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Foreword

This summer I made a “Wall of Logs” for my kids in the garden behind my house
in Guelph, Canada. I used cut wood from fallen trees around our city home. I also
repaired our flooded basement, roofing damaged by wind and flood, and drainage
systems around our house. On July 19, 2013, a 119-km/h wind and rain storm — the
equivalent of a Level 1 Hurricane — swept through Southwestern Ontario, leaving
some 150,000 households without power and leading to a record number of insur-
ance claims. Like the effects of “extreme weather events” anywhere, most of the
cost —including my sore back — was not covered by insurance, and whether covered
or not, the work had to be done.

In May 2013, some 20 years after the 1992 Earth Summit first put climate change
on the international political agenda, the daily mean concentration of atmospheric
carbon dioxide passed the 400-ppm mark. Earlier 2007 UN IPCC predictions on
temperature rise have proven accurate, and a 2013 World Bank study warns that we
are well on the way to a 4-degree warmer world — well beyond the 2-degree marker,
beyond which dangerous climatic changes are likely to occur. If we get there — and
all indications are that we will — we will be in a period of what some scientists have
called “very dangerous warming.”

As human beings, we have created our own geological epoch, the Anthropocene,
where human pressures on the planet risk triggering abrupt and irreversible changes
with potentially catastrophic outcomes for human societies and for other life-forms
(Rockstrom 2009). We have already crossed three of nine planetary boundaries — or
tipping points — and risk triggering nonlinear, abrupt environmental change within
continental and planetary biospheric systems. While Bangladesh and many other
developing countries are working to quantify current and future loss and damage,
climate change poses an existential threat to Small Island Developing States
(UNFCCC 2013). Already some islands of New Guinea have been evacuated, and
Pacific Island States are negotiating with other states on relocations and land
purchases.

Globally, drought, flooding, fire, and all manner of adverse weather events
abound. Even the most stalwart of conservative thinking recognizes that something
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is seriously wrong. The July 2, 2012, editorial of The Financial Times drily noted
that “simply letting climate change rip and tidying up the damage as it occurs is not
an enviable strategy... in poor countries, higher temperatures will mean an increased
risk of hardship and societal collapse, and rich countries will be forced to respond.”

In the last 25 years, I have done other work that I thought had to be done. I have
worked in global health as a researcher and as a humanitarian practitioner and leader
with Médecins Sans Frontieres (Doctors Without Borders), the Drugs for Neglected
Diseases Initiative, and Dignitas International. Much of this has meant practical
medical humanitarian efforts aimed at the relief of suffering while supporting peo-
ple’s right to be agents in their own destiny. Equity as a principle is key to humani-
tarian work. It assumes that all people are equal in worth and dignity, approaches
the pursuit of justice through fairness, and essentially argues that people in similar
situations should be treated similarly. Humanitarianism requires that we care for the
other and that we act both for and with each other. It is not always a given.

My work has also involved a deep engagement with the process of knowledge
creation and its influence on practical humanitarian action. In situations of crisis
— be it war, genocide, famine, epidemic disease, natural disaster, or social crisis
— this means adapting to the reality of changing real-time events and needs with
the best available evidence and engaging in practical actions now. As experience
and objective knowledge grow or change, so too can the effectiveness of one’s
future actions. In delivering humanitarian assistance, developing medicines for
neglected tropical diseases, or in working to improve clinical outcomes or health
systems in the developing world, a commitment to the best science for the most
neglected people has been paramount.

We need the best science to help us understand climate change as clearly as pos-
sible and to help us choose and shape the best adaptive strategies. This necessarily
means a multidisciplinary approach to designing and testing disaster preparedness
and early warning (DPEW) systems that can accommodate complex scientific, tech-
nical, social, and governance challenges.

Designing early warning systems for climate change (EW-CC) with equity as a
guiding principle can contribute to building genuine community resilience. EW-CC
systems are at a nascent stage in terms of predicting exactly when, where, how big,
and who will be affected by extreme weather events. While these will improve as
data reliability and modeling improves, there is enough knowledge now to both
credibly imagine a seamless integrated warning system and to guide development
so that these capacities can be developed in a timely manner.

Effective early warning systems are not simply technical networks that deliver
warnings in the “last mile” before disaster but are also cultural and political processes
that engage traditional knowledge and community in the “first mile” of system design
and use. Such systems could also include ongoing crowd-sourced data and analysis
and be broadened or at least aligned with broader public health prevention and treat-
ment and health surveillance strategies.

The 2011 drought and famine in East Africa meant 13 million people needed
food assistance. It also left 500,000 people dead, and the drought has been directly
attributed to the effects of climate change (Lott et al. 2013). An early warning
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system was in place, and appropriate early warnings were released, but with little effect
until the famine was well advanced and in the global public space. Besides understand-
ing the technical, political, governance, and moral challenges of early warning systems,
we need to more fully understand the phenomenon of if and how human beings respond
to emergency, crisis, disaster, or catastrophe in their own or in distant communities. Do
human beings always respond? Under what circumstances and with what constraints?
Is, for example, empathy central to a positive response? If so, then how can it be both
cultivated and incorporated into the design of early warning systems? These are crucial
questions to the effective design of EW-CC systems.

My own global health work has also engaged the influence of humanitarian
action and new knowledge on broader political processes and choices. Politics is an
imperfect process, and yet it can and does move. The twentieth-century political
theorist Hannah Arendt defined politics as “action” (d’Entreves 2008). Hers is a
kind of Newtonian operational definition, devoid of ideology, and a simple descrip-
tion of the phenomenon itself. She also views action as a form of human together-
ness. I think both conceptions are entirely accurate and helpful in thinking through
how we engage future action on early warning systems for climate change. As sci-
entists, citizens, and most importantly as human beings, we each and in our associa-
tions with each other must continue to take appropriate action. Our common destiny
depends on how we do this, how quickly, and how effectively.

The October 2013 UN IPCC Assessment concluded that global warming is
unequivocal and that human influence has been its dominant cause since the mid-
twentieth century (IPCC 2013). Temperatures are likely to increase by up to 4.8° C
if emissions remain high, and sea levels will possibly rise by 1 m by 2100. Heat
waves are likely to occur more frequently and last longer, while wet regions will get
wetter and dry regions will get dyer. Much of the global warming is irreversible and
temperatures will remain “at elevated levels for many centuries.” It also warns that
limiting climate change will require “substantial and sustained” reductions of green
house gas emissions, which are reaching a tipping point.

While some may merely have to build “Log Walls,” others are faring and will
fare far worse. There is no escape from our biosphere. It is the only place we live.
And yet, we are changing it so that it is unlivable for many, especially those who are
poorest and already most marginalized.

Equity-oriented, flexible, adaptive DPEW systems are a hallmark of community
resilience. Whether integrated with effective mitigation strategies or not, the work
has to be done, and done well. This book is an outstanding step in that direction.

Waterloo, Canada James Orbinski, OC, MSC, MA, MD

Dr. Orbinski is Research Chair in Global Health at the Balsillie School of
International Affairs and is Professor at Laurier University’s School of International
Policy and Governance. He is also Full Professor of Medicine at the University of
Toronto and was President of the International Council of Médecins Sans Frontieres
(Doctors Without Borders) at the time the organization received the 1999 Nobel
Peace Prize.
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Chapter 1
Introduction

Zinta Zommers and Ashbindu Singh

“Normal has changed... The normal is extreme.”
(Attributed to U.S. National Weather Service acting director
Laura Furgione)

Abstract This chapter provides an introduction to this book, briefly outlining each
chapter. It discusses the challenges posed by climate-related hazards, highlights
critical components or early warning systems, mentions examples of current early
warning systems, and describes emerging areas of development. Suggestions on
ways to improve warning communication, and encourage early action, are pro-
vided. The potential utility of broader risk management approaches and flexible
and forward decision-making are also mentioned. This chapter concludes that
great progress has been made in early warning systems. But sustained efforts are
needed to refine the political, social, and financial mechanisms that support warn-
ing systems. Continued improvement is all the more urgent given an ethical respon-
sibility to issue warnings that prevent loss of life and property and help build
adaptive capacity.

Z. Zommers (2<])

Division of Early Warning and Assessment,

United Nations Environment Programme (UNEP), Nairobi, Kenya
e-mail: zinta.zommers @ gmail.com

A. Singh
Formerly with Division of Early Warning and Assessment,
United Nations Environment Programme (UNEP), Washington, DC, USA

At present, an independent consultant.

Z.Zommers and A. Singh (eds.), Reducing Disaster: Early Warning Systems 1
for Climate Change, DOI 10.1007/978-94-017-8598-3_1,
© Springer Science+Business Media Dordrecht 2014
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The year 2013 began in the water for the Holmes family. Early in January, grandpar-
ents and grandchildren spent hours clinging to a jetty in Tasmania — immersing
themselves in the Ocean to escape bushfires.! Such fires destroyed at least 109 ha
and more than 200 buildings (NOAA 2013a). Elsewhere in Australia, temperatures
were so high that the Bureau of Meteorology had to extend its weather map tem-
perature scale by adding a new color — purple — for extreme heat. In February,
Tropical Storm Haruna hit Mozambique and continued toward Madagascar, affect-
ing food security and agriculture in the region. In March, flash floods damaged 220
homes, destroyed crops, and displaced 1,200 people in Uganda (Levin 2013). New
Zealand saw the worst drought in 30 years resulting in a revenue loss of $820 mil-
lion USD and contributing to extreme food shortages (Levin 2013). In May, Tropical
Cyclone Mahasen created landfall in Bangladesh, affecting 1.3 million people and
destroying almost 50,000 homes (Levin 2013). In this same month, the widest tor-
nado ever recorded in US history hit Oklahoma, causing numerous deaths and dam-
aging homes. June brought extreme flash floods and landslides to Northern India,
killing over 1,000 people and leaving an equal number missing (Levin 2013).
Throughout July, drought continued in large parts of central and southern United
States, as well as in part of interior Alaska. Some areas have only received 35-65 %
of normal precipitation for the past two years (NOAA 2013b). Yet more devastation
occurred on August 14, when flash floods hit Khartoum, Sudan, damaging 15,399
households, affecting 84,000 people IFRC 2013a).

These statistics reflect merely a small sample of disasters over the past year.
Around the world, extreme weather events are becoming increasingly ‘“normal.”
Indeed, observations since 1950 indicate increases in extreme weather events (IPCC
2011), and further increases are expected in the twenty-first century as a result of
climate change. The 2011 IPCC Special Report on Managing the Risks of Extreme
Events and Disasters to Advance Climate Change Adaptation (IPCC SREX) pre-
dicts rising wind speed of tropical cyclones, increasing intensity of droughts, and a
growing frequency of heat waves. A one-in-20 year “hottest day” event is likely to
occur every other year by the end of the twenty-first century. Heavy precipitation
events are also on the rise, potentially impacting the frequency of floods and almost
certainly affecting landslides (IPCC 2011).

Hazards have significant impacts on both human lives and national economies.
Between 1991 and 2005, 3,470 million people were affected by disasters globally, and
over 960,000 people died. During this time, economic losses from disasters totaled
US$ 1,193 billion (UNISDR 2008). Without significant action, losses from extreme
weather are expected to continue to increase in future (IPCC 2012; Shepherd et al.
2013). The Overseas Development Institute (Shepherd et al. 2013) estimates that up to
325 million extremely poor will be living in the 49 hazard-prone countries in 2030. In
areas with limited social safety nets, lack of access to markets, capital, assets, or insur-
ance mechanisms, natural disasters have the potential to reverse development progress
and entrench poverty (Shepherd et al. 2013). Hsiang et al. (2013) even claim that

'http://www.theguardian.com/world/interactive/2013/may/26/firestorm-bushfire-dunalley-
holmes-family
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Fig. 1.1 Map demonstrating areas of food shortage in East Africa during the 2011 drought crisis.
Reduced rainfall periods in East Africa have been attributed to climate change (Lott et al. 2013)
(Source: Modified from UNHCR/USAID)

warmer temperatures and rainfall extremes can lead to substantial increases in conflict
(with a 4 % median increase in interpersonal violence and 14 % median increase in
intergroup violence for each standard deviation change in climate toward warmer tem-
peratures or extreme rainfall). While these findings may be debated, it is clear that cli-
mate change is already causing loss and damage (Warner et al. 2012). Lott et al. (2013)
conclude that the failure of the 2011 spring rains in East Africa, which resulted in
widespread famine, was caused by a rise in sea surface temperature due to anthropo-
genic climate change (Fig. 1.1). Climate change impacts will be felt around the world.
As President Barack Obama told the United Nations (New York Times 2009):

No nation, however large or small, wealthy or poor, can escape the impact of climate
change. Rising sea levels threaten every coastline. More powerful storms and floods
threaten every continent. More frequent drought and crop failures breed hunger and conflict
in places where hunger and conflict already thrive. The security and stability of each nation
and all peoples...are in jeopardy.
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1.1 Early Warning Systems for Climate Change

Despite well-acknowledged dangers posed by climate change, the world continues to
take insufficient action to curb emissions of greenhouse gases. On May 9, 2013, the
daily mean concentration of atmospheric carbon dioxide (CO,) surpassed 400 parts
per million (ppm) — the highest recorded level since measurements began in 1958 at
Mauna Loa Observatory in Hawaii. As greenhouse gases continue to increase, the
goal of staying within 2 degrees of warming is increasingly implausible. To constrain
global warming to within 2 degrees, developed countries need to cut emissions
25-40 % below 1990 levels by 2020. However, global emission levels, and promises
of emissions reductions, remain far off track (UNEP 2012). According to the United
Nations Environment Programme’s 2012 Emissions Gap Report, “Global green-
house gas emissions.... are estimated at 50.1 GtCO, (with a 95 % uncertainty range
of 45.6-54.6). This is already 14 percent higher than the median estimate (44 GtCO,)
of the emission level in 2020 with a likely chance of meeting the 2 degree target.”

Attention is therefore increasingly turning from climate change mitigation to
climate change adaption. According to the Intergovernmental Panel on Climate
Change (Schneider et al. 2007), “Adaptation can significantly reduce many potentially
dangerous impacts of climate change and reduce the risk of many key vulnerabili-
ties.” However, lack of technical, financial, and institutional capacity hinders effec-
tive adaptation and is resulting in an adaptation gap (Schneider et al. 2007).

Adaptation to extreme events has been particularly limited, despite improve-
ments in forecasts and understanding of risks. The IPCC explains:

One reason is the decline in local concern and thus a reduced propensity to adopt proactive
adaptation measures, as the memory of specific disaster events fades.... communities can
still be taken by surprise when extreme events occur, even though scientific evidence of
their potential occurrence is widely available. Economic damage and loss of life from
Hurricane Katrina 2005, the European heat wave 2003, and many other similar events are
due in large measure to a lack of sufficient anticipatory adaptation, or even maladaption in
some cases (Schneider et al. 2007).

Indeed studies show that our judgments about uncertain events, such as the
probability of a hazard striking, are skewed by availability biases (“the ease with
which the relevant mental operations of retrieval, construction, or association can
be performed”). Because likely events are easier to imagine than unlikely events,
it is difficult for us to accurately estimate risk (Tversky and Kahneman 1974). As
climate change increases hazard occurrence, our risk assessments may suffer from
yet further errors, because we often fail to adequately update our decision-making
with new information (Kahneman 2011). Even if households try to take prepara-
tory action, many are only partially successful in adapting, as coping mechanisms
have costs associated with them or have negative effects in the long term (Warner
et al. 2012).

Early warning systems can help improve “anticipatory adaptation” and reduce
the loss of lives and damage to property. In fact, they were identified by the IPCC
SREX report (2011), “as key to reducing impacts from extreme events.” Already in
2005, United Nations Secretary-General Kofi Annan called for the establishment of
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a worldwide early warning system for all natural hazards. The 2010 UNFCC Cancun
Agreements invite “all Parties to enhance...climate change related disaster risk
reduction strategies (such as) early warning systems.” In 2012, the outcome docu-
ment of the United Nations Conference on Sustainable Development (Rio +20)
called for countries to “build resilience to disasters with a renewed sense of urgency”
and “ensure early warning systems (EWS) and disaster risk assessments are a key
part of disaster resilience efforts at all levels.” The United Nations High Level Panel
on Post 2015 Development Goals has even encouraged the incorporation of disaster
risk reduction into the post-2015 development agenda (UN 2013).

1.2 Book Summary

This book explores the feasibility of using early warning systems to prevent losses
from climate change associated hazards — such as hurricanes, fog, floods, droughts,
and fires. Chapters in this book highlight specific components of the early warning
process — including ways to identify vulnerable communities, predict hazards, and
deliver information. Satellite images illustrate the transnational impact of disasters.
Case studies provide detailed examples of current early warning systems, and highlight
gaps in knowledge and coverage.

This book is unique in bringing together contributions from authors in different
fields and from different parts of the world — Africa, Asia, Europe, and North
America. Despite widespread calls for early warning systems, there has long been a
lack of dialogue between fields. Discourse often occurs within the boundaries of
specific disciplines — meteorology, anthropology, and political science for example.
There is limited coherence in activities and policy frameworks related to climate
change adaptation and disaster risk reduction (Mitchell and Van Aals 2008). To
encourage cross-disciplinary learning, this book brings together authors with differ-
ent areas of expertise. Each discipline brings a unique approach, along with field-
specific terminology or biases. But the different perspectives also offer unique tools,
which can be used to better early warning systems.

1.3 The Challenge

The first three chapters of this book focus on the challenge before us — hazards and
human vulnerability to hazards. In Chap. 2, Sandra Banholzer, James Kossin, and
Simon Donner review the links between climate change and extreme events.
Generalizations are hard to make and predictions are limited by uncertainties in sci-
ence. Formal detection of trends, for example, is constrained by the length and qual-
ity of the historical data records and uncertain understanding of natural variability.
However, the latest review of scientific data makes clear that climate change is
linked to increasing intensity of droughts and precipitation, and increasing
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frequency of heat waves. Mean tropical cyclone intensity and rainfall rates are also
projected to increase with continued warming. As science progresses, it is critical to
further tease out natural variations in climate from human-caused changes. There is
mounting evidence that humans may influence hazards such as cyclones through a
variety of activities, through particulate pollution as well as greenhouse gases.

In Chap. 3, Ritesh Gautam describes a hazard that has links both to changes in
climate and human activities — fog. Each year during December and January, dense
fog engulfs the Indo-Gangetic Plains in Southern Asia, extending over a stretch of
1,500 km disrupting airline traffic and causing massive delays in trains resulting in
significant financial losses and inconveniences. Gautam shows that the fog results
from increasing atmospheric pollution combined with moisture from north-westerlies.
Trends in poor visibility suggest a significant decrease in air quality and an increase
in foggy days. Such results highlight the fact that we face a range of both old and new
hazards, and that the hazards — and the challenges they pose — change and evolve.

Not all extreme events however lead to disasters. Disaster risk is not only a func-
tion of exposure or severity of hazard, but also reflects the concentration of people
or assets in the area and their vulnerability (UNISDR 2011b). In Chap. 4, Ryan
Hogarth, Donovan Campbell, and Johanna Wandel discuss the topic of vulnerability
and its relevance to early warning systems. Vulnerability depends on a range of
physical, social, political, economic, cultural, and institutional characteristics
(UNISDR 2009). Vulnerability assessments can help identify which particular
stakeholder groups are most in need of early warning, and which groups are able to
respond to warnings. According to the “behavioral paradigm,” individuals may mis-
interpret hazard risks due to inadequate information or a tendency to be short
sighted, as already mentioned. However, a comparison of the impacts of earthquakes
in Haiti and Chile indicates that even if individuals receive warnings, socio-
economic factors may constrain early action. Structural paradigms and the Pressure
Action Response model provide a framework with which to understand disparities
in vulnerability. The authors review strengths and weaknesses of different methods
used in vulnerability assessments and provide a case study from an ongoing assess-
ment in the Caribbean.

1.4 Critical Components of Early Warning Systems

In Chap. 5, Ilan Kelman and Michael Glantz define “early warning systems” and
outline questions that need to be considered in early warning system design. An
early warning system should be viewed as a social process, rather than a combina-
tion of technical equipment designed to detect hazards and send details to authori-
ties. In the past, a “Last Mile” approach was applied to early warning system design.
People and communities were only considered toward the end of system design.
Kelman and Glantz argue that a “First Mile” approach should be used to involve
communities from the outset.

Further, early warning systems should be considered a continuous process —
embedded in day-to-day functioning of the society rather than springing to life
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before hazard events. In addition to continuity, early warning systems must be:
(1) timely, with lead times that give sufficient opportunity for action; (2) transpar-
ent, open for scrutiny and feedback; (3) flexible to expand to different hazards and
vulnerabilities; and (4) have defined catalysts or triggering mechanisms.

Box 1.1 Improved early warning systems have ten common characteris-
tics, which have contributed to their success, irrespective of the political,
social, institutional, and economic factors (WMO 2011):

1. Political recognition. There is a strong political recognition of the ben-
efits of early warning systems, reflected in harmonized national and local
disaster risk management policies, planning, legislation.

2. Common operational components. Each effective system is built upon
four components—hazard detection, monitoring, and forecasting; risk analy-
sis and incorporation of risk information in emergency planning and warn-
ings; dissemination of timely and authoritative warnings; and community
planning and preparedness with the ability to activate emergency plans.

3. Role clarification. Stakeholders are identified, their roles and responsi-
bilities and coordination mechanisms are clearly defined, and then they
are documented within national and local plans and legislation.

4. Resource allocation. Early warning system capacities are supported by
adequate resources (human, financial, equipment, etc.) across national
and local levels, with long-term sustainability in mind.

5. Risk assessment. Hazard, exposure, and vulnerability information are used
to carry out risk assessments and the development of warning messages.

6. Appropriate warnings. Warning messages are clear, consistent and
include risk information; designed to link threat levels to emergency pre-
paredness and response actions (using colors, flags, etc.); understood by
authorities and the population; and issued from a single (or unified), recog-
nized, and authoritative source.

7. Timely dissemination. Warning dissemination mechanisms are able to
reach the authorities, other stakeholders, and the population at risk in a
timely and reliable fashion.

8. Integration into response planning. Emergency response plans are
developed with consideration for hazard/risk levels, characteristics of the
exposed communities (urban, rural, ethnic populations; tourists and par-
ticularly vulnerable groups such as children, the elderly, and the hospital-
ized), coordination mechanisms, and various stakeholders.

9. Integration in relevant educational programs. Training in risk aware-
ness, hazard recognition, and related emergency response actions is inte-
grated in various formal and informal educational programs and linked to
regularly conducted drills and tests across the system to ensure opera-
tional readiness at any time.

10. Feedback. Effective feedback and improvement mechanisms are in place
at all levels to provide systematic evaluation and ensure system improve-
ment over time.
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Unfortunately, as Veronica Francesca Grasso illustrates in Chap. 6, current early
warning systems lack many of these components. Grasso reviews the state of early
warning systems for both rapid-onset hazards and slow-onset hazards, focusing on
the technical needs and agencies involved in monitoring. Even though many early
warning systems are operational worldwide, numerous high-risk countries remain
“uncovered.” Furthermore, out of 86 countries that reported recent progress in early
warning system development, the majority indicated that, “achievements were nei-
ther comprehensive nor substantial” or “recognized limitations in key aspects, such
as financial resources and/or operational capacities.” Frequently reported impedi-
ments to early warning system development include lack of funding; inadequate
coordination between local, national, and regional levels; and lack of human
resources or infrastructure. Most countries report warning systems for single haz-
ards, particularly floods and cyclone or hurricanes. Only few countries have early
warning systems for droughts, fires, famines, or heat waves.

Nevertheless, great strides have been made in developing, or improving, early
warning systems in countries such as Bangladesh, Cuba, and France (Golnaraghi
2012). Aspects that have contributed to success are described below.

Chapters 7, 8, 9, 10, and 11 provide detailed examples of early warning systems
for wildfires, dust storms, and floods, while aspects of early warning systems
that need greater consideration — including communication, the role of gender and
ethics — form the focus of Chaps. 12, 13, 14, and 15.

1.5 Examples of Early Warning Systems

Fires currently burn 330—431 million ha of global vegetation each year, mainly in
tropical grasslands and savannahs. Climate change is expected to increase both fire
occurrence and area burned, particularly in boreal forests, due to warmer conditions
and longer fire seasons. Fire early warning systems are based on fire danger ratings.
They can be used to provide both short-term and longer-term warnings, and can
help identify levels of resources that should be mobilized in emergencies. Currently
less than half the countries in the world have national fire danger rating systems. Yet
clear examples of best practice exist, such as the Canadian Forest Fire Weather
Index. In Chap. 7, William de Groot and Michael Flannigan describe progress
toward developing a global early warning system for wildland fires. Both the sci-
ence and institutional structures necessary for fire early warning are well developed,
indicating that this should be a hazard against which the world is well protected.
By contrast, scientific understanding of dust storms, and early warning systems
to protect against these, are less well developed. Dust storms emit an estimated
2,000 teragrams of dust per year (Tg/year). In parts of Japan, dust storms can occur
on more than 300 days a year (MoE 2008). As Lindsey Harriman describes in Chap. 8,
efforts have been made to increase the accuracy and length of dust storm forecasts.
But the impacts of dust storms may occur far from the cause. This creates chal-
lenges for both dust storm mitigation and early warning systems. Coordinating early
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warning efforts or communicating early warning alerts across national boundaries
remains a challenge.

Floods also require regional approaches to early warning system design, as
rainfall in one part of a river basin can lead to flooding downstream. Chapters 9
and 10 provide two different examples of flood early warning systems, from dif-
ferent parts of the world. Both offer similar lessons. In Chap. 9, S.H.M.
Fakhruddin describes progress toward 1-10-day flood forecasting in Bangladesh.
Due to Bangladesh’s flat topography, one-fifth to one-third of the country is often
flooded during the monsoon. England also faces flood risks and damage, with
losses from flooding approaching US$1.2 billion in 2012. In Chap. 10, Janak
Pathak and Richard Eastaff describe the flood forecasting system developed by
the UK Environment Agency. Both chapters illustrate that improvements in flood
forecasting can help save lives and property, but they also highlight the complex
institutional collaboration needed to develop effective warning systems. Detailed
assessments of community needs — including forecast lead time and methods of
warning dissemination — are critical. “The community wants accurate and timely
messages which must address public concerns, contain what people want to
know, give guidance on how to respond, and use examples, stories and analogies
to make the point,” Fakhruddin writes.

Chapter 11 provides insight into institutional process of developing early warn-
ing systems. James Oduor, Jeremy Swift, and Izzy Birch describe the steps through
which Kenya developed an early warning system for drought, run today by the
National Drought Management Authority (NDMA). Drought response has evolved
over time, with input from a range of experts. Institutional memory is critical to
ensure learning from past early warning successes and failures. Long-term commit-
ment from funders is also vital, along with some degree of institutional autonomy.
This can be achieved from having specialized, permanent agencies dedicated to
early warning. The authors note that, “Before the early warning system was in place,
there was considerable political intervention in the allocation of emergency aid....
A strong and credible early warning system can reduce political influence and
ensure that decisions are taken on the basis of objective evidence.” They also empha-
size that it is critical for early warnings to result in rapid response — without the
latter, the former has little purpose. The NDMA thus tries to run a “Drought
Management System” not just an “Early Warning System,” which includes activi-
ties to support livelihoods and reduce poverty, enabling household response.

1.6 Gaps and Weaknesses

Methods of communicating warnings and consequent public response are weak
components in many warning systems (Penning-Rowsell and Green 2000).
Information dissemination varies from country to country and between warning
systems themselves. It is clear that multiple methods of communication are often
needed to ensure warnings reach communities, but the public may not trust all
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sources equally. Chapters 12 and 13 highlight some challenges in warning delivery
and household response.

In Chapter 12, Laurence Créton-Cazanave discusses the processes used to filter
different sources of information. In France’s Vidourle watershed, the number of
“entities,” or actors, in early warning systems has grown rapidly over the last 30
years. Government monitoring services and private contractors are all actively
involved in early warning systems. Yet, the proliferation of “entities” can impact the
capacity for action, as the process of interpreting different spatial and temporal
information impedes decision-making.

Créton-Cazanave argues that to avoid being overwhelmed by information, peo-
ple have developed coping strategies — prioritizing certain sources of information,
while ignoring others. Alternatively, individuals may also apply a “detour” strategy,
using an intermediary to mediate or decode information and eliminate competition
in courses of action. For both these strategies, trust is critical. Trust must therefore
be a focus of early warning system design. Trust needs to be fostered, and processes
that permit the distinction between what is “less” and “more” important must be
developed and constantly reassessed. Again, this reminds us that early warning
systems are not simply technical networks but cultural and political processes.
Créton-Cazanave writes:

All this means moving away from a system of government by instrument which, under the
cover of technical efficiency, tends to deny the political dimension of the choices made and
therefore removes them from the democratic debate.

Moving from information source to response strategy, Ginger Turner and coau-
thors review actions taken before severe floods in Punjab, Pakistan. In the summer
of 2010, unusually heavy monsoon rains left approximately 20 % of Pakistan under-
water and caused US$10 billion in damages. At least 20 million people were affected
by the flood, with an estimated 1.6 million houses destroyed. Survey data from 640
households reveal that face-to-face warning, from neighbors or government offi-
cials, significantly increased the probability of households taking pre-flood mitiga-
tion action. Remote warnings such as television and radio announcements did not
have a significant effect on taking any mitigation. Timing of warning was also
important, as sufficient preparation time significantly increased the likelihood of
moving household possessions. Previous experience with floods also increased the
likelihood of pre-flood action. Such action yielded benefits. Turner et al. find that
receiving a warning and taking mitigation action reduced the actual loss of house-
hold structure value, and taking pre-flood mitigation action also significantly
increased the likelihood of having recovered household possessions.

Chapter 14 highlights the gendered impact of warning delivery. Verbal warnings
or notices in public spaces may not reach women, as they are often excluded from
the public sphere and have greater rates of illiteracy. Warnings distributed by mobile
phones are also problematic because women may not have access to the household
phone. While the need for gender awareness in early warning systems is officially
stated, implementation is lagging. Partly as a result, extreme weather events con-
tinue to have a disproportionate impact on women. As Joni Seager writes in Chapter 14,
“The primary takeaway conclusion from the literally hundreds of studies and reports
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is a deceptively simple one: disasters are gendered in every aspect, including
impacts of the disaster itself and impacts of the social disruption that follows, post-
event recovery and reconstruction, policy formulations, and ‘lessons learned’.”
Women typically suffer higher rates of mortality during disasters. In the 1991 floods
in Bangladesh, five times more women died then men. Causes of such difference
remain under debate, but it is clear that women are often more likely to be vulner-
able — living below the poverty line, lacking strength or the ability to swim, and
dependent on public transportation to escape from an area.

Such failures and challenges in early warning system development raise a vari-
ety of ethical questions. Do we have a responsibly to protect the vulnerable from
climate-related hazards? If this responsibility is not met, who should be held
accountable? In Chap. 15, Kerry Bowman, Jeffrey Rice, and Allan Warner discuss
ethical obligations pertinent to early warning systems. “Populations have the right
to information that may potentially save their lives and if we, the developed world,
have access to information then we are morally obligated to make that information
available,” they write. Ethical imperatives for preserving, protecting, and promoting
life, and preventing damage, depletion, or destruction of human or nonhuman life
and infrastructure should drive us toward greater acceptance, development, and
financial investment in early warning systems. Principles such as prevention of
harm have been used with great effect in patient-based medicine and public health.
Unfortunately, in relation to environmental issues, similar philosophical principles
have received spotty support and engendered a great deal of suspicion and political
division. This needs to change.

1.7 The Future

Chapters 16 17, 18, and 19 focus on aspects of early warning systems that are cur-
rently changing and on future areas for development. In recent years, rapid advances
have improved forecasts and increased the timescale of prediction. A well-developed
industry now produces forecasts along the 6-month to 1-year timescale. Such sea-
sonal forecasts are beginning to be used for disaster planning. For example, the
International Federation of Red Cross and Red Crescent Societies (IFRC) used sea-
sonal forecasts to take action prior to the 2013 floods that affected Burkina Faso,
Gambia, Mali, Niger, and Senegal. “Based on predictions of severe rainfall in West
Africa, we were able to pre-position stock emergency relief items in most of the
countries,” said the Disaster Response Manager at the IFRC in Dakar. “This has
allowed us to provide immediate assistance to people” (IFRC 2013b).

Multiyear forecasts would theoretically enable governments to make long-term
development plans. According to the IPCC (2012), “Developing resiliency to
weather and climate involves developing resiliency to its variability on a continuum
of timescales, and in an ideal world early warnings would be available across this
continuum.” In Chap. 16, Doug Smith assesses on the rapidly evolving field of
decadal climate prediction. Factors such as the El Nifio Southern Oscillation
(ENSO) and Sea Surface Temperatures fluctuate in a long-term way. Predicting
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them and their subsequent impact on the atmosphere is the goal of decadal predictions.
Many of the recent decadal predictability and prediction studies have focused on the
North Atlantic region. This is currently the region with the most long-term predic-
tion skill (on a 2-5 year timescale), including some hurricane prediction possibilities
(Metha et al. 2011, Van Oldenborgh et al. 2012). Predictions over land are less well
developed, although there may be some skill in the predictability of extreme weather
event statistics (Metha et al. 2011).

In order to improve predication it is necessary to increase data collection in the
oceans, which influence decadal climate variability. Argo floats are now capable of
measuring ocean temperature down to depths of 800 m. While this is helpful, lack
of salinity data before the deployment of Argo floats hampers ability to describe
decadal climate variations. Further, even if prediction skill improves, the applica-
tion for disaster reduction and warning may be limited. As Smith writes, seasonal
forecasts have been available for over 15 years, but their use in disaster manage-
ment is still limited because:

inability to predict exactly where and when extreme events might occur; skill of predictions
varies from place to place, season to season, and year to year; uncertainties are inevitable
and sometimes very high, making it difficult for disaster managers to commit resources, and
difficult to communicate forecasts in a way that triggers appropriate and timely action;
relief operations are primarily funded by voluntary contributions but these are rarely
prompted by pre-emptive early warning systems, but rather by news of the impacts once a
disaster is well under way.

While significant scientific advances are still needed, it is possible to imagine the
creation of “seamless integrated warning system.” Decadal modeling could help
identify regions at risk of increased number of hazards in future. These areas could
then be monitored further, more specific regional predictions created and vulnerable
groups or sectors of the economy identified. The long-term forecasts could be con-
stantly updated, and more accurate warnings could be issued on a seasonal times-
cale. Warnings could be issued to different actors (businesses, government, local
communities) at different times according to needs. For example, local councils
may want to change planning processes years in advance of hazards. Farmers may
only need warnings on a seasonal scale, and households in the path of a hurricane
may only need warnings two weeks in advance. A seamless integrated early warn-
ing system could meet the needs of a broad diversity of users, allowing action to be
taken to both modify long-term policies and change short-term behaviors.

In developing such a system, it will be important to include the private sector.
Insurance is a popular form of disaster risk reduction. The insurance industry is
increasingly engaging in collaboration with governments and the scientific commu-
nity. In Chap. 17, Patrick McSharry highlights innovative forms of modeling applied
by the insurance industry. Model-based risk assessments can be used to help policy
makers make appropriate investments, reduce risks, and possibly play a role in early
warning systems. McSharry argues for the construction of open-access models and
continued improvement of data. Funding should be provided for IT infrastructure,
data collection, and independent evaluation of model accuracy.
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Chapter 18 reviews whether or not biological indicators, often used by communi-
ties to forecast weather events, can be integrated into early warning systems. It has
been argued that rates of change in ecosystems, or changes in ecological time series
data, can provide warning of impending collapse (Guttal and Jayaprakash 2008).
For example, the spatial variance of eutrophic water regions in a lake increases as it
approaches a eutrophic state. Biological indicators such as animal behavior or
changes in phonology could theoretically be used to help forecast hazards. According
to the IPCC (2012) such, “Ecosystem-based solutions in the context of changing
climate risks can offer ‘triple-win’ solutions, as they can provide cost-effective risk
reduction, support biodiversity conservation, and enable improvements in economic
livelihoods and human well-being, particularly to the poor and vulnerable.” The
Climate Change Adaptation in Africa project has successfully integrated both tradi-
tional and scientific approaches to weather forecasting, resulting in more accurate
forecasts and greater community acceptance (Bailey 2013). It is unclear, however,
whether bioindicators provide sufficient warning time to take proactive measures.
There is a need for a global effort to identify and validate bioindicators for hazards,
and also examine the impact of climate change on species and ecosystems used as
indicators. Indeed, calls have also been made to establish an early warning systems
for vulnerable ecosystems, such as high altitude or polar regions.

Finally, Chap. 19 explores major flooding events in Kenya and the impact of
floods on vulnerable communities. The authors highlight challenges to early warning
systems in developing countries. They offer a way forward by emphasizing the
importance of participatory rural appraisals, community-level alert and preparedness
groups, and support for local development. They shed light on innovative techno-
logical solutions related to crowd sourcing and social media, currently used in Kenya
in social and political spheres. Technology can advance early warning systems by
revolutionizing participation in monitoring and reporting.

1.8 Reducing Disasters?

Around the world, an increasing number of groups are working to improve early
warning systems: international agencies such as the World Meteorological
Organization, the United Nations International Strategy for Disaster Reduction, the
United Nations Development Programme, the United Nations Environment
Programme, the International Red Cross and Red Crescent Societies, national mete-
orological agencies, national environment ministries, charities such as Save the
Children and World Vision. The Famine Early Warning Systems Network, the
Humanitarian Early Warning Service, Regional Climate Outlook Forums and others
issue warnings and seasonal outlooks. There is a proliferation of both actors and
interest in this area. Why, then, do losses from hazards continue to occur? As a
participant in the 2013 Horn of Africa Regional Climate Outlook Forum asked,
“With all this information, why are we still ever stuck in the rut, suffering the con-
sequences and vagaries of weather?”
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This book makes clear that failure to “reduce disaster” has not resulted simply
from a lack of interest, information, or predictive skill. A case in point is the massive
failure to prevent the 2011 famine in the Horn of Africa (Ververs 2012). The United
Nations declared famine in Somalia on July 20, 2011. As a result of drought, nearly
13 million people were in need of humanitarian assistance by September 2011
(FEWSNET 2011). But scientists had long warned of possible drought (UNEP
2011). The drying trend in East Africa has been linked to changing sea surface tem-
peratures (Williams and Funk 2011). FEWSNET and the FSNWG predicted, at least
6 months in advance, that there was going to be a food security crisis. Increasingly
urgent warnings accumulated for months before famine was finally declared in July,
and the humanitarian assistance mobilized (Bailey 2013). A Chatham House report
(Bailey 2013) concludes, “Famine early warning systems have a good track record
of predicting food crises but a poor track record of triggering early action.”

