition) and long-term effects on child development (e.g. through stunting).
Food insecurity also has short-term effects on household income.

The most recent USAID figures (from August 2017) report that 18 million people
were facing food insecurity in Ethiopia, Kenya, and Somalia, as a result of the
2016–2017 drought (USAID 2017). Somalia was theworst affected—in Somalia, the
countrywide global malnutrition level was 17%, and 3.3 million people were facing
crisis levels of acute food insecurity (USAID 2017). South Sudan is even worse
off—at the time of writing this chapter, 5.3 million people (48% of the population)
were facing crisis or worse levels of acute insecurity, with a real risk of famine over
a large area (Famine Early Warning Systems Network 2018a, b).

Chronic food insecurity and childhood malnutrition cause stunting, with asso-
ciated impacts on long-term neuro-developmental, educational, and economic out-
comes. Stunting has been declining throughout the Greater Horn of Africa, partly
driven by improvements in economic growth. Models that account for both future
socio-economic change and the effects of climate change on food security, show pro-
jected changes in stunting that are close to current prevalence rates. As the IPCC puts
it, ‘climate change would counteract the beneficial consequences of socio-economic
development [on stunting]’ (IPCC 2014, 201). Across East Africa (including Kenya
and Uganda from the Greater Horn of Africa), every 1 °C increase in temperature is
associated with a 12% increase in moderate stunting (Singer et al. 2016). This has
significant secondary and tertiary effects on long-term economic growth—for exam-
ple, there is a strong association between stunting at age 2 and impaired cognitive
outcomes in childhood (ages 5–11) (Sudfeld et al. 2015).

Droughts also affect short-term household income—shortages in water and food
availability cause herders to sell their livestock; and some livestock die directly
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(Maystadt and Ecker 2014). As all herders in a geographical area face the same
conditions (and many will be forced to sell their herd), cattle prices can plummet
during droughts. In addition, lean or undernourished animals sell for a lower price.
The end result is that pastoral farmers are forced to sell their animals, at below
the usual market rate, at the time of their greatest need. The 2010–2011 drought in
Somalia reduced cattle prices by 30–50% (Maystadt and Ecker 2014). Pastoralism
has mostly adapted to erratic climates, conserving an array of ecosystems in semi-
arid areas. But this century it has proved vulnerable to global warming, and extreme
weather has caused food insecurity among pastoral communities in Somaliland.
Livestock numbers were tremendously reduced in some areas, and many people
became impoverished (Hartmann et al. 2009).

Infectious disease

A common secondary effect of climate change is the result of infectious disease
outbreaks. For example, climate change will likely influence malaria transmission
in East Africa—causing longer transmission seasons and expansion of the disease
into previously non-endemic highlands (Onyango et al. 2016). This is not related
to extreme weather events, but rather related to the long-term impacts of climate
change.

Extreme climatic events also have effects on infectious disease outbreaks. For
example, outbreaks of Rift Valley fever (a viral disease transmitted by mosquito
vectors) are closely associated with climatic conductions—high rainfall causes out-
breaks (Anyamba et al. 2009).

Tertiary

The tertiary effects of extreme climatic events operate at the intersection of climate,
policy, and ecology. We assess these impacts at a sub-national, national, and then
international level.

Sub-national conflict

There is strong global evidence of a causal relationship between climatic events
and conflict—this includes interpersonal violence, as well as intergroup conflict
(Hsiang et al. 2013). Specific examples of this have been seen in the Greater Horn of
Africa. One study showed that higher temperatures increase the risk of conflict across
East Africa, although reflecting the complexity discussion below, other political and
geographical conditions are more predictive than climate events alone (O’Loughlin
et al. 2012). In Somalia, there is similar causal evidence showing a relationship
between droughts and conflict—droughts cause downturns in the price of livestock,
and losses to the income of pastoralist farmers, making them more likely to engage
in local conflict (Maystadt and Ecker 2014).

National political response

Extreme weather already influences national politics in the region. In 2017, Kenya
held national elections against a backdrop of drought, food insecurity, andwidespread
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rises in food prices. The price of maize flour repeatedly featured in the Kenyan press,
and became a major political point of attack by the opposition party (Andae 2017).
In February 2017, the drought was declared a national emergency, and government
food aid was allotted to drought-affected areas (Okiror 2017).

Government action on adaptation needs to be multi-sectoral, since climate change
affects such a wide variety of factors, groups, and sectors. Effective adaptation
requires policy and practical collaboration between many parties, in the private
sector as well as in civil society. It also needs the clout to enforce implementa-
tion of measures—often difficult in fragmented nations coping with internal con-
flict—plus democratic legitimation (Winsvold et al. 2009). While only a few low-
income countries have introduced comprehensive climate policies, Ethiopia’s 2011
Climate Resilient Green Economy policy integrated mitigation and adaptation pro-
grammes for economic growth across government ministries. This was possible
because of high levels of institutional autonomy within government departments.
Ethiopia’s centralised technocratic leadership prioritized climate policy and fostered
co-ordination across agencies and regions via centralised training, championing the
idea of ‘green growth development’. The strategy sets an example for policy-makers
in the region: an alternative model for low-income countries seeking sustainable
development despite climate change (Paul and Weinthal 2018).

International migration

Climate change causes population movement through three main channels—forced
displacement as a result of extreme conditions, resettlement, and migration as an
adaptive response (McMichael et al. 2012). Globally, movement of people follow-
ing an extreme weather event is usually temporary, as people choose to return to
their home countries and cities once conditions allow (McMichael et al. 2012). This
dynamic is likely to be altered in the Greater Horn of Africa—countries in this
region are already a major source for international refugees and also major recip-
ients of international refugees. As a result of the complex protracted emergency,
UNOCHA reports that there were 4.4 million refugees in the Greater Horn and Great
Lakes region in 2017 (UNOCHA 2017a, b). However, repeated extreme weather
catastrophes deepen poverty and create socio-economic ‘traps’ from which escape
by migration may become impossible for the most vulnerable groups (Bowles et al.
2014).

4 Complexity in the Context of Extreme Weather Events
and Health Impacts

There are three main defining characteristics of complex adaptive systems: emer-
gence, feedback, and adaptation. Emergence is the property whereby outcomes are
more than the sum of their parts and emerge from the complex interactions of mul-
tiple interrelated elements. Feedback loops can be both positive and negative (e.g.
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a positive feedback loop represents the case where a change in a system reinforces
further change). Adaptation refers to changes in individual and societal behaviour in
response to changes in conditions (Rutter et al. 2017).

All three of these are features of complex systems and responses caused by human-
itarian emergencies. This section does not attempt to exhaustively detail or model the
complex effects of extreme weather events on climate change, but it does attempt to
outline a few examples of why complex adaptive systems matter for climate change.

Emergence

Some of the secondary and tertiary health impacts detailed above are emergent prop-
erties of the complex systems in which extreme weather events occur. A classic
example is famine. As Amartya Sen wrote in ‘Development as Freedom’, no famine
has taken place in a functioning democracy (Sen 2000). Famines emerge through the
complex interaction of drought and food insecurity, poverty and poorly functioning
markets, and social and political isolation. Another example is related to infectious
disease outbreaks. Complex emergencies can reduce coverage of routine immu-
nization. If and when outbreaks emerge, they can spread more quickly in crowded
humanitarian settings and have worse effects as people suffering from acute mal-
nutrition are more vulnerable to mortality. In 2017, over 7000 children contracted
measles in drought-affected parts of Ethiopia, Kenya, and Somalia (UNICEF 2017).

Feedback loops

Feedback loops are a common aspect of the health impact of extreme weather events.
Feedback loops have been extensively studied at a climatic level—for example, ice
albedo is an example of a positive feedback loop. Ice reflects heat; as ice melts,
more surface area of water is visible; water is darker than ice and absorbs more heat,
leading to even more ice melting (Curry et al. 1995). Using our primary, secondary,
and tertiary framework, similar feedback loops can be observed at a population
level, particularly when human behaviour is taken into account. For example, as
discussed above, drought reduces crop yields, can force pastoral farmers to sell
livestock at lower-than-usual prices, and can drive up violent conflict. Conflict makes
humanitarian response harder: preventing food imports to drought-afflicted regions,
increasing the price of staple food crops, worsening food security, and exacerbating
the negative impact on human health. These types of complex human feedback
loops cannot easily be modelled, but demonstrate an example of how the long-term
effects of extreme weather events on human health may be even greater than current
projections.

Adaptation

Another feature of complex adaptive systems is adaptation—i.e. how behaviour
adapts to the system change as it is implemented. Many of the tertiary effects
described above are the result of human adaptation to extreme weather events (e.g.
forced migration). Adaptation is one aspect of complex adaptive systems that the
climate literature has studied extensively; population-level adaptation to climatic
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changes is now a major focus of many agriculture and/or climate change develop-
ment programmes. For example, in 2018, the African Development Bank launched
a programme titled Rural Livelihood’s Adaptation to Climate Change in the Horn
of Africa (RLACC II), a programme focused on improving resilience of pastoral
households to respond to climate shocks.

In Sudan, a ‘sustainable livelihoods’ programme to address poverty reduction
incorporated many elements that addressed climate change. This focused on the
means by which people derive and sustain their livelihoods and the assets they need
tomove out of poverty. Since persistent drought contributes to poverty, water scarcity,
and famine, the programme supported the ways that rural communities used to cope
with drought. They included measures to increase water harvesting, introduce new
types of crops and livestock, improve productivity of land, and increase communi-
ties’ skills via training. They increased participation in decision-making, engaging
village committees and women’s groups, empowered marginalised people via liter-
acy programmes, assisted irrigated gardens for women, and improved credit funds.
Taken together, these increased the resilience of communities to recurrent drought,
in a holistic way (Elhassan et al. 2012).

Vulnerability and inequality

A fourth important element of complex adaptive system responses is vulnerability.
Limited capacity to adapt financially, reliance on natural resources (which can be
devastated by extreme weather), and a lack of governmental ‘safety nets’ make it
extremely difficult for many populations in Africa to adapt (Thomas et al. 2007).
It is well established that the poorest people in developing countries will bear the
brunt of the impact of climate change, exacerbating existing inequities between
rich and poor (Costello et al. 2009). This social vulnerability manifests in three
ways: Poorer people are more at risk of climate-mediated shocks (e.g. they are more
likely to live in vulnerable areas); shocks have a greater impact on poor people
(e.g. they lose a larger portion of their income through shocks); and poor people
have more difficulty in coping with shocks (as they have fewer savings and less
access to affordable credit) (Winsemius et al. 2018; Daoudet al. 2016). Climate
change affects poverty by influencing assets, prices, opportunities, and productivity
and generally makes poverty reduction more difficult (Neher and Miola 2015). For
example, while floods and hailstorms in Ethiopia reduce crop yields during excessive
rainy seasons, droughts can reduce household farm production by up to 90% of a
normal year output. Ethiopian farmers have developed different coping strategies,
such as the sale of animals or loans from relatives, while pastoralists in semi-arid
areas temporarily migrated, changed seasonal grazing patterns, or diversified their
herds during excessively harsh conditions. The government also provided safety-net
finance packages. But the households that tended to survive drought-related famines
were the ones with higher than average incomes, with more diverse income bases
and with more valuable livestock (Deressa et al. 2014).

The social vulnerability of poverty is magnified by other vulnerabilities—e.g.
gender (Costello et al. 2009). In Africa, extreme weather events impact dispropor-
tionately more on women’s health than on men’s (Roy 2018). Countries with greater
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gender equality face on average lower fatalities when climate change-related extreme
weather events strike (Neher and Miola 2015). In Ethiopia, gender is a significant
component of food insecurity—adolescent girls receive less food than boys in house-
holds that are severely food insecure (Hadley et al. 2008). Adolescence is a critical
time for reproductive health, and under-nutrition of adolescent girls can have inter-
generational consequences.

Climate- and non-climate-related stresses contribute significantly to Eritrea’s food
scarcity, and the country’s lack of adaptive capacity exacerbates the challenges of
drought for the country’s farmers of either gender. But the social and cultural view
of women in some ethnic groups has prevented them from being regarded as equal
farmers. Limited flexible response by the government to agriculture problems com-
bined with a historical patriarchal culture has restricted the resources available to
women farmers and increased their vulnerability to rainfall variability and drought
(Tesfamariam and Hurlbert 2017).

5 Conclusions and Policy Responses

A complex adaptive system approach to climate change and health provides a way
of understanding the problems, not the potential solutions. The Horn of Africa has
been failed by the global multilateral system in two separate ways. Firstly, there is
the well-understood failure to address global carbon emissions—disproportionately
affecting some of the world’s poorest and most vulnerable people. Secondly, there
is a failure to respond to crises with appropriate alacrity.

Many of the climatic and extreme weather events detailed in this chapter have an
insidious onset, with predictable impacts on human health. An appropriate response
needs to take place at global, national, and local levels. At local levels, multi-sectoral
programmes to reduce extreme weather impacts may need to be integrated with
wider poverty reduction strategies, combining agriculture development with eco-
nomic support to increase the resilience of the most disadvantaged communities. At
national levels, strong multi-ministry action by governments could usefully combine
economic, agricultural, and other programmes to drive sustainable national pro-
grammes to improve countries’ resilience to climate change. And at a global level,
donors and multilateral agencies need to prioritize the most vulnerable, even when
political/policy environments may not be the easiest to work in. For example, WHO
produces health and climate country profiles—there is some focus on the Greater
Horn (e.g. profiles exist for Ethiopia, Kenya, and Uganda), but no profiles have been
produced for the most vulnerable countries (e.g. Somalia and South Sudan).

Addressing the complex effects of extreme weather events on health will require
understanding the distribution and needs of the most vulnerable populations and
making sure that global policy responses are appropriately targeted and tailored.
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Abstract Disasters have economic and human impacts that can become more
intense with climate change. In Brazil, disasters have increased, both in number
and in cost, in recent decades. This situation is favored, in part, by urbanization, con-
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expense of risk management. The health sector has an important role in assisting and
improving the management of disasters for the prevention of morbidity, mortality,
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SUDENE Superintendence for the Development of the Northeast
SUS Unified Health System
VIGIDESASTRES Environmental Health Surveillance Related to Risks Arising

from Disasters

1 Contextualizing Disasters in Brazil

Natural disasters are considered manifestations of nature that modify the earth’s
surface, such as cyclones, hurricanes, earthquakes, landslides, floods, droughts, and
storms, among others. The Special Report onManaging the Risks of Extreme Events
and Disasters to Advance Climate Change Adaptation considers a disaster to be an
impact arising from the interaction between a hazard—a natural phenomenon that
adversely affects the human system—and vulnerable social conditions that alter the
normal functioning of a community (IPCC 2012). Storms, hurricanes, and droughts
are expected to become more frequent than in previous years (IPCC 2012, 2013,
2014). Evidence compiled by the Fifth Report of the Intergovernmental Panel on
Climate Change (IPCC) shows that between 1951 and 2010 there was a reduction,
at the global level, in the number of cold nights/days and an increase in the number
hot nights/days. Climate change projections for the end of the twenty-first century
point to an increase in the planet’s average temperature, accompanied by intensified
occurrence of heat waves and natural phenomena such as El Niño, and an uneven
distribution of rainfall (IPCC 2014).

Data from theCenter forResearch on theEpidemiologyofDisasters (CRED) show
that the highest incidence of disasters in the Americas has been in recent decades,
having risen from 216 records affecting 43 million people between 1970 and 1979 to
922 disasters affecting 71 million people between 2000 and 2009 (OPAS 2014). This
trend was also observed in Brazil, although the Brazilian Atlas of Natural Disasters
itself underscores the historical fragility of the Civil Defense System database, which
likely represents an underestimate. Of the 39,996 records between 1991 and 2005,
8515 (22%) occurred in the 1990s; 21,741 (56%) occurred in the 2000s; and 8740
(22%) occurred just between 2010 and 2012 (Universidade Federal de Santa Catarina
– UFSC/ Centro Universitário de Estudos e Pesquisas sobre Desastres - CEPED
2013). Box 1 shows the Brazilian government’s attempt to improve the quality of
disaster records in the country.

Box 1. The Brazilian Integrated Disaster Information System
The Integrated Disaster Information System (S2ID) was recently created by
the National Secretariat of Civil Defense (SEDEC) to establish quality and
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transparency to information regarding disasters in Brazil. The system was
derived from a project that surveyed official disaster documents recorded dur-
ing 1991–2010, and which gave rise to “Database and Disaster Records” and
“BrazilianAtlas of Natural Disasters.” The S2ID aims to continue this database
and provide more reliability to the information based on a geo-tool that will
enable policy makers and researchers to develop knowledge in risk manage-
ment and disaster. Thus, the history of natural and technological disasters in
the country has gradually been built from data inserted in S2ID, which is open
to civil society.

Among the factors that help to explain the increasing frequency of disasters in
developing countries are, in addition to the threat of global environmental change
itself, increasing unplanned urbanization of cities, environmental degradation, weak
responsiveness of institutions and the population, the lack of infrastructure, and
poverty (Thouret 2007). These conditions, combined with the occupation of loca-
tions with high exposure to natural hazards, have generated places with intense
vulnerability and low response capacity in Brazil. Thus, increases in the frequency
and magnitude of disasters in the country have been observed since 1950, mainly
associated with morphodynamic, hydrological, and climatic phenomena, such as
landslides, floods, and droughts (Almeida and Pascoalino 2009).

The Brazilian Atlas of Natural Disasters compiled and systematized national
occurrence records for the period between 1991 and 2012, which has permitted an
initial assessment of the situation in Brazil over the last 20 years. As a result, drought
was found to be the disaster with the greatest effect on the Brazilian population
(51%), followed by flash floods and floods (33%), with the latter being responsible
for the greatest number of deaths (71.55%) (Universidade Federal de SantaCatarina –
UFSC/ Centro Universitário de Estudos e Pesquisas sobre Desastres - CEPED 2013).
Figure 1 shows the distribution of disaster events for the main geographical regions
of Brazil and the contribution of each disaster type to all the disasters recorded for
the analyzed period.

Data show that droughts are the most frequently recorded disaster in Brazil;
between 1991 and 2012 there were 19,517 records, which represents about 48%
of the total events reported (UFSC-CEPED 2013). The Northeast Region is among
the regions most impacted by drought due to the length of such events in the region
and its marked climatic variability, especially in the semi-arid region (Camarinha
et al. 2017). The high susceptibility of the Northeast to drought is due to sparse rains,
reduced percolation, and runoff of surfacewater, with severe episodes being recorded
as early as the seventeenth century (Brant 2007; Marengo 2009). These environmen-
tal factors, in combination with others of geographical and political nature, have
culminated, historically, in the occurrence of low-income urban populations with
serious social problems. The impacts of such conjuncture are apparent in house-
hold subsistence, quality of life, health condition, and economic development. In
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Fig. 1 Distribution of the number and types of natural disasters among geographical regions of
Brazil during 1991–2012. The central circle “Brazil (Total)” gives the total distribution of disasters
by region and shows that the Southern and Northeast regions experienced the most disasters during
the period. The other circles show the distribution of each type of disaster by region. Source Uni-
versidade Federal de Santa Catarina – UFSC/ Centro Universitário de Estudos e Pesquisas sobre
Desastres - CEPED (2013)

other words, social indicators of the Northeast Region are generally lower than those
observed in other regions of the country (Sena et al. 2014).

This situation is evenmore critical given the context of climate change and the pre-
dicted increase in water scarcity for the coming decades. Projections by IPCC show,
with a moderate level of confidence, that droughts will become more intense by the
end of the century for various regions of the globe, including the Northeast Region
of Brazil, for which increases in average temperature of up to 4 °C are expected
(IPCC 2013). Other national studies have converged with these projections, predict-
ing temperature increases of between 1 and 4 °C, and a reduction in precipitation
of 10–15%, accompanied by significant increases in the number of consecutive dry
days and drought risk (Marengo 2009; Marengo et al. 2010).

Floods, including riverside and urban events, are the secondmost common type of
disaster in Brazil (Universidade Federal de Santa Catarina – UFSC/ Centro Univer-
sitário de Estudos e Pesquisas sobre Desastres - CEPED 2013). Riverside flooding
is a natural process of a river flooding its banks, the severity of which is determined
by the intensity and duration of precipitation and the initial conditions of humid-
ity. The main impacts to a population result from: (1) lack of knowledge about the
occurrence of flood levels and the occupation of the riverbed; and (2) failure to plan
the occupation of areas according to flood risk. Urban floods result from the replace-
ment of soil with an impermeable landscape and the channeling of streams, which
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increases the volume and peaks of floods (Tucci 2007). However, the transformation
of floods into disasters is mainly a result of anthropic factors, including the lack of
urban infrastructure and social development, which favor the irregular occupation of
areas normally subject to natural flooding.

The Amazon Region (largely coincident with the North Region of Brazil) is rec-
ognized as one of the regions most affected by floods in Brazil, which is peculiar
given the relationship between the population and the overflow of its rivers. In recent
years, “floods of the century” were recorded in the region. In 2009, the annual flood
reached a peak of 29.77 meters (1.97 meters above average), which far exceeded the
expectations of the resident population whose reference for home stilt construction
was the quota reached in 1953 (OPAS 2014). In 2012 the flood peak was even higher,
reaching 29.97 meters. Although flooding is a seasonal and habitual phenomenon for
riverside populations of the North Region (Amazon), these “floods of the century”
demonstrate that: (1) river levels during these floods have surpassed historical aver-
ages; and (2) these floods affect an increasing number of people due to population
density (Freitas et al. 2014).

1.1 Socio-Environmental Vulnerability and the Perpetuation
of Disasters in Brazil

According to the CRED database, disasters, such as epidemics, windstorms, forest
fires, and droughts, among others, have increased in both frequency and intensity
since 1930. It has been estimated that between 1986 and 2006 more than 2.5 billion
people were affected by floods, 1.5 million by drought, and around 650,000 by
windstorms throughout the world (Adikari and Yoshitani 2009). Explanations for
this increase include increased exposure of people and economic and natural assets
to the risk of disasters, mainly due to rapid economic growth and urbanization in
susceptible areas (e.g., coastal areas, floodplains), a condition that tends to worsen
with climate change (Hay and Mimura 2010).

According to Freitas et al. (2012), the genesis of a disaster requires a detonat-
ing element that exposes human populations to potential damage or injuries, which
vary in seriousness depending on the vulnerability of the affected population. These
conditions may be related to factors such as employment, housing, health, envi-
ronmental degradation, pollution, among others, which can help reveal critical ter-
ritories according to their physical and socio-environmental particularities (Freitas
et al. 2014). In this context, exposure becomes a key concept that will determine,
along with the underlying conditions of socio-environmental vulnerability, the het-
erogeneous distribution of areas most susceptible to the occurrence of hazards and
disasters (Vázquez 2001). Not surprisingly, the most common case is the association
of low-economic and social development with areas of high exposure to, and risk of,
disasters (poor countries with poor populations), which reduces the capacity for risk
reduction (Marandola and Hogan 2009; Narváez et al. 2009; OPAS 2014).
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In the context of Brazil, the semi-arid region (Northeast) illustrates this kind
of relationship where climatic adversities go hand-in-hand with historical-political
factors (i.e., water resources management and inefficient disaster prevention and
preparedness policies) that give rise to serious social problems in what is one of the
most populated semi-arid regions of the world. In fact, the social, economic, and
cultural characteristics of the semi-arid region combine to influence the occurrence
of problems related to health and governance and that perpetuate situations of public
calamity for decades (Sena et al. 2015). Currently, the semi-arid region encompasses
1262 municipalities located in nine states of the Northeast Region and part of the
Southeast Region; however, with each new evaluation the scope of this area increases
due to persistent public calamities induced by long droughts (Box 2).

Box 2. The Territorial Delimitation of the Brazilian Semi-arid Region
The first criterion for delimiting the semi-arid region was proposed in 1989
based on an annual average rainfall of 800 mm or less in the municipalities
within the SUDENE jurisdiction (Superintendence for the Development of the
Northeast), which covered an area of 892,309.4 km2 (Brazil, Law 7827/and
1989). In 2005, the following new criteria were suggested: (1) average annual
rainfall of 800 mm or less; (2) aridity index of up to 0.5 (period 1961–1990);
and (3) drought risk greater than 60%. While preserving the continuity of the
region, this new delimitation included 1135 municipalities (969,589.4 km2).
More recently, a 10-year revaluation of the boundaries of the semi-arid region
that was recommended because of climate change resulted in the inclusion
of a total of 1189 municipalities. However, after requests from some states
to include new territories, the Brazilian semi-arid region was re-defined in
November 2017 to include 1262municipalities and encompass an area of more
than 1.03 million km2 (Brazil, Resolution nº 115/2017).

From the perspective of public policy, understanding the possible interactions
among disaster, health and society is essential for focusing actions and resources
on reducing disaster risk and health risks in the context of extreme weather events.
Surveys that estimate the values of loss and damage for major disasters in Brazil must
include the topic of risk management in the agendas of governments and society,
especially considering the greater exposure of infrastructure and economic assets
brought on by climate change and population growth (Universidade Federal de Santa
Catarina – UFSC/ Centro Universitário de Estudos e Pesquisas sobre Desastres -
CEPED 2016).

In this sense, the “Material Damage and Losses Report due to Natural Disas-
ters in Brazil—1995–2014” has become a useful tool for accounting the transfer of
funds held by the Union to states and municipalities for coping with, and recovering
from, situations of disaster (Universidade Federal de Santa Catarina – UFSC/ Centro
Universitário de Estudos e Pesquisas sobre Desastres - CEPED 2016). The report
estimates that between 2008 and 2013, about R$4 billion was transferred to federal
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agencies for actions of assistance, rehabilitation, and reconstruction in affected areas
(Universidade Federal de Santa Catarina – UFSC/ Centro Universitário de Estudos
e Pesquisas sobre Desastres - CEPED 2016). Report data show that total damage
and losses accumulated in Brazil during 1995–2014 were on the order of R$182.7
billion. Material damage (i.e., infrastructure, housing, and other facilities) totaled
R$45.4 billion, whereas losses (i.e., in both public and private sectors—agriculture,
livestock, industry, and services) totaled R$ 137.3 billion. Figure 2 shows the inci-
dence of the total material damage (R$) (A) and to each major disaster type recorded
in Brazil (B). Overall, the “Material Damage and Losses Report due to Natural Dis-
asters in Brazil—1995–2014” states that losses of more than R$9 billion are reported
annually in Brazil—about R$ 800 million are spent monthly on natural disasters—
demonstrating the relevance of the economic impacts of these events in a country
still mystified by the absence of significant natural disasters.

1.2 A Brief Description of the National Disaster Policy

The second decade of the twenty-first century in Brazil has been characterized by the
acknowledgment of the principles of disaster reduction, highlighting, among other
actions of risk and disaster management, the following (Brasil 2016a):

• Implementation of the National Plan for Civil Protection and Defense;
• Construction of the Database of Disaster Records;
• Mapping of Disaster Risks;
• Preparation of the Brazilian Atlas of Natural Disasters;
• Approval of the National Policy of Protection and Civil Defense—PNPDEC;
• Implementation of an Information System and the Monitoring of Disasters;
• Organization of the National System of Civil Protection—SINPDEC.

This new approach of the public sector to disaster risk management in Brazil
is recent and still needs improvement. For example, the river basin needs to be
adopted as the unit of analysis and planning since the main unit currently in use,
the municipality, leads to isolated actions (Freire 2014). Efforts have been made to
map priority areas and improve coordination among the various organizations and/or
sectors that perform actions that are in someway related to disaster riskmanagement,
such as the national health system (Freire 2014).

Currently, civil defense and protection activities in Brazil are carried out under
SINPDEC, which consists of organizations and entities of the federal government,
the states, the Federal District and the municipalities, as well as public and private
entities that play a significant role in the area. LawNo. 12,608 establishes that it is the
duty of all administrative levels to adopt the necessary measures to reduce disaster
risk by incorporating actions of protection and civil defense in their respective plans
(Brasil 2016b).

Although all states have an agency responsible for civil defense actions within
their territory, theNational Secretariat forCivil Protection andDefense is also encour-
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aging the implementation of such an organization in each municipality in order to
execute, coordinate, and mobilize necessary actions. The main role of a municipal
civil protection and defense agency would be to know and identify the risks posed by
disasters in the municipality when the participation of the population is essential for
mitigating adverse effects. Populations must be organized, prepared, and oriented to
know what to do, when to do it, and how to do it. Thus, a municipal civil defense
protection agency would serve as a joint channel between the municipal authority
and the population that facilitates community participation in the planning and exe-
cution of civil defense actions. This local approach would make it possible to prepare
institutions and populations to face the situations brought by disaster by developing
specific plans to prevent and mitigate the risks of disaster events.

2 The Impacts of Disasters on Health

The impacts disasters haveonhealth dependon the intensity and typeof event, the vul-
nerability of the exposed population (i.e., housing conditions, income, access to ser-
vices, among others), and the preparedness of local institutions to deal with disaster.
Thus, the most common types of disasters in Brazil—droughts and floods—require
different actions and preparations depending on their time of occurrence, location,
and extent. In general, deaths, disabilities, social and psychological disorders, loss
of property, and damage to infrastructure are only some of the consequences that
can occur in the short or medium/long term, with important implications for public
health. Direct effects can include fractures, drownings, deaths, asphyxia, hypother-
mia, burns, as well as damage to the physical structures of hospitals, ambulances,
and first aid stations, which can increase mortality (Freitas et al. 2014; Pourhosseini
et al. 2015).

However, especially in the medium/long term and for the disasters considered as
extensive1, such as drought, many health consequences are related to the deteriora-
tion of the social determinants of health2—the socio-environmental and economic
conditions of the affected territories—culminating, indirectly, in increasedmorbidity
andmortality from chronic diseases (i.e., hypertension, diabetes), infectious diseases,
and other health-related problems (e.g., mental disorders). Table 1 shows the conse-
quences of drought and flood in natural and economic systems and how this affects

1Extensive disasters are characterized by the severity of the losses and damages as well as their high
frequency. They do not necessarily cause significant numbers of deaths, although may account for
a large proportion of damage to local infrastructure, housing, and living conditions (e.g., droughts).
Intensive disasters are characterized by the low frequency of events, which are geographically
concentrated and have great potential for losses, damage, and mortality (e.g., Haiti earthquake;
landslides in the mountain region of Rio de Janeiro). Source: Freitas et al. (2012).
2The social determinants of health are linked to economic and social conditions (money, power, and
resources) and are mostly responsible for health inequities—the unfair and avoidable differences in
health status seen within and between countries. More information is available at http://www.who.
int/social_determinant.

http://www.who.int/social_determinant
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Table 1 Some consequences of flood and drought disasters for environment, society, and health

Disaster Environmental impacts Socioeconomic impacts Health impacts

Floods • Biological and
chemical
contamination of soil
and water for human
consumption, food
production

• Deterioration of water
supply network and
other alternative
sources of water

• Deterioration of basic
sanitation services
(garbage, sewage, and
drinking water)

• Alterations to cycles of
vectors, hosts, and
reservoirs of diseases

• Full or partial
interruption of bridges,
streets and roads

• Total or partial
interruption of the
provision of water,
electricity, gas,
transportation, and
communication
services

• Total or partial
interruption of the
operation of schools,
commerce, funeral
services, health
services, and others

• Total or partial
deterioration of
agricultural activities

• Total or partial
destruction of property,
houses and buildings;
and sources of income
and labor

• Loss of personal
property and
sentimental value

• Drowning
• Electric shock
• Leptospirosis
• Hypothermia
• Water and food-borne
diseases (diarrhea,
gastroenteritis,
shigellosis, etc.)

• Vector-borne diseases
(Dengue, Malaria)

• Mental disorders
(posttraumatic stress,
amnesia, insomnia)

• Chronic diseases
(hypertension,
diabetes)

Droughts • Contamination of water
for human consumption
and food production

• Deterioration of water
reservoirs;

• Salinization of
groundwater

• Air contamination by
forest fire particles,
harmful
cyanobacterial/algal
blooms, and toxins
present in the soil

• Alteration in the cycles
of vectors, hosts, and
reservoirs of diseases

• Total or partial
interruption of water
supply

• Total or partial
deterioration of
agricultural and
forestry activities

• Total or partial
destruction of income
and labor

• Loss of personal
property and
sentimental value due
to human
displacements

• Malnutrition
• Respiratory diseases
(asthma, allergy)

• Intoxication
• Water-borne diseases
(hepatitis A, amebiasis,
salmonellosis, cholera)

• Diarrhea and
gastroenteritis

• Skin and eye infections
(scabies, conjunctivitis)

• Vector-borne diseases
(Dengue, Malaria,
Encephalitis,
Chikungunya,
Schistosomiasis)

• Mental disorders
(depression, anxiety,
insomnia)

• Chronic diseases
(hypertension,
diabetes)

Adapted from Freitas and Ximenes (2012), Brasil (2018), Stanke et al. (2013)
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the health of the population and essential services. Regardless of the impacts, the
health and well-being of the affected population will be either directly or indirectly
disrupted by successive events during or following the disaster. For droughts, themost
common impacts are increased acute respiratory infections, poor access to drinking
water, food insecurity, and losses to subsistence fishing, agriculture, and livestock
(Confalonieri and Fonseca 2013; Franca 2015). In the case of floods, impacts on
health include higher incidences of water-borne diseases, the interruption of public
services, damage to households, and the loss of agricultural and extractive activities
over the short term (Marengo et al. 2013; Franca 2015).

The effects of droughts and floods may overlap, but are quite different with regard
to the ability to cause deaths and injuries, damage health facilities and water sup-
ply, and displace populations. Since floods are an intensive disaster, they are often
associated with high incidence of deaths and damage to infrastructure in the short
term. On the other hand, droughts are an extensive phenomenon, and severely impact
water supply and food security, and can lead to large human displacements (Brasil
2018).

3 Organization of the Health Sector to Respond
to Disasters in Brazil

The health issue in Brazil is treated in an aggregate manner, covering both individual
and collective medical care, prevention, and health promotion. Within the scope of
the Unified Health System (SUS), the service network is organized into three lev-
els of care (primary, secondary, and tertiary) to guarantee the integrality of medical
assistance, including for disasters, since demand for services may increase, com-
promising the functioning of health facilities. Thus, the Ministry of Health and its
state and municipal secretariats prepare and execute national and municipal disaster
preparedness plans to reduce: (i) the vulnerability of health services, (ii) risk fac-
tors, and (iii) mortality and impacts to the health of the population. These entities
also work with other institutions, such as civil defense, police forces, community
organizations, and nongovernmental organizations (NGOs) (Shoaf 2014).

Emergency and disaster preparedness plans comprise a permanent multisectoral
activity whose essential components include, among several processes and mecha-
nisms, the establishment of the Operative Health Committee (COE-Health) in the
stage of risk reduction and which persists throughout the management of the disaster.
As a vital operational unit during disaster response, COE-Health represents the focal
point for sectoral coordination and decision-making. It encompasses all the areas of
the health sector that are involved in preparation, warning, response, and rehabilita-
tion, thus organizing SUS actions in disasters at the local level (Knowledge Center
on Public Health and Disasters—Fiocruz). The insertion of COE-Health within SIN-
PDEC is shown in Fig. 3, which also illustrates how actions and institutions articulate
in dealing with disasters.
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Fig. 3 Organization of COE-Health inside the national disaster management system (COE-
General). The COE-General unites all the institutions involved in response to a disaster, and whose
structure is replicated in states and municipalities. The COE-Health defines the actions of the health
sector, in which health networks guide users among the different levels of care (reference and
counter-reference system). Source Adapted from Knowledge Center on Public Health and Disas-
ters—Fiocruz; Freitas & Rocha (2014)

Vigidesastres3 (environmental health surveillance related to risks arising from
disasters) seeks to develop a set of actions for public health (SUS) in the context of
disasters. It plays a central role in disaster risk management since it is a continuous
program focused on prevention, mitigation, preparedness, response, and rehabilita-
tion to reduce the impact of disasters on public health (Freitas et al. 2014; Brazil
2014, 2017). Figure 4 shows the operational model of Vigidesastres with the respon-
sibilities of the health sector in the different stages of risk management. In general,
actions are linked to hospital and outpatient care, pharmaceutical assistance, epi-
demiological and environmental surveillance, and health surveillance, thus allowing
the linkage of specific actions in the reduction stage (educational actions and risk
monitoring); the management stage (emergency care of those affected); and recovery
stage (monitoring and rehabilitation of the health condition of the population). This
articulation of actions takes place from the federal level, passing through the states
and to the municipalities, where strategies designed for different levels of assistance
are implemented and may overlap during decision-making processes.