Decades ago, Amartya Sen (1981) noted that “Famines often take place in situ-
ations of moderate to good food availability, without any significant decline of food
supply per head.” Sen theorized that, “famines depend on people’s ability to com-
mand food through legal means available in the society....” Famines occur when
there are big shifts in an individual’s or group’s ability to access food. Sharp move-
ments in exchange entitlements resulted in starvation for several occupation groups
in Bengal during 1942 and 1943.

Likewise, early warning systems often fail not because of lack of information or
technical ability, but because individuals do not have access to information or
because they do not, or cannot, respond. As with famine, the ability to both access
and respond to early warning information depends on the “legal, political, economic
and social characteristics of the society in question and the person’s position in it.”

The poor are often the most vulnerable to hazards, but also lack most critical
pieces of information. “Living on 99 cents a day means you have limited access to
information — newspaper, television, and books all cost money — and so you often
just don’t know certain facts that the rest of the world takes as given,” write Banerjee
and Duflo (2012) in Poor Economics. To be effective, information from early warning
systems must come from credible sources, must say something that people don’t
already know and do it in an attractive or simple way (Banerjee and Duflo 2012).

Box 1.2 Possible ways to improve warning delivery and encourage early
action by users and governments:

— Encourage private sector investment and involvement

— Encourage partnerships with the media to foster accountability and action

— Encourage women’s leadership and participation in early warning systems

— Develop climate change adaptation and disaster risk reduction forums at
the community level
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— Encourage awareness and interest in early warning systems
in politically active or important groups within countries

— Develop two-way communication channels between issuers of warnings
and users of warnings

— Ensure hazard risk reduction and climate change adaptation are ongoing
and iterative processes

— Improve lead time of warnings, leaving sufficient time for action, and
regularly update warnings

— Improve spatial resolution of observational networks and downscale
forecasts

— Develop sector-specific predictions and warnings, which are tailored to the
informational needs of different sectors, as well as sector specific response
plans

— Diversify warning dissemination methods, while building trust

— Develop pre-agreed triggers for action and emergency funding

— Improve long-term financing of early warning systems, ensuring it is
sufficient, sustained, coordinated, and well targeted

— Develop mechanisms that will enable households to respond to warnings and
strengthen community and household resilience (e.g., insurance mechanisms,
conditional cash transfers, support poverty reduction, public awareness/edu-
cation programs, etc.)

At the same time, governments and institutional actors, who have access to infor-
mation and warnings, often fail to respond because of an “accountability deficit.”
Early warning system users are fragmented into different groups — farmers, fisher-
men, pastoralists — and come from politically marginalized areas or communities
(Bailey 2013). Bailey (2013) explains:

Governments in at-risk countries may attach low priority to the needs of poor or marginal
communities when deciding how to allocate public funds or whether to respond to early
warnings. Rates of public spending in the politically marginalized and sparsely populated
northern drylands of Kenya are among the lowest in the country despite extreme levels of
poverty and vulnerability to drought. When crisis struck these regions in 2011, the Kenyan
government was slow to respond and mobilize assistance.

The Kenyans for Kenya initiative — a unique partnership between the Kenyan Red
Cross, local corporations such as the Safaricom Foundation and Kenya Commercial
Bank Foundation, as well as individual Kenyans — helped overcome this account-
ability deficit. Lobbying for action and raising funds for assistance, drought was
transformed into a politically salient issue (Bailey 2013).
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1.9 “Reading the Monsoon Rain is Like Science Fiction’”

As this book repeatedly illustrates, early warning systems raise complicated scientific,
technical, social, and governance challenges. How can you issue warnings and main-
tain trust when forecasts have high uncertainty? How can you encourage the participa-
tion of diverse actors, incorporate local knowledge, and at the same time create a
coherent standardized warning system, which all groups understand? Previous
attempts by governments to standardize systems such as agriculture have often
resulted in disastrous failures and done more harm than good (Scott 1998). At the same
time, it is impossible to also have separate early warning systems for each community.
Participation of multiple stakeholders needs to be strengthened, but greater national-
level coordination is also needed. Service provision has to occur within established
frameworks, standards, and operational mandates (Jalante and Thomalla 2011).

Climate change is increasingly described as a “super wicked problem” — changing
dynamically over time with sometimes complementary, often contradictory, solutions.
To respond to this challenge, flexible and forward-looking decision-making should
be encouraged. Flexible and Forward-looking Decision Making (FFDM) recognizes
that planning and policy deliverables will have to deal with complex problems,
changing pressures, and uncertain (or unforeseen) events (Jones et al. 2013).
Similarly, we need to find ways to develop flexible and forward-looking early warn-
ing systems.

One strategy is to encourage not only warning but also broader risk management.
Risk management approaches can help individuals and communities prepare for a
range of outcomes (Kunreuther et al. 2013). Early warning systems can be used to
also help build resilience, protecting livelihoods in addition to lives (Shepherd et al.
2013). Information disseminated through the system could not only include details
of hazards, but also broader adaptation options or general educational material. This
could help increase capabilities and response options.

Despite the challenges, this book also highlights that progress has been made.
Early warning systems are continuing to expand and improve. Vulnerable commu-
nities in countries such as Bangladesh have flood early warning systems. Scientists
are working to develop a Global Fire Early Warning System. Infrastructure for col-
lecting data about the weather and climate is expanding. Models for predicting haz-
ards are improving, and technological advances offer new tools with which to
disseminate information or involve communities. Governments do sometimes act
promptly to sound alerts. In India, in 2013, the local state authorities ensured the
timely and effective evacuation of approximately one million people in 36 h to
shelters with adequate food rations and drinking water packages and the army, air
force, and navy were all deployed (Reuters 2013).

2Heading of an article in The Hindu, July 26, 2012. http://www.thehindu.com/opinion/op-ed/
reading-the-rain-is-like-science-fiction/article3683360.ece
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Box 1.3 India learns a lesson — October 22, 2013
According to CNN’s Jason Miks:

In 1999, 10,000 people were killed when a ferocious cyclone hit eastern India.
A week ago, the same region, the state of Odisha, formerly known as Orissa,
was once again in the crosshairs. This time it was the region’s most powerful
storm this century.

But there was a much better outcome.

A million Odishans were evacuated to shelters ahead of time. Only 21
people seem to have lost their lives. Thousands of others were saved. Extreme
climate events may be getting worse, but technology has truly enabled us to
save lives. We’re now better than ever predicting the scale of storms and
cyclones and we’re better than ever at getting the message out.

Of course you still need a government that manages these situations well, and
for that all credit to the government of Odisha, which has learned from the mis-
takes of 1999.

http://globalpublicsquare.blogs.cnn.com/2013/10/22/india-learns-
a-lesson/?iref=allsearch

Reading the rain is not a form of science fiction. We have the capability to make
accurate forecasts and share this information with communities. But sustained
efforts are needed to refine the political and social mechanisms that support these.
More funding is also needed to support the long-term development of early warning
systems. Disaster prevention and preparedness is a fraction of international aid, and
funding is inadequate (Kellet and Caravani 2013). The poorest countries receive
less than 20 % of disaster risk reduction funding, while a relatively small number of
middle-income countries receive the majority of the funding. Between 1991 and
2010, disaster risk reduction received only $13.5 billion USD compared to 3.03 tril-
lion USD in international aid (Kellet and Caravani 2013). Greater, and better tar-
geted, funding is all the more urgent because we have an ethical responsibility to
issue warnings that prevent loss of life, property, and help build adaptive capacity.

As we write, fires are again wreaking havoc on Australia. It may be impossible
to prevent climate-related hazards, but we do have the ability to reduce disasters. By
providing people with information and options, no family should ever find itself
clinging to a jetty in the ocean.
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Chapter 2
The Impact of Climate Change
on Natural Disasters

Sandra Banholzer, James Kossin, and Simon Donner

Abstract This chapter explains what hazards and disasters are, reviews their trends,
and assesses the potential impact of changing climate on hazards and extreme
events. Observations since 1950 indicate increases in some forms of extreme
weather events. The recent Special Report on Extreme Events and Disasters (SREX)
by the Intergovernmental Panel on Climate Change (IPCC) predicts further increases
in the twenty-first century, including a growing frequency of heat waves, rising
wind speed of tropical cyclones, and increasing intensity of droughts. A one-in-
20-years “hottest day” event is likely to occur every other year by the end of the
twenty-first century. Heavy precipitation events are also on the rise, potentially
impacting the frequency of floods and almost certainly affecting landslides. This
chapter also examines the science of event attribution, its potential and possible
issues. It further outlines the global distribution and impact of natural disasters.
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2.1 Natural Hazards: What Are They?

Disasters like Hurricane Sandy in October 2012 that affected the Caribbean and the
East coast of America or floods in the summer 2010 that inundated large parts of
Pakistan (see Figs. 2.1, 2.2, and 2.3) dominated the media headlines around the

Fig. 2.1 Hurricane Sandy on October 28, 2012, on 1:45 pm eastern daylight time (Photo from
NASA Earth Observatory image by Robert Simmon with data courtesy of the NASA/NOAA
GOES project science team)

Fig. 2.2 Parts of New Jersey’s shoreline before and after Hurricane Sandy hit late October in
2012. Storm surges and winds created a new inlet between the Atlantic Ocean and the Jones Tide
Pond. Sandy was the worst storm hitting the northeastern United States since the Great New
England hurricane in 1938. Storm surges reached heights of up to 15+ feet in New Jersey (Munich
2013) (Photo from NOAA Remote Sensing Division)
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Fig. 2.3 Northwestern Pakistan in August 2009 (top) and during the flooding in 2010 (bottom):
Very strong monsoon rains caused the Indus River to inundate large areas and affecting 15-20 mil-
lion people causing the worst flooding in a century. This extreme event caused significant damage,
in particular to the agriculture sector as more than 6 million ha of agricultural land was inundated.
Moreover, the productivity of this submerged land could be severely affected or even lost, causing
a long-term impact on the environment and the society (UN 2010) (Photo from UNEP 2010)

world for weeks. These events had disastrous economic, environmental, and social
consequences. Hurricane Sandy resulted in $50 billion economic losses, more than
$25 billion insured losses, and led indirectly to power outages in 15 states (Munich
2013). The flooding in Pakistan was considered the worst in a century — killed over
1,600 people and left two million homeless (UN 2010).

But what is the difference between a natural hazard, an extreme event, and a
disaster? Is a landslide in a deserted mountainous region a disaster? Questions like
these require crystal-clear definitions of these terms.
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Box 2.1 Definitions

Hazard:

“A dangerous phenomenon, substance, human activity or condition that may cause loss of
life, injury or other health impacts, property damage, loss of livelihoods and services, social
and economic disruption, or environmental damage” (UNISDR 2009a)

Natural hazard:

“Natural process or phenomenon that may cause loss of life, injury or other health impacts,
property damage, loss of livelihoods and services, social and economic disruption or envi-
ronmental damage” (UNISDR 2009a)

Climate Extreme (extreme weather or climate event):

“The occurrence of a value of a weather or climate variable above (or below) a threshold value
near the upper (or lower) ends of the range of observed values of the variable” (IPCC 2012b)

Disaster:

“A serious disruption of the functioning of a community or a society involving widespread
human, material, economic or environmental losses and impacts, which exceeds the ability
of the affected community or society to cope using its own resources” (UNISDR 2009a)

2.1.1 Hazards Versus Disasters

The United Nations International Strategy for Disaster Reduction (UNISDR)
released a compilation of updated standard terminology related to disaster risk
reduction in order to mainstream terms and their definitions (UNISDR 2009a). See
Box 2.1 for a definition of hazard, natural hazard, and disaster.

There exist a variety of definitions for extreme events; the definition in Box
2.1 is from the IPCC SREX report (IPCC 2012a). The word extreme can be used to
describe the impact of the event or physical aspects of the event itself, which can
lead to confusion. In general, extreme events, for example related with temperature
or precipitation, can be defined by indices describing absolute quantities or the fre-
quency of incidents beyond an absolute or relative threshold or by dimensionless
indices (Zwiers et al. 2013). Natural hazards and extreme events fall into the same
context and can be used interchangeably.

Disasters and natural hazards/extreme events are often associated with each
other but they are not the same. A disaster is the result of the severity of a natural
hazard combined with the exposure to the hazard, the preexisting vulnerability, and
the inability to cope with the impacts of the hazard (UNISDR 2009a). Examples of
common hazards are hurricanes (Figs. 2.1 and 2.2), droughts, floods (Fig. 2.3), and
forest fires (Fig. 2.4).

Not every extreme event has to lead to a disaster; it largely depends on the pre-
vailing conditions (IPCC 2012a). The prevailing conditions are determined by the
level of vulnerability and exposure of populations. Exposure and vulnerability are
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Fig. 2.4 Wildfires in December 2010 burned large areas near Mt. Carmel, south of Haifa, and
were described as the largest so far in Israel. A report by the Israel’s Ministry of Environment
pointed out that fires like these are projected to be more common with the impacts of climate
change on more intense and longer dry seasons (IME 2010) (Photo from UNEP 2011)

not static. A variety of factors influence vulnerability and exposure such as social,
economic, and geographic factors but also governance plays a role. Further, vul-
nerability and exposure can be dependent on the season or on co-occurrence of
other extreme events. Socioeconomic variables, such as income, education, and
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age, will not influence the occurrence of climate extremes but they can impact the
way populations are able to prepare for, withstand, and recover from the impacts
(IPCC 2012a).

For example, as explained in Sen’s (1981) widely cited book about the connec-
tion between poverty and famine, drought is not the only cause of a disastrous famine.
Precipitation decrease may be a contributing factor but prevailing factors such as
poverty and the system behind food exchange are dominating. The focus should lie
on exchange entitlement and not on declining food availability (Sen 1981). A recent
study by the Chatham House (2013) about managing famine risk also points out that
a major problem with droughts is that the early warnings are not followed by ade-
quate actions to prevent a disastrous famine. The barriers are usually from political,
institutional, and organizational nature (Chatham House 2013).

Another example that demonstrates how natural hazards can turn into disasters is
the Hurricane Katrina that devastated New Orleans in 2005. The hurricane itself
was considered a natural hazard, the flooding of the ninth ward (a neighborhood of
New Orleans) however led to a disaster but arguably not a natural disaster. The
disastrous outcome was caused by both: the natural hazard (the hurricane) and
human-made factors such as the inadequate preparedness level (e.g., levees) or
existing differential social vulnerabilities (Cutter and Emrich 2006).

In other words, prevailing factors like these mentioned in regard with famine or
Hurricane Katrina can contribute to explain the severity of the impact of a natural
hazard. A natural hazard like a landslide in a deserted mountainous region is hence
not a natural disaster as it is lacking the human involvement. Based on these defini-
tions of hazards and disasters, disaster risk is a function of the prevailing conditions
(exposure and vulnerability) as well as the extreme event itself (UNISDR 2011a).
The concept of human vulnerability will be further discussed in Chap. 5.

2.1.2 Categories of Natural Hazards and Problems
with Definitions

Natural hazards can be further categorized into sudden- and slow-onset “creeping”
threats (UNEP 2012a). Sudden-onset hazards are, for example, geological hazards
(e.g., earthquakes, mudslides) and hydrometeorological hazards (e.g., floods, except
droughts). Slow-onset hazards are droughts, coastal erosion, and poor air quality,
among others (UNEP 2012a).

Slow- and sudden-onset hazards can cause temporary as well as long-lasting
disruption to the environment as well as the societies. For example, slow-onset
threats like droughts have wide reaching impacts. The most visible impact of
droughts is the effect on agriculture. Within the agriculture sector, poor rural farm-
ers dependent on rain-fed subsistence agriculture are specifically affected (UNISDR
2011a). However, problems in the agriculture sector then cascade into the economic
and social sectors (e.g., famine) and can last beyond the duration of a drought
(UNISDR 2011a). Similarly with sudden-onset hazards, the destructive force and
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the impact of, for example, a flood is more obvious and faster detected than the
impact of poor air quality. Even though the waters might recede soon, the impacts
can have similar long-lasting consequences that affect several sectors. In the exam-
ple of the floods in Pakistan in 2010, the agricultural production of the inundated
land was severely decreased and potentially lost forever.

Definitions of individual hazards vary widely depending on their focus. Drought,
for example, is characterized by the climate science community as “[a] period of
abnormally dry weather long enough to cause serious hydrological imbalance [...]”
(IPCC 2012b). Depending on the organization, drought can also be defined with a
meteorological (e.g., precipitation), agricultural (e.g., soil moisture), hydrological
(e.g., water cycle), or socioeconomic (e.g., impact on society and economy) focus
(UNEP United Nations Environment Programme 2012a). The World Meteorological
Organization (WMO) however chose the Standardized Precipitation Index (SPI) as
a global standard to identify droughts (UNISDR 2011a). Definitions of other haz-
ards are similarly varied. As a consequence, the classification/typology of individ-
ual disasters can differ between disaster recording agencies (Tschoegl et al. 2006).
Due to this lack of common classification, the number and severity of extreme
events reported varies with the definition and the agency (e.g., NatCatSERVICE
(Munich RE) recorded events vs. recorded events of the Emergency Event Database
(EM-DAT maintained by the Centre for Research on the Epidemiology of Disasters
(CRED))) and tracking the incidents is hence difficult (IPCC 2012a; Tschoegl et al.
2006). In order to overcome this deficiency, in 2007, CRED and Munich RE
started an initiative to create a common “Disaster Category Classification and Peril
Terminology for Operational Databases.” This ongoing initiative marks a first step
toward a standardized and internationally recognized classification and so far
brought together CRED, Munich RE, Swiss RE, Asian Disaster Reduction
Centre, and United Nations Development Programme (UNDP) (Munich 2011;
Below et al. 2009).

The next section will summarize the main findings regarding the influence that
climate change has had on past trends and might have on future projections.

2.2 Impact of Climate Change on Future Hazards

Natural hazards that lead to disasters can cause tremendous impacts on societies, the
environment, and economic wealth of the affected countries. Sectors that are closely
related to climate, such as agriculture, tourism, and water, are facing a great burden by
extreme events (IPCC 2012a). Some forms of climate extreme events have been on
the rise over the last few decades. What is their link to human-caused climate change
and how will a changing climate affect the occurrence of hazards in the future? Are
past disasters going to be the future’s norm? This section draws largely from the
special report on extreme events (SREX) (IPCC 2012a) as well as from the Working
Group I contribution to the Sth IPCC Assessment Report (2013). This chapter also
features a focus on tropical cyclones and their relationship with climate change.
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2.2.1 Extreme Climate and Weather Events

The Intergovernmental Panel on Climate Change (IPCC) released a special report
on extreme events and disasters in 2012 (IPCC SREX). In this report, IPCC assessed
the impact of climate change on extreme events and the consequences of these
events for the society and the environment as well as the implications on risk man-
agement (IPCC 2012a). Expertise from climate change science and disaster risk
management was combined with scientists with knowledge in adaptation, vulnera-
bility and impact analysis. This 592-page document is a cross-disciplinary contribu-
tion from over 200 authors from 62 countries; it cites thousands of scientific studies
and has undergone three review rounds by experts and governments making sure
that the results are scientific sound and transparent (IPCC 2012a).

This report concludes that climate extremes are a natural part of the climate sys-
tem, however “[a] changing climate leads to changes in the frequency, intensity,
spatial extent, duration, and timing of extreme weather and climate events, and can
result in unprecedented extreme weather and climate events” (IPCC 2012b).

Extreme events can therefore be a consequence of a shift in the mean climate, the
variance, or the probability. A shift in the mean of, for example, temperature distri-
bution could increase extreme hot weather and reduce extreme cold weather.
Increased variability could lead to an increase in both extreme hot and cold weather
(see Fig. 2.5). Percentage wise the greatest change is recorded in the tails of the prob-
ability distribution function of climate variables (Trenberth 2011) where the climate
extremes are recorded.

Along this analysis of a shifting probability distribution, Hansen et al. (2012)
illustrate the shift in global temperature anomaly distribution in the last 30 years by
analyzing past summer temperatures and expressing them in standard deviation
units. They illustrate how the anomaly distribution has broadened over the past
three decades relative to the 1951-1980 mean, making extreme hot summers more
frequent. They also found that the percentage of global land area that is experienc-
ing extreme hot summer outliers of +3c has increased substantially, by more than an
order of magnitude (Hansen et al. 2012).

Extreme events happen by definition seldom (IPCC 2012a); identifying long-
term trends and making projections for the future are hence complicated. However,
certain past trends and future predictions can be established with varying confi-
dence (see Sects. 2.2.2 and 2.2.3).

2.2.2 Past Trends

An increase in the number of hazardous events over the last few decades has been
noted by major insurance companies (e.g., Munich 2012), international disaster
databases (EM-DAT 2011, UNISDR (see Fig. 2.6)), as well as by the scientific com-
munity (IPCC 2012a).
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Fig. 2.5 The effect of changes in temperature distribution on extremes. Different changes in tem-
perature distributions between present and future climate and their effects on extreme values of the
distributions: (a) effects of a simple shift of the entire distribution toward a warmer climate; (b)
effects of an increase in temperature variability with no shift in the mean; (c) effects of an altered
shape of the distribution, in this example a change in asymmetry toward the hotter part of the dis-
tribution (Reproduced from IPCC 2012b)
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Number of Climate-related Disasters Around the World (1980-2011)
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Fig. 2.6 Number of climate-related disasters around the world (1980-2011). Data from EM-DAT.
EM-DAT records a natural hazard as a disaster if one of the following criteria is met: ten or more
people are reported killed, hundred or more are reported affected, state of emergency is declared,
or international assistance is called for (Reproduced from UNISDR 2012)

What role has climate change played in this observed increase of hazardous
events? When interpreting the drivers of historical trends in hazardous events over
the last few decades, it is important to remember that the data is based on observa-
tions of events. Parts of the historical increase in hazardous events can be credited
to better reporting. The increased exposure to events, due to population growth, as
well as the radically increased access to information, due to the progress in informa-
tion technology (e.g., global media coverage, Internet), lead to better reporting of
hazardous events (Peduzzi 2005).

Reporting of non-climate events can be used to separate the role of climate
change from that of improvement in observations. Earthquakes, for example, are not
climate events and can hence be used as a basis to judge the influence on improved
access to information versus the influence on climate change (Peduzzi 2005). Both
the number of reported earthquakes as well as of reported climatic disasters has
increased since 1970, which is in line with better access to information, as media
coverage was global by the end of 1970s. However, since this initial increase, the
number of earthquakes remained steady, whereas the numbers of floods, for example,
continued to increase (Peduzzi 2005). The fact that tectonic events remain steady
and climatic events are increasing raises concern about the impact of climate change
on the frequency of natural hazards (Peduzzi 2005).
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There is evidence from observational data that weather and climate extremes have
changed since 1950 due to the human impact on the climate system (IPCC 2012a).
The latest IPCC Working group I report confirms these findings (IPCC 2013).

Cold days and nights have decreased, whereas warm days and nights have
increased. This is based on a global scale and on land data only (IPCC 2013). Heat
waves frequency has increased in most areas of Europe, Asia, and Australia (IPCC
2013). Further, a statistically significant increase in heavy precipitation events (e.g.,
95th percentile) has been detected in many regions. This is consistent with the
increase in temperature and the observed rise in atmospheric water vapor (IPCC
2007a). Europe and North America experienced increased frequency and intensity
of heavy precipitation events (IPCC 2013). However, there remains great variation
within the precipitation trends depending on the region (IPCC 2012a).

The trends are less consistent for droughts, floods, and cyclone activity (IPCC
2012a) (see Sect. 2.2.4 for a targeted section about tropical cyclone activity). Some
regions, for example, have shown more intense and longer drought periods (e.g.,
southern Europe, West Africa) others have shown a decline (e.g., Central North
America) (IPCC 2012a).

2.2.3 Future Trends

Confidence of future projections of climate and weather extremes depends on a
variety of factors, including the uncertainty inherent to future climate simulations
(e.g., uncertainty related to climate sensitivity and choice of scenarios), the type of
extreme events, the temporal and spatial scale of events, and the ability of models to
describe the key underlying processes. Historical data availability plays a critical
role as well (IPCC 2012a).

A portion of the uncertainty in future predictions is epistemic (“knowable
unknowns”’) and may be reduced through further model development and data avail-
ability. There is some level of stochastic uncertainty (“unknowable unknowns”),
however, which may be insensitive to further scientific efforts.

Despite the uncertainty, there is scientific consensus on the overall future trajec-
tory of some weather and climate extremes. Extreme temperatures and precipitation
events are anticipated to increase under a warming climate (Peterson et al. 2012).
Model projections assess that the returning period of extreme hot days and heat
waves will increase. A hottest day that used to occur once every 20 years is likely to
occur once every other year by the end of the twenty-first century in most areas
around the globe (IPCC 2012a). Also projected to increase are the length, frequency,
and/or intensity of heat waves (IPCC 2013). It is important to note that cold extreme
events will continue to happen (IPCC 2013). Extreme hot and cold days can, for
example, influence the mortality rate in cities. A recent study by Li et al. (2013)
forecasts an increase in net temperature (heat- and cold-) related deaths for
Manhattan, New York, by 2080 of more than 15 %.
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Likewise, the frequency of extreme precipitation events and coastal high waters
are projected to increase in many regions across the globe (IPCC 2013). Heavy
precipitation events are projected to increase particularly in higher latitudes, tropi-
cal regions, as well as in the Northern Hemispheric mid-latitudes during winter
(IPCC 2012a). A recent study by Kunkel et al. (2013a) confirms this projection.
They found that many regions of the Northern Hemisphere are expected to see a
20-30 % increase in the maximum precipitation by the end of this century if green-
house gas emissions continue to rise (Kunkel et al. 2013a). They analyzed moisture
in the atmosphere, upward motion of air in the atmosphere, and horizontal winds,
all factors that contribute to extreme precipitation events. Following the Clausius—
Clapeyron equation, a warmer atmosphere as a result of increased greenhouse gas
concentration can hold more water. This increased moisture content dominates the
other factors (upward motion and horizontal winds) and hence fuels more intense
extreme precipitation events (Kunkel et al. 2013a).

The confidence remains medium or low regarding projections of droughts,
floods, and cyclones. However, the projected precipitation and temperature patterns
are most likely impacting natural hazards. Increasing extreme precipitation events,
for example, can influence the occurrence of floods and landslides (IPCC 2012a).
Drought events, likewise, can be intensified by reduced overall precipitation and
increased temperatures which affect evapotranspiration (IPCC 2012a). Increased
drought events, for example, are projected with medium confidence in southern
Europe and the Mediterranean region, central Europe, central North America,
Central America and Mexico, northeast Brazil, and southern Africa (IPCC 2012a).
Sea-level rise is projected to continue to increase during the twenty-first century. All
of the Representative Concentration Pathways scenarios predict an even higher rate
of increase than the rate observed during 1971-2000, which will be mainly caused
by increased thermal expansion of the oceans and melting of glaciers and ice sheets
(IPCC 2013). Regarding cyclone projections, precipitation rates and average wind
speed are expected to increase in the coming century (IPCC 2012a; Seneviratne
et al. 2012) (see next section for more details).

2.2.4 Influence of Climate Change on Past
and Future Tropical Cyclones

Formal detection of past trends in measures of tropical cyclone activity is con-
strained by the length and quality of the historical data records and uncertain under-
standing of natural variability in these measures, particularly on decadal time-scales
(Knutson et al. 2010; Lee et al. 2012; Seneviratne et al. 2012; Kunkel et al. 2013a, b;
Zwiers et al. 2013). When designing Early Warning Systems (EWS), it is useful to
consider past and projected trends on the spatial scale of a particular ocean basin,
but trends focused on more targeted regions such as those defined by islands or sec-
tions of coastline are most relevant. Unfortunately, this narrowing of the spatial
scales of interest introduces further uncertainty into both detection of past trends
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and projections of future trends (Seneviratne et al. 2012). In addition to the reduced
sample size that accompanies the narrowing of scale, a substantial amount of noise
is introduced by tropical cyclone track variability (e.g., Kossin and Camargo 2009).

Track variability is largely driven by random day-to-day variability in atmo-
spheric wind currents, but there are also linkages operating on a broad range of
time-scales in response to known modes of climate variability such as the El Nifio —
Southern Oscillation (ENSO), among many others (Ho et al. 2004; Wu et al. 2005;
Camargo et al. 2007, 2008; Kossin and Vimont 2007; Wang et al. 2007, 2010;
Chand and Walsh 2009; Tu et al. 2009; Kossin et al. 2010; Chu et al. 2012). Even
relatively small changes in tropical cyclone tracks can lead to large differences in
associated impacts at any given location. For example, a group of islands can be
impacted by multiple tropical cyclones in a single season (e.g., the Philippines in
2009) and then remain largely unaffected for many subsequent years, even while the
total number of storms in the larger basin exhibits normal variability. This type of
clustering occurs randomly, but it can also occur through more systematic and per-
sistent modulation by climate variability.

Of particular relevance to longer-range disaster planning and risk mitigation
strategies aimed at specific intra-ocean-basin regions is how tropical cyclone tracks
may change in a warming world (Wang et al. 2011; Murakami and Wang 2010).
This needs to be considered in addition to questions about how basin-wide changes
in tropical cyclone frequency and intensity may change. For example, conditions
that lead to increased basin-wide activity can also shift tracks such that landfall
frequency may increase proportionally more or less, thus compounding or offsetting
the impacts. Presently, there has been more research toward understanding linkages
between climate change and tropical cyclone frequency and intensity than toward
understanding linkages between climate and track variability. These are both active
areas of study of great relevance to designing EWS.

Increasing trends in land-falling tropical cyclones have not yet been detected in
any of the regions that have been studied (Wang and Lee 2008; Chan and Xu 2009;
Kubota and Chan 2009; Lee et al. 2012; Weinkle et al. 2012). A statistically signifi-
cant decreasing trend in the number of severe tropical cyclones making landfall over
northeastern Australia since the late nineteenth century has been identified by
Callaghan and Power (2010). Contrarily, a significant positive trend has been identi-
fied in the frequency of extreme sea-level anomaly events along the United States
East and Gulf Coast in the period 1923-2008, and this trend is argued to represent
a trend in storm surge associated with land-falling hurricanes (Grinsted et al. 2012).
As stated above, these trends likely represent some combination of basin-wide fre-
quency changes and track shifts (e.g., Bromirski and Kossin 2008). The difference
between Callaghan and Power (2010), who show a long-term decreasing trend in
Australian landfall events and Grinsted et al. (2012), who suggest a long-term
increasing trend in storm surge associated with US landfall events, emphasizes the
challenge of understanding and projecting changes in tropical cyclones that are
most relevant to coastal impacts.

Human-caused increases in greenhouse gases have very likely contributed to the
observed increase in tropical ocean temperatures over the past century (Santer et al.
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2006; Kunkel et al. 2008). Shorter-term decadal variability in regions where tropical
cyclones form and track is generally dominated by natural variability (e.g., Ting
et al. 2009; Camargo et al. 2013; Zhang et al. 2013) and factors such as volcanic
eruptions (e.g., Thompson and Solomon 2009; Evan 2012), changes in natural par-
ticulates such as African dust (e.g., Evan et al. 2009, 2011a, 2012), and changes in
human-caused particulate pollution (e.g., Mann and Emanuel 2006; Baines and
Folland 2007; Chang et al. 2011; Booth et al. 2012; Evan et al. 2011b). There is
presently some debate about the effect that globally increasing greenhouse gases
has on tropical cyclones versus the effect of regional changes in particulate concen-
trations (e.g., Emanuel and Sobel 2013). Increases in globally well-mixed green-
house gases are argued to be less effective at making the tropical environment more
conducive to tropical cyclone formation and intensification compared to the more
local effects caused by changes in particulate pollution (Vecchi and Soden 2007,
Ramsay and Sobel 2011; Camargo et al. 2013), but both factors need to be consid-
ered for short- and long-range planning.

While there is currently debate about the relative contributions of natural versus
human-caused changes in tropical climate on 10-40-year time-scales, there is mount-
ing evidence that human-caused particulate pollution has played a substantial role in
some of the recent marked increases in tropical cyclone activity. In the tropical North
Atlantic Ocean, the reduction of pollution aerosols since the United States Clean Air
Act and Amendments during and after the 1970s (with further contribution from the
European Commission’s Air Quality Framework Directive) has been linked to tropi-
cal sea surface temperature increases and associated increases in tropical cyclone
activity. This linkage has been related to the direct effect of reduced atmospheric
dimming allowing more sunlight to reach the ocean surface (e.g., Mann and Emanuel
2006), and to the indirect effects of reduced cloud albedo (Baines and Folland 2007;
Booth et al. 2012; Dunstone et al. 2013). In the Northern Indian Ocean, black carbon
particulate pollution has been linked to changes in sea surface temperature gradients
(Chung and Ramanathan 2006; Meehl et al. 2008), which has weakened the mean
vertical wind shear in the region. Evan et al. (2011b) linked the reduced wind shear
to the observed increase in the number of very intense storms in the Arabian Sea,
including five very severe cyclones that have occurred since 1998, killing over 3,500
people and causing over $6.5 billion in damages (in 2011 US dollars).

As with observational analyses, confidence is compromised when numerical pro-
jections of tropical cyclone activity are reduced from global to regional scale IPCC
SREX Box 3-2; Seneviratne et al. 2012). When assessing the results of all available
model simulations, it is likely that global tropical cyclone frequency will decrease
slightly in the twenty-first century, but there is little confidence in this on regional
scales (e.g., Ying et al. 2012). Mean tropical cyclone intensity and rainfall rates are
projected to increase with continued warming, and the models tend to agree better
when projecting these measures of activity (Knutson et al. 2013). Models that are
capable of producing very strong cyclones usually project increases in the frequency
of the most intense cyclones (Emanuel et al. 2008; Bender et al. 2010; Knutson
et al. 2010; Yamada et al. 2010; Murakami et al. 2012; Knutson et al. 2013). This
measure is highly relevant to physical and societal impacts, compared with mea-
sures of overall storm frequency or mean intensity, which can be dominated by
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weaker storms. Long-term planning under projected warming scenarios should then
account for these potential increases in severe tropical cyclones, as well as a likely
increase in rainfall rates and associated coastal and inland fresh-water flooding.

Based on idealized numerical simulations, Knutson and Tuleya (2004) suggested
that increases in tropical cyclone intensity forced by CO,-induced tropical warming
would not be clearly detectable for multiple decades. However, as discussed above,
regional forcing by particulate pollution can bring about more rapid changes. Thus,
numerical projections based on future scenarios are highly dependent on projections
of both CO, concentrations and particulate concentrations, particularly on decadal
time-scales. But there is greater uncertainty in projections of particulate pollution
than CO, (e.g., Forster et al. 2007; Haerter et al. 2009). At present, regional projec-
tions of tropical cyclone activity on time-scales relevant to EWS design remain
somewhat uncertain, but this is an area of active research.

2.3 Event Attribution

The SREX (IPCC 2012a, b) confirms that extreme events have been and are pro-
jected to be on the rise. Major extreme event databases and insurance companies’
numbers corroborate this (EM-DAT 2011; Munich 2012). There is also increasing
scientific evidence that the changing likelihood of extreme events is linked to
human-induced climate change (IPCC 2012a). The working group I of the IPCC
fifth Assessment Report (2013) concludes that the probability of heat waves in some
areas has more than doubled due to human influence.

In the aftermath of major disasters, scientists are usually confronted with the ques-
tion of whether individual extreme events (i.e., floods and hurricanes) can be attributed
to climate change. There is disagreement among climate scientists about the proper
response to such inquiries. In the past, climate scientists were generally cautious linking
a single extreme event to climate change because of the statistical difference between
weather and the long-term averaged climate and would only conclude that climate
change increases the possibility for extreme events to occur. Recently, however, the idea
of event attribution has become more realistic, although the possible outcomes of event
attribution studies are still limited to statistical probabilities. This section explains the
science of event attribution and its challenges. It also raises the question of liability in
general: Does event attribution bolster the case of lawsuits and damage claims?

2.3.1 What Is Event Attribution?

Event attribution tries to understand and quantify the human and natural influences
on individual extreme events (such as a drought or flood events) (Stott et al. 2011).
In general, it tries to answer the following question:

Is a particular extreme event more or less likely with or without human influence
on the climate?
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Event attribution often uses a method called fractional attribution. This method
tries to assess what fraction can be attributed to natural cycles and what can be
attributed to human influence on climate. This approach is based on the physical
understanding of the climate system and the individual hazard itself, on data com-
parison, as well as on climate models. Pall et al. (2011) and Min et al. (2011) applied
this method in their studies (see Sect. 2.3.3).

The Interpreting Climate Conditions group at the Earth System Research
Laboratory’s Physical Science Division from NOAA and the Attribution of Climate-
related Events group (ACE) as part of the Met Office/Hadley Centre in collabora-
tion with NOAA have been established to forward this research arm.

Whereas the Interpreting Climate Conditions group is mainly focused on the
climate attribution of the United States, the ultimate goal of ACE is to establish an
international system that could provide timely, scientifically robust, and reliable
assessments of recent extreme events and the influence climate change has had on
them (Schiermeier 2011).

2.3.2 Potential Issues

Event attribution cannot relate a specific event with absolute confidence to human
causes. Extreme events are part of the natural climate system and have always
occurred, even when humans have not been present. Event attribution statements
therefore remain in the realm of possibilities and cannot deliver finite answers
(Nature 2011; Allen 2003). This means that only the influence of factors on the
probability and intensity of an extreme event can be assessed (Stott et al. 2011).
Event attribution is dependent on how well we understand the physics behind
extreme events (Stott et al. 2011). Hence, some events like heat events are easier to
attribute than others (Schiermeier 2011). Further, “[a]ttribution is only as good as
the models and statistics that power it” (Nature 2011). The results depend on the
model and the data availability, reliability, resolution, and length of historic records.
The results of event attribution also depend on the exact research question and
what the research tries to attribute: If it is the magnitude of an individual event or the
likelihood that a certain threshold is exceeded (Peterson et al. 2012) (see Sect. 2.3.3).
Lastly, a very important question is: what drives event attribution research? Is it
the goal to create a liability case for climate change extremes and their related costly
damage? Who do you sue in the aftermath of a flooding when the house prices fall?
(Allen 2003).
Event attribution up until now can only produce probabilities; will that be enough to
make legal cases? This is not only a scientific question but also a legal one (Allen 2003).