Among the three levels of assistance, primary care plays a central role in conduct-
ing integrated disaster risk management since it represents the level closest to the

3TheVigidesastres is a programunder the responsibility of theGeneral Coordination of Surveillance
in Environmental Health/Ministry of Health. Its aim is to develop a set of actions to be continuously
adopted by public health authorities to the reduce the risk of exposure of both the population and
health professionals, reduce disease and injury arising out of them as well as damage to the health
infrastructure.
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Fig. 4 The operational model of Vigidesastres showing the health sector actions imple-
mented in the different stages of risk management in Brazil. Source Adapted from Ministry
of Health (http://portalms.saude.gov.br/vigilancia-em-saude/vigilancia-ambiental/vigidesastres/
modelo-de-atuacao)

population. It is made up of Basic Health Units whose main function is to promote
and protect health through multidisciplinary teams (nurses, physicians, community
health agents). These professionals are able to assist in the monitoring and investiga-
tion of the health condition of the affected population as well as in the identification
of its main vulnerabilities. In this way, Basic Health Units and its multidisciplinary
teams play an essential role for other institutions, such as Vigidesastres and Civil
Defense (Brasil 2012, 2017). The secondary and tertiary levels guarantee health
care in disaster situations that imply more specialized procedures or therapies (i.e.,
surgeries, traumatology, neurology, rehabilitation) and hence contain more complex
health units (i.e., emergency care, hospitals). Regardless of the level of assistance, all
health facilities must be safe from disasters, which encompasses not only their phys-
ical structure but also their accessibility and functioning at full capacity following a
disaster or an emergency (Box 3).

Box 3. Safe Hospitals—Mitigating Disaster Risks in the Health Sector
For all levels of assistance, ensured safety of health facilities is central to the
continuity of medical care for the affected population, and for which Brazil has
adopted the “safe hospitals in the face of disasters” campaign. According to
the Pan American Health Organization (PAHO), more than 67% of the nearly
18,000 hospitals in Latin America and the Caribbean are located in areas at

http://portalms.saude.gov.br/vigilancia-em-saude/vigilancia-ambiental/vigidesastres/modelo-de-atuacao
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high risk of disasters (Organización Panamericana de la Salud–OPS 2011). An
example of an action aimed at hospital safety during disasters is the Hospital
Safety Index developed by the PAHO. This index allows the evaluation of the
probability that a hospital can continue to function after a disaster and has been
applied successfully in Brazil, Bolivia, Ecuador, Cuba, and Peru (Organización
Panamericana de la Salud–OPS 2004; Salles and Cavalin 2012; Pereira and
Barata 2014).

4 Crisis Management or Risk Management? Some
Relevant Cases from the Last Decade

Historically, Brazil has been the scene of extreme weather events and natural dis-
asters, the development of which has been reflected in the exposure of vulnerable
populations and in economic and human losses. Although the country has been
investing in a more comprehensive disaster risk reduction policy in recent years,
the “learning from experiences” profile still prevails at the expense of articulating
and/or planning actions based on known vulnerabilities and risks. This can be seen
as a prioritization of “crisis management” over risk management and reveals the lack
of resiliency, adaptive capacity, and efficiency of the public policies of the country.
Major events of the past decade will be discussed here in an effort to illustrate this
condition in some local contexts.

4.1 The Itajaí Valley, Santa Catarina State

In the South Region of Brazil, the Itajaí Valley in the state of Santa Catarina recorded
an excess of rainfall during the second half of November 2008, which resulted in
floods and landslides. The cumulative rainfall per hour was classified as moderate for
most of the month, with a few periods without rain. Thus, a historical record of over
600 mm was registered only in four days (November 20 and 24) for a region where
the climatological monthly average is about 150 mm (Dias 2009). According to the
December 31, 2008, report of the Civil Defense of Santa Catarina, 32,853 people
were displaced and 5617 left homeless; by then, landslides and floods had resulted
in 135 fatalities. The report also listed 63 out of a total of 293 municipalities as in an
emergency situation and 14 in a state of public calamity. The total number of people
affected was on the order of 1.5 million (CEPED 2015).

This case demonstrates the vulnerability of relatively small urban centers to
extremeprecipitation events—of the 54municipalities comprisingVale do Itajaí, only
four had a population of over 100,000 inhabitants. It also revealed the urgent need to



Extreme Weather Events Under a Changing Climate: A Brief … 307

improve infrastructure for disasters, such as investments in systems for observing,
processing, and disseminating weather-related information in Brazil (Dias 2009). It
should be noted that the main causative element of the landslides and floods in this
case was concentrated rainfall in an area of rugged terrain, which, in association with
the dynamics of land use, revealed historical processes of high social-environmental
vulnerability supported by land occupation and environmental degradation (FAPESC
2009).

The health impacts during and after the event were devastating, with an increase
in demand for hospital visits for reasons directly or indirectly related to the floods
of November 2008. Total admissions for infectious diseases underwent a signifi-
cant change (Xavier et al. 2014b). The number of hospitalizations for leptospirosis,
for example, an infectious disease associated with urine and water contaminated by
bacteria of the genus Leptospira, was considered low prior to the disaster, but then
increased in the subsequent months (Ko et al. 1999; Freitas and Ximenes 2012). Dur-
ing such a critical event, the breakdown of normal living conditions of the population
and the impairment of sanitary infrastructure facilitated (i) the exposure of people
and food to harmful infectious agents present in water and soil, (ii) contact with
animal hosts (i.e., rats), and (iii) the agglomeration of affected people in precarious
shelters, conditions that frequently worsen during the slow process of reconstruction
and reestablishment of daily life. Data show that the effects of the disaster seemed
to persist as the processes of rehabilitation of services, recovery of infrastructure,
and reconstruction of the life of the affected communities took place slowly and
precariously (Xavier et al. 2014a, b).

4.2 Mountainous Region of Rio de Janeiro State

A similar scenario—catastrophe and slow recovery—was observed in the mountain-
ous region of the state of Rio de Janeiro in 2011, a place covered by the Atlantic
Forest. Upon receiving 70% of the precipitation expected for the entire month of
January in just two days, the State’s Secretariat of Civil Defense recorded floods
and landslides that culminated in 918 deaths, 8795 homeless, and 22,604 displaced.
More than 300,000 people were affected, which ranked the event among the ten
largest landslides in the world since 1900 (CEPED 2015). Regarding health, the
post-disaster period between January andMarch 2011 produced 525 suspected cases
of leptospirosis (177 with diagnostic confirmation) and 23 deaths (Pereira et al.
2014b). However, dengue fever was more notorious due to the large number of con-
firmed cases—between January and December 2011, 937 cases were reported and
attributed to the disaster by municipal health surveillance (Pereira et al. 2014a). The
landslides caused major changes in the environment of the affected areas such that
along with the pre-existing issues of poor sanitation and lack of urban cleanliness,
there was an increase in the availability of breeding sites for the vector mosquito.

The magnitude of the event in Rio de Janeiro aroused a discussion about the
Brazilian Forest Code and the consequent retraction of forests, mainly the Atlantic
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Forest, as a potentiating agent of events such as the landslides that occurred in this
mountainous region. The state of Rio de Janeiro had experienced a similar tragedy
in February 1996, when a total of 380 mm of rain was recorded in less than 24 h
at the Mayrink Chapel Station, located in the Floresta da Tijuca in the city of Rio
de Janeiro. Hundreds of landslides occurred, of which 14% were on slopes covered
by conserved forest; 42% on slopes under degraded forest; and 43% on slopes with
grasses (Oliveira et al. 1996; CoelhoNetto 2011). Thismountainous region combined
environmental (e.g., rugged terrain, abundant water, subsoil composed of rock and a
small layer of soil) and social (disordered urban occupation) characteristics with high
environmental degradation (i.e., native wood extraction, deforestation, and the use
of exotic plant species for commercial purposes), thus making the region vulnerable
to the occurrence of landslides and floods (Alves et al. 2010; CEPED 2011; Freitas
et al. 2012). For this reason, five of the 11municipalities affected by the 2011 disaster
are still among the 251 municipalities most vulnerable to landslides in the country—
Petrópolis, Sumidouro, Nova Friburgo, Teresópolis, and Bom Jardim (Brasil 2011).

This critical situation mobilized federal, state, and municipal governments, as
well as organized civil society, to respond immediately to the disaster, such that the
broad media coverage of the tragedy favored building a network of solidarity—gov-
ernment, NGOs, churches, and businesses. According to information from the state
government, more than 500 actors were involved in the disaster response. However,
despite its size, the aid did not achieve the necessary effectiveness. On the one hand,
there was no coordination of actions and responses of the various stakeholders to
enable effective governance of crisis management, and second, corruption and mis-
appropriation of resources threatened the implementation of reconstruction works,
causing serious impacts to the quality of life of the population and to the credibility
of government institutions (Busch and Amorim 2011; Silva et al. 2012).

4.3 The Amazon Region

The Northern Region of Brazil has also suffered extremes of drought and flood.
Considered to be events of the century for the Brazilian Amazon Region, the years
2005 and 2010 presented severe droughts that affectedmainly the state of Amazonas,
which possesses abundant water resources. Later, in the years 2009 and 2012, gradual
floods occurred that surpassed the historical levels of the overflow of the main rivers
(OPAS 2014). According to Marengo et al. (2008), the causes of the drought in the
Amazon in 2005 were not related to El Niño, but to some other potential factors such
as an anomalously warmer than normal Tropical North Atlantic, and a reduction in
the intensity of humidity transported by the northeast trade winds toward the south
of the Amazon Region during the peak of the summer season. When the forest is
subjected to anomalously dry periods, the probability of the occurrence of forest fires
increases, which release smoke and aerosols into the atmosphere, polluting the air
over large areas and affecting the health of the population and the beginning of the
rainy season (Andreae et al. 2004). The impacts of forest fires on human health are
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well established, especiallywith regard to increased hospitalizations (e.g., respiratory
infections, asthma, pneumonia), and the particular effects to children and the elderly
(Gonçalves et al. 2012; Menezes et al. 2018).

With regard to flooding, the Amazon was the scene of a historic flood in 2012,
where several rivers had simultaneous peak flows due to the anticipated and intensive
occurrence of the La Niña phenomenon. Pacific sea surface temperatures reached
about −2 °C, thus favoring an increase in convergence and transport of moisture,
which resulted in prolonged rainfall and huge floods (Espinoza et al. 2013; Pereira
and Szlafsztein 2015). In addition to structural and material damage, this flooding
modified the natural environment due to increased erosion, thus causing large social
impacts. Riverine populations, who are directly dependent on ecosystem services,
experience the greatest transformation of daily life due to floods. In general, during
such flood events the frequencies of cases of water-borne diseases (leptospirosis,
hepatitis A, acute diarrheal diseases), accidents with poisonous animals, and infec-
tions with vector-borne diseases (malaria) increase. Such flooding also negatively
impacts productive areas, thus interfering with the availability of staple foods and
generating economic losses (Pereira and Szlafsztein 2015; Souza and Nascimento
2017). Floods in the Amazon are a peculiar case; on the one hand, a large part of the
population has developed its own way of dealing with river flooding (stilts, floating
houses, planting of permanently dry areas), and on the other hand, the altimetric
quotas have been exceeded year after year, undermining adaptive skills that have
been shaped by previous experience of past events.

4.4 The Municipality of Mariana, Minas Gerais State

In addition to impacts associated with natural disasters, there was a national-scale
incident that threw light on a subject little explored in Brazil—technological disasters
that unfold into major social and environmental disasters. This was the case of an
event in the municipality of Mariana in the state of Minas Gerais in 2015. The event
not only revealed the institutional weakness of Brazil to legislate issues related to
industrial activities and their social and environmental impacts, but also highlighted
the complicity of the state in the company’s inability to estimate, contain, and miti-
gate the damage from the rupture of the ore dam of the company Samarco—a joint
venture between Brazil’s Vale Group and the Anglo-Australian BHP Billiton. The
Environmental Impact Study/Environmental Impact Report (EIA/Rima) required by
Brazilian environmental legislation, for example, did not project scenarios and pos-
sible effects of an event such as the dam rupture, thus leaving fundamental and
dangerous gaps, that became apparent in the absence of effective emergency actions
(Wanderley et al. 2016).

More than 70 million cubic meters of mud and iron waste escaped, producing
a massive flow that buried the municipality of Barra Longa immediately below the
tailings dam and caused countless victims—17 bodies were found, at least two were
never recovered, and more than 1200 people were forced to leave their homes (Porto
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2016; Wanderley et al. 2016). The mud traveled 663 km down the Doce River basin
through two Brazilian states (35 cities in Minas Gerais and four in Espírito Santo)
until it reached its mouth and the marine ecosystem. About 1.2 million people were
left without water and 11 tons of fish died, five species of which were likely driven to
extinction. Since a considerable part of theDoceRiver has been silted up, an increased
risk of flooding is expected, as well as changes to flood dynamics in affected urban
areas—locations that were not previously occupied by water during floods—may
now be affected (Wanderley et al. 2016).

5 Final Remarks

Records of natural disasters, and their social and economic losses, show the need
for the Brazilian federal government to promote disaster risk management instead
of focusing only on response and reconstruction actions for affected areas. In April
2012, the PNPDEC was established in Brazil, which changed the status of the theme
“disaster” by establishing as one of its guidelines “priority for preventive actions
related to disaster minimization” (article 4º, III). Programs and plans designed by
the federal government have since tried to better organize the sector. Among these
efforts, the National Plan for Risk and Disaster Response Management, launched in
August 2012, stands out with an emphasis on risk reduction actions focused on four
main areas: prevention, mapping, monitoring, and warning and disaster response.

Disasters require inter-disciplinary and inter-sectorial action for their proper man-
agement and prevention. Thus, the health sector must operate directly on the socio-
environmental determinants of disasters to concretely assist in mitigating damage, a
responsibility for which environmental health surveillance is fundamental because
it consolidates this multi-sectorial aspect of SUS. Although Brazil has become more
aware of the importance of disaster risk management due to the establishment of
PNPDEC in 2012, the perspective is still focused on “crisis management” with the
main purpose of attenuating the harmful consequences of these events. It is necessary
to advance knowledge regarding the populations and places in the country that are
most vulnerable to disasters. Furthermore, policies need to work both horizontally
and vertically with regard to protection and civil defense in the coming decades, with
a focus on reducing the high social and economic costs associated with disasters in
Brazil.
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Extreme Events in Mexico: Impacts
on Public Health and Development

María E. Ibarrarán, Jerónimo Chavarría and Carmen Zúñiga

Abstract Scientific literature has established that climate change increases the fre-
quency and intensity of extreme events. Extreme events, in turn, may cause disasters
and impacts on health. This chapter presents an overview of the effects climate
change is expected to have in Mexico through extreme events. In a nutshell, EE such
as drought, forest fires, hurricanes and frosts have increased over recent years and
further intensification is yet to be expected. Furthermore, these events have impacts,
some health-wise, some economic, and others in terms of future economic perfor-
mance. In the case of Mexico, many of these impacts have not been systematically
measured. The goal of this paper is therefore to establish the links between extreme
events in Mexico and the health impacts and other costs imposed, particularly those
related to the loss of infrastructure and economic performance, and their impact on
regional development.

Keywords Extreme events ·Mexico · Health impacts · Vector-borne disease ·
Economic performance · Regional development

1 Introduction

Scientific literature has established that climate change increases the frequency and
intensity of extreme events (IPCC 2014; Santiago et al. 2008; Aguirre et al. 2008;
Trenberth 2001). Extreme events (EE) in turn may cause disasters and impacts on
health. This chapter presents an overview of the effects climate change is expected to
have inMexico through extreme events. In a nutshell, EE such as drought, forest fires,
hurricanes, and frosts have increased over recent years and further intensification
is yet to be expected. Furthermore, these events have impacts, some health-wise,
some economic, and others in terms of future economic performance. In the case of
Mexico, many of these impacts have not been systematically measured. The goal of
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this paper is therefore to establish the links between extreme events in Mexico and
the health impacts and other costs imposed, particularly those related to the loss of
infrastructure and economic performance. This is a descriptive piece, so it illustrates
how these issues are connected through the use of available data, mainly government
reports and academic papers. The aim is to highlight the effects climate change is
causing inMexico and the need for additional policies to identify and contain impacts
on health and regional development.

This chapter is divided into five sections. Section 2 discusses extreme events
in Mexico, particularly drought, hurricanes, forest fires, and frost. It describes how
they have evolved over time, where they occur, their frequency, intensity, and effects.
Section 3 presents the main health impacts associated with extreme events and their
evolution, as well as the policies to address such effects and their impacts on preva-
lence. Section 4 gathers some information on the costs that have been reported due
to extreme events in Mexico and the impact that EE have on economic growth and
regional development. The last section presents some conclusions and policy impli-
cations.

2 Intensity and Frequency of Extreme Weather Events
in Mexico

Even thoughEE are expected to increaseworldwide, a few long-run and broad studies
have been found for Mexico (Álvarez and Martínez 2015). Between 1980 and 2005,
52 extreme events were reported, but over 46% happened in the last six years of that
period (Santiago et al. 2008; Zúñiga 2007).

Based on the Emergency Events Database (EM-DAT) of the Centre for Research
on the Epidemiology of Disaster (CRED), between 1900 and 2018, 50% of the
disasters causedby extremeeventswere related to tropical storms, 15%due to riverine
floods, 8% to flash floods, and 7% to cold waves. This can be seen in Fig. 1.

Fig. 1 Extreme events in Mexico (1900–2018). Source EM-DAT (2018)
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Fig. 2 Frequency of hydro-meteorological events by category. Source SMN (2013)

In the remaining part of this section, we look at the evolution of hurricanes,
droughts, forest fires, and frost, and the type of effects they produce.

2.1 Hurricanes

The number of hurricanes has increased in Mexico since 1950. The damage they
cause has also been on the rise (Ochoa et al. 2010; Blake et al. 2009; Jauregui 2003).
They hit on both the Pacific and Gulf Coast. Figure 2 shows how the frequency and
intensity, i.e., category, of hurricanes has increased in recent years (Baltazar 2017).

Finally, Fig. 3 shows the states that have suffered the most damage due to tropical
storms during the 1970–2014 period (RioDoce 2015). Thereafter, tropical storms
have become ever more frequent, causing severe flooding (Baltazar 2017; Ochoa
et al. 2013).

2.2 Drought

As with other extreme events, IPCCmodels predict more intense and longer drought
periods in northwestern Mexico. Forecasts show an increase in average temperature
anywhere from 0.5 to 4.8 °C in the 2020–2100 period. Rainfall could decrease up
to 15% in Winter and 5% in Summer, and the dry period could extend until the Fall
(Sosa 2015). In any case, the twentieth century was plagued with drought, well into
the 1990s. Figure 4 shows the states of the north that were the most affected during
different periods (IMTA 2016).

Drought is the EE that causes more economic and social damage inMexico, since
it fosters migration and significant changes to ecosystems, such as desertification.
As shown in Fig. 5, the frequency and intensity of drought has increased since 1970;
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Fig. 3 Locations with higher impact of tropical storms, 1970–2014. Source RioDoce (2015)

2003, 2006, and 2011 were among the warmest in the last 70 years (IMTA 2016;
Martínez 2016).

Recent drought spells are expected to change the distribution and abundance of
native species, leading to the expansion of invasive species that can survive under
water stress. This is the case in the Sonoran Desert where highly flammable grass has
expanded, increasing the risk of forest fires (Álvarez and Martínez 2015). This will
also affect agriculture and livestock, local food production, and increase pollution of
water bodies, as well as lower water availability in an already stressed area, possibly
leading to social conflict (Garcidueñas 2015).

2.3 Forest Fires

Climate change leads to conditions that favor forest fires and increase their destructive
capacity. Forest fires are highly related to high temperature, heat waves, and an
increase in desertification, that produce large areas full of dry vegetation that fuel
fires (Flannigan et al. 2009). In Mexico forest fires have contributed to the loss of
natural resources, human lives, and economic losses. Between 1970 and 2006 there
have been about 7000 forest fires, affecting more than 222,000 ha. About 98% of
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Fig. 4 Occurrence of drought in Mexico during different time periods. Source IMTA (2016)

Fig. 5 Share of land affected by drought in Mexico, 2003–2015. Source IMTA (2016)

the fires are caused by human activities, such as slash-and-burn agriculture, that
contribute with 41% of forest fires, 13% by smokers, and 11% by campfires; 13%
are due to unknown causes (Ressl and Cruz 2012).

Even though forest fires are mostly caused by people, extreme climate conditions
increase the frequency and intensity of fires (Villers and Hernández 2002). As Fig. 6
shows, an average of 42,000 additional hectares is lost each year to forest fires,
increasing deforestation. The area burnt went from 158,000 to 280,000 ha/year from
1970 to 2013. The states with a larger number of forest fires are usually Oaxaca,
Tlaxcala, Puebla, Mexico City, Morelos, Coahuila, Hidalgo, Jalisco, and Chiapas.
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Fig. 6 Number of forest fires and affected area, 1970–2018. Source CONAFOR (2018)

2.4 Frost

Another extreme event associated with climate change is frost, that is related with
cold fronts and can cause large economic losses and health impacts (Synder and De
Melo-Abreu 2010). Among the most important of these events was one registered
in 2011, affecting the northeastern states of Sonora, Sinaloa, and Chihuahua. In
Sonora, 71 out of its 72 counties were affected by frost and 59 were declared under
emergency. Agriculture was severely hurt and had to receive State compensation for
their losses. Native ecosystems were also affected, and thus, natural carbon capture
in second growth forests of the area also diminished (Álvarez and Martínez 2015).

Overall, this section has reviewed the type of extreme events that occur inMexico,
their location, and their trend. Section 3 will now look at the health impacts that such
events cause and who gets affected.

3 Impact of Extreme Events on Health in Mexico

The fact that climate change alters environmental conditions has led to a host of health
effects on the population. Studies show that morbidity and mortality are expected
to increase because of higher temperatures that in turn increase ozone levels and
other pollutants that affect air quality. Additionally, increasing concentrations of
CO2 enhance plant growth and the liberation of allergens related to asthma and other
cardiovascular and respiratory disease (Fann et al. 2016; WHO 2014; Ize 2002).
On the other hand, the geographical distribution of water-borne disease may change
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due to changes in climatic conditions as well (Martine et al. 2004; Beniston 2002).
Floods related to hydro-meteorological events pollute fresh water increasing the
risk of water-borne illness and allowing breeding grounds for vector-borne maladies
(Balbus et al. 2016). TheWorld Health Organization (WHO) estimates that for 2000,
2.4% of the total cases of diarrhea can be attributed to climate change and 6% of
malaria in some middle-income countries (WHO 2002, 2003). In Mexico, specific
human, social, and environmental conditions faced by different population groups
such as children or the elder increases the severity of the effects they suffer (Berberian
and Rosanova 2012; Haines and Patz 2004; Magaña and Gay 2002).

This section describes some of the effects of EE on health in Mexico in recent
years. The first part is a brief overview of mortality and EE, and the second presents
in detail the effect of EE on health in Mexico, focusing on vector-borne disease, heat
strokes, and water- and air-borne disease.

3.1 Mortality

Statistical information on health outcomes associated with extreme events is quite
limited in Mexico, and often figures are only available for the past 6 years. During
the last seventy years, the number of EE-related disasters increased, predominantly
since the eighties, as mentioned in Sect. 2. However, as shown in Fig. 7, the death
toll due to storms and extreme temperatures was high from the 1950s through the
1970s, but then fell toward the year 2000, except for some years (EM-DAT 2018).
Thus, specific policies that will be reviewed below seem to have allowed decoupling
ocurrance of EE and mortality. This is an important finding because the fact that the
number of deaths is significantly lower implies that Mexico has been improving its
coping capacity to extreme events.

3.2 Morbidity

Climate change acts as an enabler of certain diseases that result from altering environ-
mental conditions. Changing temperatures and precipitation patterns have expanded
the breeding grounds for vector-borne diseases that are spread by mosquitoes, tics,
and flies. These insects feed on blood that may be infected and transmit the dis-
ease to other organisms, propagating virus and bacteria. Water-borne diseases are
also related to higher temperature and changes in water availability that allow for
water pollution and thus diarrhea and similar ailments. Some other health impacts
are due to air pollution, given that climate change produces, among other effects,
atmospheric stability and thus poorer air quality (Ibarrarán et al. 2017). Finally, heat-
waves themselves provoke heat strokes that have a significant impact on the elderly
mainly.
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Fig. 7 Occurrence of EE (storms and extreme temperatures) and death toll, 1950–2017. Source
Own elaboration based on EM-DAT (2018)

In this section we contrast the occurrence of health impacts with average tem-
perature and precipitation patterns in Mexico. Figure 8 shows how these parameters
have behaved in the past century and present an average for that period.

3.2.1 Vector-Borne Disease

The most common vector-borne ailments in Mexico are skin leishmaniasis, acute
and chronic American Trypanosomiasis (Chagas disease), infection by zika virus,
sickness produced by the Chikungunya virus, and dengue fever. Some statistics on
their occurrence are presented below.

Chikungunya

This disease was found in 1952 in Tanzania, but has expanded toAfrica, Asia, and the
Americas, including Mexico (Secretaría de Salud 2014). It is transmitted by Aedes
aegypi, the same mosquito that spreads dengue, but this ailment is usually not fatal
even though it produces pain and rigidity in articulations and can last frommonths to
years (PAHO 2014). Chikungunya was first diagnosed in Mexico in 2014, with 222
new cases. However, in 2015 there were 12,588 additional cases. In 2017 though,
only 64 cases were reported. The months when this illness increases are also highly
variable: In 2015 it was in July and August, that have relatively higher temperatures
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Fig. 8 Average monthly temperature and rainfall for Mexico from 1901–2015. Source Climate
Change Knowledge Portal

and rainfall as shown in Fig. 7. However, in 2016 it was diagnosed mostly in January,
and in 2017 in October and November, periods of relatively low temperatures and
rainfall (DGIS 2017).

Dengue fever

This is among the most prevalent vector disease in Mexico. In 2015, about 61,700
new cases were reported. Most cases took place in August and October, the former
being the warmest month in the year and the latter with enough temperature to ensure
survival of the virus (DGIS 2017). On the other hand, 41% of these cases took place
in 4 states that faced tropical storms and relatively higher temperatures of around
30 °C, namely Colima, Guerrero, Jalisco, and Nayarit, while 37% happened in 19
states that suffered frost and snowwith temperatures around 2 and 6 °C (DGIS 2017).
Distribution also varied, as can be seen in Fig. 9, that shows number of cases and
concentration across Mexico for the 2012–2016 period.

3.2.2 Heat Strokes

Heat waves result from an increase inminimum temperatures, such that temperatures
remain high even through the night. In Mexico heatwaves have become more intense
and have affected particularly the northwest, but also central areas such as Mexico
City. In 2017, there were 3820 new cases of heat strokes reported. The states with
most cases were Sonora and Baja California, with 20 and 16%, respectively. The
average temperature of these states was over 40 °C (DGIS 2017). No previous data
on heat strokes were reported prior to 2017.
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Fig. 9 Cases of dengue fever reported in Mexico. Source Own based on DGIS (2018)

3.2.3 Water- and Air-Borne Morbidity

Even though sickness due to polluted water and to low air quality is expected to
increase with climate change, no hard evidence has been found of changes in water-
or air-borne diseases flowing an extreme event. Mexico does not have a systematic
reporting of these diseases in such a way as to establish a clear relation between
extreme events and health outcomes in any of these two fields. However, due to
policies directed at reducing these diseases, there has been a significant reduction of
water-borne cases particularly.

3.3 Epidemiological Surveillance in Mexico

Overall, the health sector has had significant advances in controlling disease and
promoting hygienic practices across the board (SEMARNAT 2017). On the other
hand, the incidence of vector disease has fallen due to epidemiological surveillance
from the Pan American Health Organization (PAHO) and the WHO that send epi-
demiological alerts to health sector in all countries when they detect sanitary risks
to reduce the density of such vectors (SEMARNAT 2017).
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Following international protocols, Mexico maintains a weekly epidemiological
vigilance. Following the Integrated Management Strategy, EGI-Dengue, the Ameri-
cas have strengthened the institutional response by amulti- and intersectoral approach
through the dengue working group, GT-Dengue.

InMexico in particular, the National Center for Prevention and Control of Disease
(CENAPRECE), within the Ministry of Health, is in charge of leading and imple-
menting crucial programs to reduce morbidity and mortality within the Mexican
population. CENAPRECE has, among its prevention programs, one specially aimed
at controlling vector-borne disease. Research related to this program has estimated
that 60% of the Mexican territory presents favorable conditions for the appearance
of these ailments, that means that about 50 million people are at risk, and this area
is where most agrarian, industrial, fishing, oil-producing, and touristic centers are
located (CENAPRECE 2018).

In summary, even though the evidence of the effects of EE on health is not sys-
tematically reported, this section, and the international literature for that matter, has
shown that EE increase health outcomes, but that epidemiological surveillance has
played a significant role containing these effects. On the other hand, some other
impacts such as water-borne disease have fallen significantly due to sanitation. Evi-
dence does not show the trends’ change with EE.

The next section goes a step further and looks at the costs associated with EE. It
reports what has been found related to health and other impacts that EE may have
on development.

4 The Effect of EE on Development

As has been discussed in the previous sections, extreme events foster vector-borne
disease and heat strokes. Eventually, both EE and health outcomes associated with
such EE may eventually lead to fatalities. Both morbidity and mortality often affect
the most vulnerable (Ibarrarán et al. 2010). Another set of impacts of EE is death, due
to drowning and lack of access to food and water, as well as the destruction of assets.
Disease and fatalities may have a direct impact on macroeconomic performance as
well as on local and regional development.

4.1 Health Setbacks

The occurrence of an EE may have two sets of costs. The first one can be estimated
through the out-of-pocket expenditures to face disease, or the resources public health
has to invest to treat those affected. The other is more of a dynamic effect through
time.

On the one hand, EE can have a direct impact on health, by causing short-term
disease due to the presence of vector-borne disease, water pollution and scarcity,
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or traumatism because of destruction. Most of this information can be found only
in a case-by-case basis, but it has seldom been collected and systematized so as to
estimate an aggregate cost of extreme events on health. Some results may be found
in Moreno (2006) that reports the occurrence of disease in Latin America related to
EEs, but monetary costs are not provided for the different events. For Mexico, there
is only anecdotal evidence that does not stand a rigorous analysis.

In the medium run, EE may have another set of effects on health and on economic
growth. These long-term effects can play out as a setback in initial health conditions
because of a disruptive effect on infrastructure or on public health that may be
persistent in time. Mayer-Foulkes (2001) finds a Granger causality from health to
economic growth for Mexico in the 1950–1995 period. In general studies find that
an improvement in health conditions lead to higher economic growth. This was also
found for LatinAmerica (Mayer 2001;Mayer et al. 2001). ForBrazil, health is related
to the dynamics of income, education, school attendance, women’s participation in
the labor market, wages, and net fertility (Mayer-Foulkes 2000). Gyimah-Brempong
and Wilson (2004) also find that the growth rate of per capital income has a positive
and robust relation with health. Following this line of thought, impoverished health
may lead to lower individual income and to negative macroeconomic effects such as
lower growth. However, no research has been found on this topic for Mexico.

4.2 The Monetary Cost of Disasters

Another way of addressing the cost of EE is by looking at the economic losses
that they impose. These include the economic losses caused by damage to transport
and hydraulic infrastructure, agricultural areas, and housing; it also includes the
expenditures needed to assist in emergencies (CENAPRED 2018). Results for Latin
America show that economic losses have increased due to disasters. By and large,
most of these costs in LatinAmerica concentrate in SouthAmerica.However,Mexico
suffers about 25% of the overall cost of losses to the region (CEPAL 2011). Figure 10
shows the cost of disasters in the 2000–2015 period for Mexico.

The Ministry of the Interior has stated that in Mexico the hydro-meteorological
factor generates 9 of every 10 disasters in the country. The cost of disasters has
varied during the 2000–2016. The worst year was 2010, because of three hurricanes
(CENAPRED 2016).

In 2015, 96.2% of damages and losses corresponded, in the first instance, to
hydro-meteorological phenomena, followed by geological with 1.4%, and 1.4% of
chemical origin. For its part, the sanitary-related damages (0.02%) and those due to
social disruption (0.97%) as a whole reached 1% of the economic losses. Regarding
hydro-meteorological phenomena, 44%of the impact, that is damage and losses,were
caused by rain, while 28.4% by tropical cyclones, and 18.4% by floods (CENAPRED
2016).

Some results produced by CENAPRED are worth mentioning. For example, 56%
of damage and losses between 2010 and 2014 have been on highway infrastructure,
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Fig. 10 Annual economic impact of disasters for the 2000–2015 period (Constant million dollars).
Source CENAPRED (2016)

affecting trade and communication. On the other hand, 40% of the municipalities
declared as affected by a disaster during that same period have a high degree of
marginalization, and these EE increase their vulnerability as well as decrease their
coping capacity in the future. However, the death toll in those four years went down
significantly as a result of Early Warning Systems being installed in locations prone
to tropical cyclones since 2000 (Constantino et al. 2011; Bitrán 2001).

To make the costs comparable throughout time, costs are also given as a share of
GDP. Thus, for the case of Mexico, EE represent about 0.25 of a percentage point of
GDP. The peak of 1985 corresponds to the earthquake that shook Mexico City, that
is not an extreme weather event even though it did produce havoc. This is shown in
Fig. 11.

Mexico is a large country, so most EE do not impose a systemic threat to the
entire country. Nevertheless, they may have had a perceivable cost as a share of
GDP. However, as Toya and Skidmore (2007) have found, losses from disasters are

Fig. 11 Cost of Disasters as share of GDP. Source CEPAL (2011)
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lower for countries with higher income and schooling, with an open economy, and
with a more complete financial system and a smaller government. Mexico has some
of these characteristics, and therefore, it faces a lower toll from EE. However, EE
may still have a toll on future development, in particular regionally.

4.3 The Cost of Disasters on Development

In terms of economic growth, one may think that EE may generate a pattern of
economic contraction, and as a result of the costs imposed by destruction, GDP
would fall. However, due to reconstruction efforts, there might be an increase in
spending, both government and private, and this brings back GDP growth. At this
point growth will continue its trend, and in terms of macroeconomic indicators,
the effect of the EE may basically disappear, especially for a country like Mexico
where most disasters do not have systemic effects; that is, they do not impair the
performance of the entire country, financially or infrastructure-wise.

None of this evidence, however, even if it makes intuitive sense has not been
found. Cavallo et al. (2013) find that “only extremely large disasters have a negative
effect on output, both in the short and long run… where radical political revolutions
followed the natural disasters. Once these political changes are controlled for, even
extremely large disasters do not display any significant effect on economic growth.
It is also found that smaller, but still very large natural disasters, have no discernible
effect on output.”

Evidence is mixed and still under discussion. Loayza et al. (2012) find that disas-
ters affect economic growth depending on the type of disaster and economic sectors
it hits. Moderate disasters may even have a positive effect on some sectors, while
severe disasters usually affect growth negatively. Finally, the less developed a coun-
try (or a region), the more sectors affected and the more meaningful the economic
effects. Macroeconomic effects may be negative but small (Hochrainer 2009) and
can be reversed by aid and the inflow of remittances.

All these arguments seem to fit with what has happened inMexico. However, data
was not enough to perform a statistically significant correlation analysis showing the
impact of EE on future GDP growth, either at the national or at the regional levels.

Findings byHochrainer (2009) can be used to analyzewhat happenswith the poor-
est regions inMexico.With particular EE, these different regions are expected to face
diverse types of severe disruption, based on the resources they possess. For instance,
Esquivel (2000) shows there is a link between geographical conditions, defined as
climate and vegetation, and economic development for different Mexican states and
regions. Geography is strongly correlated with income levels, life expectancy and
education, and therefore economic growth and regional inequalities. States that are
more prone to EE are in fact the ones with lower growth. These same states are often
the ones that rely extensively on the primary sector for their economic activities and
livelihood. Thus, when one of these states gets hurt, chances of a setback in future
growth increases, becoming a poverty trap. This is the case for some areas and sectors
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of Chiapas, Oaxaca, Guerrero, Puebla, and Veracruz. Insurance to disasters is not
universal in Mexico, let alone in the often poor affected areas, that additionally are
highly dependent on natural resources and with a large informal sector that lives off
primary activities. All of this makes them prone to suffer the most when EE hit.

Finally, EE may also impose a setback on the quality of life. This may be due
to the fact that expenditure is diverted from high impact social expenditure. Even
if a compensation is given to those affected, their lifestyle may be permanently
hurt because of destruction. Moreover, often natural capital is destroyed and this is
not reflected in an orthodox national accounting system, so GDP may actually rise
showing economic growth even though natural capital is severely affected and a green
version of GDP would fall. This is particularly true for the states that depend heavily
on primary activities and their natural resources, and have a relatively marginalized
population, such as the states in southern Mexico. Eventually extreme events may
lead to migration (Runfola et al. 2016) and other impacts that are difficult to quantify.

5 Conclusions

Extreme events show an upward trend due to climate change, both worldwide and
in Mexico. Both climate change in general and extreme events in particular lead
to significant modifications in the natural environment that in turn may bring health
impacts, in the formofmorbidity andmortality. Even though there is enough evidence
to state that EE are on the rise in Mexico, lack of systematic reporting of illness
following EE prevents from obtaining strong results of the relation between disasters
and health outcomes. On the other hand, costs of health impacts are not available
either.