The big question is whether current greenhouse-gas emitters could ever be held liable for
the actual impacts of their emissions. (Allen 2003)

Trenberth (2012) suggests that the attribution approach should be changed;
instead of having a null hypothesis that states that the human influence has no effect
on climate to a null hypothesis that recognizes the anthropogenic influence. As a
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consequence he then argues that all weather events are impacted by climate change,
because climate change altered the background environment in which they occur
(Trenberth 2012). So the task then would be to prove that an extreme event is not
influenced by climate change.

2.3.3 Examples of Event Attribution Studies

To date, only a few studies have attempted extreme events attribution; for example,
the heat wave in Europe in 2003 (Stott et al. 2004; Christidis et al. 2010) or in
Moscow in 2010 (Dole et al. 2010), the flood in the United Kingdom in 2000 (Pall
etal. 2011), the increased extreme precipitation events over the Northern Hemisphere
(Min et al. 2011), and recently the drought in Somalia in 2011 (Lott et al. 2013)
have been subject to event attribution research. Some studies found that a certain
fraction of the cause of climate extreme events could be attributed to human influ-
ence on climate, others could not.

In the case of the European heat wave in 2003, Stott et al. (2004) concluded that
“human influence has at least doubled the risk of a heatwave [...]” with mean sum-
mer temperatures as high as those recorded in Europe in 2003. Pall et al. (2011)
examined the flood event that occurred in the United Kingdom in the year 2000
during the wettest summer since records started in 1766. They found that “[...] in
nine out of ten cases their model results indicated that twentieth-century anthropo-
genic greenhouse gas emissions increased the risk of floods occurring in England
and Wales in autumn 2000 by more than 20 %, and in two out of three cases by more
than 90 %.” Similarly, Min et al. (2011) examined the increased intensity of extreme
precipitation events in the Northern Hemisphere and found that human influenced
greenhouse warming played a role in the pattern of extreme precipitation events.

Studies that assessed the human impact on the 2010 Russian heat wave published
controversial results. Dole et al. (2011) concluded that the heat wave was most
likely from natural origin, Rahmstorf and Camou (2011) concluded that it was
affected by anthropogenic influence. Otto et al. (2012) demonstrated that the dis-
crepancy between the Dole et al. (2011) and Camou (2011) results stems from the
different attribution questions asked: magnitude (Dole et al. 2011) versus the prob-
ability of the heat wave (Rahmstorf and Camou 2011). This showcases the impor-
tance of the focus of the attribution question as mentioned in Sect. 2.3.2.

The most recent publication by Lott et al. (2013) assessed whether or not the
unusual rainy season preceding the drought in Somalia in 2011 can be attributed to
human-induced climate change. They found that the rainy season in 2010 was
mostly affected by the teleconnections of the ongoing La Nifia event. However,
human influence most likely played a role in the unusual dry rainy season in the
following year in 2011. Between 24 % and 99 % of the causes of the dry rainy sea-
son in 2011 could be attributed to human influence on the climate (Lott et al. 2013).

It is important to note that not all climate extreme events are attributable to
human impacts on climate. Perlwitz et al. (2009) showed that the cold snap in North
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America in 2008 was mostly due to cooling sea surface temperatures in the tropical
Pacific, which is part of natural ocean variability. They, however, also found that the
cooling was partially offset by the ongoing human warming impact on the climate.

2.3.4 Outlook

Extreme events can be destructive and knowing what causes them is a major public
interest (Schiermeier 2011).

As past studies have shown, some extreme weather events are not wholly or even
partly attributable to human-induced climate change, as many other factors are playing
roles as well (i.e., Lott et al. 2013; Perlwitz et al. 2009).

Being able to attribute extreme events to climate change is valuable from litiga-
tion, insurance, and adaptation points of view. The risk of misattribution of events,
however, looms large. Incorrectly attributing events to climate change can lead to
public confusion about climate change and limit public and political support for
investment in disaster risk reduction and climate change adaptation (Stott et al.
2011; Donner 2012). Even in a case where it can be shown that human influence
leads to a higher probability of occurrence of a certain type of event, the probability
of that event is not necessarily the same every year (Peterson et al. 2012).

Despite these limitations, there remains great potential for future advancement in
event attribution research. Rather than examining only temperature or precipitation
anomalies, attribution researchers may find higher statistical confidence by focusing
on other climate variables or on atmosphere and ocean dynamics.

For example, most of the research on Atlantic hurricanes has focused on forcing
from ocean temperatures and storm intensity. Estimating the role of anthropogenic cli-
mate change in the formation of an individual Atlantic hurricane like Sandy, or the fre-
quency of hurricanes like Sandy, is limited by the complex array of factors that influence
hurricane development. Alternatively, looking beyond ocean temperatures, and examin-
ing the unique path of Hurricane Sandy and record storm surge in New York City may
present additional opportunities for attribution research. First, Hurricane Sandy made
landfall in the United States because a strong high pressure system forced the oceanic
storm to make an unusually sharp westward turn — and anti-Coriolis left turn. Attribution
research could build upon recent findings that prolonged “blocking” high pressure sys-
tems are expected to be more common (Trenberth and Fasullo 2012), especially in
North America due to the climate-driven decline in Arctic sea ice cover (Francis and
Vavrus 2012). Second, Sandy created a record storm surge at New York City’s Battery
Park gauge, for which sea levels have increased on average by 40 cm since the late
1880s due to climate change and land subsidence (NPCC 2010). Attribution research
could examine the relative contribution of sea-level rise to the storm surge and wave
run-up at individual locations using climate and hydrodynamic models.

Different perspectives that try to connect the influence of teleconnections and the
relationship between events as well as to understand the environment in which the
extreme events are happening may prove relevant for future event attribution
research (Trenberth and Fasullo 2012).
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2.4 Global Distribution and Impact of Natural Hazards

Natural hazards are occurring all over the world in developing to developed coun-
tries: from the floods in Nigeria to the drought in the United States in 2012. As
mentioned in Sect. 2.1, not all hazards turn into disasters and not all of them have
negative and wide reaching impacts and/or monetary damage. The impact of natural
hazards and, in particular, the disaster risk, when compared on a global level are
unevenly distributed across the globe (UNISDR 2009b). In general, it can be said
that disaster risk is related to economic development pathways and low-income
countries are most at risk (UNISDR 201 1a). This section illustrates the global dis-
tribution of disaster impacts and risks with numbers and statistics.

2.4.1 Disaster Impact in Numbers

The second biennial Global Assessment Report (GAR) of disaster risk reduction
summarizes the state of the art of disaster risk in the context of the UNISDR and the
Hyogo Framework for Action (HFA), an international initiative to improve risk
reduction strategies (UNISDR 2011a). The main findings are that the overall eco-
nomic costs related with natural hazards are rising, whereas the number of people
killed by these hazards is decreasing (UNISDR 201 1a). This relationship of increas-
ing cost and decreasing number of deaths is however not true for low-income coun-
tries with weak risk governance capacity (UNISDR 2011a). Over the last few
decades, the majority of fatalities (more than 95 %) related with extreme events
have been recorded in developing countries (UNEP 2012b). The IPCC (2012a, b)
SREX report confirms this by stating that climate extremes cause developing coun-
tries higher death rates and greater impact measured as portion of their gross domes-
tic product (GDP) but higher total economic loss for developed countries.

When considering continents instead of developing and developed countries as a
baseline the distribution again is uneven. Between 2000 and 2008, Asia recorded the
highest number of weather- and climate-related disasters (floods and storms being
the most frequent (CRED 2013)), whereas the Americas recorded the highest eco-
nomic loss (54.6 % of the total loss). Africa’s proportion of economic loss was less
than 1 % (IPCC 2012a). However, these statistics generally do not include estimates
of the cost of lives, cultural damage, or ecological damage, and thus may underesti-
mate losses from disasters, especially in the developing world (IPCC 2012a).

The year 2012 was overall the third costliest year for the insurance companies
according to data collected by Munich RE (Fig. 2.7). Hurricane Sandy and the
drought in the United States were the costliest natural catastrophes in 2012, both by
overall losses as well as insured losses (Munich 2013). Figure 2.8 summarizes the
wide reaching impacts of disasters from 2000 to 2012: 1.2 million people killed, 2.9
billion affected, and a total of 1.7 trillion US dollar damage (UNISDR 2013b). The
numbers are slightly different than the results from Munich RE as they are based on
a different database. New numbers from the GAR 2013 add that disasters during the
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last 3 years have all caused more than US$ 100 billion annually in direct economic
losses, uninsured losses are not even included (UNISDR 2013a).

Linking monetary disaster loss to climate change can be misleading, Crompton
et al. (2011) suggest caution when linking normalized damage losses of weather-
related natural hazards, in particular tropical cyclone losses, to human-caused cli-
mate change, stating that it might be better to focus on climate data than loss data in
order to detect a climate signal. However, it should be noted that normalizing for
damages may ignore the improvement in design and protective measures that reduce
the risk of damages during a disaster in general.

2.4.2 Disaster Risk Distribution

The risk of disaster and the possible damages depend heavily on socioeconomic
factors, as well as the frequency and intensity of extreme events. The GAR as well
as the SREX report concludes that the rising risk of economic loss due to weather
events is related to the increasing number of people and economic assets exposed to
events (UNISDR 2011a; IPCC 2012a). Risk therefore broadly follows urban and
regional development, meaning that the economic risk increases with growing pop-
ulation and exposed assets (UNISDR 2011a). A 2012 study released found that
around 60 % of people living in urban areas, with more than one million inhabit-
ants (in 2011), are living in regions at risk from natural hazards (UNDESA 2012).
In other words, approximately 1.4 billion people are living in risk exposed regions
(UNDESA 2012).

Disaster risk also increases where GDP and assets are not high. The SREX report
states that socioeconomic factors will impact the future distribution and increases in
weather-related losses (IPCC 2012a). The poorest communities are generally con-
sidered most at risk, as they tend to live in risk-prone areas, such as floodplains and
unstable slopes. Their limited assets increase the chances that they live in poorly
built houses, are dependent on climate-related sectors for income (e.g., agriculture),
and have limited capacity to cope with the impacts of natural hazards or have inad-
equate access to relevant emergency services (UNISDR 2008, 2009b). As an exam-
ple, 44 % of the global population already lives near coastal areas (UN Atlas of
Oceans). These areas, however, are at risk of floods, cyclones, and rising sea levels
(UNISDR 2009b). The IPCC SREX report showed that the amount of people at risk
to future sea-level rise is tremendous, in particular in highly populated mega-deltas
in Asia, such as the Mekong or Ganges delta (IPCC 2007b).

Small island developing states as well as land locked developing countries are at
elevated risk due to their limited economic strength and resilience (UNISDR 2009b).
The GAR 2011 declared drought as the hidden risk due to its complexity and many
different drivers (UNISDR 2012). Further complicating is the disconnected-
ness between the early warning and the adequate early action (Chatham House
2013). Figure 2.9 represents the multi-risk associated with tropical cyclones, floods,
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earthquakes, and landslides combined as analyzed in the GAR 2009. This figure
shows high multiple hazard mortality risk across Asia.

To summarize, regions at risk vary depending on how the risk is defined. For
example, the countries with the highest tropical cyclone mortality rates are
Bangladesh and the Philippines. When risk to tropical cyclones, however, is defined
by absolute economic loss, OECD (Organisation for Economic Cooperation and
Development) countries such as Japan and the United States are more at risk.
Conversely, when relative economic risk is considered African countries such as
Madagascar suffer the highest risk (UNISDR 2009b).

2.4.3 Outlook

Natural hazards already place an enormous burden on economies, societies, and the
environment worldwide. With projected increases in intensity and frequency of
extreme events due to climate change as well as increasing exposure and vulnerability
of populations, impacts of natural hazards are most likely worsening (UNISDR 2012).

The IPCC SREX report (2012a) concludes that knowledge about future changes
of extreme events should be combined with knowledge of vulnerability and expo-
sure to inform adaptation, mitigation, and disaster risk management as well as sus-
tainable development efforts. Combining these efforts can be beneficial (IPCC
2012a). The most recent GAR (UNISDR 2013a) further strengthens the importance
of considering disaster risk management into business decisions. Including disaster
risk can increase business resilience, competitiveness, and sustainability (UNISDR
2013a). The report further points out the importance of the business case for disaster
risk reduction. Focusing on managing risks as compared to managing disasters
opens up opportunities and markets for businesses (UNISDR 2013a).

Regarding adaptation efforts, there exists a variety of estimated adaptation costs
that would climate-proof predicted increasing disaster risks. The World Bank (2010)
recently estimated a total cost of US$ 75-100 billion (in 2005 US$) annually for
adaptation for developing countries. The GAR of 2013 states that the cost estimate
for corrective disaster risk management ranges in the same numbers (UNISDR
2013a). Adaptation cost estimates are however based on low confidence, as there
are only a limited amount of global studies and a variety of factors and assumptions
that complicate these estimates (IPCC 2012a). In recent UNFCC negotiations in
Cancun the developing world has then agreed to establish a Green Climate Fund,
with the goal to raise $100 billion per year by the year 2020 to help the developing
world to respond to climate change (UNFCC 2010). However, donor countries have
yet to make specific funding commitments, and the funds are anticipated to go
toward both adaptation and mitigation efforts (Donner et al. 2011). Nevertheless,
the GAR 2013 further points out that disaster risk management is a potential market
with great opportunities for development (UNISDR 2013a).

The IPCC SREX report also points out the importance and potential of EWS as
they can reduce the amount of lost lives and mitigate the economic impact and
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damage from extreme events (IPCC 2012a). EWS inform populations at risk and
provide timely warnings to allow for preparation (UNEP 2012a). An EWS consists,
however, of much more than just a forecasting system (IPCC 2012a). The HFA
points out that EWS must include “guidance on how to act upon warnings” and they
should be “understandable to those at risk” (UNISDR 2010). In a changing future
with a predicted increase in extreme events, there is a growing need to strengthen
disaster risk management and adequate response strategies. A particular focus
should lie on multi-hazard EWS, as these are still very rare and not available on a
global scale. More about EWS can be found in Chap. 5.

2.5 Conclusion

Extreme weather events are going to happen, they have happened in the past and the
will happen in the future. Most likely, however, the frequency and intensity of
extreme events is going to be changed as the environment in which they occur has
altered due to climate change. The GAR (UNISDR 2013a) even warns that “the
worst is yet to come.” The human impact on the climate system is clear (IPCC
2013). Whether or not individual events can be attributed to human impacts, a focus
has to lie on reducing the disastrous outcome of natural hazards. This can be done
in a variety of ways, EWS as well as reducing underlying vulnerability and expo-
sure of people and assets are among them.

Chris Field, Co-Chair of the IPCC Working Group II who together with Working
Group I produced the IPCC SREX report, gets to the point:

The main message from the report is that we know enough to make good decisions about
managing the risks of climate-related disasters. Sometimes we take advantage of this
knowledge, but many times we do not, [...] [t]he challenge for the future has one dimension
focused on improving the knowledge base and one on empowering good decisions, even for
those situations where there is lots of uncertainty. (IPCC 2012a)
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Chapter 3

Challenges in Early Warning

of the Persistent and Widespread

Winter Fog over the Indo-Gangetic Plains:
A Satellite Perspective

Ritesh Gautam

Abstract Each year during the season (December—January), dense fog engulfs the
Indo-Gangetic Plains (IGP) in Southern Asia, extending over a stretch of 1,500 km,
for more than a month disrupting day-to-day life of millions of people inhabiting in
the IGP. Increasing atmospheric pollution combined with sufficient moisture avail-
able due to the passage of frequent north-westerlies favor fog formation in this
region. Trends in poor visibility suggest a significant increase in worsening air qual-
ity and foggy days over the IGP. The persistent and widespread nature of the winter
fog is strongly influenced by the regional meteorology during winter-time, i.e., a
stable boundary layer, cold temperatures, high relative humidity, and light winds.
The valley-type topography of the IGP, adjacent to the towering Himalaya, and high
concentrations of pollution aerosols/particulates, further favors the persistence of
hazy/fog conditions. A satellite- and surface-based observational portrayal is pre-
sented here, using various cloud, aerosol, and meteorological datasets, to character-
ize the widespread nature of winter fog. While the understanding of fog formation
is known in the literature, detailed surface observations are needed to help build
sophisticated fog forecast and early warning systems to minimize its impact on
public safety. Additionally, linkages between the seasonal fog cover, regional mete-
orology, and increasing air pollution should be further investigated against the back-
drop of a changing climate scenario.
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3.1 Introduction

The Indo-Gangetic Plains (IGP), one of the most agriculturally fertile belts of the
world, are home to ~900 million people living in Pakistan, northern India, Nepal,
and Bangladesh. These plains are fed by the Indus and Ganges rivers, i.e., down-
stream of the towering Himalaya in the north. Rapid industrialization and urbaniza-
tion have posed environmental concerns to this densely populated region in recent
years. The air quality and climate over the IGP has also been affected due to increas-
ing concentrations of anthropogenic aerosols (Massie et al. 2004; Ramanathan and
Ramana 2005; Gautam et al. 2007; Hsu et al. 2012; Kaskaoutis et al. 2012). During
the winter season, the IGP suffer from western disturbances (a series of alternate
low and high pressure systems), which move from west to east, leading to intense
haze and fog in the region. A low pressure system results in enhanced moisture
content in the boundary layer, high winds, and clouds, which is subsequently
replaced by a high pressure system leading to clear sky conditions, low winds, radi-
ative cooling of the ground, and temperature inversions (Pasricha et al. 2003).
During this period, the temperature also reaches its annual minima with increased
frequency of western disturbances. These conditions are ideal for the accumulation
of pollutants within the boundary layer and often result in fog and haze formation
over the IGP (Hameed et al. 2000; Gautam et al. 2007).

The widespread fog, clearly visible in satellite images, extends over an area of
~1,500 km in length and ~400 km in width, with severe fog events blanketing the
entire IGP including parts of Pakistan and Bangladesh on the western and eastern
sides (see Fig. 3.1), respectively. Majority of the fog episodes last from mid-
December to mid-January causing poor visibility which results in major disruptions
to the air and rail transportations as well as significant number of deaths due to
vehicular accidents (Hameed et al. 2000). The number of foggy days during winter
has been increasing in recent years compared to earlier decades (Singh et al. 2004;
Jenamani 2007) with strong increasing trends of anthropogenic pollution in the IGP
(Habib et al. 2006; Sarkar et al. 2006). In addition, trends in poor visibility days due
to haze and fog during winter season have been significantly increasing over the
IGP amounting to 90 %, i.e., almost everyday (De and Dandekar 2001).

At the outset, the occurrence of fog is not unique to this part of the world and
certainly not a recent phenomenon over India. However, the intensity, the persistence,
and the widespread nature of the winter fog are overwhelming. Given the exorbitant
impact on public life, it has almost become equivalent to a natural hazard which is
unlike on any other part of the world. In simple terms, fog is a cloud near the surface
with visibility less than 1,000 m. It requires the sufficient amount of moisture in the
air and cold temperatures together with frequent pressure variations — collectively
and commonly known as cold waves over the IGP, during winter season.

In the past three decades, along with the population growth, atmospheric pollu-
tion has risen alarmingly over the IGP due to increase in various emission sources.
Some of the increasing anthropogenic sources include the density of coal-fired
power plants, associated with growing energy demand, and number of vehicles of
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Fig. 3.1 Widespread winter fog blanketing the Indo-Gangetic Plains over Pakistan, India, Nepal,
and Bangladesh, captured by NASA’s MODIS instrument aboard Terra satellite on 7 January 2011

which the diesel-run types constitute a significant percentage. Together with the
pollution from industrialization and urbanization, biofuel cooking is common
among the rural population, which also contributes to the net air pollution. Frequent
winter cold waves lead to dramatic dips in temperatures with lowest annual tem-
peratures recorded during this time of the year. To combat the cold, the underprivi-
leged keep themselves warm by burning wood and other old/traditional alternatives
causing enhanced aerosol emission in the atmosphere. The impact of this tremen-
dous conglomeration of aerosols is felt the most every year during winter period
when thick and dense haze engulfs the entire IGP.

Overall, the valley-type topography of the IGP bounded by the Himalayas, cold
waves with moist air, and the resident aerosols are among the most important ingre-
dients for the formation of winter fog. The dense haze and fog also reduce solar
insolation from warming the land surface which further keeps the temperatures low,
in turn providing a positive feedback to the persistence of foggy and cold conditions.
Moreover, the winter fog has been around in the past several decades, and may
potentially intensify in future given the worsening air quality. Despite its known
consequences on the social and financial sectors, little attention has been given to
the increasing fog formation that blankets the entire IGP during winter season.

In this chapter, satellite observations are used to better understand the widespread
nature of the winter fog/haze over the IGP from Moderate Imaging Spectroradiometer



54 R. Gautam

(MODIS) data. Six years of MODIS data for winter season 2000-2006 (December—
January, or DJ) are used to generate the fog/low-cloud climatology in order to gain
insight about the persistence and widespread nature of fog over IGP. In addition,
surface observations of fog occurrences and meteorological parameters such as
relative humidity (RH) were analyzed to understand the dynamics associated with
fog formation.

3.2 Spatial Distribution of Fog/Low-Cloud Occurrences

Following the methodology of fog/low-cloud detection (Gautam et al. 2007), the
spatial distribution of the frequency of fog/low-cloud occurrences was generated
from Level-2 MODIS swath data for the winter months (December—January) for the
period 2000-2006. Terra/MODIS data for aerosol and cloud properties (MOD04
and MODO6, respectively) over the IGP region are used in this chapter. The col-
umn mean aerosol optical depth (AOD) is produced at a 10 km spatial resolution,
while 5 km cloud properties such as cloud effective particle radius (CEPR) and
10 km for cloud top pressure (CTP) and cloud fraction (CF) datasets. Here, data
from Terra/MODIS (10:30 AM local time) were used to analyze fog/low-cloud
distribution over the IGP. In order to distinguish fog/low-cloud, high-level and precipi-
tating clouds were filtered out based on different criteria on CF, CTP, and CEPR
(Gautam et al. 2007).

Figure 3.2a shows the spatial distribution of the composite mean fog/low-cloud
occurrences from 2000 to 2006 during winter season. The average number of foggy
days over the 6-year winter period is larger in the central IGP compared to the east-
ern and western regions. The clear demarcation along the foothills of the Himalayas
is evident indicating the persistence of fog in the low topography/valley of the
Ganges basin. Majority of the foggy days occur over the IGP in India; however, a

Fig. 3.2 Top panel (a) shows composite mean fog/low-cloud occurrences for the 6-year winter
season derived from MODIS cloud properties. Bottom panel (b) shows mean fog occurrences over
the IGP (tallest bar indicates 20 fog occurrence days), during winter 2000—2006, mapped by mete-
orological surface observations overlaid onto surface topography
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Fig. 3.3 Inter annual variability of percentage of pixels of cloud top pressure in the stacked fog/
low-cloud distribution for each winter year from 2000 to 2006, derived from MODIS data.
Approximately 80 % of the cloud tops are in the vicinity of ~2 km (or lower than 2 km) thus indi-
cating that majority of the clouds are within the boundary layer

significant number of fog/low-cloud occurrences are also found over Pakistan and
Bangladesh on the western and eastern sides, respectively, with about 10 days of fog
occurrences.

Figure 3.2b shows the fog occurrences identified using surface observations
recorded over 13 locations in the IGP (including Bangladesh) for the 6-year winter
period. The tallest bar indicates ~20 days of fog occurrences. Foggy days repre-
sented by yellow bars are overlaid onto the surface topography. For a given day, fog
is identified using surface observations and by parsing the meteorological SYNOP
code. Ground data for weather conditions and meteorological parameters such as
RH, wind speed/direction, and air temperature were obtained from (http://meteo.
infospace.ru/wcarch/html/index.sht) over 13 stations in the IGP for six winter sea-
sons, DJ 2000-2006. The weather conditions data indicate the number of fog occur-
rences which are available as synoptic codes, ranging from 40 to 49, and foggy
conditions being categorized into different classes. Similar spatial pattern of fog
occurrences from surface observations and fog/low-cloud occurrences from Terra/
MODIS suggest that the MODIS-detected low-cloud may actually be fog with their
base close to surface. Although there exists spatial similarity, a direct comparison
between the number of MODIS-detected fog/low-cloud and ground-observed fog
occurrences may not be appropriate due to the presence of multi-deck clouds and
gaps between satellite overpasses. In addition, some fraction of fog is expected to
burn off at the time of the Terra satellite overpass (10:30 AM local time).

In order to quantify the vertical distribution of the fog layer, statistics of cloud
tops in the 6-year MODIS cloud top pressure data were computed. Figure 3.3 shows
the percentage of pixels with cloud tops at different pressure levels from 670 to
950 mb in the fog/low-cloud occurrences from DJ 2000 to 2006. About 80 % of the
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cloud tops are in the vicinity of ~2 km (or lower than 2 km) thus indicating that
majority of the clouds are within the boundary layer. Cloud top pressure for distin-
guishing fog/low-cloud from high clouds was selected as 670 mb onwards based on
visual analysis of the true-color images and the corresponding cloud properties
data. In addition, Hahn et al. (2001) classified low-level clouds between 1,000 and
680 mb that includes fog, stratus, stratocumulus, and cumulus clouds. Stratus, stra-
tocumulus, and other types of clouds are formed at higher altitudes compared to
fog; therefore, the fog/low-cloud detection as presented in this chapter is representa-
tive of fog and low boundary layer clouds.

3.3 Prevailing Meteorological Conditions
During Winter Season

It is reasonable to expect that the fog occurrences closely follow the background
prevailing meteorology governed by critical dynamical variables such as RH, surface
temperatures, and wind speed. These meteorological variables are also analyzed by
obtaining daily surface observations at nine locations in the IGP, in northern India. In
general, the regional meteorology during winter time is characterized as high RH
(>70 %), low temperatures, and light winds (Fig. 3.4). It is noted here that the meteo-
rological variables shown are the winter mean, and thus the diurnal variability is
masked. In fact, analysis of hourly data indicates frequent occurrence of large RH
values (>90 %) and low air temperatures (<7 °C) at several stations in the IGP, during
the early morning hours. There is also an inter annual variability pattern with RH
highest during 2002-2003 and 2003-2004 winter months, while the corresponding
surface temperature found to be lower compared to other years. Figure 3.4 indicates
different years and the mean of all 6 years. In general, DJ 2000-2005 exhibit compa-
rable values in terms of the RH and temperatures. However, DJ 2005-2006 is associ-
ated with significantly lower RH and surface temperature compared to previous
years and the climatological mean. The city of Calcutta is associated with higher
surface temperature since it is located in the southeastern part of the IGP. Surface
temperatures are generally higher in Calcutta compared to the rest of the IGP.

3.4 Direct Radiative Impacts of Winter Haze

The objective of this section is to assess the enhanced aerosol/pollution particulate
absorption on the regional radiation budget associated with the winter haze in cloud-
free conditions. The direct aerosol shortwave radiative forcing at top-of-atmosphere
(TOA) is defined as the difference between the broadband shortwave flux when there
is no aerosol and the flux scattered upwards in the presence of cloud-free aerosol-
laden atmosphere. The aerosol radiative forcing efficiency is defined as the slope,
i.e., direct shortwave forcing per unit aerosol optical depth (AOD), i.e., W/m*AOD.
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Fig. 3.4 Inter annual variations of relative humidity, air temperature, and wind speed during win-
ter 2000-2006 over nine locations in IGP from surface meteorological stations

The forcing efficiency indicates the absorbing nature of aerosol, while the intercept
can be treated as the shortwave flux when no aerosol is present in the atmosphere.
Here, the Clouds and the Earth’s Radiant Energy System (CERES, see Wielicki
et al. 1995) Single Scanner Footprint (SSF) shortwave flux data at TOA were used to
derive the aerosol radiative forcing efficiency in conjunction with the MODIS
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Fig. 3.5 Enhanced
aerosol optical depth over
the Indo-Gangetic plains
during winter season
(December—January)
from Terra/MODIS data
for the period 2000-2005

0 01 02 03 04 05 06 07

Level-2 AOD product embedded in the SSF product. CERES SSF data from Terra
were obtained for the 2-month winter period for the period 2000-2005. The spatial
resolution of each CERES SSF pixel is 20 km x20 km at nadir. The SSF data con-
taining the shortwave TOA flux and the collocated AOD were binned onto a 0.25%0.25
uniform grid. Further, the CERES flux data were screened for cloud contamination
by using the co-located MODIS cloud cover information in the SSF product.

Figure 3.5 shows the AOD composited for the winter season from 2000 to 2005
from MODIS data, with significantly higher AOD (>0.5) over the IGP (especially
over eastern IGP) suggesting enhanced winter time particulate pollution. The pollu-
tion hotspot over the eastern IGP apparently coincides with the densely populated
regions of north-northeastern India where the surface elevation is also lower com-
pared to that of the entire IGP and is also an area where maximum subsidence
occurs, thus favoring the accumulation of aerosols in the lower boundary layer
(Girolamo et al. 2004). In addition, the north-northeastern parts of India also house
several high-capacity coal-fired thermal power plants, which are also a significant
source of aerosol emissions (Prasad et al. 2006). Previously, chemical transport
model simulations have indicated the presence of higher absorbing aerosol concen-
trations (e.g., black carbon) over the eastern IGP (Gautam et al. 2007).

Next, the instantaneous shortwave direct aerosol radiative forcing was calculated
based on CERES and MODIS data.

Figure 3.6 shows the shortwave aerosol forcing at TOA. There is a significant
increase in the aerosol forcing in the 0<AOD<0.5 range, suggesting increased aerosol-
induced absorption. A second-order polynomial is used to characterize the observed
TOA aerosol radiative forcing. The aerosol radiative forcing varies from —5.7 W/m?
to —39.45 W/m? in the 0<AOD<0.5 range. At AOD=1, the shortwave forcing is
about —40.7 W/m?, which is similar to that at AOD~0.5. Nearly half of the data lie in
the 0.4<AOD<0.6 range, indicating higher aerosol loading. The large instantaneous
aerosol radiative forcing or enhanced aerosol absorption associated with the winter
haze may act to further reduce solar insolation from warming the surface, in turn
amplifying cold conditions at the surface and regional haze occurrence.
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3.5 Discussion

While the issue of fog invariably receives heightened media attention in South Asia
every winter season, it seems to be quickly forgotten once the fog dissipates. The
amount of scientific literature that have quantitatively addressed the links between
persistent fog, pollution, and regional meteorology also appears to be limited.
Similarly, operational forecasting of fog are lacking along the IGP, which can poten-
tially aid in reducing or minimizing the severe impacts on public well-being/safety.
Since the large population base is in question, what might really be needed is an
end-to-end framework comprising implementation of operational systems for early
warning or forecasting of the various stages of fog, and the effective dissemination
of associated alerts at the local level.

Whether the increasing air pollution and fog over the IGP are linked, remains to be
fully understood and investigated. However, in the event increasing pollution, aero-
sols emerge as the major factor with certainty; curbing the pollution levels may lead
to the reduction of the intensity of fog. In other words, although the origins of fog
formation point to natural processes, reducing anthropogenic emissions could at the
very least help in mitigating the smog looming over the entire IGP during winter
season. We already have a prominent example to learn from the positive effects of
clearing the air after the Great London Smog in 1952, where severe smog is now a
thing of the past.!

In general, the science of fog formation and the inclusive geophysical variables
are well-understood, but the lack of understanding lies in finding some of the
intriguing linkages such as:

— Whether increasing aerosols/pollution is responsible for more fog in recent decades?

Thttp://www.metoffice.gov.uk/education/teens/case-studies/great-smog
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— Whether the ambient moisture in the IGP has increased over the years associated
with changes in frequency of cold waves or from local changes in irrigation
patterns; thus favoring more fog?

Against the background of changing climate scenario, these are some of the key
questions that need to be addressed and investigated, which are little known in sci-
entific published literature. Since Southern Asia ranks among the leading regions of
emissions (with the industrialization likely to grow in the future), the role of pollu-
tion particles, in influencing the extensive winter fog over the IGP, should be given
serious consideration and be further investigated in terms of the indirect effects of
aerosols (i.e., impacts on cloud microphysics), as well as with detailed studies of
their chemical composition.

State-of-the-art research into the linkages between the seasonal fog cover and
pollution in the form of intensive data collection observatories all along the Indo-
Gangetic Plains would help to better understand the physical and chemical compo-
sition of fog and haze particulates and other meteorological parameters. Here,
satellite data, especially from geostationary satellites, can also be useful in monitor-
ing and mapping the formation, evolution, and persistence of the winter fog.
Derivations of cause and effect relationships based on extensive observations can
thus aid in building sophisticated fog forecast/early warning models. These can sub-
sequently empower mitigation efforts and guide policymakers for devising decision-
making tools to tackle this environmental issue.
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Chapter 4
Assessing Human Vulnerability to Climate
Change from an Evolutionary Perspective

J. Ryan Hogarth, Donovan Campbell, and Johanna Wandel

Abstract Human vulnerability to extreme events is not only a factor of exposure to
exogenous hazards; it is also a factor of endogenous characteristics of the human
system in question (be it a household, community or nation). Vulnerability assess-
ments aim to identify the different elements that contribute to a human system’s
vulnerability. This chapter presents behavioural and structural perspectives on vul-
nerability, and argues that an evolutionary perspective can offer important insights,
particularly in regard to human systems’ adaptive capacity. Human systems have a
capacity to adapt to local environmental and climatic conditions; however, that
capacity is constrained by structural and historical factors. To illustrate, a compari-
son is made between the root causes of vulnerability in Haiti and Chile to their
respective 2010 earthquakes. Different modelling and empirical methods that have
been used to assess vulnerability are discussed. It is argued that the rich data neces-
sary to identify the structural and historical root causes of vulnerability can only be
obtained through qualitative research methods. The methodology used by the
Global Islands’ Vulnerability Research Adaptation and Policy Development Project
is offered as a model for a qualitative community-based vulnerability assessment.
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4.1 Introduction

Early warning systems (EWSs) aim to reduce a human system’s vulnerability to
extreme events by increasing its preparedness. Prompt identification and communi-
cation of a system’s exposure to extreme events can enable timely responses.
However, exogenous exposure is only one component of a human system’s vulner-
ability — or “the propensity of exposed elements such as human beings, their liveli-
hoods, and assets to suffer adverse effects when impacted by hazard events”
(Cardona et al. 2012). Endogenous characteristics of the system itself will also play
arole in determining how an extreme event is experienced.

Vulnerability assessments aim to identify the different elements that contribute to
a human system’s vulnerability. They provide invaluable contextual information for
determining the appropriate measures that should be included in vulnerability
reduction strategies. Disaster preparedness measures are those designed specifi-
cally to minimize disaster. Examples include the provision of emergency shelters,
evacuation plans, and EWSs. However, it is also often possible to reduce vulnerabil-
ity to extreme events in general through proactive adjustments to the human system
itself. Disaster prevention refers to “(...) adjustments in the activities of vulnerable
people to maintain a resilience and self-reliance to counter the effects of disaster,
rather than only as technological resistance to the forces of disaster itself. Those
measures may therefore include, for instance, improved transportation for the distri-
bution of locally available food supplies, improved water conservation systems for
the provision of drinking water (and to counter the effects of drought), and agricul-
tural diversification to ensure that not all crops suffer equally in hurricane or drought
and that some will survive to supply subsistence food supplies” (Lewis 1979).
While disaster prevention measures may mitigate the impacts of extreme events to
some degree, no disaster is entirely preventable. Therefore, disaster preparedness
and disaster prevention measures are both essential elements of vulnerability reduc-
tion strategies. Vulnerability assessments can help determine which interventions
are appropriate in each context.

Understanding how different elements produce vulnerability is essential in
designing a methodological framework for vulnerability assessment. The concept
that human vulnerability to natural hazards is a factor not only of exogenous expo-
sure, but also of endogenous characteristics of the system in question (be it a house-
hold, community or nation), can be traced through a rich and multi-disciplinary
body of literature on natural disasters. Section 4.2 offers a brief, and in no way
comprehensive, synopsis of this literature. It argues that evolutionary perspectives
on socio-economic change can offer important insights into human system’s vulner-
ability, particularly in regard to adaptive capacity.

Similar to ecosystems and biological organisms, human systems have a capacity
to evolve to become more suited to local environmental and climatic conditions.
Through the process of adaptation, they will develop an ability to cope to some
degree with extreme events. Determining a system’s adaptive capacity is critical
when assessing its vulnerability to climate change, because the most severe effects
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of climate change are expected to occur over the medium to long term, and a system’s
ability to adapt to those changes can alter its vulnerability a great deal. From an
evolutionary perspective, adaptation is driven by human agency — the behaviour,
creativity and entrepreneurialism of individuals and organizations. However, it is
also structured by socio-economic, ecological and historical factors. To fully under-
stand how human systems adapt to changing climatic conditions, an evolutionary
approach to vulnerability assessment would examine how structure and agency
interact to create locally specific vulnerability trajectories.

Section 4.3 discusses the various methods that have been employed to identify and
measure vulnerability within human systems. It describes the evolution from impact
assessments that employ economic modelling to vulnerability assessments that involve
quantitative and/or qualitative empirical research. We argue that from an evolutionary
perspective, qualitative research methods are necessary to capture the complex and
structural elements of vulnerability in a manner useful for decision-makers.

4.2 Vulnerability: The Concept

In its Third Assessment Report, the Intergovernmental Panel on Climate Change
(IPCC) defined vulnerability to climate change as “a function of the character, mag-
nitude, and rate of climate variation to which a system is exposed, its sensitivity, and
its adaptive capacity” (Smit and Pilifosova 2001). This function is expressed in
shorthand in Eq. 4.1 (Adapted from Yohe and Tol 2002):

V=F{E(A);S(A)} .1

where, V denotes vulnerability, as defined above; E denotes exposure, the likeli-
hood of the human system being affected by a natural event, or climate stimulus; S
denotes sensitivity, degree to which a system would be affected by the exposure;
and A denotes adaptive capacity, the ability of human systems to adjust to actual or
expected changes in climatic stimuli.

Note that in this definition, vulnerability is not only a function of the exogenous
variable exposure; it is also a function of the endogenous variable sensitivity.
Whereas exposure is determined by characteristics of the climate (i.e. the magni-
tude and duration of climate stimuli), sensitivity is determined by the occupance
characteristics of the human system in question, the social, economic, cultural,
political and institutional factors that determine how a system will be impacted by a
climate stimulus (Smit and Wandel 2006).