Another venue that was explored is the relationship between EE and development.
However, data were not enough to perform a statistically significant correlation anal-
ysis showing the impact of EE on future GDP growth, either at the national or at the
regional levels.

Some policy implications do arise. First, there is a need for reporting health
outcomes related to EE. This is particularly needed to gain a better understanding of
the broad effect of EE in the country. Second, costs have to be better estimated so that
a broad valuation of the cost of EE in Mexico is readily available. This information
may allow for better policy design both for prevention and for adaptation to climate
change and its effects.
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The Impact of the Increase of the Level
of the Sea in the Argentine Coastal Areas.
Current Evidence and Future Scenarios

Daniel Oscar Lipp

Abstract The coastal area is now doubly threatened, due in the first place to the
changes that affect the climate and the rise in sea level, which can of course reduce
its size or alter it in a major way. As predicted, the rise in sea level will be the greatest
impact. This report analyzes the Argentine coastal sector as a result of the increase
in the mean sea level, describing the areas of greatest risk to the impact. The first
of these impacts will be recorded in the Río de la Plata, causing an increase in the
water level and favoring its erosive action. Large floods are envisaged along its entire
coastline. The coastal area of Samborombón Bay is critical and is under the effects of
widespread erosion. Likewise, there is a marked change in the Atlantic coastal belt
that is experiencing an increase in flood levels, accelerated erosion, loss of wetlands,
and intrusion of seawater into freshwater aquifers. According to studies carried out
in the country, the retreat of the coastline in large sectors of Patagonia due to climate
change has exceeded three meters in the span of 39 years. In the Río de la Plata,
this trend also occurred. The analyses carried out in the Samborombón Bay indicate
that the coastline has retreated some 50 m in the last 49 years (Codignotto et al. in
Revista del Museo Argentino de Ciencias Naturales 13(2):135–138, 2011), hence
our intention to address it.

Keywords Climate change in Argentina · Coastal erosion · Sea level increase ·
Río de la Plata · Samborombón Bay · Patagonian coast · Coast line

1 Introduction

After the entry into force of the Kyoto Protocol in 1997, and after an arduous nego-
tiation, all countries made a joint commitment to reduce their annual greenhouse
gas (GHG) emissions. But among other common obligations, the United Nations
Framework Convention requires each state to periodically report on the inventory of
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its emissions and the status of its current situation with respect to climate change. All
this is part of a National Communication that must be presented periodically before
the United Nations Framework Convention on Climate Change (UNFCCC). It is
clarified that this convention was not easy to sign since dissidents appeared that con-
tinue to this day. In the Second National Communication (SCN) of the Government
of the Argentine Republic (2007), the Conference of the Parties identified important
changes in the country of some trends of climatic variables, in comparison with what
has been observed historically. This text highlights the climatic trends registered in
most of the Argentine territory in the last three or four decades and, at the same time,
points out that they are most likely related to global climate change. These trends
have significantly affected natural systems and human activities and have required
rapid adaptation. The most important are listed: (a) the increase in average annual
rainfall in most of the countries, but especially in the northeast and in the western
area surrounding the traditional wet region, (b) increase in the frequency of extreme
rainfall in much of the east and the center of the country, (c) the increase of the
temperature in the mountain range of Patagonia and Cuyo, together with a retreat of
the glaciers, (d) the increase of the flow of the rivers and the frequency of the floods
throughout the country, except in San Juan,Mendoza, Comahue, and northern Patag-
onia, and (e) the decrease in river flows of mountain origin in San Juan, Mendoza,
and Comahue (Government of the Argentine Republic 2007, p. 93). In view of these
impacts, which are very significant indeed, the author decided to contribute with
a document whose interest focuses on the deterioration of Argentine coastal areas
due to climate change. The study is part of an initiative whose main objective is to
demonstrate the vulnerability acquired by the coastal area due to climate change,
so that decision-makers at the national and local levels have a tool that allows them
to take into consideration the relevant costs and benefits in their analyses. In this
document, we analyze different effects of climate change in Argentine coastal areas,
also known as impacts. The impacts that have been considered in this study are the
floods that will suffer the coasts of the region due to: (a) rise in sea level (permanent
flooding) and (b) extreme temporary events of flooding due to the combined action
of tides, sea level, and overhang by waves (temporary floods). In this impact, factors
such as the affected surface, the coastal population, and the ecosystems are studied.
But the erosion of beaches that assumes serious consequences in our country will
also be emphasized.

2 Changes in the Level of the Sea

Many predictions have been made about the sea level rise that will occur at the end
of this century or in the next. There is a very high level of confidence, on the other
hand, that the sea level rise rates can be several times higher or lower than the rise in
the global mean sea level for periods spanning several decades, due to fluctuations
in the sea level circulation of the ocean. For example, since 1993, regional rates for
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the Western Pacific are up to three times higher than the global average, while those
for much of the Eastern Pacific are approaching zero or negative.

But what is meant by the average level of the sea, given the unavoidable evidence
of its impact? The mean sea level is defined as the hourly average value (or smaller
interval) of the recorded height of a tide gauge in a given period (onemonth, one year,
or nineteen years), but with full tidal cycles. In this way, it is possible to eliminate
the contribution of the tide in the calculation. In our country, the average level of the
sea is materialized in practice by the zero of the scale of the Mar del Plata tide gauge.
This materialization is official in the country and was established by the Military
Geographical Institute (IGM) (Bergesio 2012, p. 6).

Because of the exponential growth of the population, economies, and urbanization
in the past century, and inwhich it runs from it, the coastal areas have undergone great
changes. At present, 10% of the world’s population lives in coastal areas of elevation
less than 10 m above mean sea level (McGranahan et al. 2007, pp. 17–37). On the
other hand, there are 136 port cities with more than one million inhabitants around
the planet where almost 400 million people live, and 10% of which are exposed to
coastal flooding every 100 years. By way of example, we have Shanghai, China, with
10million inhabitants. In Bangladesh, for example, a country with a large percentage
of its territory at sea level, tens of millions of people are going to be displaced if sea
levels rise to only 1 m (Nicholls and Cazenave 2010, pp. 1517–1520).

During the 1901–2010 period, the overall mean sea level rose 0.19 m
(0.17–0.21 m). Since the middle of the century, the rate of sea level rise has been
higher than the average of the previous two millennia. On the other hand, it is very
likely that the average rate of average global elevation of sea level was 1.7 mm/year
(1.5–1.9 mm) between 1901 and 2010 and 3.2 mm/year (2.8–3.6 mm) between 1993
and 2010 (IPCC 2014, pp. 44–46). The data collected with tide gauges and satellite
altimeters coincide in that in this last period the rate was higher. It is also likely that
high rates were recorded between 1920 and 1950 (Fig. 1). Today, the Fifth Assess-
ment Report of the Intergovernmental Panel on Climate Change predicts an increase
in the mean sea level until the year 2100 from 0.11 to 0.77 m, depending on the sce-
nario considered. On the other hand, estimates of ascent of 3.8 mm/year were given
byNerem (1995, pp. 708–710) from studieswith information fromTOPEX/Poseidon
satellites. However, it is noted that these predictions contain some uncertainties. Any-
way, beyond the discrepancies on trends and values, the rise in sea level is categorical
and was measured in various coastal locations around the world. Therefore, it is not
a very encouraging scenario if the average level of the sea rises, and we do not deal
with it during this century since a large part of the world population resides in this
area with the aggravating circumstance of having an increasing tendency to choose
it as a permanent habitat.

The mitigation of climate change is undoubtedly now of key importance if one
wishes to avoid major catastrophes. Sea level rise is almost impossible to avoid, so it
is urgent to evaluate adaptation measures. Even if global warming is mitigated, it will
also be essential to adopt measures to adapt to sea level rise. This increase will cause
more frequent coastal floods, changes in ecosystems, greater erosion in coasts, and
salinization of surface and groundwater. Adaptation measures will be able to reduce
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Annual average of the world average level of the sea
based on reconstructions of the fields of sea level
from 1870 (red), gauge measurements from 1950 (blue)
and satellite altimetry from 1992 (black). The units are
expressed in mm in relation to the mean from 1961 to
1990. The error bars have intervals of 90% confidence.

Fig. 1 Changes in the level of the sea. Source Report of Working Group I—Basis of Physical
Science. http://www.ipcc.ch/publications_and_data/ar4/wg1/es/figure-ts-18.html

at least these damages by means of the planned zoning of the vulnerable coastal
regions, also building cyclone protection centers, etc. In order to also ensure that
nations have access to the information necessary to plan such measures, it will be
necessary to continue advancing in the implementation of observation systems and
improving climate system models and local resources to support decision-making.

In the Argentine coast, where we will now emphasize, the main data obtained
from the tide gauges and whose statistical treatment allowed to recognize trends of
sea level rise in the Port of Buenos Aires for the period 1905–2001 of 1.7 mm/year
(Barros et al. 2005, pp. 26–27). This rise was very similar to the one registered more
to the south, that is, outside the estuary of the Río de la Plata, and is within the
average values observed in most of the coasts of the planet.

3 Class of Coastal Impacts

The impacts of climate change in coastal regions will manifest themselves in two
different ways: erosion and flooding. To order our presentation, we will now deal
with the floods and, in a subsequent examination, the erosion of coasts by sea level
rise.

http://www.ipcc.ch/publications_and_data/ar4/wg1/es/figure-ts-18.html
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One of the biggest, if not the most critical, threats to coastal systems and low-
lying areas of the world is the increase in flood events due to the effects of climate
change, mainly due to the increase in mean sea level. But here, we must differentiate
due to a double dimension of the problem. In general, when talking about coastal
flooding, we are indicating an increase in the level of water that exceeds the usual,
which ordinarily occurs, which causes serious damage to the socioeconomic and
natural systems. This flood is temporary, of short duration, of almost always harmful
effects, after which the water level returns to its usual situation. These floods are
considered one of the phenomena of greatest impact in the world, due to the effect
they cause in large densely populated territorial areas. According to the international
database of disasters prepared by the CRED (OFDA-CRED Database), worldwide,
7,477,552 people were victims of floods during the period 1900–2001, while the total
population affected reached figure of 2,379,092,236 inhabitants. Among the most
important events are two floods in the Yangtze River, China, the first in 1931 that
caused the loss of 3,700,000 lives and anothermore recently inAugust 1998, inwhich
238,973,000 inhabitantswere affected (Garnica Pena et al. 2004, p. 24). These figures
reflect in a tangible way the impact of this type of hazards, worldwide. Temporary
floods are very complex environmental phenomena and include aspects of the most
varied nature, such as climatic, hydrological, geological, geomorphological, and even
social. All help to unleash these events, which although they are characterized by
being brief, are of disastrous consequence for man.

However, the rise in the average level of the sea as a consequence of climate change
implies the permanent flooding of land, especially in low-lying areas of the coast,
leaving them flooded and thus losing their use. When talking about climate change,
it is usual to analyze the rise in the mean sea level (sea level rise) as a predominant
factor in coastal flooding. In this case, this type of flood, due to sea level rise, in a
climate change scenario implies a permanent flood. Due to this double dimension
of the problem, on the one hand, the flood of extreme events and with temporary
duration (level of flood) and, on the other, the submergence or loss of soil due to sea
level rise, it is necessary to contemplate both in the study.

4 Estuary of the Río de la Plata

In our country, the phenomenon of flooding lashes out in the most diverse envi-
ronments; however, our purpose is to analyze it in coastal areas, which is what is
discussed here. Let’s start with the estuary of the Río de la Plata (Fig. 2).

The Río de la Plata is located on the east coast of South America, roughly between
34° and 36° south latitude and 54° 50′ and 58° 30′ west longitude, and constitutes
the boundary between Argentina and Uruguay. Developing in the NW-SE direction,
it reaches about 290 km in length. The main forcing of the dynamics of the Río de
la Plata is the tidal wave that enters from the ocean, the discharge of the tributaries
that enters the head of the river, and the wind field that acts on the whole surface
of the river. The oceanic wave that arrives at the Río de la Plata has a regime of
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Punta Gorda

Punta Rasa

Fig. 2 Estuary of the Río de la Plata. Source http://irapescar.com/BODY/notas/todas_2010/03_10/
cuendelpla/index.htm

diurnal inequalities, showing great differences between consecutive highs and lows.
Its estuary, which is almost 50 km wide at the mouth of the Paraná and Uruguay,
gradually widens to an imaginary line linking Montevideo (in Uruguay) to Punta
Piedras (in Argentina). Its width here is 90 km, and it is the section known as Río de
la Plata interior. From this point, the river becomes more saline to another imaginary
line that connects Punta del Este (Uruguay) to Punta Rasa (Argentina), which is the
limit of the Río de la Plata exterior, with a width of almost 200 km (Barros et al.
2005, pp. 23–38).

More than 97% of the water input to the Río de la Plata is contributed by the
Paraná and Uruguay rivers, with the average flow of the Río de la Plata in the order of
23.000 m3/s. The discharge of the Santa Lucia River, relatively close to Montevideo,
is negligible with respect to the entire system, although it is an important local factor
for the Uruguayan coasts. In the same way, the contributions of a series of small
discharges that occur on the Argentine side are negligible.

The Río de la Plata has large metropolises on its banks, particularly Buenos Aires
on its right bank andMontevideo on its left bank. Our special interest is now directed
to the Metropolitan Region of Buenos Aires (RMBA, hereinafter), where more than
thirteen million inhabitants live. Particularly for this sector of the Río de la Plata, the
greatest impact that will come about due to climate change is the floods associated
with extraordinary rainfall events. The floods in the RMBA are almost always tragic
events of varying length and intensity.

In general, the area inwhich the agglomeration is located presents adequate condi-
tions for the establishment of a large city. It has a soft relief, a good supply of ground

http://irapescar.com/BODY/notas/todas_2010/03_10/cuendelpla/index.htm
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and surface water, excellent agricultural quality soils, absence of great natural risks,
and provision of materials suitable for construction. However, it must be said that
the great growth experienced by the RMBA and its socioeconomic characteristics
have resulted in the existence of major geo-environmental problems, some of which
are very difficult to solve, such as floods. The disorderly and sustained growth of
the city in the last century has taken place without the establishment of minimum
guidelines of territorial order that took into account the characteristics of the physical
environment.

The causes of flooding of the RMBA can be grouped into natural and anthropic.
Within the first group, there are the frequent and intense rainfalls that plague the
region, the existence of a poorly integrated drainage network due, among other fac-
tors, to the reduced slope of the land, the existence of waterlogged basses (bathed),
the presence of a high phreatic layer, and the plug process exerted by the so-called
sudestadas, in the mouths of the different streams that drain the RMBA. This does
not allow water to run off the streams, which can overflow and flood the urban
area. Within the second group of causes are the waterproofing produced by urban-
ization, the disappearance of green spaces and natural vegetation, the occupation
of floodplain, lowlands, lagoons, and alluvial plains due to the growth of the city,
the realization of infrastructure works (pipelines, dykes, etc.), obstruction of river
courses, substantial modification of the coastline of the Río de la Plata, and the pres-
ence of communication routes that cross the courses and have not been built taking
into account the frequent floods (Alcira et al. 2001, pp. 3–7).

5 Delta of the Paraná River

Given the importance of the Río de la Plata in global warming, researchers will now
place special emphasis on two particularly threatened coastal areas of this great river
course, which are the Paraná Delta, located at the headwaters of the river, and the
wetland Samborombón Bay, on the coast of Buenos Aires.

The deltas constitute sites increasingly vulnerable to climate change as they are,
in general, partially flooded areas. Of course, the Paraná Delta does not make an
exception to the rule, and considering this condition, it is expected that future floods
produced by the sudestadas of the Río de la Plata will be increasingly severe as the
sea level rises, affecting its islands, defenses of the coastal zone, and the quality of
the waters. With an area of 14,000 km2 and a length of 320 km, the Paraná Delta is
considered to be one of the largest in the world and the only one of its kind found
entirely in a freshwater environment. It is born at the height of the city of Diamante,
province of Entre Ríos, where the so-called predelta ends. It is divided into three
large areas: the upper delta (fromDiamante toVilla Constitución, province of Buenos
Aires), the middle delta (from Villa Constitución to Puerto Ibicuy, province of Entre
Ríos), and the lower delta (from Ibicuy port to the beginning of the great estuary of
the Río de la Plata). It is located largely to the southwest of the province of Entre Ríos
and northeast of the province of Buenos Aires. The constructive work of the river
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is constant, and it makes its way among the innumerable islands through a maze of
streams and channels. The islands are depressed inside and with albardones on their
banks, which determines the stagnation of the waters in the interior after the large
floods. The main arms of the river are Paraná Pavón, Paraná Ibicuy, Paraná Guazú,
Paraná de las Palmas, Paraná Miní and that limit island groups such as the islands of
the Lechiguanas or the Ibicuy.

The advance of the delta is one of the most notorious facts. The current rate of
advance, determined from the comparison of cartographies over a century, indicates
average values of the order of many tens of meters per year. This vertiginous advance
has led, in particular, to the appearance during the last century of all the islands that
currently face the town of San Fernando (province of Buenos Aires). Associated to
this, population and activities that are very vulnerable to the sudestadas and to the
changes in the level of the waters have been established. The deltas are characterized
for being low zones, with additional subsidence to the effect of the rise of the level of
the sea and of course with a great ecological and economic importance. To quantify
the rise in sea level in the Río de la Plata Delta, the flooded area and the affected
population have been studied as a result of a rise in sea level to the level of 1 m and
up to the level of 2 m in case of additional subsidences.

Table 1 shows the values obtained. For the purposes of comparison, we have
contemplated in the analysis other deltas of Latin America and the Caribbean. As
shown in the table, the deltas of the Río de la Plata and Río Magdalena would be
the most affected in terms of population by a 1-m rise in sea level, while the former
stands out for having the largest area of committed land. In contrast, Fig. 3 shows
the level isolines for elevations 1 and 2 m of the delta of the Río de la Plata, which
represent the scope of flood situations (United Nations 2015, pp. 39–40).

Table 1 Area and population in the most important deltas of Latin America and the Caribbean to
the 1 and 2 m

Deltas Between heights 0 and 1 m Between heights 0 and 2 m

Flooded area
(Has.)

Affected
population
(habs.)

Flooded area
(Has.)

Affected
population
(habs.)

San Francisco 3403.62 60,516 12,005.84 108,275

Río de la Plata 79,824.22 103,180 130,481.38 148,472

Orinoco 3454.77 339 6373.20 365

Magdalena 16,901.40 103,962 36,292.86 128,334

Grijalva 28,928.93 27,490 65,401.78 37,897

Atrato 5588.19 6894 17,761.60 8131

Amazonas 7353.99 103,482 14,382.73 103,668

Source United Nations (2015) Effects of Climate Change on the Coast of Latin America and
the Caribbean. Impacts. ECLAC. University of Cantabria. Institute of Environmental Hydraulics.
Ed. Cepal. Project documents. http://www.cridlac.org/digitalizacion/pdf/spa/doc19588/doc19588-
contenido.pdf

http://www.cridlac.org/digitalizacion/pdf/spa/doc19588/doc19588-contenido.pdf
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Fig. 3 Level isolines for 1 and 2 m in the delta of Río de la Plata. Source United Nations (2015)
Effects of Climate Change on the Coast of Latin America and the Caribbean. Impacts (p. 40).
ECLAC. University of Cantabria. Institute of Environmental Hydraulics. Ed. Cepal. Project docu-
ments. http://www.cridlac.org/digitalizacion/pdf/spa/doc19588/doc19588-contenido.pdf

6 Samborombón Bay

Another critical impact of the coastal zone of the Río de la Plata, which is the
Samborombón Bay, will now be discussed. Coastal wetlands are one of the most
productive ecosystems in the world, most of which are vulnerable to climate change.
It is expected that they will experience impacts at the biophysical and socioeconomic
level due to an increase in sea level. These impacts can modify the functions of the
coastal wetlands and affect their dynamics, gravitating, of course, on the uses and
resources exploited by the local communities. The Bay of Samborombón is one
of the coastal wetlands of Argentina that would have the greatest impact due to
climate change, especially in its southern zone, which would be the flooding area
that would be covered by the rise of the sea. The biophysical effects that would
be expected from the impact of climate change in Samborombón Bay are counted
in hundreds, among which could be mentioned the alteration in the surface water
quality of the lotic systems, the deterioration of the groundwater quality due to the
marine intrusion, the loss of habitats, and themodification in the composition of plant
and animal communities, among others. On the other hand, socioeconomic effects
include the alteration of the anthropic cycle of water in the Bay (quantity and quality
of surface and underground water due to different uses), the affectation of ports,
such as that of Gral. Lavalle, the potential threat of health risk for the population, and
impacts on the main productive activities in the Bay, such as cattle breeding, coastal
commercial fishing, and hunting. For all these reasons, some mitigation measures

http://www.cridlac.org/digitalizacion/pdf/spa/doc19588/doc19588-contenido.pdf
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have been proposed on the wetland to deal with climate change, among which can
be mentioned the monitoring of the quality of surface and groundwater to plan
the uses and the availabilities of the same, the study of the temporal and seasonal
variability of the composition of the terrestrial and aquatic communities of the Bay,
to demonstrate the tendency of the new trophic interrelations and the adaptation of
the same ones to the new changes, the mapping of the redistribution of the micro-
environments to estimate the new uses of the habitat by biota, the planned setbacks of
the agricultural establishments located and the implementation of aquatic protected
areas and corridors of terrestrial and aquatic fauna for the conservation of the Bay’s
biodiversity (Volpedo et al. 2005, pp. 342–343).

Figure 4 shows the permanent flooding area to which Samborombón Bay will be
exposed by the year 2070. These sites are more vulnerable to the increase in the mean
sea level because they are topographically low areas. Also indicated in the figure are
areas that could be partially flooded.

Observations:
In red: permanent flood area by the year 2070.
In pink: area that could be partially flooded.

Fig. 4 Samborombón Bay-Rió de la Plata: area of possible flooding. Source Prepared based on
the report of the project “Impact assessments and adaptation to climate change” (2005). “Global
Climate and the Coastal Areas of the Río de la Plata” Assessments of Impacts and Adaptation to
Climate Change, Project No LA 26. Barros (2005a)
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7 Increase in Coastal Erosion

So far, we have paid attention to the coasts of the Río de la Plata from the town of
Punta Gorda (33° 54′ 58′′S, 58° 24′ 52′′W), at the mouth of the Uruguay River, to
Punta Rasa (36° 17′ 23′′S, 56° 46′ 53′′W), south of the Bay of Samborombón, in the
province of Buenos Aires. Millions of people inhabit this place as two capitals; the
country (Buenos Aires) and the province of Buenos Aires (La Plata) reside in this
coastal area. In this document, evidence has already been presented that the most
important environmental alterations produced by climate change will occur along
this coastal strip. On the other hand, there is a lot of scientific work directly linked
to this area because it is the most inhabited and will receive the greatest impact.
The situation is very different with respect to what is presented from north to south,
from Punta Rasa at the mouth of the Río de la Plata to 68° 36′ 38′′W, on the Beagle
Channel, southern end continental of theArgentine territory. This iswherewewill put
the accent now. The Argentine coastal sector from the Punta Rasa town to the Beagle
Channel presents several natural and anthropic phenomena of evolution. Here, we
can distinguish three sectors (Fig. 5), each of which presents evidence of erosion
and accumulation, which implies the loss of beaches, an attraction of tourist areas,
which affects the economy of these places. On a total of 4.655 km coasts of said strip,
180 km is coasts of beacheswith dunes, 4.175 kmpresents themselveswith cliffs, and
300 km, the remainder, is mountain coasts. The coastal strip considered corresponds
to a coast of passive margin, with an extensive continental shelf, which implies some
tectonic stability (Codignotto et al. 1992, pp. 128–130). The beach coast with dunes,
the most populated of spas and where the tourist most frequently accesses, is located
in the province of Buenos Aires, between the town of Punta Rasa, at the mouth of
the Río de la Plata, up to the Laguna de Mar Chiquita. A large part of the Argentine
population visits this area in summertime, enjoying its waters. It is a coast, today very
eroded anthropically, in constant construction by the contribution of sand that makes
the sea to the continent, increasing the width of the beach and the height of the dunes.
The causes that produce this phenomenon are the low height of the coast that in fact
would correspond to the depressed region of the pampas and the marine current of
northward direction called coastal drift. As we mentioned at the beginning, it is a
coast that is essentially suitable for spa activities due to the extraordinary width of its
beaches, its gentle slope, its fine sands, and the beauty of its dunes that accompany the
sea in all its extension. Its waters are warm and free of malignant animal species like
the living waters, which bother the tourist, and which appear further south. Unlike
the coasts, which we will see later, with ravines and cliffs that drastically limit the
width of the beaches and, consequently, their ability to house bathers, the dunes
constitute an extension of the beach. For this set of enviable characteristics should
be protected more; however, their situation is very vulnerable today. Its anthropic
action, exacerbated recently by climate change, has generated unforeseen damages in
coastal dynamics. The sector experiences an increase in episodic erosion, a change
in water quality, and pollution in coastal aquifers. On the other hand, works are
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coast of mountains
(300 km)

coast of cliffs
(4175 km)

only beaches with dunes 
without cliffs (180 km)

Fig. 5 Argentina coastal regions. Source National Geographic Institute (IGN) http://www.ign.gob.
sr/

http://www.ign.gob.sr/
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generated that are harmful to the environment such as breakwaters, walls, moorings
without proper planning of them.

The other sector of the Argentine coast exposed to climate change of 4.175 km
of extension is almost entirely in Patagonia with a smaller strip in the province of
Buenos Aires. It extends from the Laguna de Mar Chiquita to Cabo San Diego, on
the eastern tip of Tierra del Fuego, within an area of cold and windy weather and
unsuitable for the establishment of spas. The scenario is a coast of cliffs attacked by
erosive processes that in some places adopt an almost perpendicular shape. At its
base, there is a small rocky platform that slopes toward the sea and that lies just below
the level of the waters. Therefore, the coast is high and cut to peak on the sea, which
is separated in some cases narrow strips of coarse sand beach and gravels that are
covered by high tide, which do not offer the minimum safety conditions, of course,
for bathing and recreation. To the south of Carmen de Patagones, its waters are very
cold and in some points, generally bays, ravines, or cliffs disappear in their entirety
and the beaches are wider. This is a coast in continuous erosion. The fragments of
rock that have been disintegrated are dragged out to sea, since the energy of the
waves is excessive and does not allow the sand and gravel to form a beach. On
the Patagonian coasts of heterogeneous rocky composition, the sea digs caves and
canals, first taking the softer materials and then leaving the harder ones, which gives
the coasts their own peculiar shapes. On the other hand, on the coasts of calcareous
and clayey constitution, the sea produces cliffs of great verticality due to the even
destruction of the constituent materials. At the foot of the ravines, rocks of different
sizes accumulate that are also slowly crumbled to become sand, which is dragged
mostly to the ocean floor where it is cemented and hardened over the centuries
forming layers of new rocks sedimentary(.) Another portion of said sands is carried
by the marine currents of the littoral (coastal drift) along hundreds of kilometers and
deposited in the lowest places, or in front of the obstacles that oppose its march. In
some sections of the Buenosairean coast, such as Miramar or Necochea, the sands
have covered a large part of the ravines (Kokot 2004, pp. 715–717).

The phenomenon of erosion in our country has been described for decades by
various authors. During the Pleistocene and part of the Holocene, there was a great
contribution of sediments to the coastal zone due to the important load of the Patag-
onian rivers that reached that area. This contribution of sediments and gravels was
distributed in the Patagonian area and formed a kind of protective shield making
the erosive action of the waves and the sea less efficient. This large sedimentary
contribution was mainly through the main emitters of Atlantic discharge, i.e., the
large rivers. Result of this is the distribution of gravels that are observed along the
entire Patagonian coast. However, currently in the main Patagonian rivers, hydraulic
conditions for the transport of gravels are not given, since by reducing their flow,
abundant in other periods, they configured a hydraulic systemwith very low transport
capacity. Evidence of this is the thickmantle of alluvium present in the alluvial plains
of the main Patagonian rivers. Currently, the coastal morphology is partly relict and
originated from other climatic conditions that occurred in the recent past, while the
current conditions present an evolutionary trend toward the erosion of the present
geoforms.
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Themountain coast, the last coastal sector thatwewould notmention, is developed
along theBeagleChannel to the limitwithChile in a stretch of 300 km. It gets its name
from the main feature of this coast, the continuous mountain and mountainous cords
that frame it, which in some sectors fall to sink over the waters. It lacks beaches
and due to the climatic conditions derived from the proximity of the Antarctic, it
only allows as a recreational activity, navigation through the fueguine channels,
famous for its panoramic beauty. The mountain coasts in Argentina constitute the
least extensive stretch of the maritime territorial edge of the country. In this section,
the conjunction of the sea with high mountains of snowy peaks is presented as an
atypical feature of the landscape. The action of the waves, but especially the abrasive
power of the glaciers, has formed a fringed margin where coastal accidents abound,
both deep entrances and pronounced outcrops. Finally, the Argentine mountain coast
concludes by transposing the international boundary with Chile. Finally, I would
like to emphasize that an increase in the level of the waters of the entire Patagonian
coast will undoubtedly influence the rate of coastal erosion. Therefore, the greatest
attention in the area should be paid on the beaches, where there are, and the low
coasts. On the other hand, on the coasts of hard rocks, generally characterized by
coastal platforms or submerged cliffs, a rise in sea level will cause immersion in the
former and a change toward land of the coastline. In soft rocks, immersion tends
to accelerate erosion. The existing cliffs on open coasts and those that contain high
proportions of clays seem more sensitive to erosion. However, in the face of rising
sea levels, low-lying coasts may flood or recede due to erosion. The less-resistant
coasts will allow a fast advance of the sea; on the other hand, the most-resistant ones
will slow down this action. I must warn that several authors disagree that the rise in
sea level is caused by an anthropic climate change but that this increase is essentially
natural. The coasts of the maritime archipelagos and those of the Argentine Antarctic
Sector complete our coastline and its appearance presents, in alternate form, cliffs
and mountains.

8 Negative Impacts on Health

In an earlier text, the author has indicated the main infectious and respiratory noxas
that are limited to the Argentine territory and aggravate, due to climate change,
the potential area of transmission, and the mortality rate. If the current sanitary
conditions are not modified, a rapid advance of these ailments is expected by the end
of the century. The author in the present work will not repeat information already
considered in another chapter (Akhtar and Palagiano 2018, pp. 405–418) rather he
will enrich and condition the subject that has been discussed.

In the Second National Communication of the Government of the Argentine
Republic to the parties to the United Nations Framework Convention on Climate
Change (UNFCCC) of 2007 (Government of the Argentine Republic 2007, p. 114),
as in the Third Communication National 2015 (Government of the Argentine Repub-
lic 2015, p. 137), the impacts on health that climate change would bring were con-
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sidered important; however, no specific studies were available to serve as the basis
for these analyses. In the two previous documents, but mainly in the Third Commu-
nication, it is pointed out that an increase in temperature and observed variations in
the geographical distribution of rainfall highlighted some expected impacts on health
mainly as a consequence of the expansion of the area of action of certain vectors
transmitting diseases such as dengue, malaria, American trypanosomiasis or Chagas
disease, and other infectious diseases such as schistosomiasis, fungal diseases such
as Paracoccidioides brasiliensis or aspergillus, yellow fever, rickettsia, and other
virosis. Other disorders and diseases in the Argentine Republic could also be due
to variations in temperature, precipitation, and humidity levels, as well as extreme
events such as droughts, floods, and storms.

Within the direct impacts of climate change, floods are the catastrophes that have
caused the most damage in Argentina. These events have serious impacts on health
since they tend to be favorable for the development of various diarrheal diseases
and others transmitted by water. This risk has materialized in numerous coastal
locations during the last decades, leading to outbreaks of infectious diseases, forced
evacuations and the loss of livelihoods, and increased poverty. The most tragic cases
occurred in the city of Santa Fe and La Plata, capital of the province of Buenos
Aires (Argentina). Between February and April of 2003, intense rains occurred that
exceeded 1000 mm in several localities of the northern Salado basin, which flows
into the Paraná River in front of the city of Santa Fe. But these conditions were
aggravated by the intense rainfall of the second half of April, which were decisive
for the flooding of the city. Unfortunately, dozens of deaths and missing lives were
regretted (Kullock 2007, p. 38).

On the other hand, more direct impacts such as heat waves can increase mortality
rates, as happened recently in Europe. The human capacity to adapt to high tem-
peratures could be exceeded in some regions of our country, making it impossible
to perform outdoor work without adequate protection in the warmer times. Almeira
and Rusticucci investigated the relationship between temperature and general mor-
tality for the cities of Rosario and the city of Buenos Aires, finding an increase in
mortality at both ends of their value, both for cold and heat (Almeira and Rusticucci
2014, p. 4). The heat waves have been increasing in Argentina. On December 13,
2013, an intense heat wave began in Argentina that lasted with few interruptions until
almost half of January. It was the longest and most intense in the region, covering the
center of Argentina, from Buenos Aires to Córdoba and Mendoza, with maximum
temperatures above 40 °C and minimum temperatures above 24 °C. The distribution
of electrical energy collapsed in many sectors of the metropolitan area of Buenos
Aires, due to the consumption record due to the intense use of air conditioning equip-
ment and the difficulties of the transformers to dissipate the heat. The risk of heat
waves increased throughout the country between 1960 and 2010 due to the change
in extreme thermal conditions, and this increase was greater in the north and the east
of the country.

But climate change will aggravate other diseases in the country. It is estimated
that the higher temperatures will favor the ailments, previously circumscribed to hot
regions, such as dengue, malaria, and yellow fever. In Argentina, special attention
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was paid to two vector-borne diseases: dengue and malaria, both of which are typical
ailments of the country’s tropical and subtropical climates and where climatic sce-
narios point to an increase in mean and minimum mean temperatures. In addition,
until now, it is the diseases that the Intergovernmental Panel on Climate Change
identifies as most important. On the one hand, dengue is not considered an endemic
disease in Argentina, but there have been several cases of reappearance of the dis-
ease: in 1998, in an epidemic that affected the province of Salta, and in the year 2000
when it returned to affect the provinces of Formosa and Misiones. In 2009, there
were epidemics and autochthonous cases that spread to almost half of the country.
The predicted temperature changes in the country allow us to suppose that both the
presence of the transmitting vector of dengue (Aedes aegypti) and the same disease
could spread south of the territory. Logically that would result in an increase in the
population exposed to the disease.

Dengue fever is problematic in Argentina due to the presence of the vector (A.
aegypti) and endemism in the bordering countries. In the north and northeast of the
country, the risk of transmission of dengue is high throughout the year, while the
risk of the center of the country is concentrated only in the summer months (Carbajo
et al. 2001, p. 15). Figures 6 and 7 show the areas with different levels of risk of
transmission of the disease and the population in danger. By the 2030s, the number of
people at risk of contracting the disease could triple, while by the end of the century,
the population at risk would be almost six times higher than at present, although it
is estimated that only 0.22% of the population potential affected would contract the
disease.

Malaria, on the other hand, is an endemic disease in some areas of northwestern
Argentina, especially in some areas of Salta and Jujuy,where there is an almost invari-
able annual incidence, while in Misiones and in some areas of the northwest, like
Tucumán and some areas of Salta and Jujuy, has epidemic characteristics. Although
the incidence of malaria has decreased in the country, the density of the vector has
increased, especially in the northeast of the country with the change of climatic vari-
ables. On the other hand, the distribution area of the Anopheles darlingi mosquito,
one of the three vectors of the disease, is likely to expand, a circumstance that will
require attention. Another vector disease that has shown sensitivity to climate change
is Chikungunya fever, transmitted by A. aegypti mosquitoes, as well as dengue fever.
This disease is native to Africa and currently has a vector transmission in South
America. In Argentina, there have been imported cases of this pathology during
2008 and epidemiological surveillance plans have been activated given the presence
of the vector in our country. Finally, the abundance of Leishmaniasis vector in the
north of the country shows in some months of the summer an intimate association
with temperature and in some cases with humidity (Government of the Argentine
Republic 2015, p. 137).
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Fig. 6 Geographical areas
of Argentina with risk of
dengue transmission. Source
Carbajo et al. (2001)

Observations: dark gray areas are the most
affected by the disease.
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Observations : Population at risk of contracting Dengue in several periods 
considering the SRES A2 and SRES B2 emission scenarios. These scenarios
are not climate forecasts, since each scenariois an alternative of how the future
climate can behave.The emission scenarios (SRES) are grouped into four
families (A1, A2, B1 and B2). Scenario A2 describes a very heterogeneous world
based on the preservation of local identities. Economic development is regionally
oriented, and per capita economic growth and technological change are very
fragmented. In contrast, scenario B2 describes a planet where the emphasis is
placed on local solutions aimed at social, economic and environmental sustainability.
It is a world with a growing population but at slower rates than in the other scenarios,
with intermediate levels of economic development, and a slow but varied technological
change. The society is oriented towards environmental protection and social equity,
and prioritizes the local and regional spheres. 
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Fig. 7 Population at risk of contribution dengue. Source https://www.ipcc.ch/pdf/special-reports/
spm/sres-sp.pdf. The information comes from the number of inhabitants of the cities at risk. (Source
Based on the information contained in ECLAC (2014))

9 Conclusions

The author has intended to analyze at first the changes that have occurred, and still
occur, on the coasts of the Río de la Plata due to global warming, particularly due
to the increase in water levels, due to the severity that this has reached in the coastal
strip of said river. Many points of this coastline experienced an increase in flood
levels, accelerated erosion, and loss of coastal wetlands. The extensive delta located
in the springs of the Río de la Plata floods has affected entire populations andmaterial
goods, and as the storms become worse, it will increase. These frequently flooded
areas will surely be aggravated by the effects of climate change.