The final dimension of vulnerability is adaptive capacity. Over time, human sys-
tems are thought to gradually adapt to local environmental and climatic conditions.
As depicted in Eq. 4.1, adaptive measures can conceivably modify both a system’s
sensitivity and its exposure. For example, “Vaccination against climate sensitive
vector-borne diseases and EWSs for heat waves are examples of adaptation mea-
sures that reduce the sensitivity and exposure of people to climate-related health
hazards, respectively” (Fiissel and Klein 2006).
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Fig. 4.1 Coping range and extreme events (Smit and Wandel 2006)

As human systems adapt to local conditions, they will develop an ability to cope
with slight-to-moderate variations in local climate stimuli (Smit and Pilifosova
2001). This concept is illustrated graphically as a coping range in Fig. 4.1. The
system depicted is able to cope with moderate variations in the moisture deficit,
perhaps due to strategies such as rainwater harvesting to make it through drier years
or the implementation of drainage systems to make it through wetter years. It is only
vulnerable to levels of moisture deficit that breach the upper and lower coping
thresholds, for example, in the case of a drought or flood. Though depicted as a fine
line, in reality, coping thresholds are more likely to resemble gradations, in which
the system is increasingly vulnerable to greater deviation from the mean.

Coping thresholds are dynamic. The coping range could contract due to a variety
of factors, both exogenous and endogenous to the system. For example, a moisture
deficit that is high, but not beyond the coping threshold, may not cause a disaster
immediately, but it could result in a depletion of savings and thereby reduce the cop-
ing range. Subsequent years of the same high moisture deficit may then surpass the
coping threshold (Smit and Pilifosova 2003). This book is primarily concerned with
climate-related shocks — sudden onset events like hurricanes, droughts, flooding and
fires. However, it is important for vulnerability assessments to also consider climate-
and non-climate-related stresses — slow onset trends like sea level rise, desertifica-
tion, population growth, urbanization and globalization — that can undermine human
systems’ ability to absorb and recover from disturbances.

The coping range could also expand. A system’s adaptive capacity refers its ability
to expand or shift its coping range in response to changes in the climate, such as
changes in the frequency or magnitude of extreme events. As seen on the right-hand
side of Fig. 4.1, the system depicted was capable of adapting to an increase in the
average moisture deficit, perhaps through new coping strategies such as the use of
drip irrigation, crop insurance or EWSs. Similar graphical representations can be
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Fig. 4.2 Climate impacts on farmers with different adaptive capacities (Fiissel and Klein 2006)

drawn for systems’ ability to cope with other climate-related stimuli discussed in
this book, including wind speed, storm surge, etc.

The capacity of human systems to adapt varies both between systems and inter-
nally within a system (Smit and Wandel 2006). As stated earlier, the degree to which
a system can adapt to changes in climate can alter its vulnerability a great deal. To
illustrate, Fiissel and Klein (2006) provide Fig. 4.2, which depicts five hypothetical
trajectories for the level of climate-related impacts on five farmers. The lowest tra-
jectory is a reference case with no climate change. The predominantly decreasing
level of impact over time is caused solely by changes in non-climatic factors as the
farmer continuously adapts to stable conditions. The other trajectories depict the
impacts of a single climate change scenario on farmers with different adaptive
capacities. The “dumb farmer” has zero adaptive capacity, and does not respond to
changing climate conditions at all. The “typical farmer” adapts in a reactive manner
to observed changes in climate. The “smart farmer” adapts proactively to predicted
climate changes. Finally, the “clairvoyant farmer” has perfect foresight and adaptive
capacity, and adjusts to future climate conditions accordingly. The bars on the right-
hand side of Fig. 4.1 show the different levels of climate impacts on farmers with
different adaptive capacities ranging from the maximum potential impacts, assum-
ing no adaptation, to impacts that are unavoidable, even with perfect adaptation
(Fiissel and Klein 2006; Rothman and Robinson 1997; Schneider 1997).

To assess where a system’s adaptive capacity falls within the spectrum of “dumb”
to “clairvoyant”, one first must understand the different elements that promote or
inhibit adaptation. The answer to this question is highly contested. Sections 4.2.1
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and 4.2.2 summarize two different perspectives — the behavioural and structural
paradigms on the factors that promote and inhibit adaptation. Section 4.2.3 outlines
an evolutionary perspective on socio-economic change, which we argue offers valu-
able insights into human systems’ adaptive capacity.

4.2.1 Behavioural Paradigm

The behavioural paradigm holds that a system’s adaptive capacity will depend on
the ability of its agents to accurately interpret risks posed by hazards and make
rational decisions based on those interpretations. It was initiated in the 1930s and
1940s by American geographer Gilbert White who stated, “Floods are ‘acts of God,’
but flood losses are largely acts of man” (1945: 2). White observed that vulnerability
is exacerbated by numerous, often-irrational individual decisions — for example, the
decision to develop hazard-prone land, destroy coastal mangroves, construct sus-
ceptible buildings and infrastructure, or fail to purchase adequate insurance cover.

The behavioural paradigm draws on psychological and economic theories of
choice and (mis)perception of risks to explain human behaviour in the face of haz-
ards (Smith and Petley 2009). Earlier research used the neoclassical economics’
“rational choice” model as a starting point for analysis. In these models, rational,
self-interested agents choose each course of action based on the expected utility that
they will gain. Explanations were then sought for why agents’ decision-making is
not always optimal in reality. Three problems understood to inhibit rational decision-
making that are particularly relevant to adaptation to extreme events include (1)
inadequate information concerning the risk of hazard and methods of protecting
against them; (2) myopia, or the tendency of agents to be short sighted; and (3) dif-
ficulties in coordinating collective action in regard to management of natural
resources, the provision of education, healthcare and other social services, and the
development of infrastructure.

More recent literature within the behavioural paradigm has developed more
nuanced theories of human choice and action. For example, Eiser et al. (2012) dis-
cussed the role of experience and learning processes in risk perception and decision-
making. The paper draws on cognitive heuristics, which holds that individuals make
decisions based not according to what is statistically rational, but on their own expe-
rience or the observed experience of others. Consequently, people will tend to over-
generalize from their own relatively small data sets of experiences or observations:
“By definition, low probability disasters occur infrequently within a given time
period. If one has not experienced a disaster, reliance on personal experience may
lead to an underestimation of the statistical risk. This can also lead to overconfidence
in the effectiveness of safety procedures, the reliability of building and infrastruc-
ture, etc., essentially because they have not been fully put to the test” (Eiser et al.
2012). When unsafe behaviour is not immediately followed by harm, delayed rein-
forcement may increase a decision-maker’s confidence in their actions; deficient
feedback undermines the learning process, and risky behaviour is propagated.
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4.2.2 A Structural Turn

In 1978, Gilbert White, along with two other prominent geographers, Ian Burton
and Robert Kates, published The Environment as Hazard. One passage from the
book reads as follows:

When a Bengal fisherman behaves like his neighbour in the face of the roaring cyclone, his
action or inaction can usually be illuminated by examining three elements in the situation.
These three are the ways in which people (1) recognize and describe [the hazard] (2) con-
sider how they might deal with it, and (3) choose among the actions that seem to them
available. (Burton et al. 1978)

Kenneth Hewitt (1980) offered the following response:

This cool, reasonable view is (...) not only asking a lot of someone facing ‘a roaring
typhoon’: it is a far cry from the world most of us live in ordinarily. (...) Man may appear
in the long run to be a ‘manager’ (...). Few men have that opportunity. Human adaptation
to environment is characterized by great plasticity of the individual but primacy of the soci-
ety and its institutions in shaping the style of material life. Most people are raised and
conditioned to rather narrow roles in the life of society. We observe a close conformity
between a person’s place in society and not only his or her behaviour, but what they know,
think they need to know, and value. (...) Does all this mean ‘choice’ is nonexistent? No, just
that it is highly circumscribed and unevenly distributed. More to the point, insofar as action
is concerned, choice is largely regulated by the distribution of power in society. Within the
general matrix of custom — the persistent, repetitive operations, the shared goals of a given
social order — power of decision and implementation is jealously guarded.

Reminiscent of Marxian structuralism, Hewitt’s critique is indicative of what can
be described as a “structural turn” in disaster studies that occurred from the late-
1970s onwards. This “turn” was driven largely out of discontent with the lack of
progress in reducing disaster losses in the least developed countries (see, e.g. Box
4.1). Agents were no longer seen as having choice within a wide range of theoretical
adjustments to geophysical events. Rather, their choice of action was restricted by
socio-economic factors including “(...) their social status, level of cultural literacy,
access to credit sources, such as those embedded in kinship networks, technical
expertise, size and diversity of assets, employment options, household labour
requirements, membership in voluntary organizations, productive capacity of capi-
tal, and commitment to cultural values and religious conventions” (Torry 1979).

The observations made of the drought-induced famines in the Sahel described in
Box 4.1 served to shift focus away from irrational economic behaviour towards
structural explanations for human vulnerability. In doing so, they highlighted that
structural change is path dependent and often irreversible: “The collapse of the tra-
ditional methods of fighting economic problems arising from periodical droughts
may have played an important part in making the dry Sahel region more vulnerable
to drought in recent years than it need have been. On some of these changes correc-
tive policy actions are worth considering, but many of these developments are dif-
ficult to reverse” (Sen 1983). Piecemeal technical solutions to such structural
problems, such as the drilling of boreholes, will often prove inadequate and may
even exacerbate the problem. Instead, “[...] problems such as deforestation, grass
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Box 4.1 Structure at the Root of Famine in the Sahel

A series of publications that examined the drought-induced famines of the
early 1970s in the Sahel, the semi-arid region along the southern border of the
Sahara desert, were at the centre of a shift in the way social scientists concep-
tualized natural disasters and vulnerability. A variety of social scientists —
including the historians Paul Lovejoy and Stephen Baier (1975), the political
scientist Michael Glantz (1977), the anthropologist and sociologist Jean
Copans (1979), the economist and philosopher Amartya Sen (1983) and the
geographers Piers Blaikie and Harold Brookfield (1987) — began to question
the dominant view that the famines could be attributed to the so-called advance
of the Sahara syndrome in which irrational economic behaviour of the local
population led to overgrazing, deforestation and soil erosion.

These scholars painted a picture of a highly specialized traditional society
that, through co-evolution with the local ecosystem, had adapted extremely
rational behaviour to cope with the challenges posed by the local climate. A
symbiotic relationship existed between pastoralists and subsistence farmers.
Livestock would graze on the post-harvest remains of crops, and in turn fertil-
ize the fields. In the event of drought, which sometimes lasted several years,
nomadic pastoralists would migrate in search of greener pastures, and farmers
would secure food through a highly developed regional trade network between
the desert-edge and the savannah.

However, this system had been disrupted in recent years by structural
changes. Borders established during colonization, such as those between
northern Nigeria and Niger, combined with globalization and the introduction
of cash crops, had the effect of redirecting trade towards the coast and over-
seas. Global demand for cash crops drove up food prices, thereby depriving
drought-afflicted populations on the desert-edge from food surpluses that
existed elsewhere in the region. The political division of the region restricted
the movements of nomadic pastoralists, and the introduction of inorganic fer-
tilizer for commercial farming undermined the service that they had formerly
provided to the local agriculturalists.

In response to the drought, numerous development agencies supported
programmes to drill boreholes. While this technical solution increased water
availability for human and livestock consumption, the increased amount of
time that pastoralists spent near waterholes resulted in severe overgrazing
which destroyed the local rainfall-dependent vegetation and led to further
desertification.

burning, erosion, overgrazing, overstocking, population growth, water resource
management, and the like must be looked at systemically” (Glantz 1977). In other
words, addressing vulnerability to natural hazards requires a holistic understanding
of the structural root causes.
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Fig. 4.3 Pressure and release model: the progression of vulnerability (Adapted from Wisner et al. 2012)

The structural perspective of vulnerability was largely formalized by the pressure
and release (PAR) model, an adapted version of which is provided in Fig. 4.3. The
PAR framework was first published in Piers Blaikie, Terry Cannon, Ian Davis and
Ben Wisner’s seminal book At Risk: Natural Hazards, People’s Vulnerability and
Disasters, and was re-published in 2004 and 2012. The PAR model illustrates how
underlying “root causes” of vulnerability, such as globalization, social inequalities
and colonization, place “dynamic pressures” on human systems through forces such
as political and economic marginalization, corruption, armed conflict and ecologi-
cal degradation. Dynamic pressures, in turn, are manifest in unsafe conditions such
low-income levels, construction in dangerous locations, and poorly designed build-
ings and infrastructure. These factors are manifest in different ways in different
locations and different populations. When unsafe conditions coincide in space and
time with a hazardous event, the system, and the people inside of it, are “at risk to
disaster” (Wisner et al. 2004).

To further explore the concepts outlined in the PAR model, Box 4.2 juxtaposes
the impact of two events — the 2010 earthquakes that struck Haiti and Chile. These
events, of course, were not climate related; and comparisons of two extreme events
of any variety need to be considered with a degree of scepticism. However, differ-
ences between Haiti and Chile in their level of vulnerability quite clearly contrib-
uted to the wide disparity between the two countries in the number of casualties, the
economic impacts and the duration and extent of recovery.
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Box 4.2 Earthquakes Strike Haiti and Chile

Late in the afternoon of 12 January 2010, an earthquake measuring 7.0 on the
Richter scale struck Haiti. The epicentre was shallow at 13 km underground,
and was located 25 km west of the capital Port-au-Prince, home to three mil-
lion people. Approximately 2.5 million people felt severe or violent shaking,
which lasted for about 15 s (Hinrichs et al. 2011; Kovacs 2010). The earth-
quake triggered a localized tsunami, measuring up to 3 m, which hit a small
fishing town (Gill 2010).

Not two months later, in the early hours of Saturday, 27 February 2010, an
8.8 earthquake struck Chile. It was classified as the seventh most severe earth-
quake of all time, and was 501 times more powerful than the one in Haiti. The
epicentre was located 34 km underground and 115 km north northeast of
Concepciodn, the country’s second largest city (Kovacs 2010). Although the
epicentre in Haiti was shallower and more proximate to Port-au-Prince, the
Chilean earthquake caused a greater degree of shaking for a longer period of
time (Hinrichs et al. 2011). It lasted for about 2 min, and triggered a tsunami,
the highest surge of which reached heights of 10-12 m (Hinrichs et al. 2011;
Moehle et al. 2010). Over 12.5 million people, 75 % of Chile’s population,
were impacted by severe or violent shaking or by the tsunami.

The human and economic toll of the two earthquakes differed drastically.
Official figures placed the number of fatalities in Haiti at 316,000' making it
the second deadliest earthquake in recorded history.> A further 300,000 were
injured. Most people killed or injured had been caught in collapsed buildings.
Only four were killed by the tsunami (Kovacs 2010; US Geological Survey
2012). Direct economic damages were estimated at US$8.1 billion (Cavallo
et al. 2010), 122 % of Haiti’s 2010 GDP. Roughly 105,000 homes in Port-au-
Prince and the surrounding communities were destroyed, and an additional
208,000 were severely damaged. Over 1.3 million were forced to live in tents
or temporary shelter. The earth quake damaged essential infrastructure,
including 1,300 schools and 50 medical centers, delaying recovery and pre-
venting the injured from receiving treatment (Kovacs 2010). It also led to a
breakdown in social order. Gang-related crime, which had been declining in
recent years, rebounded after nearly 5,000 prisoners escaped from the national
penitentiary and returned to the slums. Kidnappings, home-invasions, and
murders all increased in 2010 (Overseas Security Advisory Council 2011).

! Other estimates were significantly lower, perhaps lower than 100,000.

2The deadliest earthquake in history occurred in 1556 in Shaanxi, China, which killed an
estimated 830,000 (US Geological Survey 2012).

(continued)
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Box 4.2 (continued)

The situation after the earthquake in Chile paints a very different picture.
The human cost was much lower with 523 fatalities, and about 12,000 injured?
(US Geological Survey 2012). The tsunami alone killed 124 people, many of
whom were camping on a low-lying island with no means of escape. Most
other fatalities were due to suffocation in collapsed buildings made of adobe
bricks formed with sand, clay, sticks and straw (Kovacs 2010; Vanholder et al.
2011). The earthquake was second most expensive on record, with economic
losses estimated at US$30 billion (Munich 2010), 14 % of Chile’s 2010 GDP.
The government identified 81,444 houses that were destroyed, and 108,914
that were severely damaged. However, despite almost 800,000 people being
displaced by the earthquake and tsunami (Hinrichs et al. 2011), only 70,000—
120,000 were in need of initial emergency shelter (Mellado 2010). Most
whose homes were ruined either remained on their property or with family or
friends. Food and water were shared amongst the population in Constitucion
before external support arrived (Hinrichs et al. 2011). Like in Haiti, hospitals
were severely damaged, but only one suffered structural damage, and all
maintained the capacity to provide basic services thanks to backup power and
water supplies. Other essential infrastructure that was damaged was restored
rapidly (Moehle et al. 2010). The impact on social order was also not as severe
as it was in Haiti. While sporadic arson and looting of supermarkets occurred
in Concepcién following the earthquake, it quickly subsided after the army
arrived to assist in law enforcement on the third day (Hinrichs et al. 2011).

The extent of recovery also differs markedly between the two countries.
Almost $10 billion in immediate and long-term recovery aid was pledged to
Haiti by nations and organizations (UN 2012). Three years later, about US$7.5
billion had been disbursed, yet reconstruction had barely begun (Schwartz
2013). As stated by the World Bank’s top regional official, the Haitian earth-
quake decimated the government’s operating capacity. It only managed to
establish its Interim Reconstruction Commission, responsible for coordinat-
ing recovery efforts, 5 months after the earthquake, and the decision to allo-
cate land for the relocation of displaced persons was still pending after 6
months (World Bank 2010). An estimated 358,000 remain displaced, mostly
living in large camps with inadequate sanitation and drinking water (IOM
2012). Between October 2010 and March 2012, a cholera outbreak killed
7,050 and sickened over 531,000, 5 % of the population (Sontag 2012).
Security also remains dire, particularly for women and girls for whom tents
and tarpaulin-covered shelters provide little protection against sexual vio-
lence (Doyle 2012).

3 Twenty-four were still considered missing as of May 2010.
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Box 4.2 (continued)

Chile received significantly less international support than Haiti, with an
estimated US$197.5 million in aid in 2010 (World Bank 2013). Yet its
response and recovery were much stronger. The Chilean government’s initial
response to the earthquake was criticized for being delayed (Moehle et al.
2010), its inadequacy blamed largely on an impending handover of govern-
ment 12 days after the event. However, relative to Haiti, the overall response
of the government was effective. The incoming president immediately formed
an Emergency Committee to oversee the nation’s response and recovery, and
assigned it three tasks: first, to ensure that everyone’s basic needs of food,
power, and sanitation were met within one month; second, to ensure that
everyone had shelter before winter (June 1); and third, to deal with housing,
debris removal, demolition, and restoration of basic services. The first two
targets were met (Kovacs 2010). The government provided food boxes to
those in need, utilizing a bulk distribution system that was established prior to
the earthquake to provide food for the poor. Where road access was blocked,
helicopters were used. The government also provided 65,000 temporary
wooden cabins, which the army and nongovernmental organizations helped to
manufacture, transport and assemble. The majority of individuals were
located next to the damaged or destroyed home. Others, mostly in tsunami-
affected areas, were built in temporary camps. Communal toilets and showers
were installed in the camps immediately, and electricity was provided within
months. For reconstruction efforts, the government offered grants and conces-
sional loans to those with destroyed or damaged homes (Hinrichs et al. 2011).
As of December 2012, 59 % of the 222,000 homes repairs or replacements
were complete, and 29 % were in progress (Manning 2012).

The PAR model provides a useful framework for understanding the underlying
forces that gave rise to the large disparities in vulnerability between Haiti and Chile.
The further back an explanation is along the “progression of vulnerability” the more
difficult it is to determine causality. Wisner et al. (2004) explained that root causes
are “distant” in one or more of the following respects: “spatially distant (arising in
a distant centre of economic or political power), temporally distant (in past history),
and finally, distant in the sense of being so profoundly bound up with cultural
assumptions, ideology, beliefs and social relations in the actual lived existence of
the people concerned that they are ‘invisible’ and ‘taken for granted’.” For example,
a spatially distant root cause of the vulnerability of Haiti to an earthquake in 2010
could have been the global trend of international trade liberalization. As former US
President Clinton argued, pressure on Haiti to reduce tariffs on food imports caused
a decline in its rice production in the 1990s (Katz 2010). A temporally distant root
cause may have been Haiti’s historically dysfunctional political system. In the last
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200 years, Haiti experienced 32 coups and a long period of oppression by dictators.
A root cause of the third variety may have been Haiti’s “restavek” system, in which
it is socially acceptable for impoverished families to send their children to work as
servants for more affluent households. The UN (2009b) has called this system a
modern form of slavery.

Dynamic pressures are the forces through which root causes give rise to unsafe
conditions. For example, in Haiti, global trade liberalization contributed to the
dynamic pressure of declining agricultural livelihoods due to competition from
cheaper imports. This decline caused Haiti to be highly susceptible to commodity
price spikes, such as the one that triggered food riots in Port-au-Prince in 2008. It
also led to the further dynamic pressure of increased rural-to-urban migration and
slum formation. The root cause of the restavek system created another dynamic
pressure in which numerous children were growing up as slaves of families in
slums, in many cases exposed to economic exploitation, sexual violence and corpo-
ral punishment (UN 2009b).

Haiti’s historically dysfunctional political system may have given rise to the
dynamic pressure of endemic corruption in its government. In 2009, Haiti ranked
168 out of 180 countries in Transparency International’s Corruption Perception
Index. Chile, on the other hand, ranked 25th (Transparency International 2009).
Corruption may have contributed to other dynamic pressures such as insufficient
investment in education and training in appropriate skills, and a lack of economic
productivity. In 2007, Haiti ranked 152 out of 181 countries in the UN’s Education
Index*; Chile placed 49th (UN 2009a). Likewise, where prior to the earthquake
72 % of Haiti’s population lived on under US$2 per day, 2.7 % of Chile’s population
lived under the same mark (UN 2009a). Inadequate skills, corruption and dysfunc-
tional government may also have prevented the development of other important
institutions, such as insurance programmes, and prevented the enforcement of oth-
ers, such as building codes. Haitian authorities had banned building with brick after
previous earthquakes in 1751, 1770, 1842 and 1946, and had mandated that new
buildings be constructed of wood. However, by 2010, despite research predicting
future seismic activity, it had had long since stopped enforcing even minimal build-
ing codes. Chile’s building codes, on the other hand, reflected present-day interna-
tional engineering knowledge regarding seismic safety (Kovacs 2010). They were
also widely adhered to, due largely to a law that requires building companies to
compensate those who suffer loss in the event of partial or complete destruction of
a faulty building (Hinrichs et al. 2011).

Unsafe conditions are the way in which the vulnerability of a population to a
specific hazard is expressed. In Haiti, the lack of enforced building codes manifest
in the unsafe condition in which most homes were constructed of heavy walls of
concrete blocks or of adobe bricks. They typically lacked a solid foundation or rein-
forcement and were highly susceptible to damage from shaking. In contrast, most

4The Education Index is calculated using the adult literacy rate and the primary, secondary, and
tertiary enrolment ratios of a country. It is one of three indices used by the UN to calculate the
Human Development Index. The other two are the GDP Index and the Life Expectancy Index.
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structures built in the previous four decades in Chile were wood frame or reinforced
masonry, and survived the shaking with little or no damage. In both countries, it was
the adobe buildings that experienced significant damage and their collapse caused
most of the injuries and fatalities (Kovacs 2010). Lack of insurance coverage pre-
sented another unsafe condition in Haiti. Of the estimated US$8.1 billion in eco-
nomic losses, only $150 million were insured (Munich 2010). The Government of
Haiti did hold an insurance policy with the Caribbean Catastrophe Risk Insurance
Facility (CCRIF), but only received a payout of $7.75 million due to its low cover-
age (Young 2010). In contrast, over a quarter of the economic losses in Chile,
approximately US$8 billion, were insured due to the high levels of insurance pene-
tration in the utilities, commercial and industrial sectors (Munich 2010). That being
said, while 95 % of households with mortgages in Chile were required to carry
seismic insurance, few without a mortgage did, and there was no cover available for
adobe buildings which made up the majority residential losses (Moehle et al. 2010).

Unsafe conditions include not only those that put life or property at risk. They
also include conditions that prevent people from reconstructing their livelihoods
following disaster (Wisner et al. 2004). For example, the half million people living
in the Port-au-Prince slum of Cité Soleil were known to be particularly vulnerable
prior to the earthquake due to a number of dynamic pressures. Social order was
particularly fragile due to years of rule by rival gangs. Moreover, an estimated 44 %
of all of the children living in Cité Soleil were restaveks, removed from the protec-
tion of their families (Pierre et al. 2009). While reportedly few of the slums, cinder-
block and corrugated steel shacks collapsed during the earthquake (Marlowe 2010),
this social group would have found it particularly difficult to (re)construct its liveli-
hood after the earthquake, and as a result will be more vulnerable to subsequent
hazard events. The tendency for sequential hazard events to cause an increase in a
system’s vulnerability was evident in Haiti’s slow recovery from four tropical
cyclones® that hit within the span of 30 days 2 years prior to the earthquake. These
storms contributed to a series of unsafe conditions at the time of the earthquake,
including social upheaval from the 793 dead, 310 missing, and 151,000 displaced;
economic turmoil from estimated damages in excess of US$1 billion (5 % of GDP);
and widespread malnutrition due to the spoil of 70 % of the nation’s crops (Masters
2008; USAID 2008).

The PAR framework highlights the need to think structurally about human vul-
nerability to natural hazards. It demonstrates that local vulnerability can have its
roots in macro-scale forces and historical factors. However, from an evolutionary
perspective, a complete understanding of vulnerability must also give weight to
agents’ abilities to both shape different vulnerability trajectories within current
structural environments and to alter structural environments through political pro-
cesses, social movements, etc. As explained by Gertler (2010) “[...] locally-
distinctive and evolving, multi-scalar institutional architectures interact with the
agency of individuals and organizations to help create particular evolutionary trajec-
tories over time [...].”

STropical Storm Fay, Hurricane Gustav, Hurricane Hanna and Hurricane Ike.
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4.2.3 An Evolutionary Perspective

Joseph Schumpeter (1942), a pioneer of evolutionary economic thought, argued that
agents’ actions are conditioned by structural factors, but the primary driver of eco-
nomic evolution is the innovative capacity of economic agents. His ideas were taken
up by Nelson and Winter’s (1982) seminal work, An Evolutionary Theory of
Economic Change, which argued that, rather than constantly re-evaluating their
actions to capture the greatest returns, firms and individuals tend to act according to
routines — a concept that aligns well with that of cognitive heuristics, described in
Sect. 4.2.1 on the behavioural paradigm. However, beyond these routines, agents
will aim to gain a competitive advantage through activities designed to “search” for
new, more efficient routines or technology, such as R&D or market analysis.
Adaptation occurs when a behavioural routine or technology that provides a com-
petitive advantage within local conditions is selected and retained. This process is
highly path dependent: “Through the joint action of search and selection, firms
evolve over time, with the condition of the industry in each period bearing the seeds
of its condition in the following period” (Nelson and Winter 1982).

As increasingly competitive features are selected and retained, adaptation is
thought to progress towards an optimal state in which no potential features exist that
are more competitive. However, at best, optima can only exist within local selection
environments and can only be temporary. Climatic, ecological or socio-economic
changes can lead to a different selection environment in which current routines and
technologies are less well adapted or even maladapted, resulting in an increase in
vulnerability (Barnett and O’Neill 2010; Rammel and van den Bergh 2003). Due to
the routinization, path dependency and structural conditioning of human activity,
human systems tend to exhibit a degree of inertia and are liable to get locked-in to
specific industrial, technological and institutional constellations. Adaptations that
limit flexibility in response to unforeseen changes in the selection environment, such
as large infrastructure investments, are particularly liable to lead to maladaptations.

Excessive specialization within current selective pressures reduces adaptive
capacity by reducing the range of options that a system could use to cope with future
pressures: “Evolutionary systems thus can be seen to express a sort of implicit
trade-off between realizing short term local optimal (like specific criteria of effi-
ciency) and maintaining evolutionary potential to achieve adaptability and stable
long-term development” (Rammel and van den Bergh 2003). This phenomenon is
particularly evident in the case of famine in the Sahel described in Box 4.1. The
traditional pastoral and agricultural society of the Sahel had adapted a highly spe-
cialized system of reciprocity to deal with the adverse ecological conditions of the
desert. However, when structural changes caused the selection environment to shift,
the pastoralists found their nomadic lifestyle to be maladapted to the new condi-
tions. Adaptive capacity is therefore a function of diversity. Just as genetic diversity
is essential in the process of biological evolution, diversity within economic, socio-
cultural, institutional and technological spheres is an essential condition in the
adaptation of human systems (Boyd and Richerson 1985; Matutinuvic 2002;
Rammel and van den Bergh 2003).
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Diversity in a system is also likely to increase its resilience, that is, its ability to
return to its pre-disturbed state after a shock without experiencing any fundamental
change. Linkages between biodiversity and the resilience of ecosystems have been
well documented (see, e.g. Tilman and Polasky 2005), as have linkages between agro
biodiversity and food security (Di Falco and Chavas 2009; Galluzzi et al. 2011).
Biodiversity spreads risk across a variety of species analogous to the way diversity
reduces risk in an investment portfolio. In this manner, biodiversity provides a
threshold against irreversible and potentially catastrophic environmental change.
Similarly, “diversity related to a wide range of activities, including agricultural
techniques, industrial production methods, means of communication, languages,
institutions, legislation and informal rules (culture)” is thought to increase the resil-
ience of human systems in the face of structural change (Rammel and van den
Bergh 2003). Diversity in a system can be retained, for example, through cultural
or ecological conservation measures. It can also be created through innovative
processes that add novelty to the system such as entrepreneurialism, academia,
R&D and technology transfer.

Central to adaptive capacity of human systems is the adaptive flexibility of insti-
tutions and governance structures in response to agents’ attempts to alter them. On
governance of ecological resources, Dietz et al. (2008) argued:

Devising effective governance systems is akin to a coevolutionary race. A set of rules
crafted to fit on set of sociological conditions can erode as social, economic, and techno-
logical developments increase the potential for human damage to ecosystems and even to
the biosphere itself. Furthermore, humans devise ways of evading governance rules. Thus,
successful commons governance requires that rules evolve.

Evidence suggests that adaptive governance requires a variety of institutional types
including markets, hierarchy and community self-governance (Dietz et al. 2008).
Importantly, institutional arrangements should be designed to be flexible and respon-
sive to changing conditions through mechanisms that ensure appropriate feedback of
information and the analytic deliberation of various informed stakeholders.

The following section will discuss the different methods that have been used to
identify vulnerable groups and assess vulnerability. Ultimately we argue that the
data necessary to assess vulnerability from an evolutionary perspective can only be
obtained through qualitative techniques.

4.3 Identifying Vulnerable Groups and Assessing Vulnerability

Various studies have attempted to assess human vulnerability to climate change
using methodologies that incorporate techniques from both the social and physical
sciences. These studies range from climate-impact assessments, which estimate the
potential impact that different climate scenarios would have on specific sectors and
scales, to vulnerability assessments, which incorporate progressively more non-
climate determinants of vulnerability to climate change, including adaptive capacity
(Fiissel and Klein 2006).
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4.3.1 Impact Assessment

Climate-impact assessments effectively impose projected future climate conditions
on models of present-day sensitivity to predict the impact of climate change on dif-
ferent sectors or spatial scales. Some consider the forecasted net cost, usually given
as a percentage of GDP, to be indicative of the respective system’s vulnerability
(Smit and Wandel 2006). For example, Nordhaus (1994), Fankhauser (1994), or Tol
(2002) used sector specific economic models to value the change in output associ-
ated with different climate scenarios. Tol (2009) explained how these climate-
impact assessments work:

For agricultural products, an example of a traded good or service, agronomy papers are
used to predict the effect of climate on crop yield, and then market prices or economic
models are used to value the change in output (...). For non-market goods and services,
such as health, other methods are needed (...). Thus, the monetization of nonmarket climate
change effects relies on ‘benefit transfer,” in which epidemiology papers are used to esti-
mate effects on health or the environment, and then economic values are applied from stud-
ies of the valuation of mortality risks in contexts other than climate change.

The costs from each sector are then added up and extrapolated to the regional or
global level. Beyond the inherent questions concerning the accuracy of climate
models, there are number of problems with the economic modelling portion of this
approach. These models implicitly factor in systems’ exposure and sensitivity to
climate change, but assume either that adaptation does not occur at all (the dumb
farmer trajectory in Fig. 4.2), or that perfect adaptation occurs (the clairvoyant
farmer trajectory): “(...) more recent studies (...) tend to assume agents have per-
fect foresight about climate change, and have the flexibility and appropriate incen-
tives to respond” (Tol 2009). Moreover, the extrapolation of economic values for
particular locations to the regional or global scale fails to account for location-
specific aspects of vulnerability and adaptive processes.

Another group of climate-impact assessments (such as Mendelsohn et al. 2000a, b;
Nordhaus 2006) measured observed variations in economic activity across space.
These studies assumed that variations across space were caused by differences in
climate, and that they will hold over time. They then estimated the impact that
projected changes in climate would have on economic activity, sometimes extrapo-
lating to other countries. Because these models are based on empirical observations,
they implicitly factor in a realistic level of adaptation. However, they fail to take into
account the variability of adaptive capacity over time. Most problematic, they “run
the risk that all differences between places are attributed to climate” (Tol 2009).

These large-scale impact assessments have been particularly useful in designing
mitigation policy. For example, they have been used to estimate the social cost of
carbon emissions. However, they offer little insight into the location-specific char-
acteristics and causes of vulnerability, or the processes of adaptation. More perti-
nent to this book, they fail to isolate vulnerabilities associated with specific aspects
of climate, like extreme events (Tol 2009). It would be inappropriate to use impact
assessments to design adaptation policy.
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Table 4.1 Characterizing adaptive capacity: the Sustainable Livelihoods framework (Krantz
2001; Wisner et al. 2004) and the Local Adaptive Capacity framework (Jones et al. 2010)

Sustainable Livelihoods framework Local Adaptive Capacity framework
Characteristic ~ Description Characteristic Description
Human capital ~ Skills, knowledge, good Asset base Tangible (natural, physical and
health and the ability financial) and intangible
to labour (human and social) capitals
Social capital Social relations, networks, Institutions and Equitability of access to key
social claims, affiliations, entitlements assets and the process
and associations through which institutions
evolve
Physical capital Infrastructure, technology and Knowledge and The system’s ability to collect,
equipment information analyse and disseminate
information
Financial Cash, credit, savings, and Innovation Degree to which the systems
capital other economic assets fosters and retains
innovations
Natural capital ~ Natural resources, land, water, Decision-making  Degree to which governance
fauna and flora and governance and decision-making

systems anticipate change
and respond accordingly

4.3.2 Vulnerability Assessment

Vulnerability assessment offers an alternative approach, one with a long history of
use in a variety of different contexts — food security, water security, livelihoods, natu-
ral disasters, etc. The approach is the inverse to that of impact assessment: “The
starting point for impact assessment is the stimulus (the specified climate, usually
average conditions from a climate change scenario); the starting point for vulnerabil-
ity assessment is the system (the community or region or sector)” (Smit and Pilifosova
2003). Importantly, unlike impact assessments, vulnerability assessments incorpo-
rate consideration of relevant non-climatic factors that affect the adaptive capacity of
the system. The goal is to obtain realistic results that fit somewhere around the
“typical” and “smart farmer” trajectories in Fig. 4.2 (Fiissel and Klein 20006).

To evaluate the adaptive capacity of human systems, vulnerability assessments
use a variety of empirical methods that range from relatively quantitative to highly
qualitative. Quantitative frameworks use surrogate indicators of adaptive capacity,
the value of which they obtain from open sourced data or measure using surveys
(see, e.g. Luers et al. 2003; Schroter et al. 2004; Yohe and Tol 2002). As outlined in
Table 4.1, some have adopted the five capitals of Sustainable Livelihoods approach
to poverty reduction as proxy indicators of adaptive capacity (see Hahn et al. 2009;
Osman-Elsha et al. 2005). Similar to the Human Development Index, the indicators
are often combined into a composite index that allows diverse variables to be inte-
grated. “Weighted averages” are sometimes used to adjust the degree of influence of
each indicator.
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Within a policy-driven assessment framework, measuring vulnerability through
the use quantitative indicators of vulnerability can enable more effective implemen-
tation and monitoring of progress, and can facilitate comparison across different
countries or regions (Luers et al. 2003). For this reason, The Hyogo Framework for
Action (HFA), the 10-year plan adopted by 168 UN Member States in 2005 to make
the world safer from natural hazards, calls for the development of “systems of indi-
cators of disaster risk and vulnerability at national and sub-national scales that will
enable decision-makers to assess the impact of disasters on social, economic and
environmental conditions and disseminate the results to decision-makers, the public
and populations at risk” (UN/ISDR 2005).

Systems of indicators based on capitals and assets are useful in identifying the
resources that a system can draw on to cope with extreme events and adapt to chang-
ing selection pressures. They can help to identify fragile livelihoods and unsafe
conditions, as outlined in the PAR model. However, as argued by Jones et al. (2010)
“(...) asset-oriented approaches typically mask the importance of processes and
functions in supporting adaptive capacity. Understanding adaptive capacity, there-
fore, entails recognizing the importance of various intangible processes: decision-
making and governance; the fostering of innovation, experimentation and
opportunity; and the structure of institutions and entitlements, for example.”
Adequate representation of local knowledge, experience and decision-making pro-
cesses is also a challenge in studies that aim to assess vulnerability using predeter-
mined variables.

Jones et al. (2010) developed the Local Adaptive Capacity (LAC) framework,
which characterizes adaptive capacity based on five elements: asset base; institu-
tions and entitlements; knowledge and information; innovation; and flexible
forward-looking decision-making and governance (see Table 4.1). The LAC frame-
work is an improvement over capital-based approaches in that it examines the pro-
cesses through which a system adapts, rather than just what it has that enables it to
adapt. Its focus on institutions, knowledge, innovation and flexibility in decision-
making and governance correspond with an evolutionary perspective on adaptive
capacity. Jones et al. (2010) posited that indicators could be developed for each
characteristic within the LAC framework. While such indicators would be useful in
monitoring and evaluation, we argue that to unearth the historical root causes of
vulnerability and the structural factors that shape evolutionary trajectories, rich
descriptive data is required that can only be captured through qualitative methods.

Qualitative approaches to vulnerability assessment place strong emphasis on the
local context — the local culture, history, social dynamics and institutions — and how
this context is shaped by forces at different scales (see, e.g. Pittman 2010; Pittman
et al. 2011; Pouliotte et al. 2009; Wandel et al. 2009; Young et al. 2010). It is not
presumed that predetermined variables shape sensitivity and adaptive capacity.
Instead, ethnographic methods, focus groups and semi-structured interviews are
used in which respondents reveal experienced or expected changes in exposure and
sensitivity, the diversity of coping and adaptive strategies that they have at their
disposal, and their decision-making process. During interviews and focus groups,
respondents tell of the non-climate considerations in their decision-making process,
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such as local class systems, resource management, food security and conflict.
Empirical methods are then supplemented by thorough examination third-party data
concerning the local history, ecology, economy, culture, politics, government poli-
cies and other institutions. In this manner, the stories behind the numbers emerge,
which often get lost in quantitative analyses, and a more accurate picture is painted
of how structure and agency interact to create local evolutionary trajectories. Box
4.3 describes an ongoing qualitative vulnerability assessment conducted by a team
that includes the authors of this chapter.

Box 4.3 Global Islands’ Vulnerability Research Adaptation
and Policy Development Project (GIVRAPD)

GIVRAPD is an ongoing research project on vulnerability and adaptation to
climate change in four island communities in the Caribbean (St Lucia and
Jamaica) and the Indian Ocean (Mauritius and Seychelles). Led by the not-for-
profit organization INTASAVE, the project aims to identify the multi-scale,
socio-cultural, economic, institutional and ecological factors that shape local
vulnerability and capacity to adapt to climate change and extreme events. The
project has four components. First, downscaled climate scenarios have been
developed for each nation to better understand each community’s changing
exposure to climate stimuli; and coastal mapping has been used to ground-truth
predicted sea level rise in each scenario. The second component, carried out
simultaneously with the first, involved a community-based vulnerability assess-
ment (CBVA) at each site, the methodology of which is described in detail
below. Third, focus group workshops and key informant interviews were used
to map the governance structures in each community and to diagnose barriers to
planned adaptation at national and community scales. Finally, a micro-insur-
ance component involved semi-structured interviews and workshops to assess
local demand for micro-insurance products and potential distribution channels.

The CBVA methodology, which formed part of the core work at each field
site, is elaborated in the work of Smit and Wandel (2006). Interviews with key
informants were carried out prior to each field study to determine the site-
specific topics that would be covered in addition to the general topics described
below. The field study comprised semi-structured interviews with community
members within or related to the tourism, fisheries and agricultural sectors. In
each case, local partners became part of the research team, with involvement
ranging from introducing the GIVRAPD team to the field site to actively par-
ticipating in interviews. Where English was not the respondent’s first language,
local interpreters joined the researchers. A snowball sampling methodology
was employed in which interviewed individuals were asked to suggest addi-
tional interview subjects. To ensure adequate representation of the population,
multiple “snowballs” were initiated, and interviews were carried out until

(continued)
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Box 4.3 (continued)

“saturation” was reached, that is, no new information was being revealed by
each additional interview. Between 120 and 180 interviews, distributed
approximately equally between the three sectors, were carried out at each site.

Semi-structured interviews were based on a flexible interview guide with
thematic topics, with researchers guiding the conversation and adjusting their
questions based on respondents’ situations. Each interview began with contex-
tual questions about the individual’s social and economic situation, followed by
open-ended questions designed to explore, not probe. General topics that were
covered at each field site included, among others, (1) changes that the respon-
dent has observed in their community, regarding culture, social dynamics, envi-
ronment and/or climate; (2) their livelihood strategies and the specific
challenges that they face; (3) the diversity of practices and technologies within
their occupation, how these have changed over the years, and whether these are
“good practice” in terms of quality, environment impacts, etc.; (4) interactions
that they have had with their governments and/or other community organiza-
tions; (5) their access to insurance, credit, and other sources of financial capital;
and (6) experiences that they have had with climate-related stimuli — including
both sudden shocks and slow onset stresses — and the diversity of coping strate-
gies that they have at their disposal to deal with those challenges. After the
open-ended phase, in which the discussion was led very much by the respon-
dent, the interviewer would probe into any specific topics that had not yet been
covered. Finally, the interviewer would ask the respondent about whether they
were aware of anticipated changes in the climate, how potential changes in
their exposure to climate-related stimuli might affect their livelihoods and com-
munities, and what coping strategies they might employ in different scenarios.

These lines of questioning were designed to satisfy the data needs of the
CBVA model outlined in Smit and Wandel (2006), as well as to lay the
groundwork for the insurance and governance portions of the GIVRAPD pro-
tocol. The interviews were transcribed and are currently being “coded”
according to the themes of exposure, sensitivity and adaptive capacity using
the software N'Vivo. This process allows the researchers to reflect on each
interview and adds to the rigour of their analysis. Findings are being triangu-
lated using a variety of third-party sources, including other studies, govern-
ment documents and historical records.

The results of the CBVA will be analyzed alongside the downscaled cli-
mate models to gain an understanding of the various factors influencing each
of the elements of vulnerability — exposure, sensitivity and adaptive capacity.
After combining these findings with those of the governance and micro-insurance
components, community-specific adaption options will be proposed.
The research team will then return to the communities to present their recom-
mendations and receive feedback during participatory regional workshops
with policy makers and representatives of community groups.
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4.4 Conclusion

When assessing a human system’s vulnerability to climate change, it is necessary to
evaluate its capacity to adapt to changing conditions. Through adaptation, human
systems can alter their ability to cope with changes in the frequency or intensity of
extreme events, as well as with slower onset climate-related stressors. From an evo-
lutionary perspective, adaptation is driven by the human agents’ innovation and
adoption of behaviours and technologies that are more suited to local conditions.
However, agents’ ability to adapt is structured by socio-economic, ecological and
historical factors. As illustrated in the cases of the 2010 earthquakes in Haiti and
Chile, these factors can vary significantly across space. The appropriate interven-
tions to reduce vulnerability will depend on the local context.

Vulnerability assessments can help determine which interventions are appropri-
ate in each context by, for example, identifying which geographic areas or particular
stakeholder groups are most in need of early warning or unearthing the underlying
root causes within the human system, such as class structures, that produce vulner-
ability. From an evolutionary perspective, vulnerability assessment must employ a
methodological framework that is capable of capturing agents’ decision-making
processes, as well as the place-specific historical and structural factors that con-
strain their adaptive capacity. The methodology must examine the diversity of adap-
tation options available to agents, and their ability to retain diversity or create new
diversity through innovative processes that add novelty to the system such as entre-
preneurialism, R&D and technology transfer; and it must evaluate the flexibility of
governance structures and other institutions in the face of changing conditions.

Numerous methods have been used to identify and assess vulnerability. These
have evolved from impact assessments that employ economic modelling to vulner-
ability assessments that involve quantitative and/or qualitative empirical techniques.
There are advantages and disadvantages to each approach. Quantitative indicators
of vulnerability can enable comparison across systems and more effective imple-
mentation and monitoring of progress. However, vulnerability assessments that rely
exclusively on economic modelling or quantitative indicators fail to fully capture
the root causes of vulnerability.

We argue that the descriptive data necessary to identify the locally specific pro-
cesses of adaptation, as well as the deep-rooted structural and historical factors that
constrain adaptive capacity, can only be unearthed through qualitative research
methods. GIVRAPD offers a methodological model for a qualitative CBVA. The
rich historical and descriptive data obtained by such qualitative vulnerability assess-
ments is critical in determining which vulnerability-reducing interventions are most
appropriate, and how they can be effectively implemented.
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Chapter 5
Early Warning Systems Defined

Ilan Kelman and Michael H. Glantz

Abstract This chapter defines and describes early warning systems (EWS) by
examining structures and functions of EWS. The focus of this book is on climate
change, but other hazards help to better illustrate and understand EWS in the con-
text of climate change. These include hazards which manifest rapidly, such as tsu-
namis, as well as creeping hazards which manifest slowly, such as drought. The
fundamental tenet is that each EWS needs to be viewed as a social process which
often involves technical components embedded in their social context. That leads to
a preference for a ‘First Mile’ approach for designing EWS, which involves com-
munities from the beginning of developing an EWS, rather than a ‘Last Mile’
approach, which adds people and communities towards the end of the design pro-
cess. By keeping people and communities at the centre of an EWS from the begin-
ning, the EWS can contribute to daily life and livelihoods, thereby supporting wider
disaster risk reduction and sustainable development endeavours, rather than being a
separate system waiting to be triggered only when a hazard appears. Yet any EWS
has limitations. Those limitations need to be recognised and overcome through
other approaches, with possibilities being to consider ‘medium warning’ and ‘late
warning’ systems rather than just early warning.
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5.1 WhatIs an EWS?

5.1.1 EWS in General

A universally accepted definition of an early warning system (EWS) does not exist
and probably never will exist.

Box 5.1 EWS Definitions—And Lack Thereof!

The United Nations International Strategy for Disaster Reduction (UNISDR
2012: online) defines an early warning system to be ‘The set of capacities
needed to generate and disseminate timely and meaningful warning informa-
tion to enable individuals, communities and organizations threatened by a
hazard to prepare and to act appropriately and in sufficient time to reduce the
possibility of harm or loss’. Interestingly, The United Nations Department of
Humanitarian Affairs (DHA 1992) defines ‘warning’ but neither ‘warning
system’ nor ‘early warning system’.

As implied by UNISDR’s (2012) definition, a fundamental part of an EWS
generally accepted by most disaster risk reduction (DRR) literature (e.g. Gruntfest
et al. 1978; Lewis 1999; Wisner et al. 2004, 2012) is that EWS is a social process
aiming to address the need to avoid harm due to hazards. The social process occurs
at a variety of spatial scales, from individuals in isolated villages without electricity
through to the global UN processes working with governments.

Emphasising the social process contrasts with technical views that an EWS com-
prises only the technical equipment detecting a hazard event and sending the hazard
parameters to authorities for decision-making. Instead, the ‘system’ of the EWS
needs to include the decision-making authorities and their decision-making pro-
cesses, along with many other social aspects before and after a hazard event occurs.

EWS as a social process embraces, rather than precludes, the technical aspect—
but the technical aspect is always placed in its social contexts. The technology might
be chains strung across a river which create noise when the river reaches a certain
height, alerting people. The technology might be the sophisticated international sys-
tems of seismographs and buoys telemetering real-time data of earthquakes and
tsunamis to monitoring stations.

The onset time of the hazard is one input into the level of technical expertise
required within an EWS, although some research suggests that too much lead time
can lead to potentially dangerous behaviour (Hoekstra et al. 2011). For instance,
tornado warnings generally give minutes of lead time for a warn-on-detection system
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or hours of lead time for a warn-on-forecast system. Hurricane warnings are on the
order of hours to weeks. Drought warnings are sometimes issued months in advance.

Yet an EWS does not start with a hazard manifesting. As Mileti et al. (1999,
pp. 174-175) wrote:

The most effective warning systems integrate the subsystems of detection of extreme events,
management of hazard information, and public response and also maintain relationships
between them through preparedness.

EWS as a social process means that it should be ongoing, engrained in the
day-to-day and decade-to-decade functioning of society—even while recognising
that this ideal is rarely met in practice. To understand the operationalisation of this
ideal for an EWS, the phrase itself needs to be broken down.

Box 5.2 EWS Questions

e How early is ‘early’, especially in relation to the timing of the warning
compared to the timing of the hazard—and of the vulnerability?

e What constitutes a ‘warning’—just the information about the hazard or
more?

e How is that warning triggered?

e What is meant by a ‘system’: formal, informal, quantitative, qualitative, or
anecdotal?

* With EWS engrained in a community, what else might it contribute to,
other than the strict EWS functions?

The answers to the questions in the box are contextual, varying amongst social
settings and also depending on the hazard or hazards to which an EWS is geared.
For example, the USA runs two official tsunami warning centres:

(1) The West Coast and Alaska Tsunami Warning Center based in Alaska which is
responsible for issuing tsunami warnings for most American and Canadian
coasts, but not including Hawai’i, the US Pacific territories, and Canada’s
Arctic.

(i1) The Pacific Tsunami Warning Center in Hawai’i which is responsible for issu-
ing tsunami warnings for much of the rest of the world, including the Pacific
and Indian Oceans.

These centres’ responsibilities include sending out messages regarding tsunamis
as soon as possible, usually within minutes, after a potentially tsunami-generating
earthquake. As such, ‘early’ means immediately after a hazard manifests while
‘warning’ means a message with quantitative hazard parameters that identifies
coastlines which might experience a tsunami.
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Other warning messages include specific actions which people should take due to
the hazard. For instance, when the Pacific Tsunami Warning Center provided tsunami
warning messages for Aceh, Indonesia, on 11 April 2012, the Indonesian authorities
translated the messages into the specific action of ‘evacuate the coastal areas now’.
Some EWS incorporate pre-hazard information on actions to be taken on an ongoing
basis. The Scottish Environment Protection Agency’s flood EWS includes ‘Be flood
aware’ and ‘Be flood prepared’ advice which is always valid, irrespective of the sta-
tus of flood alerts or flood warnings.

Differing views exist on how extensive EWS information should be. Should it
provide only basic information? Should it ensure that this information reaches all
target audiences, is understood correctly, and is acted upon appropriately and in a
timely fashion? In the case of Indonesia’s tsunami warning, issuing evacuation
notices for the coast might not be enough if people do not know evacuation routes,
how to evacuate, where to go, or what to bring with them. Those living several hun-
dred metres away from the shoreline could still be vulnerable to a tsunami, yet
might not consider themselves to be within a coastal area and therefore needing to
evacuate.

Cuba, under Fidel Castro, developed a comprehensive EWS for hurricanes, sav-
ing thousands of lives by making people aware of approaching hurricanes and
clearing people out of threatened locations, even at relatively short notice (Aguirre
2005; Thompson and Gaviria 2004). The authoritarian dictatorship permitted that
EWS to function, because the government was able to implement, without ques-
tion, what was needed to evacuate people—and the people tended to obey what
they were told to do.

That does not mean that a single agency should or could always be responsible
for all EWS-related activities (e.g. communication and action). Additionally, while
there may be an officially designated EWS, official EWS authorities for certain
hazard(s), or certain types of warning messages, there are many other routes and
groups—quasi-official, unofficial, and anecdotal—through which people receive
EWS-related information and advice. These routes function continually, not just
when a hazard manifests. Consequently, all those involved in an EWS should inter-
act and let each other know what is needed, continually rather than only after a
hazard, in order to avoid any misunderstandings or miscommunications. Such prob-
lems have indeed arisen throughout the history of EWS.

EWS garnered much attention in the 1970s and 1980s during the droughts and
famines in the West African Sahel and the Horn of Africa. In response, famine early
warning systems were created across the region as well as within donor countries
and international organisations. Holloway (2000) describes how a drought warning
system for southern Africa led to a coordinated regional response which prevented
a major drought from becoming a major drought disaster from 1991 to 1993. In this
case, the EWS functioned across tasks: providing hazard information, indicating
needed actions, and effecting those actions.
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Box 5.3 EWS in Ethiopia

Ethiopia has long suffered droughts and famines, but two in recent history
spurred the development of EWS. In 1973-1974, approximately 200,000
people died in Ethiopia compared to 1983—1985 which might have killed two
to five times as many people. Political pressure from the first disaster led to
the establishment of an Ethiopian government commission that tried to con-
solidate information from various government agencies into a warning system
regarding the country’s food situation. Inhibiting factors included poor infor-
mation, weak institutional collaboration, and unclear indicators for issuing a
warning (Metcalf et al. 1989). After the second disaster, the US government
created the Famine Early Warning System (FEWS) which even today focuses
mainly (although not exclusively) on Africa, in order ‘to provide timely and
rigorous early warning and vulnerability information on emerging and evolv-
ing food security issues’ (http://www.fews.net/ml/en/info/Pages/default.
aspx?l=en).

As technology has evolved, EWS have evolved. Remote areas could originally
be reached immediately only via radio or satellite phone. Now, mobile phone cover-
age permits text messages—or even audio or video files with warnings, especially
to target populations with less literacy—to reach large swathes of the Earth’s land.
New products are being developed which automatically identify any mobile phones
in a location and send a geographic-specific warning to those within a certain
boundary. The importance of these developments needs to be balanced with the
challenges for those who cannot afford mobile phones, those in areas without cover-
age, and areas where infrastructure maintenance is not reliable. Technological
developments are important for EWS, but the latest technology cannot be assumed
to be omnipresent, reliable, accessible, or affordable. As stated above, the technical
aspect of EWS should always be placed in its social contexts.

When examining the structure and function of an EWS, further discussion is
required regarding both the hazard and vulnerability factors. One hazard factor is
the frequency of the hazards about which the EWS warns. A misunderstanding
about EWS is that they exist to be activated only when a hazard manifests. According
to this myth, the EWS is not needed during periods without the hazard; EWS have
nothing that they should or could be doing. The reality is that the EWS should
remain an active part of the community at all times. It can be used to educate people
about hazards and vulnerabilities, for training about disaster risk reduction and
disaster response, to run drills, to gather baseline data, and to further map and update
a community’s hazards, vulnerabilities, and risks. That is part of the social process
of EWS. Similarly, those involved in operating an EWS can approach the media and
other sectors of society to enquire how to make the system more effective, what
people's changing needs are, and how to keep the EWS as part of the community
consciousness, irrespective of hazard frequency.


http://www.fews.net/ml/en/info/Pages/default.aspx?l=en
http://www.fews.net/ml/en/info/Pages/default.aspx?l=en
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One component of that awareness, continual functioning, and embedding in its
social contexts, is that any EWS must serve multiple audiences. That is important
for vulnerability, because groups of people have different forms and degrees of
vulnerabilities and capacities. All communities have different groups with different
interests, meaning that no homogeneity amongst needs or knowledge can be
assumed in any community (Walmsley 2006). Ensuring that an EWS serves all sec-
tors of a community can be challenging, considering different ages, different gen-
ders (male, female, and non-traditional gender identities), people with mental and
physical disabilities, prisoners, homeless, and representatives of all religious, eth-
nic, caste, and cultural groups. People speak many languages and dialects. Visitors
to a community, such as tourists and businesspeople, might not speak any of the
local languages.

5.1.2 EWS for Creeping Hazards Including Climate Change

Because EWS must focus on vulnerabilities and be used in vulnerability reduction,
as part of the day-to-day lives of the people which it serves, EWS can function for
long-term, slow-onset hazards in addition to the quickly manifesting ones such as
earthquakes and tornadoes. Long-term hazards which can change baselines and
indicate trends are referred to as ‘creeping changes’. In addition to climate change,
CEPs include soil degradation and drawdown of water supplies. These changes all
occur with small steps, yet cumulate into major problems, which are often only
recognised as being problematic once a specific threshold is crossed without know-
ing (Glantz 1994a, b).

Climate change is one creeping change. Thresholds which climate change
appears to be heading towards include an ice-free Arctic Ocean in the summer, the
melting of permafrost, the contamination of atoll water supplies with saltwater due
to sea-level rise, and large-scale deaths of coral reefs. Other potential thresholds are
Antarctic or Greenland ice sheet collapses and the inundation of low-lying areas of
megacities such as London, New York, and Djakarta.

How do EWS function for creeping hazards such as climate change? There are
two main ways that traditional EWS could be applied, leading to a wider discussion
of what an EWS ought to be rather than what it has been traditionally.

First, climate change is not necessarily a hazard per se, but it significantly influ-
ences other hazards. Some hazards might become easier to deal with, while others
might become harder to deal with—or parameters might change in different ways.
For instance, Knutson et al. (2010) describe how climate change is likely to decrease
the frequency of Atlantic hurricanes while increasing the severity of hurricanes
which do form. Rainfall is expected to increase in volume and intensity in northern
Scandinavia, leading to worse floods, but less snowfall due to warmer temperatures
could lead to fewer blizzards—unless cold extremes increase even while the aver-
age temperature increases. The changes which climate change can bring to hazards
are complex!
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Since climate change is more of a hazard influencer than a hazard, does that
mean that an EWS for climate change in general might not be relevant? Instead,
would it be better to create, EWS for different hazards, each of which factors in
changes to their respective hazards due to climate change as well as due to other
factors? These questions lead to the second point.

Climate change might not be a hazard itself, yet the process could still be warned
about, partly to tackle the causes and partly to deal with the consequences. As such,
the Intergovernmental Panel on Climate Change (IPCC) might serve as a warning
system for climate change by assessing and synthesising climate change science
and indicating actions that are needed based on the science.

The difficulty with these two points on climate change EWS is that they both
focus on hazards without fully accounting for vulnerability. The previous section
highlighted the importance of using EWS for vulnerability reduction, rather than
expecting EWS to apply to hazards only. If EWS for climate change and other
creeping and non-creeping hazards were created in such a way that they tackled all
vulnerability and contributed to day-to-day development, then by definition, all haz-
ards and hazard generators would be encompassed.

As such, there is no need to separate climate change from other hazards and
hazard generators, or to deal with climate change in its own domain, silo, or disci-
pline. Instead, climate change is one aspect of all the potential hazards faced, and
dealing with climate change (climate change adaptation) becomes enfolded within
DRR. After all, DRR by the definition given earlier includes all climate change
adaptation activities. Yet DRR itself cannot be isolated and is part of development-
related endeavours, bringing the discussion full circle that EWS need to include
potential climate change impacts—but only to ensure that dealing with climate
change is part of the ongoing community EWS social processes.

An EWS for climate change or climate change-related changes therefore will not
look much different from what most EWS should look like. It will look different
from the form of most EWS today, because an EWS involving climate change is a
social process integrating technical monitoring and information into it. The EWS
will include education and exchange, for example, so that people living on perma-
frost are warned about the potential melting over the next decades and prepare their
communities for it. The EWS will include adaptation to new hazard regimes, so that
atoll communities are warned about potential changes to their freshwater supplies,
coral reefs, and coastlines. They can then begin to act now to shape their communi-
ties in such a way that they will not experience disasters, whether or not the projec-
tions for climate change lead to projected thresholds—or even if climate change
leads to worse thresholds being crossed. It might be that communities decide to
relocate, such as Newtok in Alaska and the Carteret Islands in Papua New Guinea
are doing at the moment. It might be that communities decide to invest in desalina-
tion plants that they can maintain and repair themselves. It might be that communi-
ties take the risk of a major catastrophe, such as a drought or coral reefs dying, and
accept the lethal consequences if one strikes.

The key is that, in theory, an EWS for creeping changes gives more time to plan
a response and to integrate that response into day-to-day life and longer-term
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development. That lesson needs to be transferred to EWS for sudden-onset hazards
to move away from traditional approaches focusing on only the immediate hazard
and emergency response into EWS which incorporate training, community building,
baseline data collection, and livelihood support over the long term—irrespective of
the time scale of any given hazard. If that were achieved for sudden-onset hazards,
then lessons can be transferred back to the creeping hazards to try to reduce the
impacts of the creeping hazards long before the thresholds are crossed.

Given that EWS must effectively serve multiple audiences in multiple ways, cov-
ering different time scales, what approaches can be used to achieve that?

5.2 Approaches for EWS

5.2.1 Characteristics

Box 5.4 The Fundamental Tenet of an EWS

A fundamental tenet suggested for EWS is that the information that it provides,
either in the context of a hazard manifesting or long before that, should
address the five Ws and one H: what, when, where, who, why, and how:

e What is happening with respect to the hazard(s) and vulnerability/vulner-
abilities of concern?

*  When are impacts likely?

e Where are the locations at risk?

e Who is at risk?

* Why is this a threat, i.e. why are there vulnerabilities?

* How can the EWS be effective—not just for the specific hazard manifest-
ing, but also as a long-term social process?

Each question within the fundamental tenet of an EWS is difficult to answer for any
given context. Answering them collectively and completely is unlikely to be feasi-
ble for any specific EWS. Nonetheless, it is possible to move forward with concep-
tualising and designing an EWS, recognising the information that ought to be
available ideally, even if some of the answers are fuzzy in reality. Consequently,
from an operational perspective, characteristics of an EWS converge on the follow-
ing (e.g. Gruntfest et al. 1978; Gruntfest and Ripps 2000; Lewis 1999; Mileti et al.
1999; Wisner et al. 2004, 2012):

Continuity: An EWS must operate continually, even though the hazard of concern
may occur only intermittently or rarely. With EWS as a social process embedded
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in the community, and with vulnerabilities ever-present, an EWS cannot exist
intermittently or rarely to be visible only when a hazard manifests. Bangladesh’s
cyclone warning and shelter system provides an example. Haque and Blair (1992)
describe how Bangladeshis were often reluctant to evacuate to flood shelters, not
because they disbelieved the warnings, but because they feared that their property
left behind would be looted, while also being concerned that they would need to
pay rent in order to use the shelters. Now, Bangladesh’s cyclone warning and shel-
ter system incorporates day-to-day aspects of life (Akhand 2003): Disaster aware-
ness education is included as part of the EWS, plus some of the shelters are in
schools, colleges, offices, and community centres, so that people are familiar with
these locations and do not see the shelters as being strange or frightening.

Timeliness: For a warning to be useful, information must provide enough usable
lead time for those at risk to decide whether and how to react. This characteristic
varies from hazard to hazard and from vulnerability to vulnerability. For tornadoes,
minutes are needed to reach a shelter—longer if the whereabouts of shelters are not
known, if no formal shelters are nearby, or if people have limited mobility. Many
tornado shelters—particularly informal shelters such as ditches—are not particu-
larly hospitable (so people might not want to stay in them for very long) nor are they
easy to reach for people with limited mobility. For hurricanes on a trajectory towards
major cities, evacuation can take a few days, which is usually how much lead time
can be provided with a fair degree of certainty. That does not preclude last-minute
trajectory changes which frequently occur. On the vulnerability side, it is often
harder for less affluent people to evacuate because they do not have access to private
transportation.

For the El Nifio Southern Oscillation (ENSO) phenomenon, forecasts with rea-
sonable confidence can sometimes be made months ahead of time, giving people a
chance to change the location or type of crops that they plant, the water that they
store, and the ploughing techniques that they use. Recent migrants, forced or volun-
tarily, might be less able to use such information because they have not lived in the
location long enough to know how to adjust their activities in response to the warn-
ing. Climate change has given humanity decades of lead time and there are clear
directions which could be taken, and which some groups are taking, with respect to
reacting to that warning.

Not all hazards give a lead time commensurate with the action time. Flash floods
in mountainous regions might have 2-20 min of lead time following a localised
cloudburst, giving little time to climb to higher ground—even less opportunity if
you have difficulty climbing. On 17 July 1998, several minutes after an offshore
earthquake, a large tsunami inundated parts of coastal Papua New Guinea which
lacked tall buildings or higher ground. Even if a tsunami warning had been issued
instantaneously following the earthquake, there would not have been sufficient lead
time for people to reach higher ground. Over 1,500 people died.
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Box 5.5 Key Elements of an EWS

e Transparency

* Integration

* Human capacity
* Flexibility

» Continuity

» Catalysts/patterns
* Timeliness

Transparency: The process of early warning, and what is and what is not provided,
needs to be explicit and entirely open to media and public scrutiny. It is an open
question whether or not transparency means that all information is provided to
everyone at all times. Providing the general public with raw, unprocessed data with-
out appropriate interpretation or guidance can lead to confusion, misperceptions,
and misapprehensions. While panic is rare, taking the wrong action, however,
rationalised, can be lethal. On the other hand, withholding information can also lead
to confusion, misperceptions, and misapprehensions.

The warnings and responses to the Severe Acute Respiratory Syndrome (SARS)
outbreaks in Hong Kong and Toronto in 2003 demonstrate the problems that can
result with both too little and too much information (Naylor et al. 2004). Information
about a disease outbreak in southern China did not reach the Hong Kong authorities
until a few months after authorities in China were informed. Too little and delayed
information hampered an adequate response, promoting the spread of the virus. In
contrast, in Toronto, lack of coordination of health-care providers meant lack of
coordination of information with those responding duplicating efforts to obtain,
record, analyse, and respond to information regarding cases and the virus. Certainly,
transparency means that those with EWS-relevant information need to be prepared
to provide a record of the information that they had and when they had it, in order
to seek constructive feedback for continual improvement, rather than a blame game
and punishment (e.g. Anderson 1969).

Integration: An EWS must be integrated into communities and society, so that it
contributes to, rather than interferes with or is separate from, day-to-day life. EWS
as a social process needs to be viewed as a subsystem within larger social and cul-
tural (including economic and political) contexts.

Human capacity: Appropriate staffing is mandatory for all EWS, with the expertise
of the personnel commensurate with the vulnerability/vulnerabilities and hazard(s)
of concern.

Flexibility: An EWS needs flexibility to expand its activities to other vulnerabilities
and other hazards, as and when needed.
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Catalysts/Patterns: There is a need for a defined ‘triggering’ mechanism or regular
pattern for sending out information. A trigger could be anything from a quantitative
indicator to an anecdotal comment. A regular pattern needs to be frequent enough to
keep people engaged and familiar with the messages, but not so frequent so that
people get irritated or ignore the large volume of messages. The information sent
out is not necessarily only about a specific vulnerability or hazard. It could also be
a reassuring message that ‘no hazard is imminent’ or ‘vulnerability has been
reduced’. ‘All clear’ or ‘improvements have happened’ messages are indeed impor-
tant components of EWS and they, too, need defined triggering mechanisms or
regular patterns. For a hazard example, when Mount Pinatubo in the Philippines
was ramping up to a major eruption in 1991, different warning alert levels were
developed and issued. After a higher alert level was decided, the EWS forbade the
alert level to drop lower until a mandatory waiting period had elapsed of 72 h (from
Alert Level 3 to Alert Level 2) or 1 week (from Alert Level 4 to Alert Level 3)
(Punongbayan et al. 1996; this alert level system has now been entirely revised).
Since explosive volcanoes can often quieten down for a short time before a massive
explosion, that delay helped to avoid complacency.

One challenge which every EWS needs to address explicitly is how to define
success. From a hazard perspective, so-called near misses (such as when a warning
was not issued, but it was nearly needed) and false alarms (such as when a warning
was issued, but it was apparently not needed) should be defined for the EWS and
described as part of the EWS’ performance metrics. Yet it is not clear that either near
misses or false alarms indicate failure (Handmer 2000).

Barnes et al. (2007) argue that, for US tornadoes, the way in which ‘false alarms’
are measured and recorded does not do justice to forecasting accuracy and ability,
thereby obscuring instances where people did need to take action even without a
tornado touchdown nearby. They also suggest that so-called false alarms for torna-
does in the USA do not make people less likely to respond to tornado warnings in
the future; that is, their evidence is that the ‘Crying Wolf” syndrome is not usually a
concern. In contrast, Simmons and Sutter (2009) found that a higher, recent false
alarm rate for tornadoes in the USA significantly increases casualties from torna-
does in that area, suggesting that so-called false alarms for tornadoes do make peo-
ple less inclined to react to subsequent warnings. The discrepancy could be a result
of people’s expectations in terms of an EWS’ structure and function not being com-
municated properly, leading to expectations which cannot be fully met. As such, no
specific or universal answers can be given regarding what ‘failure’ means for
an EWS.

Similarly, metrics for ‘success’ can be defined only for each specific context.
During the 2004 Indian Ocean tsunami, the Pacific Tsunami Warning Center filled
its mandate admirably and without flaw, issuing international warnings for a major
tsunami within minutes of the earthquake and using all available channels to dis-
seminate the message. Yet places such as Thailand and Sri Lanka did not evacuate
coastal areas despite having hours of warning lead time before the tsunami struck.
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The reasons are complicated, but focus on the fact that, long before the earthquake
and tsunami, an international tsunami warning system had been assumed to stop and
to be successful with the issuing of information to authorities soon after an earth-
quake, so the Pacific Tsunami Warning Center had no mandate, resources, assis-
tance, support, or expertise to go further (Kelman 2006). Realising the horrendous
danger, the staff nonetheless tried desperately to improvise, but as one example
indicating why the message did not get through, phones were not answered due to
the holiday season. As such, the Pacific Tsunami Warning Center had a huge suc-
cess, but the EWS system overall—which goes far beyond the Pacific Tsunami
Warning Center and the authorities with whom they communicate—undoubtedly
failed miserably, leading to a horrendous death toll.

The consequent lessons are the standard ethos that EWS are much more than
issuing information on the hazard and that the full EWS cannot start after the hazard
has manifested. As Maskrey (1997, p. F-22) writes, ‘Early warning systems are only
as good as their weakest link. They can, and frequently do, fail for a number of
reasons.’

5.2.2 Miles and Centredness

Many ways of enacting an EWS are discussed. A popular plea is for “The Last
Mile’. The Last Mile of EWS suggests that plenty of relevant material exists for, and
plenty of efforts are put into implementing, an EWS, but a chasm nonetheless exists
in getting the information to the people who need it when they need it, in order to
produce appropriate responses. The argument is that this identified gap ought to be
filled by closing The Last Mile between the knowledge’s origin and the places and
people where EWS knowledge needs to reach.

There are two flaws with The Last Mile’s approach. First, it assumes that all
relevant EWS knowledge is external to communities, despite extensive documenta-
tion on the necessity of incorporating local knowledge into EWS without relying
exclusively on local knowledge (e.g. Gruntfest and Ripps 2000; Wisner 1995).
Second, The Last Mile implies that the people who need the EWS are the last to be
involved, simply by being an add-on to a system constructed according to external
specifications. Instead, the people who are affected by hazards, who have the vul-
nerabilities, and who are served by the EWS should be involved as the central
component and should be involved from the beginning of the EWS design and
operation. This approach is termed ‘The First Mile’ (e.g. Loster 2012). The key is
that the people who need EWS information can assist in providing that information
and they should be involved as the first, not last, step of setting up and operational-
ising an EWS.

In that respect, The First Mile differs substantively from The Last Mile due to the
different process of creating the EWS from the beginning. That holds true even if
the technical, operational, and management approaches of the First Mile EWS and
The Last Mile EWS have significant similarities and overlaps. The difference is
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Table 5.1 EWS elements according to the UN (UN 2006, p. 2)

Risk knowledge Monitoring and warning service

Systematically collect data and undertake risk ~ Develop hazard monitoring and early warning

assessments services
e Are the hazards and the vulnerabilities ¢ Are the right parameters being monitored?
well known?
*  What are the patterns and trends in these » Is there a sound scientific basis for making
factors? forecasts?
* Are risk maps and data widely e Can accurate and timely warnings be
available? generated?
Dissemination and communication Response capability
Communicate risk information and early Build national and community response
warnings capabilities
* Do warnings reach all of those at risk? ¢ Are response plans up-to-date and tested?
* Are the risks and the warnings ¢ Are local capacities and knowledge
understood? made use of?
¢ Is the warning information clear and * Are people prepared and ready to react to
useable? warnings?

support from the people using and affected by the EWS, in that an EWS in which
people were involved from the beginning is much more likely to be accepted and
successful than a system imposed on people from the outside.

That leads directly to the conceptualisation of ‘People-Centred Warning Systems’
(Basher 2006). Basher (2006, p. 2170) describes four inter-related and interacting
elements of an EWS to ensure that people are at the centre of it from the beginning,
rather than being an afterthought at the end:

» ‘Risk knowledge: knowledge of the relevant hazards, and of the vulnerabilities
of people and society to these hazards’.

* ‘Monitoring and warning service: a technical capacity to monitor hazard precur-
sors, to forecast the hazard evolution, and to issue warnings’.

* ‘Dissemination and communication: the dissemination of understandable warn-
ings, and prior preparedness information, to those at risk’.

* ‘Response capability: knowledge, plans and capacities for timely and appropri-
ate action by authorities and those at risk.” (Table 5.1)

This description certainly puts forward numerous buzzwords without clearly
indicating what they mean in practice, but some solid and needed elements emerge.
First, the recognition that understanding vulnerabilities as well as hazards is impor-
tant for EWS. Second, the importance of understandable communication, namely
on the people’s own terms. Third, the ability to respond appropriately to information
given, which can only be developed by having an EWS incorporate training, educa-
tion, and awareness as a continual process, not just once or after a hazard manifests.
One element, foreseeability, could be highlighted further so that it becomes an integral
component of ensuring that an EWS helps disaster risk reduction and vulnerability
reduction in addition to disaster response.
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5.2.3 Foreseeability

In the context of law, Gifis (1991, pp. 195-196) writes ‘Foreseeability encom-
passes not only that which the defendant foresaw, but that which the defendant
ought to have foreseen’. The notion of foreseeability is often interpreted as a
qualitative expression of probability, in order to determine accountability or fault
when someone has been injured or killed or when property has been damaged.
That clearly applies to disasters as well, meaning that foreseeability is relevant
for EWS.

If it is reasonable to expect that there are likely to be adverse consequences
from people’s vulnerability when a hazard manifests, and no steps are taken to
minimize those impacts or to reduce the vulnerability, then do those with the
power to act beforehand have responsibility for the resulting disaster? The case
study from Holloway (2000) of the impending drought in southern Africa from
1991 to 1993 is instructive. The famine consequences of the drought were foresee-
able and were part of the warning. Those with the power to act did so, averting a
catastrophe.

In contrast, similar foreseeability took place in mid-2002 leading to warnings
that famine was a strong possibility for Zimbabwe. Previous years of political
changes in land use, linked to and part of dictatorial and corrupt governance from
Zimbabwe’s then-President, Robert Mugabe, had already set the stage. The overall
indication was that food production was expected to decline across the country.
Then, came a forecast for the onset of El Nifio later that year which would likely
lead to a drought across southern Africa, starting in the growing season and continu-
ing into 2003. Due to the EWS in place, which had long been part of southern
Africa’s food security, a strong possibility of severe food shortages in Zimbabwe, as
well as in other countries across the region which depended on Zimbabwe’s food
exports, was foreseen.

Despite the foreseeability and warnings, Mugabe and his government did little to
avert the crisis (see background and details in Howard-Hassmann 2010). By October
2003, 50 % of Zimbabwe’s population was unable to meet its food needs. The food
shortages continued for several years afterwards, particularly as Mugabe continued
to interfere with farming, food distribution, and humanitarian aid. The EWS was
close to an embedded social process, could do its job (see Holloway 2000), and did
its job. But even understanding what the situation would entail, the leaders in power
in Zimbabwe chose not to avert the foreseeable and preventable disaster. It is an
open question regarding success or failure.