According to the data provided by the tide gauge of Buenos Aires, the tendency
of increase in water level is 1.7 mm/year (Buenos Aires Frente Al Cambio Climático
2014, p. 32). If this trend continues, the entire region and its adjacent areas will also
be considerably affected by an increase in the frequency of flooding in low areas and
increased erosion in some coastal areas. Finally, it should be noted that more than a
third of the country’s population is concentrated in this coastal sector.

https://www.ipcc.ch/pdf/special-reports/spm/sres-sp.pdf
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Among the areas that have also been treated in the present work aggravated by
global warming is the Ramsar Site Bahía Samborombón, and its surrounding area
of influence. The coast of the bay, a escarpment of 0.60–0.90 m in height, would
be receding at a rate of about 0.80 m per year, according to reports by several
authors (Canziani et al. 2013, p. 158). This value was estimated by very recent field
observations made at Punta Piedras and General Conesa, in the province of Buenos
Aires. The rise in sea level will also impact on the discharge of the Samborombón
River and the Salado River, as well as on the various drainage channels located on the
site. Substantive effects on agricultural activities in the area are also expected, since
the rise of water will reduce the area devoted to extensive cattle rearing, in addition
to the redistribution of forage resources and the loss of natural pastures. The area of
Samborombón Bay has a great extension of coasts (120 km) and has the peculiarity
of being affected by ocean storms (sudestadas), which will surely bring with them
great flood events.

Also, the Atlantic coast of our country was studied in this document to the limit
with Chile, paying attention to three sectors: the coast of beaches with dunes, the
coast of cliffs, and the coast ofmountains. As the anthropic component on the coast of
beaches already indicates, the greatest complexity is given here by the contribution of
man due to the construction of high-cost works, without proper planning, generating
erosion, and the destruction of dunes. This will contribute, of course, to greater
vulnerability to climate change. It is important to keep in mind the harmful practices
that man carries out in numerous spas in the country. This will only aggravate the
future situation. The exploitation of sand, the destruction of dunes, the authorization
of works near the shore, and inadequate infrastructure are some of the bad practices
that enhance the erosive action caused by global warming.

On the other hand on the coastal strip where cliffs are evident is not exempt from
those interventions, in recent years, there has been a growing occupation of space to
urbanize it has generated an erosive phenomenon on the coast, accentuating the exist-
ing natural process in the area. But unlike the coast of the province of Buenos Aires,
where the urbanization process was strongly motivated by beach and sun tourism,
on this Patagonian coast urbanization is substantially linked to port, commercial and
extractive activities. On the other hand, the intense action of the waves on the coastal
outcrops, especially in the sectors of coast more exposed to breakers, helps to make
this erosion process even more accentuated. Due to the orientation of this coastline,
the area is mainly exposed to the action of waves coming from the east. The astro-
nomical tide data are of fundamental importance to characterize the dynamics of the
coastal environment, since the great height reached by them increases the exposure
of the cliffs to the action of the waves.

As a final case, climate change may affect, if it has not already done so, the moun-
tain coast located in the south of the country. This sector suffered with intensity the
modeling produced by immense glaciers during the last glacial period. Geologically,
the mountainous coasts of southern Argentina are related to the Andes fueguinos
continuation of the Andes mountain range in the archipelago of Tierra del Fuego.
However, the studies carried out on this coastal coast, related to the rise in sea level,
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are almost nil. The action of thewaveswill surely be forming amarginmore bordered
than the one that currently has outgoing and quite pronounced entrants.
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Extreme Events and Health in Mumbai,
India

Hem H. Dholakia, Ishita Jalan and Amit Garg

Abstract India’s urban future is under threat froma changing climate. Evidence over
the last twenty-eight years shows an increasing trend in the frequency and intensity of
extreme events. With over 300 extreme events, the majority of which occurred since
2005, estimated damages are around US$78.8 billion. There is a significant toll of
these extreme events with over 1.33 billion people being affected. Studies on future
climate projections indicate that as the frequency and intensity of extreme events
increase, cities may experience nonlinear health impacts. In addition to increasing
the burden of disease, it will put enormous strain on financial resources as well as
health systems.These effects are exemplified in the context of themega-city,Mumbai.
Urbanplanning choices have left the city vulnerable toflooding andheatwaves. There
exists a substantial burden of both communicable and non-communicable diseases
in Mumbai. A single, unprecedented rainfall event, in 2005, resulted in over 200,000
patients being treated in a single tertiary care hospital of the city. These findings
indicate the need for cities to proactively plan for responding to extreme events.
There remain significant opportunities to design cities that are resilient to extreme
events and to protect the health of people.

Keywords Extreme events · Disasters · India ·Mumbai ·Mega-city · Health

1 Introduction

There is a clear understanding that India’s cities are in a state of flux. Opportunities
for employment, a better standard of living as well as access to health services are
some of the drivers of increasing urbanisation. It is expected that by 2050, India’s
urban population will double and be reaching nearly 814 million persons (UN 2014).
This is also the time when the country will transition to a predominantly urban
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population. This means that present choices surrounding urban development will
disproportionately continue to influence human health in India, now as well as in
future.

Increased urbanisation is known to influence health positively as well as nega-
tively.Urban areas concentrate people, thereby exposing a large population to disaster
risk. These risks are compounded in developing countries, where population growth
outpaces that of the formal local economy (Butsch et al. 2016), resulting in inade-
quate infrastructure and service provision to citizens. As a result, settlements spawn
on wastelands of the city, near drains and marshy areas, that are devoid of any ser-
vices or basic facilities. These settlements are mostly occupied by the urban poor.
This factor enhances vulnerability of people in the event of a disaster (Revi 2008). It
also facilitates the rapid spread of several epidemics. The geography of most cities,
i.e. proximity to coasts and riverbanks, makes them particularly vulnerable to climate
change (Rosenzweig et al. 2010). Urban planning choices and materials used, e.g.
paved and impermeable roads, promote surface run-off, adding pressure to drainage
systems (Mishra et al. 2015). This may pre-dispose urban areas to flooding. These
surfaces also retain and radiate heat adding to the urban heat-island effect.

At the same time, several studies suggest that cities may confer an ‘urban health
advantage’ that results in urban health indicators often being better than its rural coun-
terpart (Vlahov et al. 2005). Several hypotheses attempt to explain this advantage.
One explanation is that the proximity to wealth may have spillover effects to benefit
economically weaker sections of society. The presence of affluent and prominent
society members may exert a certain ‘pressure’ on government agencies to provide
basic civic services within reach of more disadvantaged urban residents (Lynch et al.
2004). For instance, Wen et al. (2003) find that measures of neighbourhood health
have positive associations with affluence after adjusting for neighbourhood-level
poverty, income inequality as well as education. A second explanation is that cities
offer access to markets for food, housing, education and health care. This gives urban
residents an edge compared to non-urban residents, to access better nutrition, knowl-
edge and health services, despite an inequitable distribution of these goods (Panel
on Urban Population Dynamics 2003). Urban areas also provide the potential for
social cohesion, social movements and political mobilisation on account of density
of people. In addition to creating a public voice to demand more resources, social
support is known to play an instrumental role in contributing to an environment that
is conducive to health. The health status of populations in urban areas, then, is an
outcome of the complex influence of these factors.

The urban transition will happen against the backdrop of a changing climate.
Human activities have already resulted in warming of 1 °C since pre-industrial times,
and there is strong evidence that it will reach 1.5 °C between 2030 and 2052 at current
rates (IPCC 2018). Global mitigation efforts will determine the extent of warming,
and in a worst-case scenario, average temperatures may exceed 4 °C by the end of the
century (IPCC 2018). There is considerable evidence to demonstrate that a changing
climate is driving changes in the frequency, intensity, spatial extent, duration, timing
of weather and climate extremes (IPCC 2012). As a consequence, the world over,
we are witnessing unprecedented climate extremes. Increased warming will result in
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nonlinear increases in adverse health outcomes—this is true for India’s cities as well.
It is within this broader context that we provide a perspective on climate extremes
and linkages to health in India. We further draw upon the experience of one mega-
city, Mumbai, to provide a deeper insight into the connections between outliers and
health.

2 A History of Extremes

To understand trends of extreme events such as floods, storm, heat waves as well as
drought events, we analysed data from EM-DAT1 database for the period 1990–2018
(Fig. 1). Over this period, we find that a total of 335 extreme events were recorded,
60% of which were related to flooding and 26% to storms. The balance events were
attributed to heat waves and droughts. It is estimated that across these events, a
total of approximately 1.33 billion people were affected. The direct economic losses
incurred were about US$78.8 billion (EM-DAT). However, the actual damages were
probably an order of magnitude higher as indirect losses (e.g. loss of employment,
disability, disease, migration, etc.) were not accounted for. Some studies estimate
that extreme events alone cost India an average of US$5–6 billion a year in damages
(Garg et al. 2015).

We find a clear upward trend in the total number of extreme events over the last
28 years, suggesting that the frequency of extreme events is increasing over time
(Fig. 1). For instance, forty-nine flood events occurred in just three years between
2005 and 2007. This is a significant change when considering the fact that only 44
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1EM-DAT. The international disaster database. Available at https://www.emdat.be/, last accessed
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such events were recorded for the decade from 1990 till 1999. A similar trend is
observed for heatwaves as 2015–2017 have been recorded as the three consecutive
hottest years in the last century. While eight states experienced temperatures above
45 °C in 2015, this number rose to twelve states in the year 2016. Some of the highest
temperatures were observed in Churu in Rajasthan and Telangana (both recording
48 °C) as well as Allahabad and Vidarbha (recording 47 °C) in 2015. Just the last
three years have taken a large health toll resulting in death of 2812 people (EM-DAT).
As death registration systems, in India, are weak, a large number of cases do not get
recorded. The reported heat-wave deaths are therefore an underestimate. In addition
to an increase in frequency, the lived experience indicates that the intensity of these
disasters is also increasing over time.

3 Future Projections of Extreme Events

3.1 Precipitation

Future projections suggest that extremes of rainfall as well as heat are likely to
increase across India. For instance, Ali et al. assessed future climate projections
across 57 urban locations based on data from 1901 till 2010 (Ali et al. 2014). They
found that the majority of the cities studied (33 of 57) were likely to experience
increases in one-daymaximummean rainfall from 2036 to 2060, while the remaining
would experience declines of up to 27%. These findings are indicative of flood risk in
certain cities across west-central India and drought risk in north-western and north-
eastern India. These trends are corroborated by other studies (Garg et al. 2015) that
suggest that projected increases in extreme precipitation may cause damage to urban
infrastructure as well as the impact on crop production.

Heavy rainfall and flooding can trigger widespread health impacts through water-
borne and vector-borne diseases. This is especially a concern in tropical and sub-
tropical regions (McMichael et al. 2005) such as India. A study in Chennai anal-
ysed the relation between extreme precipitation and gastrointestinal-related illness.
They found a significant relation between extreme precipitation and gastrointestinal-
related, particularly in children below the age of five (Bush et al. 2014). In addition
to epidemics, flooding can displace people and may also lead to loss of life.

3.2 Heatwaves

Temperatures across India are projected to increase by 3.3–4.8 °C by 2080s relative
to pre-industrial times under changing climate (Chaturvedi et al. 2012). A strong
increase in intensity, duration and frequency of heatwaves is projected under different
climate change scenarios in India. This finding is common across several different
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studies. For instance, Murari et al. (2015) used future temperature projections across
three climate scenarios (Representative Concentration Pathways 2.6, 4.5 and 8.5).
They found a strong prevalence of heat waves towards the latter half of the century.
For Southern India, where the phenomenon is seldom observed, projections for heat
waves were severe alongwith west and east coast. Impacts were projected to be lower
under an ambitious global mitigation regime.

Recently, Mazdiyasni et al. (2017) have demonstrated that changes in heat-wave
characteristics across two time periods (1960–1984 and 1985–2009) are associated
with an increased probability of deaths in India. The northern region of India is
at most risk for adverse health impacts due to heat (Patz et al. 2014). Heat is
also known to cause cardiac arrest and respiratory illness (UN-HABITAT 2014),
thereby exacerbating these diseases. Further, increased morbidity and loss of pro-
ductivity are other major implications of heat. This is particularly important from the
angle of outdoor workers who will also face economic loss as a result (Kjellstrom
et al. 2009).

Increases in temperature will change the distribution of vector-borne diseases
(Dhiman et al. 2010). For several colder or high-altitude regions, warming may
increase the transmission window for malaria and dengue, whereas it may restrict
this window in other parts. For example, Himachal Pradesh and north-eastern states
can experience increase in the malaria transmission window. For southern states of
India where malaria and dengue are common due to their warm and humid climate,
a decrease in number of cases might take place due to higher temperature. For cities
like Delhi, a 2 °C temperature rise might increase the transmission for dengue by
one week, whereas 4 °C temperature rise might shrink this period.

There is a clear linkage between changing extremes (precipitation and heat) and
urban health outcomes. This has been shown across the world and more recently in
the context of India. In the next section, we exemplify, in the context of Mumbai,
some of the more general points discussed previously. After a short introduction,
we will discuss the impacts of heat waves as well as flooding on urban health in the
context of Mumbai.

4 Mumbai: A Case Study

Mumbai, with an area of 4355 km2, had an estimated population of 12.5 million
people (Census 2011),making it the fifth largestmega-city in theworld. The city is the
financial capital of India, a base for many industries and multi-national companies,
contributing 5% to the GDP of India (Hallegatte et al. 2010). As a coastal city,
Mumbai has evolved from seven islands and reclaimed land to form one mass of
land with varying topology (Satterthwaite et al. 2007). At places, the elevation is just
1 m above mean sea level and 1.5 m below high tide level such as the Bandra-Kurla
complex,Wadala andWorli (Patankar et al. 2010). Based on this information, it is not
hard to imagine that Mumbai is vulnerable to flooding. In addition to this, land-use
change has also contributed in making the city prone to extreme events of climate
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change. Over the last 60 years, Mumbai’s built-up area has expanded from 12 to
52%, and the mangrove forest cover has shrunk from 235 to 160 km2 in parts of
Mumbai and Navi Mumbai (Bhagat et al. 2006). This rapid encroachment of nature
is leading to an environmentally sensitive city by eliminating ecosystems which act
as barriers to extreme events and calamities. Along with infrastructure and ecology,
risk to a city is also determined by social, political and economic dimensions (Butsch
et al. 2016). Nearly 55.67% of the population resides in slums or informal housing in
Mumbai, mostly located on disaster-prone areas such as creek sides, low-lying and
marshy zones or on hill slopes (Bhagat et al. 2006) (Fig. 2).

Income inequality is another driver of vulnerability in the Mumbai. A household
survey of 549 slum dwellers found that 76.6% of households earned less than 12,000
INRpermonth.Of these, about 50%of households earned less than 9000 INR (Raghu
et al. 2018). Disasters can impact economic stability of the poor by damaging their
habitation, health and livelihoods. For example, Patankar and Patwardhan (2016)
show that households with income less than INR 5000 per month suffered an average
loss of INR 37,000 during the Mumbai floods in 2005. Damages were roughly five
times their monthly income, whereas for middle-income households’ damages were
roughly three times their average monthly income.

4.1 Health Status of People

Given the size of the city and the number of people, Mumbai has a fairly large burden
of disease in terms of infectious as well as non-communicable diseases. Data from
official sources indicate that while there has been a decline in malaria cases (21,939
in 2012 and 11,607 in 2017), dengue has increased (4867 in 2012 to 17,771 in 2017)
by nearly 265% while diarrhoea cases have remained more or less the same (99,827
in 2012 to 100,643 in 2017) (Praja 2017). Further, there is an enormous disease
burden due to non-communicable diseases as well. These contribute to the top ten
causes of death in Mumbai (Table 1).

Flooding remains a significant risk factor for diarrhoeal disease, leptospirosis and
hepatitis due to contamination of water. Acute respiratory infections are known to
be associated with overcrowding, while changes in habitat and behaviour influence
the spread of vector-borne diseases such as malaria and dengue.

4.2 Extreme Rainfall in Mumbai

The flood event of 26 July 2005 in Mumbai was in many ways unprecedented. The
city experienced 944 mm of rainfall in less than 24 hours. In contrast, the historical
average annual rainfall of Mumbai City has ranged between 2050 and 2300 mm
(Gupta 2007). Economic damages were estimated to be around US$2 billion, and
the official death toll recorded was 447 persons. Immediately following the floods, a
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Fig. 2 Land-use map for Mumbai city (2009). Source CEEW compilation using Google Earth and
QGIS
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Table 1 Top ten causes of death in Mumbai

Cause of death 2011–12 2012–13 2013–14 2014–15 2015–16a 2016–17a

Acute myocardial
infarction

10,475 9897 10,187 10,263 8955 8961

Other forms of heart
diseases

7690 7488 7507 8781 6696 5659

Septicaemia 6024 5611 5650 6014 5117 3787

Tuberculosis 8375 7170 7319 6501 5181 6472

All other ischaemic
heart diseases

4590 4375 4366 4554 4298 4249

All other hypertensive
diseases

3541 3585 4118 4604 3998 3407

All other diseases of
the respiratory system

3934 4078 4131 4336 3674 3674

Pneumonia 4072 3330 2937 3215 3129 3034

Renal failure 3734 3431 3377 3308 3065 3160

Diseases of the liver 2859 2751

Source Praja (2017)

spike in the adverse health outcomes was witnessed. A single tertiary care hospital
(Kind Edward Memorial Hospital) treated over 12,000 patients, and the community
outreach programme addressed health needs of nearly 200,000 persons (Table 2). It
is conceivable that the health toll was significantly higher; however, in the absence
of a central data repository, this figure is difficult to determine.

The impact of the 2005 episode was compounded by major flooding that occurred
in the Mithi River. This river is 14 km long and flows from north towards west-
central Mumbai to finally drain in the Arabian Sea. It is also a major storm water
drainage channel of Mumbai. Encroachment by informal settlements, industrial and

Table 2 Cases treated at King Edward Memorial Hospital after the July 2005 floods

Disease Outpatient attendance Indoor patients

Malaria 5514 746

Leptospirosis 626 282

Dengue fever 157 58

Undifferentiated fever 6325 1157

Community patients treated 200,516 –

Source Compiled from Supe and Satoskar (2008)
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municipal waste dumping on the banks and inside the river as well as the construction
of roads on flood plains were responsible for affecting the carrying capacity of Mithi
(Ranger et al. 2011). In addition, suburban Mumbai lacked underground drainage
infrastructure and reverse flow of water into the city during the high tide further
inhibited drainage, thereby exacerbating the floods (Stecko and Barber 2007). The
low-lying areas around the Mithi River remained flooded even after the majority of
the city returned back to normal functioning.

Theworst impacts were the people from informal habitations who comprised 70%
of the population residing on banks of Mithi River (Parthasarathy 2016). Unsanitary
conditions along with contamination of drinking water resulted in 1318 cases of
gastroenteritis, 194 cases of hepatitis, 406malaria cases and197 cases of leptospirosis
in a single week from 29 July till 5 August 2005 (Patankar and Patwardhan 2016).
Water-borne diseases and gastrointestinal infections led to 248 deaths. An increase in
the vector-borne diseases, especially malaria, was observed as following the disaster
(Butsch et al. 2016).

While the scale and impact of the 2005 floods remain unmatched, smaller and
more localised floods in the city, particularly in the northern suburbs and in central
and western parts of the city, are now a regular feature during the annual monsoon
season (June–September) (Supe and Satoskar 2008). On 29 August 2017, more than
200 mm rain fell within 12 hours in Mumbai flooding the city and blocking all
the modes of transport including railways and flights. Other extreme rainfall events
include June 2015 with rain gauge in Santa Cruzmeasuring 283.4 mm rainfall in 25 h
and July 2009 when 293.1 mm of rainfall was recorded by the Santa Cruz station and
152.4 mm rainfall in Colaba in 30 hours.2 It is clear that the city remains vulnerable
to flooding events.

4.3 Heatwaves and Coldwaves

Temperature extremes such as heat waves and cold spells have been studied to a lesser
extent in India. Dholakia et al. (unpublished) studied the heat as well as coldwaves
for Mumbai between 2005 and 2012. As there is no universally accepted definition
of heat or coldwaves, they looked at two or more consecutive days where tempera-
tures exceeded 97th, 98th or 99th percentile of the historical temperature distribution
(1951–2005) for heatwaves and 1st, 2nd and 3rd percentiles for coldwaves, respec-
tively. The study found that between 2005 and 2012, Mumbai had ten heatwaves
and three coldwaves with an average duration of 2.3 days. Mortality was found to
increase with the intensity of heat waves (Fig. 3). Our findings suggest that planning
interventions at a local level for temperature extremes are important.

2https://www.livemint.com/Politics/4FCQcYA57XwzwBqXNMNzaP/Heavy-rains-throw-life-
out-of-gear-in-Mumbai.html.

https://www.livemint.com/Politics/4FCQcYA57XwzwBqXNMNzaP/Heavy-rains-throw-life-out-of-gear-in-Mumbai.html


364 H. H. Dholakia et al.

Fig. 3 Changes in relative risk of mortality with heat-wave intensity. Source Dholakia, Bhadra
and Garg (unpublished). The x-axis shows the heat-wave thresholds based on the 97th, 98th, 99th
percentile of temperature distribution. IMD refers to the definition of heatwaves by the Indian
Meteorological Department

4.4 Future Projections

For Mumbai, findings from studies that look at future projections of extreme events
are similar to those for India. For example, Ranger et al. quantified the hazard due to
rainfall in Mumbai using the PRECIS model. The PRECIS is a high-precision model
for regional climate, modelling based on Hadley Centre climate models (HadCM3).
In the A2 SRES scenario, it was projected that there will be an increase in the
mean temperature by 3.6 °C and in mean rainfall by 6.5% by 2080. Further, they
downscaled data from the PRECIS model at the city level using a weather genera-
tor (WXGEN). Results based on a 200-year simulated record of rainfall indicated
increases in extreme rainfall for all the return periods, especially for shorter return
periods.

Hallegatte et al. (2013) in their research estimated the future flood losses in major
coastal areas. While Kolkata ranked 14 in terms of annual average loss incurred due
to flood, Mumbai ranked 5th in the list. Annual average losses, due to flooding for
Mumbai, were estimated at US$6 billion or 0.49% of the gross domestic product
(Hallegatte et al. 2013). Future increases in heat-related mortality are projected by
studies across all climate scenarios.
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5 Conclusions

There is a clear recognition that extreme events are linked to adverse health out-
comes. Though studies linking extreme events and health are sparse in India,
the few that exist establish this link at the national level as well as in the con-
text of Mumbai. Additional research in this area is important given that India
already faces a large burden of disease. Disasters are likely to exacerbate cur-
rent burdens and possibly result in new ones. Most studies thus far look at spe-
cific events (e.g. 2005 Mumbai floods) or use surveys or modelling approaches
to understand current and future impacts. Garnering evidence through cohort
studies would help establish causality between extreme events and health out-
comes. Very often, the focus is on pathologies (e.g. malaria, dengue, leptospiro-
sis) other than mental health, which also contribute to the disease burden. It is
estimated that 20–40% of the affected population suffer from mild psychological
distress and 30–50% from moderate to severe distress (WHO 2019).

One possible reason that disease burdens are not adequately captured within the
Indian context is that data are fragmented. Despite a common framework, data are
often spread across registries of different hospitals. Whereas there is some attempt to
assimilate data from the government hospitals, data from the private sector hospitals
are seldom available. This means that prevalence and incidence numbers may be
underestimated.

Finally, in India there remains a lack of warning systems for extreme events.
Whereas there is a well-developed system in place for cyclone warnings, systems
for other extreme events are lacking. It is only of late that cities like Ahmedabad
have developed a heat-health warning system. Though preliminary evidence shows
that it may have had a positive impact on heat and health, there remains the need
for monitoring and evaluation. The generation of evidence will ultimately feed into
policy and decision-making around preventing the health impacts of disasters.

Acknowledgements The authors would like to thank Ms. Tanushree Garg for her assistance with
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Conclusion and Suggestions

Rais Akhtar

Abstract Having analyzed various case studies from regions encompassing all con-
tinents, there cannot be two opinions that climate change will lead to an increase in
the number of extreme weather events, including increased frequency and intensity
of hurricanes/typhoons/cyclones, heat waves, sea-level rise, flooding, droughts and
wild fires. Extreme heat conditions in Australia and deadly cold snap to US states
due to Polar vortex in January 2019 due to climate change are important instances
of extreme weather events.

Having analyzed various case studies from regions encompassing all continents,
there cannot be two opinions that climate change will lead to an increase in the
number of extreme weather events, including increased frequency and intensity of
hurricanes/typhoons/cyclones, heatwaves, sea-level rise, flooding, droughts andwild
fires. Extreme heat conditions in Australia and deadly cold snap to US states due
to Polar vortex in January 2019 due to climate change are important instances of
extreme weather events.

1 Paris Climate Agreement and Temperature Rise

The major objective of Paris climate Agreement is to strengthen the global response
to the threat of climate change by keeping a global temperature rise this century well
below 2 °C above pre-industrial levels and to pursue efforts to limit the temperature
increase to 1.5 °C. IPCC asserts that emissions of carbon dioxide (CO2) caused by
human activity must reach “net zero” by 2050 to keep the average rise in global
temperatures at 1.5 °C above pre-industrial levels to reduce catastrophic climate-
change risk on populations (IPCC 2018).
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However, according to Mark Lynas, “humans are now transferring 10 billion
tonnes of carbon from the earth’s crust—in the form of combusted coal, oil and
gas—into the atmosphere each year” (Lynas 2019). Thus, the targets agreed in Paris
on cutting emissions based on NDCs would not be enough even if there were larger
and more ambitious cuts after 2030 (Storrow 2018).

The just-published report from British Met Office predicts “that from 2019 to
2023, we will see temperatures ranging from 1.03 to 1.57 °C above the 1850–1900
level, with enhanced warming over much of the globe, especially over areas like the
Arctic. It emphasizes that until we reduce greenhouse gas emissions, we can expect
to see upward trends in global averaged temperatures.”(McGrath 2019).

Warmer ocean temperatures and higher sea levels are expected to intensify their
impacts. Eight of the 10 costliest hurricanes on record in theUSAhave occurred since
2004. Hurricanes Katrina (2005) and Sandy (2012) cost $125 billion and $65 billion,
respectively. Hurricanes Andrew (1992) and Ike (2008) cost $27 billion each. The
cumulative cost of the 16 separate billion-dollar weather events in the USA in 2017
was $306.2 billion, breaking the previous cost record of $214.8 billion in 2005.
Frequency and intensity vary from basin to basin (https://www.c2es.org/content/
hurricanes-and-climate-change/ 2017).

An important driver of the increased cost of hurricanes is increasing development
in coastal areas. US coastal populations grew by nearly 35 million people between
1970 and 2010. Coastal counties account for nearly 40% of the total US popula-
tion. As more development occurs in coastal vulnerable areas—regardless of climate
change—the more likely the damage will grow.

Presently, about 42% of the world’s population lives within 100 km of the coast.
As populations and economic activity in the coastal areas grow the region faces more
vulnerability due to sea-level rise.According to ScienceDaily, rising seas could result
in 2 billon climate refugees by 2100. (Science Daily 2017). Studies also reveal that
sea-level rise flooding has caused a total home value loss of $7.4 billion since 2005 in
the states of Florida, South Carolina, North Carolina, Virginia and Georgia (Morad
2018).

Reducing greenhouse gas emissions is, therefore, a long-term solution to reduce
the risk of the strongest storms in the future. Communities can also bolster their
resilience to the impacts of hurricanes by:

• Preserving coastal wetlands, dunes, and reefs to absorb storm surges (currently,
the emphasis has been on the construction of green infrastructures that can help
mitigate flooding by absorbing rain and storm water).

• Replenishing beaches and improve infrastructure that affords coastal protection,
such as seawalls (vertical walls as well as sloping structures on the banks).

• Elevating vulnerable buildings to reduce flood damage.
• Designing structures to be resilient to high winds and flying debris.
• Enacting policies that discourage development and high population density in
vulnerable areas.

https://www.c2es.org/content/hurricanes-and-climate-change/
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• Preparing prior to a storm’s arrival by boarding windows, clearing property of
potential flying debris, and having an evacuation plan is being currently in practice
in the Florida region.

If global temperatures rise by up to 3 °C, above their preindustrial levels, the risk
of extreme events could grow by as much as fivefold in certain parts of the world.
Overall, up to 60% of locations across North America, Europe, East Asia and parts
of southern South America would likely see at least a threefold increase in various
extreme events, according to a study published in the journal Science Advances
(Harvey 2018).

Events like record-setting heat, extreme rainfall and drought will happen more
frequently around the world even if global climate targets are met, new research
suggests, and missing those targets could make the risk even worse.

2 Case Studies

Case studies in the book suggest important measures with a focus on adaptation
in order to minimize the impacts of extreme weather events. Nevertheless, even
developed economies, including USA, EU, Japan and Australia, become vulnerable
due to extreme weather events. Like cold blast in northern USA, and hottest January
2019 in Australia, flooding in Europe and heat wave in Japan are contemporary
examples of extreme events.

Measures include that at local levels,multi-sectoral programmes to reduce extreme
weather impacts may need to be integrated with wider poverty reduction strategies,
combining agriculture development with economic support to increase the resilience
of the most disadvantaged communities. At national levels in developing countries,
strongmulti-ministry action by governments could usefully combine economic, agri-
cultural, and other programmes to drive sustainable national programmes to improve
countries’ resilience to climate change. At a global level, donors and multilateral
agencies need to prioritize the most vulnerable, even when political/policy environ-
ments may not be the easiest to work in.

Floods and excessive rainfall are associated with increased incidences of various
diseases, especially water-borne, vector-borne, and food-borne diseases. Mitigation
of these negative effects remains a critical topic for developing society. In addition to
focusing on the health effects of extreme temperature events, the public and private
sectors in developing countries may be required to increase their attention on the
health consequences associated with water-related extreme events with a focus on
water availability, access, and water pollution.

Heat health warning systems are important for reducing the harmful effects of
extreme weather and climate events. Government and stakeholders require appro-
priate mechanism to effectively improve health and address the social determinants
of health equity in developing countries. France’s heat alert system that commenced
after terrible European heat wave of 2003 has since won plaudits from the UN, which
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has recommended that other countries refer to the European nations as a model for
preventing such disasters. Besides, NRDC Ahmedabad Heat Action Plan 2017 is
relevant for developing countries.

Understanding and incorporation of more explanatory variables of Urban Heat
Island (UHI) from both meteorological and urban factors is required to identify their
pivotal association with UHI intensification in the context of developing countries.
With such acquired knowledge of theUHI phenomenon and related underlyingmech-
anisms, urban planners, designers, and decision-makers can performmore evidence-
based decision-making to create, reform, or rejuvenate climate-friendly sustainable
cities for enhanced livability in future. Furthermore, such scientific knowledge will
provide valuable input and tools for policy-makers to make the right policy choices
for sustainable healthcare solutions.

Besides extreme storms and weather pose a great economic threat: Analysis of
the probability of extreme storms in different parts of a country would be very
valuable in identifying the costs theywill impose and setting priorities for investments
in adaptation. To the extent that the fields of climatology and oceanography can
shed light on this issue, investments in further research will be essential. Policy-
makers must order a more detailed analysis of the impacts of extreme storms on large
urban areas, particularly metropolitan cities. In particular, work that can consider the
macroeconomic or multiplier implications of the loss of key urban infrastructure will
be essential to set priorities for investments in adaptation or strategies to minimize
the harm caused by such storms. The private sector must anticipate these problems as
well; every company whose business relies on transportation through the harbour or
airport should create plans for continuity of its operations in the face of such extreme
storms.

For building resilience, in particular, it is recommended to reorient the institutional
structure of the national government, strengthen technical and financial support to
local governments, and recognize the importance of NGOs and community-based
initiatives.

The magnitude of the cyclone in some regions and its associated impacts raised
the question of the influence of climate change and sea-level rise in the frequency
and intensity of these extreme events. Although new studies focus on the attribution
of cyclones to climate change, it is still difficult to precisely quantify the influence
anthropogenic climate changehas on cyclones.Asmentioned earlier, the highnumber
of people seeking shelter in the evacuation centres increased the risk of secondary
outbreak of diarrheal, acute respiratory diseases, and vector-borne diseases Although
some cases were observed in the most affected areas or in urban environment, the
monitoring and treatment of these cases prevented the generation of large outbreaks
of these diseases.Malnutrition was closelymonitored as well as vector-borne disease
and campaigns of reduction of mosquito populations were conducted in the months
after the cyclone.

Records of natural disasters, and their social and economic losses, show the need
for understanding the dimension of different types of disasters which require inter-
disciplinary and inter-sectorial action for their proper management and prevention.
Particularly, the health sector must operate directly on the socio-environmental deter-
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minants of disasters to concretely assist in mitigating damage—a responsibility for
which environmental health surveillance is fundamental. It is necessary to advance
knowledge regarding the populations and places in the country that is most vulnera-
ble to disasters particularly in coastal zones. Furthermore, policies need to work both
horizontally and vertically with regard to protection and civil defense in the coming
decades, with a focus on reducing the high social and economic costs associated with
disasters in developing countries.

As we understand that global warming imposes important changes in climate and
weather, with increasing temperatures and levels of drought, Australians experience a
higher risk of suffering from extremewildfires and intense heat waves as happened in
January 2019. The many impacts will probably be distributed unequally throughout
society. Infants, the elderly, labourers, people with pre-existing conditions, lower
socioeconomic status, or belonging to indigenous groups may be at higher risk of
suffering from smoke and heat-related illnesses while those living at the urban–rural
interface are at higher risk of being directly affected by wildfires. Geographically,
population exposure and density differ around Australia, and studies suggest that
the Southeast of Australia has higher risk of mortality and disease from wildfire
and smoke-related impacts while South Australia presents the highest heat-related
mortality rates, although most fatalities have concentrated in Victoria, NSW, and
South Australia. There are some important aspects that have had relatively limited
consideration, such as the possible synergistic adverse health impacts of simultaneous
exposure to fire smoke and heat waves, and the more extreme personal exposures
of professionals who work outside during heat waves and bushfire air pollution
events. Necessary steps should be taken at federal, state, and local levels to ensure
the safety of communities and minimize the loss of resources, lives, and wellbeing,
especially focussing on the sectors of society that are more vulnerable due to their
physical locations, social and economic disadvantage, or higher risk occupational
groups. Required adaptation actions are urgently needed to be implemented. As we
know adaptation essentially means anticipating the impact of climate change induces
extremeweather events andmaking cities and rural areas resilient in the face of 1.5 °C
rise in global warming over pre-industrial levels by the 2030s.

In the context of India and other developing countries, there is need to adopt
environmental governance in the process of economic development by focusing on
climate-proof infrastructure to minimize the impact of extreme weather events such
as heat waves, flooding and water stress.

Co-benefit analysis is extremely important for policy-makers. In this regard, co-
benefit by reducing short-lived climate pollutants is also necessary to be studied in a
regional perspective both in developed and in developing countries. For this purpose,
development of impact models that incorporate temperature and air pollutants is the
first step. Although some researchers controlled for temperature in evaluating air
pollution effect, deeper understanding of the inter-relation between the air pollutants
and temperature is necessary for co-benefit analyses (Hanaoka and Masui 2018).
Current trends in the increase in temperature and the occurrence of heat waves in
USA, Europe, Australia as well as in developing countries like China and India,
present enormous opportunities for research on co-benefit analysis.
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Coastal regions are directly affected by recurrent flooding, loss of biodiversity, and
storm damage exacerbated by sea-level rise. To adequately prepare for the impacts,
individual citizens, community leaders, and policymakers must address the causes of
climate change and sea-level rise while identifying the multi-sector risks associated
with the consequences. At present, research has established the health and socio-
economic impacts of sea-level rise on coastal communities in developed countries,
yet the capacity to address the challenges in more developing locations are still
limited. This hinders the assessment of coastal impacts and future predictions for
developing counties. Therefore, further research may continue to synergize across
disciplines and geopolitical boundaries to address these deficiencies.

In some regions, the health consequences of thunderstorm asthma may be pre-
vented with adequate measures by meteorological forecast, identifying most vulner-
able areas, and by the correct use of patients of adequate anti-allergic and antiasthma
therapy and avoiding to be outdoor at the start of a storm during pollen season.
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