The key question for foreseeability and EWS is how to get those with the power
to act on qualitative expressions of probability to actually act appropriately. Using
EWS to identify and act on foreseeable hazards will also better connect EWS to
wider DRR and development activities, including dealing with climate change.
With climate change, though, we are again seeing those with the power to act on
qualitative expressions of probability failing to act.
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5.3 EWS for DRR and Sustainable Development

Concerted, long-term effort is needed to ensure that EWS not only address known,
perhaps imminent threats, but also are available to address unusual hazard occurrences
and to contribute to vulnerability reduction—continually. From the beginning, EWS
should be planned as integrated components of communities, rather than as top-
down and external impositions relying on technology which is divorced from a
community’s day-to-day activities and needs. In particular, the EWS should be
made relevant to daily livelihoods and needs, while recognising how different sec-
tors within a community communicate and trust, or do not trust, certain information
types from certain sources. That can be done by including education, awareness,
and continual data collection within an EWS so that it becomes familiar to and
accepted by the community.

Sometimes, the EWS is embedded directly in knowledge indigenous to a com-
munity, as shown by an example from Gaillard et al. (2008). Simeulue is an island
off the west coast of Aceh, Indonesia, which was the worst-hit location during the 26
December 2004 earthquake and Indian Ocean tsunami. Simeulue’s indigenous peo-
ple had experienced a devastating tsunami on 4 January 1907, resulting in stories
being passed down of what to do when the earth shakes as well the coining of a new
word Smong which refers to three stages. The first stage is ground shaking, as hap-
pens during a strong, nearby earthquake. Then, the sea would quickly draw back
from the shoreline as the second stage. The third stage is that a powerful, large wave
would strike, inundating the coastline. Consequently, Simeulue’s indigenous people
know that following ground shaking, particularly if the sea recedes, they need to seek
higher ground. They did so on 26 December 2004, resulting in only a handful of
casualties on the island, mainly due to the earthquake. Smong, the new word and the
knowledge embedded in the community leading to appropriate action, is the EWS.

Naturally, any EWS has limits. Regarding Smong, not all tsunamis result in the
sea retreating before the waves strike. As well, sea behaviour might not be visible at
night. Nonetheless, Simeulue represents an indigenous and embedded EWS, with
the system needing nothing more than collective, credible, community knowledge.

Box 5.6 An Indigenous EWS

Mercer and Kelman (2010) describe an indigenous warning system for Baliau
community on Papua New Guinea’s Manam Island. The villagers know that
the volcano is active and they monitor it by virtue of living beside it. As with
most people in PNG, they have strong oral traditions and they have passed
down through generations many stories relating the meanings and interpreta-
tions of the volcano’s behaviour. In 2004, the volcano erupted necessitating an
evacuation. Baliau villagers state that they knew that the eruption would hap-
pen due to (Mercer and Kelman 2010, p. 417):

warning signs including blue smoke rings, grass dying around the top of the volcano,
a continuous low tide and a very hot dry season.
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Even in places with full access to and use of the latest technology, from real-
time satellite monitoring to Internet-connected handheld electronic devices, people
use many information sources to create their own warning information and action
contexts and decisions. Rumours from neighbours and relatives can be trusted
more than official bulletins. For instance, experience from Australian floods indi-
cates the high percentage of people receiving warnings through informal sources
(Handmer 2000). Similarly, people might accept and trust warning-related infor-
mation, but be unwilling to act on it for sensible reasons, as described earlier for
Bangladesh. As also described earlier, Bangladesh is nonetheless improving in
connecting cyclone warning and response systems to day-to-day life. Similarly,
Wisner et al. (2004) explain how some Central American locations could connect
water management improvement with a flood EWS, embedding the EWS in the
community’s daily life.

Such operational suggestions for EWS as a social process provide the basis for
pursuing the long-term warning system process, integrating EWS and sustainability
endeavours, so that EWS become part of, and continually serve, the community,
rather than systems waiting to be triggered externally only when a hazard
manifests.

In fact, it is important to go beyond people-centredness for EWS in order to
include community-centredness. That is not to say that the community always rep-
resents every individual. As per the discussion earlier, all communities are hetero-
geneous. Instead, the point is to recognise that the EWS processes operate at
multiple time and space scales and that individuals are rarely separable from their
community contexts, even when they are marginalised within that community.

5.4 Conclusion

All EWSs seem to work perfectly on paper and in presentations, where the ideal
situation (what ought to be) can be assumed without problem. Reality proves differ-
ent, as many factors chip away at the ideal formulation and execution of an EWS.
Aside from the social, including political, barriers interfering with successful EWS
and creating vulnerabilities, such as for Zimbabwe, the nature of some hazards
makes full EWS implementation challenging. The 1998 tsunami in Papua New
Guinea suggests that perhaps the only feasible EWS solution is to not live along
coastlines where the earthquake-to-inundation time is less than the time required to
reach a safe location. If that solution were implemented, then it would devastate the
livelihoods and cultures of many coastal and island peoples.

An example of how thoroughly an EWS can become mired in politics is the 6
April 2009 L’ Aquila earthquake in Italy which killed over 300 people. Six Italian
scientists and an Italian civil servant were tried for manslaughter for the warning
information that they disseminated just prior to the main shock. They were con-
victed in October 2012, although appeals are likely. Much of the media reported the
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story as finding the defendants guilty for failing to predict and warn about the specific
timing and location of the earthquake, a task which is currently impossible.
Alexander (2013, p. 9) provides a different view, stating that:

Science and scientists were not on trial. The hypothesis of culpability being tested in the
courts referred to the failure to adopt a precautionary approach in the face of clear indica-
tions of impending seismic impact, not failure to predict an earthquake, and this is amply
documented in official records.

As further described in Alexander (2010), the EWS failed leading to the trial, but
not because of technical faults in the EWS. It failed because of the social process in
which those disseminating warnings and information, who later became the defen-
dants, allegedly communicated poor advice based on the hazard information avail-
able, thereby exacerbating people’s vulnerability.

Parallels are seen for slower moving, creeping hazards, such as climate change.
Society’s multiple EWSs have given clear technical information for climate change,
warning of the foreseeable consequences if no action is taken. The needed actions
based on these warnings about climate change are well known and well understood,
yet they are not being fully enacted. The problems encountered in dealing with the
hazard of climate change are social, not technical.

Where society chooses not to follow the warnings from an EWS, despite foresee-
able consequences, do other mechanisms exist which might spur action? The les-
sons from creeping hazards are poignant in that society often displays little interest
in addressing creeping hazards until a threshold has been crossed yielding a crisis
(Glantz 1994a, b). In the same way that increased lead time for tornado warning in
the USA might be counterproductive for saving lives (Hoekstra et al. 2011), too
much lead time for climate change might be discouraging action.

Consequently, a useful notion to explore is different time scales for warnings in
order to consider medium warning systems and late warning systems. That does not
preclude EWS, but instead indicates that different time scales of warning in combi-
nation might contribute towards the social process of appropriate action. The key is
not to rely on medium warning or late warning. Otherwise, it might be impossible
to take the action needed, as with the 1998 tsunami in Papua New Guinea. Instead,
it is about embedding warning systems within society and using different mecha-
nisms, approaches, and information in parallel to support the pursuit of needed
actions.

Overall, the main challenge is to focus on an EWS as a social process, overcom-
ing the entrenched view of EWS being mainly technical with those outside a com-
munity handing ‘expert’ information to those in a community. In that sense, the
notion of an ‘end-to-end EWS’ is misleading. It reinforces a top-down operating
perspective, by implying that an expert forecaster can produce a forecast and then
hand it down (figuratively and literally) to a community eagerly awaiting the hazard
information so that they can do exactly what they are told in response. That is, it
assumes that an EWS actually has two ends with a linear process moving from one
end to the other end.
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Table 5.2 ‘Actually is” and ‘Ought to be’ for EWS

EWS characteristic ~ Traditional Preferred

Elements Information about a Information about a hazard, response actions,
hazard and preparedness beforehand, long-term
response actions education and training about hazards,

vulnerabilities, and disasters

Leadership A separate agency EWS leaders working with the community so
controlling the that the elements become part of the
monitoring and community’s day-to-day life
information and
then telling people
what to do

Operations When a hazard The EWS is part of the community’s day-to-day
manifests, trigger life, with activities such as educating about
the EWS hazards and vulnerabilities, training about

disaster risk reduction and disaster response,
running drills, gathering baseline data, and
further mapping and updating a commu-
nity’s hazards, vulnerabilities, and risks
Focus One or several specific ~ Vulnerability reduction for all hazards
hazards for
specific places

But the end-to-end conceptual model of an EWS does not explicitly allow for
feedback from one sector of the EWS, such as those in a community, to other sec-
tors, such as scientists monitoring and interpreting hazard data. Instead, perhaps
‘end-to-end-to-end’ is needed for an EWS, indicating feedback loops and various
pathways from which information comes and to which information flows (see also
Anderson 1969).

EWS have existed in some form, as simple as human observation passed down
through oral tradition, for millennia—with varying degrees of success. Society is
continually being challenged by the vulnerability to hazards which society itself
creates and perpetuates. Too often, the fundamental problem is that an EWS for a
wide range of hazards and vulnerabilities is not seen as important by decision-
makers. Instead, a quick fix focusing on technology for a specific hazard is preferred
which assumes that the right information will magically reach the right people who
will then magically perform the right actions.

Between the ideal of the perfect EWS and the reality of EWS being social and
being subject to social, especially political, interferences and whims, lies ‘what
could be’ (see Table 5.2): an EWS improving on current problems and focusing
more on vulnerability without neglecting hazard, even if still far from ideal. With
the understanding of EWS as a social process, we take one step closer to saving
lives.
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Chapter 6
The State of Early Warning Systems

Veronica Francesca Grasso

Abstract Early warning systems (EWSs) are well recognized as a critical tool for
reducing losses from earthquakes, floods, droughts, storms, and other hazards. An
overview of the current state of EWS is presented here for ongoing and rapid/
sudden-onset and slow-onset (or “creeping”) hazards. This chapter also includes an
overview of the Hyogo Framework for Action (HFA) reports on national progress in
developing effective EWS. Even though many such systems are operational world-
wide, there are still several high-risk countries that remain uncovered and that could
greatly benefit from such systems. From the HFA reports it appears that the most
frequently reported impediment to EWS development is lack of funding; inadequate
coordination between local, national, and regional levels; lack of human resources
and of EWS infrastructure, for example. Addressing these gaps will imply incredi-
ble advances in EWS effectiveness and therefore substantial reduction in disaster
losses including climate change-related hazards.

Keywords Observation systems ¢ Geological hazards ¢ Landslide ¢ Tsunami
* Earthquake ¢ Volcano ¢ Wildfires « Hydrometeorological

6.1 Introduction

This chapter will provide an overview of the current state of early warning systems
(EWSs) around the world. Many such systems are operational worldwide; neverthe-
less, there are still several high-risk countries that remain uncovered. The state of art
of existing EWS is here presented by hazard types: ongoing and rapid/sudden-onset
and slow-onset (or “creeping”) hazards. While some of the EWSs covered in this
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Table 6.1 Classification of Type of hazard Subtype of hazard
hazard types and subtypes

Rapid/sudden-onset  Oil spills
Chemical and nuclear accidents
Geological
Wild fires
Hydrometeorological (except droughts)
Etc.

Slow-onset Air quality
Drought, desertification, and food security
Climate variability
Etc.

chapter are not related to climate change, it is still useful to review them for two
main reasons: firstly, some of them aim at reducing impacts of climate change (i.e.,
hydrometeorological, drought, famine EWS, etc.); secondly, EWSs showcased in
this chapter provide insights and lessons learnt that can be useful for developing/
enhancing EWSs for climate change-related hazards.

Rapid/sudden-onset and slow-onset events are treated differently in this chapter

Slow-onset hazards are incremental but long-term and cumulative environmental
changes that usually receive little attention in their early phases but which, over
time, may cause serious crises. On the contrary, rapid/sudden-onset hazards
arrive rapidly and in the case of earthquakes, with very limited warning time.

as they will provide different amounts of available warning time, which influences
substantially how EWS operate, are designed, etc. (see Table 6.1).

This chapter includes existing early warning/monitoring systems that provide
publicly accessible information and products and thus may not completely cover all
EWSs currently present globally, such as the ones that do not provide publically
accessible products. Several sources have been used, such as the Global Survey of
Early Warning Systems (UN 2006) together with the online inventory of early warn-
ing systems on United Nations International Strategy for Disaster Reduction
(UNISDR) Platform for the Promotion of Early Warning (PPEW) website and sev-
eral additional online sources, technical reports, and scientific articles listed in the
references. Additional EWSs are known to exist through UNISDR’s Hyogo
Framework for Action (HFA) national progress reports for 2009-2011 and are pre-
sented separately in Sect. 6.6.

6.2 Role of Earth Observation

Earth observation (EO), which includes measurements that can be made directly or
by sensors in situ or remotely (i.e., satellite remote sensing, aerial surveys, land or
ocean-based monitoring systems, Fig. 6.1), plays a key role in early warning. EO
provides important information to models or other tools to support decision-making
processes by assisting governments and civil society through sound scientific
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Fig. 6.1 Observing systems in use on the ground, at sea, in the atmosphere, and from space for
monitoring and researching the climate system (WMO 2011)

assessments and early warning information on the impacts of natural hazards and
human actions on the Earth system. Time-sequenced satellite images help to deter-
mine these impacts and provide scientific evidence of substantial changes to the
Earth’s environment and natural resource base (i.e., ecosystems changes, urban
growth, trans boundary pollutants, loss of wetlands, etc.).

6.3 Overview of EWS for Rapid/Sudden-Onset Hazards

This section provides an overview of the EWS and monitoring systems that are
known to exist for rapid/sudden-onset hazards. The subsections are organized by
sub hazard type.

6.3.1 Oil Spills

Systems for oil-spill detection currently exist in several parts of the globe. For exam-
ple, in Europe, the use of satellites for oil-spill detection is well established and well
integrated within the national and regional oil pollution surveillance and response
systems. Many countries in Northern Europe currently use the Kongsberg Satellite
Services (KSAT) manual approach, operational since 1996, to identify oil spills
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from the satellite images. In the Baltic Sea area, operational algorithms utilizing
satellite-borne C-band Synthetic-aperture radar (SAR) instruments (Radarsat-1,
Envisat, Radarsat-2) are being developed for oil-spill detection.

6.3.2 Chemical and Nuclear Accidents

The World Meteorological Organization (WMO) network of Regional Specialized
Meteorological Centres (RSMCs) provides support during the response phase after
chemical and nuclear accidents by making available key information, such as pre-
dictions of the movement of contaminants in the atmosphere.

The Inter-Agency Committee on the Response to Nuclear Accidents (IACRNA)
of the International Atomic Energy Agency (IAEA) coordinates the international
response to nuclear and radiological emergencies. The support is provided through:
the Incident and Emergency Centre (IEC), a 24-h service for initial rapid assessment
and for triggering response operations if needed; the Emergency Notification and
Assistance Convention (ENAC) website for the exchange of information on nuclear
accidents or radiological emergencies; and the Nuclear Event Web-based System
(NEWS) for providing information on all significant events in nuclear power plants,
research reactors, and nuclear fuel cycle facilities and occurrences involving radia-
tion sources or the transport of radioactive material.

The World Health Organization (WHO), with its Global Chemical Incident Alert
and Response System of the International Programme on Chemical Safety, collects
information to monitor disease outbreaks from chemical releases and provides tech-
nical assistance to its member states for the response to these emergencies.

6.3.3 Geological Hazards

6.3.3.1 Earthquakes

Effective EWSs for earthquakes are much more challenging than for other natural
hazards because warning times usually range from only a few seconds in the epicen-
tral area to a minute or so, in areas that are further away from the epicenter (Heaton
1985; Allen and Kanamori 2003; Kanamori 2005).

These systems are able to rapidly estimate seismic parameters (such as magni-
tude and location associated with a seismic event) based on the first seconds of
seismic data registered at the epicenter. This information is then used to predict
ground motion parameters at the location of interest (i.e., school, government build-
ing, nuclear plant, etc.) and then trigger security measures if this predicted value
exceeds a predefined threshold.

Several earthquake EWSs are currently operational in Mexico, Japan, Romania,
Taiwan, and Turkey (Espinosa Aranda et al. 1995; Wu et al. 1998; Wu and Teng 2002;
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Odaka et al. 2003; Kamigaichi 2004; Nakamura 2004; Horiuchi et al. 2005). EWSs
are under development in California and Italy.

Earthquake EWSs are used for a variety of applications such as shutting down
power plants, stopping trains, evacuating buildings, closing gas valves, and alerting
wide segments of the population through the TV, among others.

On the global scale, the United States Geological Survey (USGS) and GEO-
Forschungs Netz (GEOFON) operate global seismic monitoring networks.
GEOFON provides open access to seismic information collected from several
sources. The Global Seismic Networks (GSN), operated by the USGS in coopera-
tion with Incorporated Research Institutions for Seismology (IRIS), comprises
more than 100 stations providing free, real-time, open access to earthquake-related
data. USGS provides an e-mail notification for earthquakes worldwide through its
Earthquake Notification Service (ENS), within 5 min for earthquakes in the United
States and within 30 min for events worldwide. USGS also provides near-real-time
maps of ground motion and shaking intensity following significant earthquakes.
This product is called ShakeMap and is used for post-earthquake response and
recovery, public and scientific information, as well as for preparedness exercises
and disaster planning.

Although various earthquake EWSs are known to exist worldwide, many high seis-
mic risk countries still lack such systems (i.e., Peru, Chile, Iran, Pakistan, and India).

6.3.3.2 Landslides

The International Consortium on Landslides (ICL), an international nongovernmen-
tal and nonprofit scientific organization supported by the United Nations Educational,
Scientific and Cultural Organization (UNESCO), the WMO, Food and Agriculture
Organization of the United Nations (FAO), and the United Nations International
Strategy for Disaster Reduction (UNISDR), provides online access to landslides
information from various sources, but only after the event has occurred.

Technologies for slope monitoring have greatly improved, but currently only few
slopes are being monitored at a global scale. The use of these technologies would be
greatly beneficial for mitigating losses from landslides worldwide.

6.3.3.3 Tsunamis

Inresponse to the 2004 Indian Ocean tsunami, the Intergovernmental Oceanographic
Commission (IOC) secretariat received a mandate from its member states to coordi-
nate the implementation of a tsunami warning system for the Indian Ocean, the
northeast Atlantic and Mediterranean, and the Caribbean. The German-Indonesian
Tsunami Early Warning System for the Indian Ocean is operated by the Indonesian
meteorological, climatological, and geophysical agency since 2011. The Tsunami
and other Coastal Hazards Warning System for the Caribbean and Adjacent Regions
was established in 2005 by the countries of the region in collaboration with IOC and
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is being tested. The Tsunami Early Warning System for the North-eastern Atlantic,
the Mediterranean, and connected seas is also undergoing testing.

The Pacific basin is monitored by the Pacific Tsunami Warning System (PTWS),
created by 26 member states. Its activities are carried out by the Pacific Tsunami
Warning Center (PTWC) in Hawaii and are operated by the National Weather
Service (NWS) of the National Oceanic and Atmospheric Administration (NOAA).
NWS also maintains the Alaska Tsunami Warning Center (ATWC) that covers
Alaska, British Columbia, Washington, Oregon, and California. PTWS monitors
seismic stations of PTWC, but also of USGS and ATWC, to detect potentially tsu-
namigenic earthquakes.

6.3.3.4 Volcanic Eruptions

EWSs for volcanic eruptions are based on monitoring of precursors (i.e., seismic
activity, ground deformation, gas releases), visual observations, and surveying to
detect volcanic activity.

Volcano observatories are distributed worldwide and are available at the World
Organization of Volcanic Observatories (WOVO) website. Japan, the United States,
and most Central and South American countries (Mexico, Guatemala, El Salvador,
Nicaragua, Costa Rica, Colombia, Ecuador, Peru, Chile, Trinidad, and the Antilles)
have volcano observatories. By contrast, in Africa, only two countries (Congo and
Cameroon) have volcano monitoring observatories and the information is not pub-
licly accessible. Due to inadequate resources, a small number, fewer than 50, of the
world’s volcanoes are being monitored (National Hazards Working Group 2005).

On a global scale, the Smithsonian institution, together with the USGS under the
Global Volcanism Program, provides online access to volcanic activity information,
on a daily and weekly basis (see Fig. 6.2). The information is also available through
Google Earth.

In addition, several volcanic ash advisory centers exist worldwide which provide
information to the aviation sector (London, Toulouse, Anchorage, Washington,
Montreal, Darwin, Wellington, Tokyo, and Buenos Aires).

6.3.4 Wildfires

EWSs for wildfires provide early warning information based on the prediction of
precursors, such as fuel loads and lightning danger. Once the fire has begun, fire
propagation patterns are estimated based on fire behavior and pattern modeling.
Further details about early warning for wildfires are provided in another chapter of
this book.

Currently many countries have fire-monitoring systems, such as Canada, South
America, Mexico, and South Africa. In Brazil, INPE, the Brazilian Space Research
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Fig. 6.2 Global Volcanism Program (Source: http://volcano.si.edu/products.cfm?p=9)

Institute has developed an innovative system for wildfire monitoring. This system,
available since September 2008, allows individuals to contribute information from the
ground into a GIS (and Google Maps) based platform, making it one of the most suc-
cessful websites in Brazil. The information that was contributed on forest fires and
illegal logging has resulted in follow-up legal initiatives and parliamentary enquiries.

On a global scale, the Global Fire Monitoring Center (GFMC) provides informa-
tion on wildfires worldwide including fire danger maps and forecasts, near real-time
fire events information, an archive of global fire information, and assistance and
support in the case of a fire emergency. The Experimental Climate Prediction Center
(ECPC) provides global fire weather forecasts, and NOAA provides fire products
based on estimated intensity and duration of vegetation stress, as a proxy of potential
fire danger.

The UN FAO Global Fire Information Management System (GFIMS) and its
precursor the Fire Information for Resource Management System (FIRMS) support
fire managers globally by providing near real-time information on active fires world-
wide, through an online platform and e-mail alerts to registered users (see Fig. 6.3).

The European Forest Fire Information System also provides information on cur-
rent fire situations and forecasts for Europe and the Mediterranean area.

Launched in 2011, the Global Early Warning System for Wildland Fires (Global
EWS-Fire) is a project of the Global Observation of Forest Cover and Global
Observation of Landcover Dynamics (GOFC-GOLD) Fire Implementation Team and
is supported by the United Nations International Strategy for Disaster Reduction. The
system provides a global scale map of the 1-7 day and monthly forecasted fire weather
index. In the future, historical fire and weather data (primarily remotely sensed) will be
used to calibrate the system. The Global EWS-Fire, which builds on existing national
and regional fire management programs, is described in the following chapter.

Even if several wildfire EWSs exist, most developing countries have neither a
fire early warning nor monitoring systems in place (Goldammer et al. 2003).
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Fig. 6.3 UN FAO Global Fire Information Management System (GFIMS) (Source: http://www.
fao.org/nr/gfims/en/, accessed on 10 May, 2013)

6.3.5 Hydrometeorological Hazards

6.3.5.1 Floods

Currently, there are several national warning systems already operational, such as in
Guatemala, Honduras, El Salvador, Nicaragua, Zimbabwe, South Africa, Belize,
Czech Republic, and Germany. However, they do not provide public access to infor-
mation. In Europe, the European Flood Alert System (EFAS), an initiative launched
by EC-JRC in 2005, provides flood warning information up to 10 days in advance.

On a global basis, the Dartmouth Flood Observatory provides public access to
satellite images and estimated discharge for major floods worldwide but does not
provide forecasts. NOAA provides observed hydrologic conditions of major US
river basins, predicted values of precipitation for rivers in the United States, and
information on excessive rainfall that could lead to flash-flooding. In this case,
NOAA would then issue warnings with 6 h in advance.

The Global Flood Alert System (GFAS), an initiative promoted by the Japanese
Ministry of Land, Infrastructure and Transport (MLIT) and the Japan Aerospace
Exploration Agency (JAXA), was launched on a trial basis in 2006, in order to sup-
port flood forecasting and warning worldwide. GFAS, which is hosted by the
International Flood Network (IFNet), provides flood forecasting and warning infor-
mation, global and regional rainfall maps, as well as heavy rainfall information
(based on precipitation probability estimates). In case real-time rainfall exceeds the
estimated precipitation of a 5- or 10-year return period in a given river basin, GFAS
also sends e-mails to preregistered meteorological or disaster management agencies
to provide them with flood warning information.
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Fig. 6.4 TCP of WMO (Source: http://severe.worldweather.wmo.int/)

At a global scale, existing technologies for flood monitoring must be improved
to be able to provide forecasts and increased flood warning lead times. In addition,
there is inadequate coverage of flood warning and monitoring systems, in countries
such as China, India, Bangladesh, Nepal, West Africa, and Brazil.

6.3.5.2 Severe Weather, Storms, and Tropical Cyclones

Weather-related EWSs currently exist in many countries worldwide and at the
global level; the WMO through its World Weather Watch (WWW) and Hydrology
and Water Resources Programmes provides weather observations, forecasts, and
warnings (see Fig. 6.4). The WWW is an operational framework of coordinated
national systems, operated by national governments. The WWW is composed of the
Global Observing System (GOS), which provides the observed meteorological
data; the Global Telecommunications System (GTS), which reports observations,
forecasts, and other products; and the Global Data Processing System (GDPS),
which provides weather analyses, forecasts, and other products.

The Tropical Cyclone Programme (TCP), part of the World Weather Watch
(WWW), was established to support the mitigation of risks associated with tropical
cyclones. TCP issues tropical cyclones and hurricanes forecasts, warning and advi-
sories, also available in the form of maps. The Regional Specialized Meteorological
Centres (RSMCs) of the TCP, together with National Meteorological and Hydrological
Services (NMHSs), monitor tropical cyclones globally and issue official warnings to
the Regional Meteorological Services of countries at risk. Then, the individual coun-
tries are responsible for issuing warnings in their respective coastal lands and waters.

While the WWW is an efficient operational framework of existing RSMCs,
NMHSs, and networks, most countries lack capacities in effectively delivering and
managing the early warning information and responding to disasters.
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6.4 Overview of EWS for Slow-Onset Hazards

6.4.1 Air Quality

Air quality monitoring systems exist for many countries worldwide, but appear to
be most developed in the United States, Canada, and Europe. Additional successful
systems are operational in Asia (Taiwan, China, Hong Kong, Korea, Japan, and
Thailand), in Latin America (Argentina, Brazil, and Mexico City), and in Africa
(Cape Town, South Africa). Nevertheless, most systems only provide real-time air
quality information collected from ground stations or satellite observations. Only
US Environmental Protection Agency (EPA), European Space Agency (ESA),
Prev’ Air, and the Environmental Agencies of Belgium, Germany, and Canada pro-
vide forecasts.

The US EPA AIRNow provides air quality information in real-time (online or by
e-mail, cell phone, or pager) allowing to take preventive steps to protect from
unhealthy conditions (see Fig. 6.5).

Hawaii

Very

Fig. 6.5 US EPA’s AirNow (Source: http://www.airnow.gov/)
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Fig. 6.6 US Drought Monitor (Source: National Drought Mitigation Center at the University of
Nebraska-Lincoln, http://droughtmonitor.unl.edu/)

6.4.2 Droughts, Desertification, and Food Security

6.4.2.1 Drought

Drought EWSs are the least developed systems due to droughts’ complex processes
and environmental and social impacts. The review of existing drought EWSs shows
that only a few such systems exist worldwide.

Founded in 1985, the Famine Early Warning Systems Network (FEWS NET)
monitors emerging food security issues in several countries in Africa, Central
America, the Caribbean, Central Asia, and the Middle East.

The US Drought Monitor (Svoboda et al. 2002) integrates multiple drought indi-
cators with field information and expert input and provides current drought condi-
tions for the United States through an interactive map, current drought impacts’
reports, as well as weekly forecasts (Fig. 6.6).

The Beijing Climate Center (BCC) of the China Meteorological Administration
(CMA) monitors droughts for China and provides daily drought reports and a map
on current drought conditions. The European Commission Joint Research Center
(EC-JRC) provides public access to daily soil moisture maps of Europe, daily soil
moisture anomaly maps of Europe, and daily maps of the forecasted top soil moisture
development in Europe (7-day trend).
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At a global scale, FAO’s Global Information and Early Warning System on Food
and Agriculture (GIEWS) provides, on a regular basis, bulletins on global food crop
production and markets and situation reports on a regional and country-by-country
basis. GIEWS warns of imminent food crises, so that timely interventions can be
planned.

Many countries affected by severe droughts still lack early warning systems,
including countries in western and southern Africa and in eastern Africa (where
FEWS Net is available but no drought forecast is provided); in Europe (Spain, parts
of France, southern Sweden, and northern Poland); in Asia (India, parts of Thailand,
Turkey, Iran, Iraq, eastern China); in Latin America (areas of Ecuador, Colombia);
and in the south-eastern and western parts of Australia.

6.4.2.2 Desertification

Currently no desertification early warning system is fully implemented, given the
many associated challenges such as, for example, the absence of universally accepted
definitions and the difficulty in identifying when desertification actually begins.

The United Nations Convention to Combat Desertification (UNCCD) is the main
player in this field. It was signed by 110 governments in 1994 and is implemented
through National Action Programmes that lay out regional and local action plans
and strategies to combat desertification. The UNCCD website provides regional and
country profiles together with a desertification map. For each region, documenta-
tion, reports, and briefing notes on the implementation of action programs are avail-
able for each country.

6.4.2.3 Food Security

FAO’s GIEWS and FEWSnet provide food security information. FEWSnet and the
Food Security and Nutrition Working Group (FSNWG) — a platform to promote the
disaster risk reduction agenda in the region — were instrumental in predicting the food
crisis in 2010-2011 in the East African Region in a timely manner but it did not lead
to early action. If the early warning information had been used, the humanitarian
crisis in the Horn of Africa could have been partially mitigated (Ververs 2011).

6.4.3 Impact of Climate Variability

As the impacts of climate change or variability become more prominent, especially in
some parts of the world, there is the need to harness the use of existing resources that
already collect key information on climate-related hazards such as, for example:

* Near real-time data on daily global ice concentration and snow coverage are
provided by the National Snow and Ice Data Center (NSIDC).



6 The State of Early Warning Systems 121

* Lake and reservoir height variations and lake water level data (approximately
100 lakes worldwide) are provided by the United States Department of
Agriculture (USDA), in cooperation with the NASA and the University of
Maryland.

e Sea Height Anomaly (SHA) and Significant Wave Height data is provided by
NOAA (available from altimeter JASON-1, TOPEX, ERS-2, ENVISAT, and
GFO on a near-real time basis with an average 2-day delay).

* Sea Surface Temperature (SST) products are available from NOAA’s GOES and
POES, as well as NASA’s EOS, Aqua and Terra.

e Monthly summary of the El Nino and La Nina Southern Oscillation, accompa-
nied by a forecast summary, probabilistic forecasts, and a Sea Surface Tempera-
ture Index, is provided by the International Research Institute (IRI) for Climate
and Society.

However, large parts of the world’s most vulnerable regions are still not covered,
most systems do not provide warnings, and a comprehensive early warning system
is far from being operational. In 2009, at the World Climate Conference-3, 150
countries and 70 organizations have unanimously decided to establish a Global
Framework for Climate Services (GFCS). The framework will improve the produc-
tion and use of climate-related information by bringing together producers, research-
ers, and user organizations (WMO 2011). GFCS projects have been already
implemented in several countries around the world. Moreover GFCS exemplars to
illustrate how the application of targeted climate products could advance efforts in
several thematic areas have been developed for health, disaster risk reduction, agri-
culture, and water.

6.5 Overview of Multi-Hazard and Global EWS

Several multi-hazard global systems exist, such as WFP’s (the UN food aid agen-
cy’s) Humanitarian Early Warning Service (HEWS); AlertNet, the humanitarian
information alert service by Reuters; ReliefWeb, the humanitarian information
alert service by the United Nations Office for the Coordination of Humanitarian
Affairs (UNOCHA); and GDACS (Global Disaster Alert and Coordination
System), a joint initiative of UNOCHA and the EC-JRC. These systems provide
information about several hazards: HEWS provides information on earthquakes,
severe weather, volcanic eruptions, floods, and locusts; ReliefWeb provides
information on earthquakes, tsunamis, severe weather, volcanic eruptions,
storms, floods, droughts, cyclones, insect infestation, fires, technological haz-
ards, and health; AlertNet in addition also covers food insecurity and conflicts;
and GDACS provides information on earthquakes, tsunamis, volcanic eruptions,
floods, and cyclones.
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6.6 The Status of EWS Through HFA Country Reports

The “Hyogo Framework for Action 2005-2015: Building the Resilience of Nations
and Communities to Disasters” (HFA) was endorsed in January 2005 by 168 mem-
ber states with the aim to substantially reduce disaster losses. Among the five prior-
ity areas for action, the second area aims to “identify, assess and monitor disaster
risks and enhance early warning.” Reporting cycles include 2007-2009, 2009-2011,
and 2011-2013. As during the first reporting cycle not all countries reported, and
the last reporting cycle is still ongoing, the second reporting cycle has been consid-
ered here. Out of the 133 countries that participated in the 2009-2011 HFA Progress
Review, 86 countries reported on the status of the implementation of the HFA prior-
ity for action 2 (Risk assessment and Early warning). In their progress report on
HFA’s priority for action 2, countries had to rate the level of progress in EW from 1
to 5 (with 1 representing minor achievement and 5 representing comprehensive
achievement). Countries had also to reply to the following question: “Do risk prone
communities receive timely and understandable warnings of impending hazard
events?” Countries had to indicate the effectiveness of early warnings, the local
level preparedness, the type of communication systems and protocols adopted,
and the involvement of media in early warning dissemination. These reports were
analyzed by Zommers (2012) and are here used to additionally assess the status of
EWS worldwide and to extract additional information on EWS at national level
such as challenges and impediments in implementation/operations of these
systems.

Out of the 86 countries that reported progress in HFA’s priority for action 2,
the majority of countries ranked their progress in this area with 3 or 4, neverthe-
less indicating that “achievements were neither comprehensive nor substantial”
and “recognized limitations in key aspects, such as financial resources and/ or
operational capacities.” Two countries ranked themselves with 1 (Guinea-Bissau
and Lebanon) and several countries ranked themselves with 5 (Australia,
Botswana, Cuba, the Czech Republic, Italy, Kenya, Malaysia, and Poland). The
majority of the countries reported single hazard EWS. In particular, flood EWSs
were the most frequently reported, followed by cyclones/hurricanes. Only few
countries reported EWS for drought, fire, famine (only in Africa), or heat waves
(see Table 6.2; see Fig. 6.7).

6.7 Conclusions

A review of the state of EWS shows the advances obtained in this field but also
brings the attention on the many gaps that still exist — in technology, geographic
coverage, and capacity.
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Table 6.2 HFA’s priority Ranking
for action 2: country reports .
(Zommers 2012) Region 1 2 3 4 5 Total
Africa 1 1 9 7 2 20
Americas 4 6 18 1 29
Asia 1 3 7 5 1 17
Europe 3 6 3 12
Oceania 2 3 2 1 8
Total 2 10 28 38 8 86
Fig. 6.7 Distribution of Countries that have reported progress in
countries that have reported HFA’s priority for action 2
progress in HFA’s priority
for action 2 by region
M Africa
W Americas
m Asia
| Europe
m Oceania

In particular, the EWSs for slow-onset hazards appear to be in need of significant
action. There is a pressing need to improve existing prediction capabilities for
droughts and air quality. A desertification EWS is not yet in place and climate vari-
ability impacts require continuous monitoring to be able to provide advance warn-
ings on emerging issues. In this regard, the Global Framework for Climate Services
could be extremely beneficial for the development and use of climate services.

For rapid/sudden-onset EWS, prediction capabilities for landslides and floods
need to be enhanced, while earthquake and volcanic EWS need to be put in place in
high-risk areas that are still uncovered. A volcanic early warning system that would
integrate existing resources is also needed. Early warning systems that are still
undergoing testing include tsunami systems for the Caribbean and adjacent regions,
the tsunami early warning system for the North-eastern Atlantic, the Mediterranean
and connected seas; and the Global EWS for Wildland Fire.
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In addition, the HFA reports further highlight gaps in coverage within the national
borders. Moreover, less than half of the countries reported multi-hazard EWS. The
HFA also provides clues to the main impediments that exist in EWS development
that need to be tackled in order to fill existing gaps. For example, the most fre-
quently reported impediment to EWS development is lack of funding, followed by
inadequate coordination between local, national, and regional actors, lack of human
resources and of EWS infrastructure. In addition, several countries also reported a
lack of understanding about risks (Zommers 2012). Addressing these impediments
would contribute to making the world a safer place.

As the impacts of climate change or variability are felt more prominently espe-
cially in some areas of the world, there is the need to better use existing resources
and systems that already collect and provide key information on climate-related
hazards to build a climate change EWS. Moreover, filling existing gaps of current
EWS, such as improving prediction capabilities for droughts and hydro-
meteorological hazards and developing a desertification EWS, would contribute to
an improved preparedness for climate change.
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Chapter 7
Climate Change and Early Warning Systems
for Wildland Fire

William J. de Groot and Michael D. Flannigan

Abstract Wildland fires burn several hundred million hectares of vegetation
around the world every year. A proportion of these wildland fires cause disastrous
social, economic, and/or environmental impacts. Disaster fires occur in every
global region and vegetated biome. Recent research suggests a general increase in
area burned and fire occurrence during the last few decades, but there is much
global variability. Wildland fire regimes are primarily driven by climate/weather,
fuels, ignition agents, and people. All of these factors are dynamic and their vari-
able interactions create a mosaic of fire regimes around the world. Climate change
will have a substantial impact on future fire regimes. Under a warmer and drier
future climate, fire management agencies will be challenged by fire weather condi-
tions that could push current suppression capacity beyond a tipping point, resulting
in a substantial increase in large fires, and a corresponding increase in disaster fires.
To mitigate or prevent wildfire disaster, land and forest fire managers require early
warning of extreme fire danger conditions. This allows time to implement fire pre-
vention, detection, and presuppression action plans before disaster fires occur. Fire
danger rating is the cornerstone of fire management decision-making and is com-
monly used to provide early warning of potential wildfires. Currently, less than half
of the world has a national fire danger rating system in place. The Global Early
Warning System for Wildland Fire is based on extended fire danger forecasts and
aims to contribute to the Global Multi-Hazard Early Warning System evolving
under the auspices of the United Nations International Strategy for Disaster
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Reduction, and contribute to implementation of the Hyogo Framework for Action.
By using longer-term forecast data from advanced numerical weather models, and
early warning products that are further enhanced with satellite data, the global sys-
tem provides extra time to coordinate suppression resource-sharing and mobiliza-
tion within and between countries in advance of disaster conditions.

Keywords Changing fire regimes * Fire danger rating ¢ Fire weather ¢ Forecasting
* Presuppression preparedness * Wildfire disaster

7.1 Global Wildland Fire

Fire has been an integral part of the Earth system for hundreds of millions of years,
affecting global biome distribution and being used by humans through history to
modify the world they live in (Bond et al. 2005; Bowman et al. 2009; Pyne 2001).
Fire plays an important ecological role as it influences ecosystem patterns and pro-
cesses, and has substantial environmental effects with a global scale impact through
its influence on the carbon cycle and climate. Fire first occurs in the charcoal record
shortly after the appearance of terrestrial plants (Scott and Glasspool 2006) and
throughout history, wherever humans traveled, fire soon followed. Even today, little
has changed as fire occurs wherever there is vegetation and the vast majority of
global area burned is the result of human-caused fire.

Charcoal evidence indicates that global wildland fire has increased since the last
glacial maximum about 21,000 years ago, with increased spatial heterogeneity dur-
ing the last 12,000 years (Power et al. 2008). Wildland fires currently burn 330-
431 M ha of global vegetation every year (Giglio et al. 2010). Most wildland fires
occur in tropical grasslands and savannahs (86 %), and a smaller amount in forests
(11 %) (Mouillot and Field 2005). In the last few decades, there is evidence of
greater area burned and increasing fire severity in many different global regions
(Pyne 2001; FAO 2007; Bowman et al. 2009). There are varied reasons for regional
increases in wildland fire activity, but the primary factors are fuels, climate/weather,
ignition agents, and people (Flannigan et al. 2005, 2009b). During the last millen-
nium, the global fire regime appears to have been strongly driven by precipitation,
and shifted to an anthropogenic-driven regime during the Industrial Revolution
(Pechony and Shindell 2010).

7.2 Climate Change and Future Global Fire Regimes

Future fire regimes are expected to be temperature driven (Gillett et al. 2004;
Pechony and Shindell 2010) with warmer conditions and longer fire seasons lead-
ing to increased area burned and fire occurrence (Flannigan et al. 2009b) and an
unprecedentedly fire-prone environment in the twenty-first century (Pechony and
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Shindell 2010). In terms of fire severity and fire intensity, a review of global research
papers showed mixed results in different regions (Flannigan et al. 2009a). In the
boreal forest region, which represents about one-third of global forest cover, fire
records document increased fire activity in recent decades (Stocks et al. 2003;
Kasischke and Turetsky 2006) due to increased temperature (Westerling et al. 2006).
Under current climate change scenarios, global temperature increase is expected to
be greatest at northern high latitudes (IPCC 2007). For that reason, the boreal forest
region is anticipated to experience the earliest and greatest increases in wildland fire
activity under future climate change.

Box 7.1 Fire, Weather, and Climate Change
There are four general factors affecting wildland fire activity over a region:

1. Fuel — factors affecting flammability such as vegetation type (grass, shrub,
tree species), amount, moisture, and continuity (or distribution — both hori-
zontal and vertical) of fuel

2. Weather — temperature, rainfall, atmospheric moisture, wind speed, solar

radiation, atmospheric stability, upper atmospheric patterns (e.g., blocking

upper atmospheric ridges) directly affecting fuel moisture content, and
ability for fire to spread

Ignitions — human and lightning

4. People — as a fuel modifier (reducing fuel loads by clearing or burning;
planting new vegetation), and the primary source for identifying risk
(homes and communities located in the wildland-urban interface) as well
as conducting fire management activities

&

Weather, in addition to being a key factor, also influences the fuel factor via
fuel moisture and the ignition factor through lightning activity. Climate
change will result in changes to the day-to-day weather and, in particular,
extremes; this is critical to wildland fire as much of the area burned occurs
during relatively short periods of extreme fire weather. A warmer world will
likely have more fire and longer fire seasons at higher latitudes; more light-
ning activity will lead to more lightning-caused fires; and lastly, increased
evapotranspiration will lead to drier fuels unless there are significant increases
in precipitation. Drier fuels will make it easier for fires to ignite and spread.

In the most recent study of future global wildland fire (Flannigan et al. 2013), the
potential influence of climate change on fire season length and fire season severity
was examined by comparing three General Circulation Models (GCMs) and three
possible emission scenarios (nine GCM-emission scenario combinations).
The GCMs used in the study were: (1) THE CGCM3.1 from the Canadian Centre for
Climate Modelling and Analysis, (2) the HadCM3 from the Hadley Centre
for Climate Prediction in the United Kingdom, and (3) the IPSL-CM4 from France.
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Fig. 7.1 Cumulative Severity Rating anomalies for the HadCM3 A2 scenario for 2041-2050 rela-
tive to the 1971-2000 base period (See Flannigan et al. 2013 for study design)

The models were selected to provide a range of expected future warming conditions.
There are four emission scenario storylines (A1, A2, B1, and B2) that set out distinct
global development direction to the end of this century (IPCC 2000). The Flannigan
et al. (2013) study used the following three scenarios: A1B, representing a world of
very rapid economic growth with global population peaking by mid-century, rapid
development of efficient technology, and a balanced use of fossil fuel and nonfossil
fuel sources; A2, representing a world of increased population growth, slow eco-
nomic development, and slow technological change (business-as-usual scenario);
and B1, representing the same population as A1, but more rapid change in economic
structure, and moving towards service and information technology.

The GCM-emission scenarios were used to calculate fire weather conditions dur-
ing the next century. Fire weather data (temperature, relative humidity, wind speed,
24-h precipitation) were used to calculate daily component values of the Canadian
Forest Fire Weather Index (FWI) System (Van Wagner 1987). Fire season length
was calculated using a temperature approach, with the start of the fire season defined
as three consecutive days of 9 °C or greater, and the end of the fire season by three
consecutive days of 2 °C or lower. Fire severity was calculated using the Daily
Severity Rating (DSR), which represents the increasing difficulty of control as a fire
grows (Van Wagner 1970) and is a simple power function of the Fire Weather Index
component of the FWI System. Changes in fire severity were measured using the
Cumulative Fire Severity (CSR), which was the sum of DSR values during the fire
season divided by the fire season length. In this way, the CSR was a seasonal length-
scaled version of the DSR. Changes in future fire season length and CSR were sum-
marized by decade as anomalies from the 1971-2000 period (results were only
presented for mid-century and end of century).

Figures 7.1 and 7.2 show CSR for the HadCM3 model and the A2 scenario for
2041-2050 and for 2091-2100. These examples are representative of all the GCMs
and scenarios maps that show a significant worldwide increase in CSR especially for
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Fig.7.2 Cumulative Severity Rating anomalies for the HadCM3 A2 scenario for 2091-2100 rela-
tive to the 1971-2000 base period (See Flannigan et al. 2013 for study design)

the northern hemisphere (Flannigan et al. 2013). With these increases, we expect more
area burned, increased fire occurrence, and greater fire intensity that will result in more
severe fire seasons and increased fire control difficulty. In a Canadian boreal modeling
study, Podur and Wotton (2010) estimate that these future conditions will result in an
increase of 200-500 % in annual area burned. The substantial increases in CSR pre-
dicted globally across climate change scenarios by the end of this century (some show-
ing increases of up to 300 %) are truly noteworthy for wildland fire managers.

7.3 Fire Management and Disaster Fires

Many global regions have reported increasing fire activity in recent decades, which is
attributed to numerous factors such as climate change-altered fire regimes, rural-
urban population shifts, and land-use change affecting vegetation and fuel conditions
(Mouillot and Field 2005; Marlon et al. 2008; Flannigan et al. 2009a, b). With the vast
amount of fire that occurs globally, a proportion inevitably becomes uncontrolled
wildfire of which some have disastrous social, economic, and/or environmental
impacts. The human impacts of wildland fire are different from other natural disasters
in several ways. Uncontrolled wildland fires (or wildfires) can threaten the safety of
many thousands of people, but fortunately, human mortality is much lower (the high-
est current documented mortality is 173 lives lost in the Victoria, Australia, wildfires
of 2011). However, wildfires can cause substantial human suffering for large numbers
of people through the loss of shelter, food (crops), fuelwood for cooking, and perhaps
even more crippling, through loss of livelihood (e.g., farm animals, grazing area).
Additionally, the human health impacts from smoke pollution are much more insidi-
ous and long term (Sastry 2002; Rittmaster et al. 2006; Goldammer et al. 2009), and
can be very far-reaching beyond the fire area itself (DeBell et al. 2004).
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Most global fire is unmonitored and undocumented so the record of wildland fire
disasters is incomplete. However, the existing record indicates that disaster fires
occur in every global region and in every vegetated biome on a regular basis
(Table 7.1). Disaster conditions are defined as any wildfire(s) situation that

Table 7.1 Examples of some recent wildland fire disasters and impacts around the world

Year

Location

Impacts

2013

2012

2011

2010

2009

2007

2005

Arizona, USA
Colorado, USA

Colorado, USA

Global

Alberta, Canada

Texas, USA
Global

Western Russia

Bolivia

Global

Victoria, Australia

Global

Greece

California, USA

Guadalajara, Spain

Greece

South Korea

19 lives lost

2 lives lost

509 homes destroyed, 17 damaged

Estimated damage: US$90+ million

3 lives lost

594+ homes destroyed

180 lives lost

2,938 people injured

2,949 homes and businesses destroyed

116,575 people evacuated

1 life lost

433 properties destroyed, 84 damaged

7,000 people evacuated

Estimated damage cost: CA$1.8 billion

1,500+ homes destroyed

130 lives lost

349 people injured

7,193 homes destroyed

85,723 people evacuated

50 lives lost

Moscow daily mortality rate doubled; estimated 56,000
premature deaths due to smoke pollution and heat
stress

5,000 homeless

Estimated economic damage: US$15 billion

State of emergency declared

60+ homes destroyed

279 lives lost

140 people injured

173 lives lost

2,059 homes destroyed

374 lives lost

160 people injured

84 lives lost

1,000+ homes destroyed

9 lives lost, 85 people injured

1,500+ homes destroyed

11 lives lost

13 lives lost

Estimated economic damage: EUR744 million

160 homes destroyed

2,000 people evacuated

1,300-year-old Buddhist temple destroyed

(continued)



7 Climate Change and Early Warning Systems for Wildland Fire 133

Table 7.1 (continued)

Year Location Impacts
2003 British Columbia, 3 lives lost
Canada 334 homes destroyed
45,000 people displaced
Suppression cost: CA$700 million
Canberra, Australia 4 lives lost

500+ homes destroyed
Estimated property damage: AU$600—1,000 million
California, USA 24 lives lost
3,640 homes destroyed
120,000 people displaced
Estimated damage: USD$2 billion
Portugal 21 lives lost
100+ homes destroyed
Estimated damage cost: EUR1,000+ million
2001 Sydney, Australia 109 homes destroyed
Estimated property losses: AU$75 million (~3,000 claims)
Estimated suppression costs: AU$106 million

1997-1998 Southeast Asia Estimated regional economic damage: US$8.7-9.2
billion

Sources: Goldammer (2010), Global Fire Monitoring Centre, fire statistics for Australia, Canada,

Europe and USA

This represents a sample of global wildland fire disasters; many jurisdictions do not keep wildfire
records or have minimal documentation

overwhelms fire suppression capacity to the point that human life, property, and
livelihood cannot be protected. Besides the threat to human safety, these fires can
also have serious negative impacts on human health, regional economies, global
climate change, and ecosystems in non-fire-prone biomes (ADB and BAPPENAS
1999; Cochrane 2003; Goldammer et al. 2009; Flannigan et al. 2009a, b). To miti-
gate fire-related problems and escalate fire suppression costs, forest and land man-
agement agencies, as well as landowners and communities, require early warning of
extreme fire danger conditions that lead to uncontrolled wildfires. Early warning of
these conditions allows fire managers to implement fire prevention, detection, and
presuppression action plans before fire problems begin.

7.3.1 Fire Danger Rating and Early Warning

Fire danger rating' is the systematic assessment of fire risk and potential impact, and
it is the cornerstone of contemporary fire management programs. It is used to deter-
mine suppression resource levels (fire fighters, equipment, helicopters, fixed wing
airtankers), mobilization, and strategic prepositioning; to define safe and acceptable
prescribed burn prescription criteria; and to establish fire management budgets

!Fire danger is a measure of the potential for a fire to start, spread, and do damage.
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based on long-term fire danger statistics, and to justify increased funding during
times of wildfire disaster. Fire danger rating research has been ongoing since the
1920s, resulting in operational fire danger rating systems being available for about
four decades in Canada (Stocks et al. 1989), the United States (Deeming et al.
1977), and Australia (Luke and McArthur 1978). Numerous other weather-based
systems and indices have been developed worldwide, although the Canadian Forest
Fire Weather Index (FWI) System remains the most widely used fire danger rating
system internationally (Table 7.2). Current fire danger rating systems in the world
are wide-ranging in their scientific/technical basis and operation; they are discussed
in this chapter in general terms only.

Fire danger rating systems were primarily designed to support landscape-level
decision-making in fire management. Continuing research in this field has also led
to more detailed, smaller-scale models of fire behavior, fire spread, and fire effects
that simulate at the forest stand level. Despite the considerable progress that has
been made in fire danger rating and related sciences in the last eight to nine decades,
less than half of the world’s countries has a national fire danger rating system in
place to support fire management. Most countries that do not have an operational
fire danger rating system are in that situation because of a lack of institutional and/
or financial capacity to build a national system. Ironically, fire danger rating systems
need not be expensive, as very simple and reliable systems can be developed from
existing science and technology with minimal capital costs. The only real expense
necessary is the cost of technology transfer, specifically training to use fire danger
information in fire management operations.

Using real-time actual weather data, fire danger rating systems normally provide
a 4- to 6-h advanced warning of the highest fire danger for any particular day that
the weather data is supplied. However, extended early warning (i.e., 1-2 weeks) can
be provided by using forecasted conditions from advanced numerical weather mod-
els. This extra time allows for greater coordination of resource-sharing and mobili-
zation within and between countries. Early warning systems are usually comprised
of a number of different short-term (1 day to 2 weeks in advance) and long-term
(seasonal fire danger forecasts estimated many months in advance) products that are
based primarily on predicted fire danger. Early warning products are typically
enhanced with remotely sensed spectral data on land cover and fuel conditions that
reflect different fuel types and flammability. Near-term early warning products are
also usually enhanced with satellite-detected hot spots as these indicate current
active fires (prescribed burning and wildfires) that are ignition sources that could
potentially become disaster fires. Long-term early warning products provide fire
agencies with information in a large-scale management context, i.e., how does the
extended outlook for the current fire season compare to the experiences of previous
fire seasons? Short-term early warning at the 1-2 week scale is information useful
for strategic decision-making such resource-sharing between countries, or across
large landscapes. Short-term early warning at the scale of 1-3 days is most useful
for tactical decision-making such as resource mobilization within country, between
priority fires, or to different sectors of a fire.



Table 7.2 Summary of commonly referenced weather-based systems and indexes for national fire
danger rating (documented systems only)

Country or region of

Index or system application®

Weather parameters

References

Canadian Forest Argentina, Canada,

Fire
Weather
Index
System

Fire Danger

F Index

Forest Fire
Danger
Index

Fosberg Fire
Weather
Index

Grassland Fire
Danger
Index

Haines Index

Keetch-Byram
Drought
Index

Lowveld Fire
Danger
Index

National Fire
Danger
Rating
System

Nesterov Index

PV 1 Index

China, Chile, Fiji,

Indonesia, Malaysia,

Mexico, New
Zealand, Portugal,
South Africa, Spain,
Sweden, Thailand,
United Kingdom,
USA (Alaska, some
northern states),
Venezuela; Europe
and North Africa,
Eurasia, global,
Southeast Asia,
Southern Africa
Brazil, South America

USA, Australia

Australia, South Africa,
Spain

USA, Australia, global

Australia, South Africa,
USA

USA

USA, Australia,

Indonesia

South Africa

USA, South Africa

Russia

Russia

Temperature, rainfall
amount, relative

humidity, wind speed

Temperature, relative

humidity, precipitation

Wind speed, FMI (Fuel
Moisture Index)
Temperature, relative

humidity, wind speed,
Keetch-Byram Drought
Index, rainfall amount,

days since rain
Temperature, relative

humidity, wind speed

Temperature, relative

humidity, wind speed

Lower atmosphere

temperature and dew

point
Temperature, rainfall

amount, mean annual

precipitation
Temperature, relative

humidity, wind speed,

rainfall
Temperature, relative
humidity, rainfall

amount and duration,
wind speed, cloud cover
Temperature, dew point,

days since rain
Temperature, relative
humidity, pressure,
wind speed,
precipitation

Van Wagner (1987)

Setzer and
Sismanoglu
(2012)

Sharples et al.
(2009a, b)

McArthur (1966,
1976), Luke and
McArthur (1978)

Fosberg (1978),
Goodrick (2002)

McArthur (1976),
Luke and

McArthur (1978)
Haines (1988)

Keetch and Byram
(1968)

Meikle and Heine
(1987)

Deeming et al.
(1972, 1977)

Nesterov (1949)

Vonsky et al. (1975)

Many other national and subnational systems are used around the world, although technical and scientific
documentation, and history of operational use is often limited

“Documented applications, in whole or in part
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Early warning at the scale of minutes to hours, which could be used for evacua-
tion and is typically understood as “early warning” in other natural disaster disci-
plines (tsunami, flood, hurricane, mudslide), may be more accurately described as
“very short-term” early warning in the context of wildland fire. It is an area of rela-
tively recent research and experience. The Advanced Fire Information System? is
the first operational system providing near real-time warning of fires to desktop
computers and cell phones. Warnings are provided based on satellite-detected hot
spots (MODIS and MSG) and user-selected location. It was developed in South
Africa and has been running there operationally since 2004.

7.3.2 The Global Early Warning System for Wildland Fire

Following the recommendations of the UN World Conference on Disaster Reduction
(WCDR) in Kobe, Japan, January 2005, and the proposal of the UN Secretary
General to develop a Global Multi-Hazard Early Warning System (GEWS), a call
for project proposals for building a GEWS was issued in preparation for the 3rd
International Conference on Early Warning (EWC-III) (27-29 March 2006, Bonn,
Germany), sponsored by the United Nations International Strategy for Disaster
Reduction (UNISDR) and the German Foreign Office (www.ewc3.org/). An inter-
national consortium of institutions cooperating in wildland fire early warning
research and development (de Groot et al. 2006) submitted a proposal for a Global
Early Warning System for Wildland Fire (EWS-Fire), and it was selected for pre-
sentation at EWC-III. The outcomes of the discussions reveal the high interest in
and endorsement by government and international institutions.’

The global wildland fire community recognizes that no individual country is capa-
ble of solving the problem of increasing fire activity and disaster fire occurrence on its
own, and that greater international cooperation is required. The Global EWS-Fire is
one component of A Strategy to Enhance International Cooperation in Fire
Management (FAO 2006). The objective of the Global EWS-Fire is to provide a sci-
entifically supported, systematic procedure for assessing current and future fire danger
that can be applied from local to global scales. The system is not intended to replace
the many different fire danger rating systems currently in use, but rather to support and
build on existing national and regional fire management programs by providing:

* New longer-term predictions of fire danger based on advanced numerical weather
models

e Common global fire danger metrics to support international fire management
cooperation, including resource-sharing during times of fire disaster

* A fire danger rating system for the many countries that do not have a national
system in place

2More information is available at http:/afis.co.za.
3Documented on the GFMC Early Warning Portal (www.fire.uni-freiburg.de/fwf/EWS.htm).


http://www.ewc3.org/
http://afis.co.za/ 
http://www.fire.uni-freiburg.de/fwf/EWS.htm 
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The primary purpose of the Global EWS-Fire Project is to develop a globally
consistent suite of fire danger and early warning products to support international
collaboration and reduce wildfire disaster. As part of this process, fire danger and
early warning information will be made widely available to all countries through
open access. As well, the Global EWS-Fire Project actively supports projects to
assist countries with limited fire management capacity in the local use and applica-
tion of fire danger and early warning information. The Global EWS-Fire was offi-
cially launched and made publicly available in May 2011, and system development
is ongoing as new products are being designed.

The Global EWS-Fire is a project of the Global Observation of Forest Cover and
Global Observation of Landcover Dynamics (GOFC-GOLD) Fire Implementation
Team, which is comprised of numerous international wildland fire, remote sensing,
and weather agency representatives. The Global EWS-Fire is actually a system of
fire danger modeling systems. All early warning products will be accessible at the
home directory of the GOFC-GOLD Fire IT website.* Additional and more detailed
information can be found at other system websites hosted by the Global Fire
Monitoring Centre,’ the European Forest Fire Information System,® the Desert
Research Institute,” and the Canadian Forest Service.®

7.3.3 Global System Structure

As stated earlier, the purpose of the Global EWS-Fire is to link the wide range of
uniquely calibrated, national fire danger rating systems currently in operation, with
a single set of fire danger indices that have globally consistent calibration. These
global indices allow weather-based comparisons of fire danger across national bor-
ders and continents over a spectrum of time scales. They are provided as a supple-
ment to national systems and serve to support large-scale bilateral fire management
decisions such as suppression resource-sharing and resource mobilization in
advance of disaster conditions, similar to the centralized decision-making of
national fire management agencies with nationally calibrated systems. For the many
countries in the world that do not have the internal capacity to develop a national fire
danger rating system, the Global EWS-Fire provides an operational fire danger rat-
ing system that can be calibrated to regional conditions.

“http://gofc-fire.umd.edu/index.php.
Shttp://www.fire.uni-freiburg.de/gwfews/forecast_ews.html.
Shttp://forest.jrc.ec.europa.eu/effis/.
Thttp://www.cefa.dri.edu/CFS/fwi.php.
$http://cwfis.cfs.nrcan.gc.ca/.


http://gofc-fire.umd.edu/index.php 
http://www.fire.uni-freiburg.de/gwfews/forecast_ews.html 
http://forest.jrc.ec.europa.eu/effis/ 
http://www.cefa.dri.edu/CFS/fwi.php 
http://www.cefa.dri.edu/CFS/fwi.php 
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Fig. 7.3 Structure of the Canadian Forest Fire Weather Index (FWI) System. See Box 7.3 for
system description

Box 7.2 Time Scales and Early Warning

Long-term early warning products (or seasonal forecasts) provide an indication
of anticipated global trends in fire danger over the course of the upcoming fire
season. Short-term early warning products (1-2 weeks) provide information
for large-scale tactical decision-making that requires “spool-up” time to
implement fire management action plans such as arranging the transfer of
helicopters, fixed-wing air tankers, or fire fighters and equipment across inter-
national borders. Early warning of 1-7 days provides information for strategic
decision-making, such as prepositioning suppression resources in the most
critical areas to most effectively control new fires and contain ongoing fires.

The Canadian Forest Fire Weather Index (FWI) System (Van Wagner 1987) was
used for the Global EWS-Fire since it is the most widely used system, internation-
ally (Table 7.2). As a brief summary, there are six components in the FWI System
that reflect fuel moisture and general fire behavior at a landscape scale, as influ-
enced by weather (see Fig. 7.3). There are three fuel moisture codes representing the
moisture content of litter and other dead fine fuels (Fine Fuel Moisture Code,
FFMC), surface organic matter of moderate density, such as the F layer of forest
soils (Duff Moisture Code, DMC), and deep, compact soil organic layers, such as
the H layer of forest soils (Drought Code, DC). The fuel moisture codes are also
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Fig. 7.4 Calibrating the Fine Ignition Potential
Fuel Moisture Code (FFMC)

with satellite-detected hot
spots to construct a fire start
predictor, or “Ignition
Potential” indicator. This
example uses 1 year of
MODIS hot spot data for
sub-Saharan Africa and
corresponding FFMC data for
the hot spot location. Similar
calibrations have been done
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used to represent the moisture content of dead woody debris of different diameter
classes. FFMC fuels are present in virtually all fuel types, and represent the compo-
nent of the fuel complex where fires start and spread. As such, the FFMC serves as
a universal indicator of potential fire occurrence, particularly for human-caused
fires (de Groot et al. 2005; Wotton 2009, Fig. 7.4). The DMC is used as a lightning
fire predictor in northern forests where lightning ignitions can smolder in the duff
accumulated on the forest floor (Wotton 2009). DC is an indicator of potential for
deep burning fires and difficulty of extinguishment. DMC and DC fuels are not
found in the fuel complex of all fuel types, as this depends on vegetation litterfall
and dead organic matter decomposition rates. Therefore, the FFMC has global
application and the DMC and DC are only relevant in fuel types with significant
organic soil development or dead woody debris fuel load. The FWI System also has
three fire behavior indices, which are general indicators of rate of fire spread (Initial
Spread Index, ISI), fuel available for combustion within a moving flame front
(Buildup Index, BUI), and head fire intensity (Fire Weather Index, FWI). The FWI
component is also used as a general indicator of fire danger. The Daily Severity
Rating (DSR) is a power function of the FWI that represents difficulty of fire control
(Van Wagner 1970).

The Global EWS-Fire uses ground-based and remotely sensed data to prepare
early warning products. Fire danger is calculated with Global Forecast System
data from the US National Centers for Environmental Prediction (NCEP).” The
Global EWS currently provides 1-7 day forecasted FWI System data that are cali-
brated to commonly used threshold values that identify low to extreme conditions

°For further information, see Global Forecast System details at http://www.emc.ncep.noaa.gov.


http://www.emc.ncep.noaa.gov/ 
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Box 7.3 The Canadian Forest Fire Weather Index (FWI) System

The FWI System is based on the effects of weather parameters on forest floor
fuel moisture conditions and generalized fire behavior that can be expected in
a typical jack pine (Pinus banksiana Lamb.) forest stand (Van Wagner 1987).
Fire weather observations are used as inputs for three Fuel Moisture Codes,
which represent three classes of forest fuel with different drying rates, nomi-
nal fuel depths, and nominal fuel loads (see properties Table below). The Fine
Fuel Moisture Code (FFMC) represents the moisture content of dead fine
fuels and litter on the forest floor. The Duff Moisture Code (DMC) represents
the moisture content of loosely compacted decomposing organic matter. The
Drought Code (DC) represents the moisture content of deep compact organic
matter of moderate depth. The three Fuel Moisture Codes are each calculated
with a daily time-step and include their previous day’s value as an input to the
current day’s value. It is through this feedback mechanism that antecedent
information is incorporated into the FWI System and each new day’s moisture
level is determined. A measure of the fuel drying speed is the time lag at
which the fuel loses 1—¢! (about two-thirds) of its free moisture content
above equilibrium.

The Fuel Moisture Codes provide input to the Fire Behavior Indices. The
Initial Spread Index (ISI) estimates the combined influence of wind speed and
the FFMC on fire spread. The Buildup Index (BUI) is a combination of the
DMC and the DC, representing the combustibility of heavier fuels, such as
deeper organic forest floor layers or larger-sized dead roundwood fuels
(branches, logs). The IST and the BUI are combined to determine the value of
the Fire Weather Index (FWI), representing the head fire intensity of a spread-
ing fire during the peak burning period of the day.

The FWI System is used operationally as an indicator of landscape-level
fire danger, as influenced by weather. Although it was originally designed
using jack pine as a baseline fuel type, it has been calibrated using local fire
and weather data to represent general fuel moisture and fire behavior condi-
tions for fire regimes in many different global regions.

General properties of the three Fuel Moisture Codes (exact rates vary with
environmental conditions)

Fuel Time Water Nominal Nominal fuel
Moisture Code lag (days) capacity (mm) fuel depth (cm) load (kg m=)
FFMC 2/3 0.6 1.2 0.25

DMC 15 15 7 5

DC 53 100 18 25
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Fig. 7.5 Example of a global-level product, indicating the Fire Weather Index (FWI) of the
Canadian Forest Fire Weather Index System for 28 July 2013

(see Fig. 7.5). By using a globally consistent scale, the Global EWS provides a
means of interpreting and comparing relative fire danger conditions across coun-
tries, continents, and biomes. All fire danger maps are supplemented with MODIS
hot spot data for visual comparison with current fire activity. Global level products
are made available via the Global Fire Monitoring Centre website, and the GOFC-
GOLD Fire IT website. In future, early warning products will also be provided by
the European Commission — Joint Research Centre (JRC), which provides the
European Forest Fire Information System (EFFIS). The JRC is developing 1-14
day forecast global fire danger (FWI System) products calculated using data from
the European Centre for Medium-Range Weather Forecasts (ECMWF).!® Those
products (which will be available on the EFFIS and GOFC-GOLD Fire IT web-
sites) will provide a second estimation of future fire danger. Comparison of global
fire danger by the two forecast models (NCEP and ECMWF) can be made on the
GOFC-GOLD Fire IT website. It is envisioned that Global EWS-Fire products
will be tailored in the future to meet specific international information needs for
agencies such as the UNISDR, Food and Agriculture Organization, World Health
Organization, and the United Nations Environment Program.

Global EWS-Fire products can be used to compare fire danger around the world
because they use a globally consistent calibration. As stated previously, this type of
information is useful for making large-scale fire management decisions by under-
standing future fire danger trends across continents and over longer time periods.
However, a single fire danger value has different meanings (in a fire management
context) in different parts of the world because of differences in the local fire regime.
For example, a Drought Code value of 500 may be interpreted as an extreme fire
danger condition in northern boreal forests where there usually is frequent seasonal

Ohttp://www.ecmwf.int/.


http://www.ecmwf.int/ 

142 W.J. de Groot and M.D. Flannigan

rainfall, but it may be considered a moderate or low value in drier biomes. For that
reason, there is additional value in understanding fire danger in relation to the
“local” fire regime, which includes the influences of fuel, ignition sources, climate,
fire management/suppression policy, etc. The next stage in development of the
Global EWS-Fire is regional calibration to adjust the fire danger scales using his-
torical fire data (primarily remotely sensed) and weather data. This procedure will
calibrate the Global EWS-Fire to provide operational-level information such as
potential for fire starts and difficulty of control. Regional calibration will be a col-
laborative effort with regional and national agencies.

7.3.4 Regional Early Warning Systems

Organized regional fire groups, such as the Regional Networks of the UNISDR
Global Wildland Fire Network!' and the GOFC-GOLD Regional Networks,'? have
the mandate to promote regional fire management collaboration and provide national
support in the practical application of wildland fire science and technology. As such,
regional groups and agencies serve as a formal linkage between global and national
levels. Regional systems are often an efficient way to operate a system for many
countries in an area with common values and fire issues. Several prototype exam-
ples of regional products have been demonstrated during the development of the
Global EWS-Fire (see Figs. 7.6, 7.7, and 7.8).

There are a number of regionally operating fire danger rating systems covering
Europe and North Africa,'* South East Asia,'* Southern Africa,'” Eastern Europe
and Northern Asia,'® and South America'” (Table 7.2). Some of these regional fire
danger rating systems are actively being expanded to become early warning systems
by incorporating longer-term fire danger forecasts and enhancing fire danger prod-
ucts with additional satellite data on fire activity and fuel conditions.

7.3.5 National Systems and Local Level

For centrally organized fire management agencies, the national or subnational level
(provinces, states, and/or territories) is the point of primary decision-making. Fire

Whttp://www.fire.uni-freiburg.de/GlobalNetworks/globalNet.html.
12 http://gofc-fire.umd.edu/RegNtwks/index.php.
Bhttp://forest.jrc.ec.europa.eu/effis/.

“http://haze.asean.org/.
IShttp://wamis.meraka.org.za/products/fire-danger.

1S http://www.fire.uni-freiburg.de/fwf/eurasial .htm.
7http://www.inpe.br/queimadas/abasFogo.php.
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Fig. 7.6 Example of Regional Early Warning System products for Central and South America.
In this example, fuel types have been interpreted from landcover data (ESA GlobCover Project).
Hear fire intensity (HFL, kW/m) in grasslands is identified using a fire danger-based fire rate of spread
model (Forestry Canada Fire Danger Group 1992) and an estimated grassland fuel load of 3 t/ha

danger information is used to support many different short- to long-term fire man-
agement activities: daily resource mobilization at ongoing wildfires, presuppression
resource positioning to initial attack new fire starts, prescribed burn planning (pre-
scription determination), justification of operational budgets, predicting post-fire
effects, carbon emissions accounting, long-term fire and forest management plan-
ning, modeling fire and climate change impacts, and resource-sharing within coun-
try and bilaterally. In terms of daily operational fire management decisions, fire
danger information is applied to nationally derived guidelines for fire control and
use (Table 7.3). For countries that have national fire danger rating systems in place,
daily fire danger information is usually produced by collecting data from national
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Fig. 7.7 Examples of fire early warning products from a sub-Saharan demonstration study. The
left map indicates future fire danger for 23 January 2007, as represented by the Fine Fuel Moisture
Code (FFMC), in relation to current prescribed fire activity, as indicated by hot spots. The right
map is a presentation of FFMC and hot spot data in a different form (for 27 January 2007), illus-
trating areas where the highest hot spot density intercepts with areas of highest fire danger. Both
products can be used to guide fire management decision-making by indicating areas where pre-
scribed fire can be safely used, and areas where current burning should be restricted
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Fig.7.8 Examples of Regional Early Warning System products for Africa using MODIS hot spots
and 7-day forecasted fire danger conditions available on 20 January 2007 for (a) the Canadian Fire
Weather Index, (b) McArthur’s Grassland Fire Danger Index, and (c) the South African Lowveld
Fire Danger Index
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Table 7.3 Examples of fire danger-based decision-aids for (a) prescribed fire, (b) fire prevention
and detection, and (c) fire suppression planning

a
Fire danger level Prescribed fire activity Fire severity Period
Low Nil to wet Nil All day
Moderate Centre fire ignition Low 1,000-1,4000 h
Strip ignition Moderate 1,400-1,800 h
High Strip ignition Moderate 0800-1,200 h
Strip ignition during High 1,200-2,000 h
low winds only
Extreme Strip ignition during High Before 1,000 h
low winds only
Prescribed fire ban Extreme 1,000-2,000 h
b
Detection
Potential ignition level Prevention activity Activity Period
Low None None None
Moderate Post-local waming Towers Mid-day
signs
High Local media warnings Towers All day
Prescribed fire Vehicle patrol Mid-day
restrictions
Extreme TV and radio warnings Towers All day
Prescribed fire Vehicle Patrol All day
restrictions
Local community Aircraft patrol Mid-day
meetings
[
Fire danger level Resources on standby Alert period Dispatch time
Low Crews, hand tools Mid-day 60 min
Moderate Crews, hand tools All day 30 min
Pumps, water tanks Mid-day 60 min
High Crews, hand tools All day 15 min
Pumps, water tanks All day 30 min
Control line-building Mid-day 60 min
equipment
Extreme Crews, hand tools All day 15 min
Pumps, water tanks All day 15 min
Control line-building All day 30 min
equipment
Aircraft, burn out Mid-day 60 min

equipment
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synoptic and/or fire weather station networks, and is calculated once or twice daily.
Fire danger may be updated hourly during extreme conditions. National fire danger
forecasts of 1-3 days are typical, although a few countries provide longer-term fore-
casts. National fire weather networks generally provide timely and reliable data
because they usually have high station density, are well distributed, and can be
remotely queried many times each day, if required.

Most daily operational fire management decisions are made with short-term
(typically 1-3 days) early warning information. Many countries use national and
subnational fire weather networks and forecasts very successfully to serve their
early warning needs for within-country fire management. For fire management deci-
sions that involve other countries such as cross-border wildfire suppression or inter-
national resource-sharing, national fire danger rating systems seldom provide the
required long-range early warning capacity that extend beyond local national
boundaries, which is needed to make decisions that affect multiple jurisdictions and
take longer to implement. The Global EWS-Fire fills this gap by providing longer-
term, international fire early warning information using common fire danger metrics
across all countries, and enhanced with additional satellite data on fire and fuels.
Additionally, the Global EWS-Fire provides a daily operational fire danger rating
system for the many countries that do not have the capacity to implement a national
fire weather station network and forecasting program.

Although there are substantial differences between wildfire and other natural
disasters, one aspect is common: for an early warning system to work successfully,
it must be implemented at the local level (i.e., the last mile). Community-based fire
management is used in many parts of the world as an approach to involve landown-
ers and local communities in the proper application of land-use fires (e.g., to control
weeds, pests, and plant disease; to generate income from natural resources; to create
forage) and in wildfire control (FAO 2011). Field-level decisions about fire preven-
tion, detection, and suppression activities are made by the community using locally
derived guidelines for prescribed fire and fire control (e.g., Table 7.3). Training and
basic technology transfer in using such fire danger rating-based guidelines for fire
management are critical to local capacity building and implementation of early
warning systems at the local level. National land and forest management organiza-
tions may or may not be able to provide early warning information to the local level,
either directly to the community or through subnational or regional levels. Forecasted
data of 1-3 days may be provided, but there is generally limited access to long-term
forecasted data at the community level. For the many wildland areas under commu-
nity-based fire management that have limited or no access to early warning informa-
tion, the Global EWS-Fire fills this information gap by providing short- to long-term
early warning, however, access to the Internet is required.

Early warning information is critical at the local level because it takes time to
implement action plans within a community. For example, the vast majority of
global wildfire is human-caused due to the wide use of prescribed fire for a variety
of land management purposes. Therefore, in many parts of the world, fire preven-
tion is often the most effective means to reduce uncontrolled wildland fire. Prescribed
burning by community members can be safely managed with burning restrictions,
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but it takes time to communicate the prevention message throughout the commu-
nity. Early warning provides the advance information needed to implement preven-
tion action plans before dangerous burning conditions occur. When a wildfire does
occur locally and there is imminent threat to human life, very short-term (or last
minute) early warning systems such as AFIS can be very effective at the local level
to rapidly inform people.

7.3.6 Future Global System Development and Implementation

There are a number of satellite data and modeling enhancements to the Global
EWS-Fire that are being explored. Advances in measuring spatial precipitation from
space likely offer the single largest improvement to the accuracy of fire danger maps
and could reduce or eliminate the need for spatial interpolation of precipitation from
ground-based point sources. Remotely sensed fuel mapping is also being pursued to
develop a global fuel type map, which would be a first step towards developing
global fire behavior prediction models. Monitoring of live fuel moisture (Ceccato
et al. 2003) can contribute to establishing fuel flammability and seasonal criteria that
are important to fire behavior models and monitoring/modeling of fuel consump-
tion, fire spread rate, and carbon emissions. The use of remotely sensed fire radiative
energy to estimate fuel consumption and carbon emissions is currently being studied
(Wooster 2002; Wooster et al. 2003). Fuel consumption could also potentially be
combined with satellite-monitored daily fire spread data to calculate fire intensity.

7.4 Climate Change, Early Warning Systems,
and Future Fire Management

Current climate change models are in agreement that there will be increases in both
fire occurrence and severity, resulting in larger fires and more area burned, which
raises serious doubts over the ability of fire management agencies to effectively
mitigate future fire impacts. The substantial increases in fire severity predicted glob-
ally across climate change scenarios by the end of this century are truly noteworthy
for wildland fire managers. Increases of up to 300 % in cumulative seasonal fire
severity, particularly in the northern circumpolar region, will place unprecedented
demands on fire suppression resources. Some of the seasonal fire severity increase
is due to longer fire seasons (about 20-30 days), but the vast majority of the increase
is due to increased fire intensity and subsequent control difficulty. Fire suppression
action most often fails during high intensity crown fires (Stocks et al. 2004), and the
climate change scenarios of the most recent studies indicate that this type of fire
behavior will occur with greater frequency in the future. Many countries of the
world operate highly efficient fire management organizations that have a high fire
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control success rate. However, climate change may cause a disproportionate increase
in uncontrolled fires because many fire management organizations already operate
at near to optimum efficiency; thus, any further increase in fire control difficulty will
force many more fires beyond a threshold of suppression capability (cf Flannigan
et al. 2009b; Podur and Wotton 2010). Perhaps we are already experiencing what is
to come with many recent disastrous fires.

Increased wildland fire on the landscape in the future will force fire management
agencies to reassess policy and strategy. All wildland areas cannot be protected from
fire, and many high value areas that are managed with a policy of fire exclusion will
be threatened by wildfire. Forest fire management agencies currently operate with a
very narrow margin between suppression success and failure, and a warmer and drier
climate will result in more fires escaping initial attack efforts and becoming large
campaign wildfires (Stocks 1993). With greater occurrence of large wildfires, in
combination with increasing exposure of people to fire on the landscape (due to
population increase and community expansion further into wildland areas), an
increase in wildfire disaster occurrence can be expected in the coming century. The
international fire management community understands that greater collaboration in
fire management is a key strategy in combating the increasing threat of wildland fire,
particularly through the sharing of fire suppression resources. Early warning systems
will play a critical role in identifying future periods of extreme burning conditions,
allowing agencies to implement resource-sharing agreements, and activating fire
prevention, detection, and suppression action plans before disaster fires occur.
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Chapter 8
Climate Change Implications and Use of Early
Warning Systems for Global Dust Storms

Lindsey M. Harriman

Abstract With increased changes in land cover and global climate, early detection
and warning of dust storms in conjunction with effective and widespread information
broadcasts will be essential to the prevention and mitigation of future risks and
impacts. Human activities, seasonal variations and long-term climatic patterns influ-
ence dust storms. More research is needed to analyse these factors of dust mobilisa-
tion to create more certainty for the fate of vulnerable populations and ecosystems in
the future. Early warning and communication systems, when in place and effectively
implemented, can offer some relief to these vulnerable areas. As an issue that affects
many regions of the world, there is a profound need to understand the potential
changes and ultimately create better early warning systems for dust storms.

Keywords Dust » Transboundary ¢ Climate change * Aerosols * Early warning *
Forecasting

8.1 The Need for Early Warning

While climate change will increase temperatures, desertification and frequency of
drought across different parts of the world (IPCC 2007), and thus possibly increase
the potential for dust storms (Wilcox 2012; Shao et al. 2011), the actual impact of
climate change on dust storm frequency and severity is unknown. Impacts of cli-
mate change can be exacerbated by human activities which already contribute to the
intensity and frequency of dust storms (Yang et al. 2007; Ginoux et al. 2010).
Additionally, different regions of the globe have high interannual, as well as annual
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Fig. 8.1 Dust storm life cycle (Adapted from UNEP (2013), Shao et al. (2011))

and decadal, variability of dust events, thus furthering the need for more research to
be conducted over longer periods of time to analyse trends of occurrences and asso-
ciated severity (Ganor et al. 2010; Goudie 2009). The origin of dust storms, whether
natural or human, and how aerosol circulation patterns are affected, need to also be
evaluated to understand the ultimate impact on the global climate (Ginoux et al.
2010). With this accumulation of information, more accurate forecasts of dust storm
movements can be developed, the appropriate efforts to mitigate damage can be put
into place and effective early warning can be communicated.

The dust cycle is a dynamic process of emission, transport, transformation, depo-
sition and stabilisation that occurs at both local and global scales on varying time
scales (Shao et al. 2011) (Fig. 8.1). A thin crust, formed by desert soils, most preva-
lent in areas between plants, helps to stablise the ground surface and create a natural
resistance to wind erosion. The plants protect surrounding soils from wind and trap
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suspended soil particles (Urban et al. 2009; Steenburgh et al. 2012; Wilcox 2012).
A disturbance to the crust or a reduction in vegetation cover increases the risk of a dust
storm occurrence, as the loosened sediments are free to be picked up by high winds.
Dust storms can result in the deposition of foreign sediments on crops, blocking
sunlight and causing them to suffocate. Dust particles and the pollutants they carry
can contribute to compromised air quality and human health and can also influence
climatic patterns and the energy balance of the earth system (Shao et al. 2011).

In general, early warning systems could help to contribute to three main elements
necessary to prepare for a dust event: (1) communication of the actual event occur-
ring, (2) its projected intensity and (3) its projected physical and geographic impact.
With the first element, the general awareness of the event is heightened. The second
and third elements of projected impacts can help people determine how to prepare
for the dust event by taking measures such as evacuating, seeking cover, sealing
doors and windows and securing outdoor assets such as vehicles, farming and man-
ufacturing equipment. Additional preparation for farmers could include harvesting
all or part of a crop early, if there is enough time before the dust storm hits (Stefanski
and Sivakumar 2009).

8.2 Physical Characteristics of Dust Storms

8.2.1 Dust Storm Frequency and Origination

Dust storms can occur naturally or be induced by anthropogenic activity. A dust
storm occurs naturally when high winds blow over soils that are vulnerable to sur-
face disturbance (Wilcox 2012). Areas where soils have dried out due to prolonged
drought or sudden dryness, or where there are a significant amount of dried out
lakebed sediments, are also prone to dust storms. A dust storm that originated due
to dried out sediments around Laguna Mar Chiquita in Argentina is pictured in
Fig. 8.2. Anthropogenic activities that can cause or increase the chances or intensity
of a dust storm include clearing of land for agricultural or infrastructure develop-
ment, overgrazing and poor agricultural practice (Stefanski and Sivakumar 2009).
In dust storm-prone regions, storms can collectively occur on more than 300
days a year such as in Japan (MoE 2008) or fewer than 30 days a year' such as in
the United States (NCDC/NOAA 2013). Approximately 2,000 teragrams (Tg) of
dust is emitted into the atmosphere per year with land surfaces receiving 75 % of the
dust that is redeposited and 25 % deposited in the ocean (Shao et al. 2011). The
Sahara Desert region alone emits 500—1,000 Tg/year, making it the most significant

'Based on average number of dust days in the United States for the past 10 years reported in the
U.S. National Climatic Data Center database.
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Fig. 8.2 A dust storm occurred on 29 July 2012 near Laguna Mar Chiquita due to low lake levels and
exposed, dried out sediment (NASA MODIS Aqua image, NASA 2012; visualisation by author)

regional contributor (Goudie 2009). Other dust-producing regions include the
Middle East, the Taklamakan Desert in northwest China, southwest Asia, central/
western Australia, the Etosha and Mkgadikgadi basins of southern Africa, the Salar
de Uyuni (Bolivia) and the southwestern United States (NRL 2009; Washington
et al. 2003; Shao et al. 2011). These dust-producing regions have minimal moisture
saturation, as indicated by a high erodible fraction value? (Fig. 8.3).

2Erodible fraction value reflects land cover type and associated wetness.
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Fig. 8.3 Global dust-producing regions based on land-use erodibility fraction identified by the
United States Geological Survey (NRL 2009)

8.3 Geographic and Climatic Implications

8.3.1 Transboundary Dust Travel

Dust storms not only impact their origin area, but also can impact land, water and
people a great distance away where dust, and the particles it carries, finally settles.
For example, dust particles originating in inner and southern Mongolia and northern
China contribute to dust events in Japan, the Democratic People’s Republic of
Korea, the Republic of Korea and the Taiwan Province of China, causing seasonal
‘yellow sands’ and muddy rains (Lee and Liu 2004; Kimura 2012a, b). In the south-
ern hemisphere, dust storms originating in eastern Australian can carry dust parti-
cles across the Tasman Sea to New Zealand, significantly contributing to soil
development and geochemical cycles (Marx et al. 2009). As a result, creating poli-
cies pertaining to dust storm mitigation (i.e. vegetation restoration efforts) or devel-
oping early warning communication can be challenging. Further, since climatic
changes will not affect all regions of the world in the same way or to the same
degree, its influences on dust storms and their travel patterns is relatively unknown,
thereby projecting uncertainty on populations that experience dust storms.

One of the most pronounced transboundary sources of dust is the Sahara Desert.
Dust originating in the Sahara is frequently carried extended distances — east across
the Nile Delta region and Mediterranean Sea, west across the Atlantic Ocean to the
Caribbean, the USA, parts of Central and South America and north over to Europe.
Dust originating in the Sahara has been reported as reaching as far east as Turkey in
April 2012 (Miihr et al. 2013). This dust transport can negatively affect air quality,
causing health and visibility problems (Prasad et al. 2010), but can also positively
contribute to rainforests in Central and South America (Sivakumar 2005).
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Fig. 8.4 (a) NASA/GMAO GEOS-5 0 hour forecast image of dust aerosol optical thickness
from 30 July 2013 (NASA 2013b); (b) Image from NASA’s OMI on the Aura satellite from
30 July 2013 (NASA 2013e); (c) NASA MODIS Terra satellite image from 30 July 2013 showing
dust from the Sahara Desert blowing over the Atlantic Ocean and Cape Verde (NASA 2013c;
visualisation by author)

Additionally, dust from the Sahara can also affect cloud development and precipita-
tion patterns. There is some evidence that shows dust from this area can suppress
tropical cyclone development, but more research is needed to confirm the claim
(NASA 2013d). Figure 8.4 shows a dust storm that originated in the Sahara Desert
blowing over Cape Verde and the Atlantic Ocean. The corresponding global aerosol
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index (AI)® image and the dust aerosol optical thickness image show how far off-
shore and over the Atlantic Ocean dust was actually being carried.

8.4 Climatic and Seasonal Variations
with Transboundary Dust

Some regions are substantial dust producers year round, but seasonal changes can
influence the level of dust intensity in other regions. For example, Asia experiences
the most number of dust storms during its spring season, with the number peaking
in April (Yang et al. 2007). Increased rainfall, snowmelt and onset of drought can
influence the severity of dust events. The Al of an area is one method of identifying
seasonal fluctuations in dust concentration. Al images show the presence of differ-
ent aerosols, primarily dust.

Much like seasonal variations, climatic periods can also influence the frequency
and intensity of dust storms. Through a comprehensive study of different regions in
Northern China over a period of the past 1,000 years, Yang et al. (2007) found that the
eastern arid regions experienced an increase in dust events during cold-dry periods
compared to warm-wet periods as evidenced by increased amounts of dust found in
ice cores. Vegetation cover was found to be relatively minimal during cold-dry peri-
ods, creating ideal conditions for dust mobilisation. Semiarid regions were also found
to follow the same general correlation with dust events and cold-dry conditions, but
correlated more strongly with precipitation patterns. From this observation, Yang
et al. (2007) concluded that long-term precipitation changes more heavily influenced
dust events than temperature changes did. Similarly, Marx et al. (2009) found that
rates of Australian dust deposition varied with La Nifia/El Nifio patterns in which wet
phases contributed to the addition of fine sediment to dust source areas, increasing the
amount of sediment at the source as these new depositions dry out during dry phases
and are available for transport. Climatic variations such as these need to be studied
more in-depth at a regional level to understand the future implications of alterations to
temperature and precipitation patterns that could be brought on by climate change.

8.5 Use of Modelling and Forecasting Networks
for Early Warning Detection

The transboundary movements and issues previously discussed warrant the need for
global dust storm forecast networks to help predict the onset, duration and path of a
dust storm for the protection of both humans and the environment. While some

3The Al is a measurement of absorbing aerosol particles such as dust and smoke and is commonly used
to identify dust source areas (NRL 2009; Washington et al. 2003). The Al is obtained using NASA’s
Ozone Monitoring Instrument (OMI) on NASA’s Earth Observing Satellite Aura (NASA undated).
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countries have been monitoring dust events for 50 years or more (Wang et al. 2008;
Shao et al. 2011), others have not. Models can help to close the data gap that exists in
long-term meteorological data collections. Forecasts, derived from models, help deci-
sion-makers and scientists gather information about where and how fast a storm is
moving. Information can be used by officials to deliver early warning information and
by scientists to study patterns, as well as by medical officials and policymakers who
can use forecast information to aid in determining the role of dust storms in origin and
transport patterns of pathogens and disease (Stefanski and Sivakumar 2009).

Both regional and global models are essential for creating accurate forecasts due
to variations in dust events across the globe. For example, March to May 2012 was
an extremely active year for dust storms over the northern tropical Atlantic Ocean,
the Arabian Peninsula, the northern Indian Ocean and the United States (Benedetti
et al. 2013). However, during the same period, China experienced fewer dust storms
than normal (10 instead of 17) and northern China had the least number of dust days
since 1961 (Zhang et al. 2013). Furthermore, on the western edge of China,
Mongolia experienced frequent dust storms, even a few particular days of extensive
damage across the country in April.

An example of a regional model is the CUACE/Dust (Chinese Unified
Atmospheric Chemistry Environment for Dust) model, which is used to produce
forecasts for up to 3 days and is considered a quality model for dust events in East
Asia (Wang et al. 2008). The model also has the ability to provide scientists and
forecasters with information to make more educated impact projections because the
model can provide insight about the distribution of desert and semi-desert land
cover types, soil grain size, soil moisture content, snow cover and land use (Zhou
et al. 2008). Alternatively, the Dust Regional Atmospheric Model (DREAM), uti-
lised by the Barcelona Supercomputing Centre (BSC) and the United States National
Weather Service (NWS), applies a global model to different regions and most exten-
sively in the Mediterranean, North Africa and Middle East regions (NASA 2013a).
With open online access, the BSC offers animated cycles of forecasts, using the 8b
version of the DREAM model, in 6-h intervals from real time to 72 h in the future,
for four substantial dust-producing regions in the world (BSC 2012). Forecasts
using models such as the DREAM help to not only identify the immediate location
of a dust particle, but also to determine point (or points of origin) and the anticipated
path of the storm.

Other methods of creating forecasts and early warning information include using
Light Detection and Ranging (LiDAR) data which allows for real-time monitoring.
For example, the Ministry of Environment in Japan uses LiDAR to measure the
presence of yellow sands and distinguish dust particles from other pollutants. The
information is then incorporated into regional dust and sand storm monitoring net-
works to warn citizens of incoming dust storms as opposed to haze caused by pol-
lutants. Ground-based global networks such as the Global Atmosphere Watch
Aerosol LiDAR Observation Network (GALION) also use LiDAR data from sev-
eral different regions and help to create a more complete picture of dust movement
and the global dust cycle (Shao et al. 2011).
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8.6 Early Warning Information Dissemination

An early warning message is only as effective as its method of delivery and interpre-
tation. There are many ways to communicate messages with today’s technology
including text message alerts, national and regional news broadcasts, website updates,
email alerts and broadcasted warning signals through small communities. (Methods
and challenges of early warning communication are further discussed in later chap-
ters.) Most commonly, weather networks observe dust conditions (Shao et al. 2011)
and disseminate the information (Davidson et al. 2003). The World Meteorological
Organisation (WMO) has operated one of the most extensive forecasting networks
since 2007. As described on the WMO website, the WMO Sand and Dust Storm
Warning Network (SDS-WAS) is comprised of two nodes covering four regions: (1)
Africa, the Middle East and Europe and (2) Asia (WMO undated).

Technological advances have encouraged information dissemination through
websites and cell phone text messages. For example, the website for the Asia/Central
Pacific Regional Centre with the SDS-WAS has a colour index with accompanying
explanations to describe the severity of an impending dust event and China, which
is included in this region, uses this information to display symbols to the public
indicating time until a dust storm will occur (Zhang et al. 2007; WMO 2013). Text
message, or SMS, warnings can also be used to instantly alert widespread popula-
tions of impending danger. Since 2012, the US NWS has supported a free Wireless
Emergency Alert (WEA) service that delivers alerts to WEA-enabled mobile phones.
The alerts warn of many types of hazards, including dust storms, and also offer sug-
gestions of how to handle the situation, such as to avoid travel (NWS and NOAA
2013). However, with both websites and text messaging, if a vulnerable region does
not have supporting infrastructure for Internet and cell phone alerts, then alternative
means of communicating early warning information need to be developed.

8.7 Future Outlook

To increase the effectiveness of current forecasting and early warning initiatives,
and to make future ones successful, some steps need to be taken. Primarily, several
areas of research (Table 8.1) need to be addressed. The use of meteorological data
and remote sensing information from satellite imagery could be used to complete
much of this research (Stefanski and Sivakumar 2009; Urban et al. 2009; Kimura
2012b). In addition, increased awareness about forecast availability and education
pertaining to how to interpret a forecast is needed to better prepare vulnerable popu-
lations and work towards mitigating the effects of dust events.

Efficient and effective early warning systems, used not only to broadcast safety
information for local populations, but also to predict drought conditions to prevent
human-induced dust storms, can become more mainstream for current and future
dust events. Global systems are also needed to address transboundary dust movements
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Table 8.1 Research aspects needed for the development of future forecasting and early warning

Research aspect  Specific area of study Outcome
Atmospheric Localised ground station monitoring Improved regional models, more
conditions (i.e. of air quality, wind speed and accurate forecasts and
direction, aerosol concentrations, etc.) extended length of valid

forecasts; improved ability to
determine where a dust storm

originates

Increase record-keeping of seasonal More accurate forecasts and
and climatic trends, including those extended length of valid
projected with regional climate forecasts
change implications

Dust model validation for global and Improved models and forecasts
regional models

Origin point Differentiate between dust storms Improved ability to understand
of storm originating because of climate change human impact on land and

conditions and those caused by human climate influences
activities

Research geomorphological Contribute to improved and more
characteristics of the land such specific regional forecasts and
as topography, glacial presence early warning efforts

and particle composition to refine
the extent of dust source areas
Impacts Dust implications on health Determine what is being caused by
dust storms as opposed to other
environmental factors; create
better preparation and
prevention plans
Continue studies on transboundary issues Create better understanding of the

such as dust transport from the Sahara impact dust has on the climate
and its role in tropical storm and what that means for future
formation and intensification climate change
Mitigation Measure and evaluate aid and risk Improvements on existing
efforts reduction activities such as re-vegeta- programmes can be made or
tion projects (i.e. Grain to Green those that are not effective can
Program in China) be stopped; more specific and

result-driven programmes can
be developed for the future
Develop policies and practices regarding  Attempt to reduce the possibility

land use, development, desertification or intensity of future dust
and any other risk increasing activity storms
Early warning Measure and evaluate effectiveness Determination of information
systems of existing methods of early best-practices for future
warning information dissemination warning systems

and their influence in increasing

preparedness and decreasing impact

costs and severity
Compiled from Leys et al. (2011), Wang et al. (2008), Ginoux et al. (2010), Yang et al. (2007), de
Longueville et al. (2013), Thalib and Al-Taiar (2012), NASA (2013d), Kimura (2012a), Shao et al. (2011)
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and effects. With impending climate change and a growing global population, consensus
exists that additional research to fully understand the life cycle and prevalence of dust
storms is needed.
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Chapter 9

Applications of Medium Range Probabilistic
Flood Forecast for Societal Benefits: Lessons
Learnt from Bangladesh

S.H.M. Fakhruddin

Abstract It has long been recognized that if society could have advanced information
on weather, the adverse effects associated with extreme weather could be mini-
mized. The prevalence of traditional forecast practices in various parts of the world
reflects the demand for long-range forecast schemes to manage uncertainties associ-
ated with it. Recent advancements in long-lead flood prediction programmes in
Bangladesh promise huge benefits for society and have resulted in strong inter-
agency cooperation and networking to facilitate the development of flood forecast-
ing schemes and their application at various levels. During the 2007 monsoon,
significant efforts were made to further refine the forecasting scheme and develop
institutional networking and coordination mechanisms through a series of train-
ings at national, district and local levels for interagency collaboration and capacity
building to facilitate the generation, interpretation and communication of forecasts
for at-risk communities. The value of 1-10 day long-lead flood forecast products
has been demonstrated to reduce disaster risk at the community level and has proven
a huge societal benefit saving life and property. This chapter describes lessons learnt
on institutional and community aspects of 1-10 day forecasts in the context of
severe flood experiences in Bangladesh in 2007 and 2008.
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9.1 Introduction

Damages due to natural disasters have increased drastically in the last few decades
(Thieken et al. 2007). As a result of devastating floods, flood forecasting has received
increased impetus in recent years (Bloschl 2010). Advances in meteorological,
hydrological and engineering sciences are fast generating a range of new methodolo-
gies for forecasting weather and flood events, including ensemble prediction systems
(EPS) and new hydrological or hydrodynamic models (Drobot and Parker 2007).
However, many of these advanced prediction systems have not yet been incorporated
into operational forecast systems. Consequently, operational forecasts have not yet
been integrated into decision-making processes in order to reduce disaster risks. In
the real world, it has been observed that not all people notice warnings or are able to
understand the meaning of probabilistic forecasts well enough to consider them-
selves at risk (Parker et al. 2009; Molinari and Handmer 2011).

Despite advances in forecasting, hydro-meteorological ‘surprises’ have resulted
in loss of lives as well as property in every severe hazard case for any country (e.g.
Indian Ocean tsunami in 2004, cyclone NARGIS in 2008, Pakistan Flood in 2010
etc.). In most of these instances, the failure of early warning system was observed
(Parker et al. 2009). Scientific information has always had a certain degree of uncer-
tainty (Krzysztofowicz 2002). Of all natural disasters, floods impact the greatest
number of people across the world. Accordingly, flood predictions, as well as esti-
mates of flood risk, are uncertain too. Generation of medium range flood forecasts
is highly challenging and uncertain as it depends on precipitation forecasts. The
warning problem is made particularly complicated by the uncertainty in the flood
forecast used within the decision-making chain for issuing flood warnings (Moore
et al. 2006). Thus, their use is very limited. Even though the information may be
available, the community impacts remain very high due to constraints in informa-
tion flow, low capacity at local levels to understand the information and lack of
awareness on response options. The effectiveness of an early warning information
relies on how these uncertainties are being translated, managed and communicated
(Babel et al. 2013; Weick 1988). Hence, a decision-making process is essential in a
social context where roles and responsibilities are clearly shared among all decision
makers to contextualize the warning information to evoke appropriate responses
(Morss and Eugene 2007).

Bangladesh is a flat deltaic country located at the lower part of the basins of
three large alluvial rivers, the Ganges, the Brahmaputra and the Meghna. It includes
57 trans-national rivers from several countries of South Asia. Total river basin area
of these three rivers is 1.7 million km? (Fig. 9.1). Numerous tributaries and dis-
tributaries of these rivers and extensive floodplains are the main physiographic
feature of the country. In fact, about four-fifths of the country is a floodplain. As a
result of flat topography of the floodplain, one-fifth to one-third of the country is
flooded by overflowing rivers during the monsoon when rainfall is also very high.
This annual phenomenon of rainfall and river flooding has played an active role in
shaping the landscape, economy, society and culture of the country. During the
monsoons (from late June to early October), Bangladesh experiences two forms of
riverine floods: high frequency localized floods that are considered ‘normal’ or
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Fig. 9.1 The Ganges, Brahmaputra and Meghna basins (Source: BWDB)
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Fig. 9.2 Flood affected areas from 1954-2012 in Bangladesh (Data sources from FFWC 2012.
Compiled based on the data from BWDB)

‘minor’ floods and low frequency floods of ‘extreme’ or ‘major’ proportions
(Boyce 1990; Rasid and Paul 1987). In the last three decades, major floods have
occurred in Bangladesh in 1987, 1988, 1998, 2004 and 2007. Figure 9.2 shows the
percent area of flooding from 1954 to 2011 (based on data from FFWC). During
each flood, hundreds of people were killed. Damage to crops, small enterprises and
infrastructure was as high as several billion US dollars, severely disrupting the
local economy (Penning-Rowsell et al. 2012).
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For a flood-prone country like Bangladesh, flood forecast technology plays an
extremely crucial role in saving lives and properties. The Flood Forecasting and
Warning Centre (FFWC) of Bangladesh Water Development Board (BWDB) is
responsible for flood forecasting within Bangladesh. The flood forecasting models
used by the FFWC are based on MIKE 11, a one-dimensional modelling software
used for the simulation of water levels and discharges in the rivers for up to 48-72 h
deterministic forecasts. The experimental model produces 1-10 day probabilistic dis-
charge forecasts. Due to its probabilistic nature, it has many limitations at the user
level for interpretation, translation and understanding of the early warning message.
Although there are many disaster risk management initiatives implemented by differ-
ent INGOs and NGOs, there are limited research and capacity building activities on
the application of medium range probabilistic flood forecasts information. For exam-
ple, the Center for Environmental and Geographical Information Service (CEGIS)
is piloting flood early warning system at the community level, using existing 48 h
deterministic forecasts (Riaz et al. 2010). However, 2 days’ lead time could only be
used for emergency evacuation and household preparation work.

Box 9.1 Forecasting

* Short range forecast: Beyond 12 h and up to 72 h.

e Medium range forecast: Beyond 72 h and up to 240 h.

» Extended range forecast: Beyond 10 days and up to 30 days.

* Long range forecast: From 30 days up to 2 years.

* Ensembles forecasts: Ensemble forecasts are forecasts that contain a num-
ber of alternative predictions for the same forecast period. One such pre-
diction is called an ensemble member.

» Probabilistic forecasting: A technique for forecasting that relies on differ-
ent methods to establish an event occurrence/magnitude probability.

Source: WMO- GDPS, WMO (2012)

To model this annual flooding occurrence for improved prediction, research on the
generation of ensemble medium range flood forecast, started in 2001, is developing a
series of forecasting schemes to increase lead time of flood forecasting in Bangladesh.
The forecasts system was tested in real time since 2007. In Bangladesh, a recent major
flood was in 2007.

9.2 Institutional Arrangement for Probabilistic Forecasts

Strong institutional networking and commitments have facilitated the development
of flood forecasting schemes and their application. At the international level,
Climate Forecast Application Network (CFAN) of Georgia Institute of Technology
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Fig. 9.3 Institutional collaboration for piloting the end-to-end generation, feedback and applica-
tion of flood forecasts application from national to the community level (SHOUHARDO I project
document)

Table 9.1 Organizational roles and responsibilities of each organization shown in Fig. 9.3

Organization Activities

RIMES-CFAN Generation of 1-10 day discharge in three major river stations (Ganges,
Brahmaputra and Meghna) using hydrological model.

BMD Support local observed rainfall as well as ECMWF rainfall forecasts.

FFWC Generation of 1-10 day flood forecasts in 18 locations using RIMES-CFAN
model and MIKE-11 hydrodynamic model

DDM Interpret forecasts and disseminate to community.

DAE Interpret and translate flood forecasts to agricultural outlook and send to
local representatives and farmers groups.

End Users Union Disaster Management Committee and local volunteers who are aware

of the local community people.

(GATECH) established collaboration with the European Centre for Medium-Range
Weather Forecasts (ECMWF) for accessing its forecast products. At the national
level, a steering committee was formed consisting of the Department of Disaster
Management (DDM), Department of Agriculture Extension (DAE), Flood
Forecasting and Warning Centre (FFWC), Bangladesh Meteorological Department
(BMD) and Regional Integrated Multi-Hazard Early Warning System (RIMES) to
evaluate the forecast products, interpret, translate and disseminate them at the
community level and to other decision-making processes as well. The institu-
tional partnership to connect all stakeholders with communities at risk is shown
in Fig. 9.3.
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It is envisaged that in the near future all the dotted line agencies will backstop the
forecast system and process, and that the core government agencies of Bangladesh
will develop forecast information products to interpret and disseminate information
nationwide. At the local level, the Upzila (i.e. a sub-district level) disaster manage-
ment committee chaired by the Upzila chairman discusses regularly and validates
the information and usefulness of long-lead forecast information products. Social
factors, design of climate forecast products to suit users’ needs, communication of
the forecast products, sector system models (crop-climate models), decision behav-
iour, institutional constraints and social settings in which the decisions are made
were considered to institutionalize the system. At the same time, a continuous dia-
logue mechanism has been established among climate information producers, inter-
mediary research organizations, policy-makers and end-users.

9.3 Decision Support System of FFWC

The FFWC of the Bangladesh Water Development Board (BWDB) use, decision
support system developed in ArcView GIS, which integrates the database, modelling
system, model outputs and dissemination of forecasts. Flood Watch and the MIKE 11
modelling systems have been used for flood forecasting using 1-10 day probabilistic
data to produce 1-10 day forecasts. The prediction generated 51 sets of ensemble
forecasts for a particular day at each of the discharge prediction points (Fig. 9.4).
The coloured lines represent the 51 ensemble members. The bold black line indicates
the observed values of discharge measured at Bahadurabad (see Fig. 9.4).

Using 51 sets of data for simulation and further processing and analyses of the
results is not practical from an operational viewpoint of a flood forecasting system;
hence it was decided to carry out selective simulations (3 times, —1 Stdv, +1 Stdv
and Ensemble Mean instead of 51 sets) and prepare the forecast products within a

Observed Q (black), 7-day Forecast (colors) Observed Q‘ (blz_u:k}.I 10-day _I:'orerl:asl (colors)

Q[10"3 m™~3/s]
Q103 m"3/s]

I L 1

0ap3 0718 0731 0813 0826 0908 0921 1004 1017 04R6 0721 0803 0816 0829 0911 0924 1007 1020
Day Day

Forecast Target Date (2007)

Fig. 9.4 1-10 day discharge forecasts at Brahmaputra river (RIMES-CFAN model result)
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range of observation easily understood and usable by the user. Then FFWC sent a
more simplified graphic interface as a bulletin and uploaded the products to the web-
site on a daily basis.

The updated FFWC model was taken for customization for real-time flood
forecasting utilizing 1-10 day probabilistic predictions. Under this programme, five
pilot areas have been selected for the application and capacity building of the commu-
nity. The five pilot areas are Uria, Gaibandha, Kaijuri, Sirajganj, Gazirtek, Faridpur,
Bekra Atgram, Tangail and Rajpur, and Lalmonirhat. The forecast stations selected
for the modelled river network and pilot areas are presented in Fig. 9.5a, b.

9.4 Forecast Product Application Methods

A method to bridge the gap between producers and users of forecasts has been
developed through the generation of user-friendly forecast products that provide
an aggregated risk analysis to aid a user community in making absolute decisions.
For an example, the crop is in 80 % maturity stage and nearing physiological matu-
rity during early July. It requires an additional 10 days to reach complete maturity
that falls after mid July. Consider that the decision to be taken during early July is
whether to harvest the crop before its complete maturity or wait until the middle of
July to ensure good quality. The forecast indicates a higher chance of above average
flow during mid July that may cause inundation of paddy fields so that harvest
would be affected substantially. Inundation during the harvesting stage could lead to
complete loss of produce and the entire cost of investment. Figure 9.6 shows the
decision outcome tree for the risk paradigm.

Alternatively, a detailed assessment was made at each community regarding the
forecast lead-time requirement, users needs, impacts and management plan for
crop, livestock and fisheries sectors in order to customize the forecast products.
The most important findings were that community could not relate to the informa-
tion provided through forecasting to their local situations — that the language and the
metric system of forecasting were alien to their culture and system. The participants
also identified the agents through whom they would like to receive forecasting
information (e.g. Imams, teachers, etc.) and the way they think dissemination could
be done effectively (e.g. microphones in mosques, beating of drums, etc.). In an
effort to improve the situation, identified change agents need to be trained, the dan-
ger level of river flow for every village needs to be set up and flood warning in local
language needs to be formulated including posters, photos and audio tapes for illit-
erate people with additional information on crops, boats, cattle, women, children,
emergency food, etc. If warning is given 1 week prior to the impending flood, peo-
ple are in a position to save their belongings as well as take the crops ready for
harvesting to a safe place. Some local people also reported that it requires 3—4 days
for netting and other preparations, and that it would be helpful to get messages at
least 4 days before the floods occur. Table 9.2 shows the disasters, impacts and
management plan matrix for crop, livestock and fisheries sector of one pilot area.
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Legend:

e Forecast stations
Model rivers
/\/ International border

N

40 0 40 80 Kilometers

Fig. 9.5 (a) Model rivers and forecast stations (/eff). (b) Five pilot areas (right) (SHOUHARDO
I project document)
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Fig. 9.5 (continued)

Currently, an effective process and system for flood information collection and
dissemination is lacking at the community level. Through community consultation,
people were asked about the sources, time, dissemination place and media of early
warning system. Most of the people prefer microphones as dissemination media and
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Fig. 9.6 Decision outcome tree for risk reduction paradigm (Babel et al. 2013)

the source of message could be a school teacher or religious leader (Imam) or Union
Parishad member who will inform people at school/college or mosque or bazaar
(Table 9.3).

It was mentioned that the intensity and magnitude of effect depend on the time
of exposure to flood. Therefore, time of exposure to flood for each sector is identi-
fied in the community through discussions. According to the community’s percep-
tion, most of the sectors are affected in during-flood and post-flood times (Table 9.4).
Among them agriculture, handloom factory and communications were priority.

The consultations indicated that the community people prone to flood disaster
are not so concerned with flood warning and forecasting. The existing flood warning
dissemination procedure is not appropriate in the local context. The people do not
understand the official languages of weather forecasting on radio and television.
The flood warning and forecasting procedure should be area specific, the people
oriented and the dissemination should be in colloquial dialects. The community
wants accurate and timely messages which must address public concerns, contain
what people want to know, give guidance on how to respond and use examples,
stories and analogies to make the point. It is also found that long-lead forecast is
necessary to take pre-disaster initiatives. The chairman requested the national
authority to provide flood forecasting and warning well in advance, and they will
keep in touch with the National Flood Forecasting Center to follow up the river situ-
ation and provide more training to the community to understand the flood early
warning.

The discharge threshold has been defined in three categories: low probability,
medium probability and high probability. The danger level for the Brahmaputra
river is 19.5 m and the recorded highest danger level is 20.5 m. During the discus-
sions with the community, most people provided their perception on risk based on
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Table 9.3 Sources of early

warning dissemination Source Where How
system identified » Teacher * School/college * Miking
* Imam * Mosque * Poster
¢ Upzilamember ¢ Bazaar * Door to door
* Door to door * Flag

e Signboard

Table 9.4 Ranking and time Time of effect

f)f flood effect on each sector Sectors Ranking During Post

in study area
Agriculture 1 H L
Fisheries 11 H L
Livestock 9 H L
Poultry 12 H L
Household 4 H M
Homestead 10 M No effect
Business 6 H M
Health and life 7 H H
Drinking water sources 5 H No effect
Sanitation 8 H H
Communication 3 H H
Other (handloom) 2 H H

H high, M medium, L low

different water levels. A level survey was conducted to define their perception to
exact water level from the msl. Thus for the floods, the thresholds that have been
identified are:

Low flood: 17-18.5 m
Medium flood: 18.6-19.5 m
High flood: >19.6 m

9.5 Testing the System for the 2007 Floods

Approximately 26,000 square kilometres of 46 districts within Bangladesh’s terri-
tory were inundated during the flood of 2007, affecting almost 13.3 million people
(DER 2007). The 2007 floods came in two waves. The first wave commenced
around 24 July 2007 and receded on 6 August which affected 39 districts. The sec-
ond wave commenced on 5 September and continued up until 15 September 2007.
In both the cases, the model was able to predict the floods well in advance.

The warning information was disseminated through the FFWC’s traditional
dissemination process (e.g. fax, telephone, e-mail). In the five pilot areas, the
overall process of flood forecast dissemination was divided into three parts. First,
the requirements of the flood forecast dissemination were analysed through
consultation between the FFWC and community. Second, the message production
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Fig. 9.7 (a, b) Community-based flood warning system using flag (SHOUHARDO 1 project
document)

system from the regional to the community level was established. Finally, the
flood forecast dissemination and monitoring instruments were established.

The information was sent via SMS, a flag network and through physical contact
to the local chairman, volunteers and partner NGOs. There are flag stations estab-
lished in different suitable positions to show the predicted water-level change.
A flag marked with red indicates severe flood, yellow shows medium flood and
green indicates normal flood. A blue flag indicates that the flood situation will
increase 9.2 cm (local people don’t understand cm/m/ft, they understand hand thus
half hand = 9.2 cm) and a white flag indicates that water level will decrease 9.2 cm
in the next 48 h. The information was disseminated to the flag maintenance people
by SMS through mobile phone (Fig. 9.7). At the same time most members of the
disaster management committee, and identified volunteers, received the information
through SMS. The information also reached the Union Information Center at Union
Parishad Office, which is easy for community members to access. The community
identified volunteers who could receive the information about the flood early warn-
ing through SMS and Union Information Center and disseminate this to the com-
munity using microphones, flags and door-to-door communication. Volunteers
immediately inform the community people and chairman of any flood warning.
They also meet in every monthly meeting of Union Disaster Management Committee
to update the plan, program and activities to the chairman. Capacity building and
community understanding were made through the flood pillar (a concrete block
colour with different flood levels), bulletin board, leaflets and regular training of
community members, flag operators, Upzila disaster committee members and of
schoolchildren.
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Fig. 9.8 User response during the 2007 flood. The forecast issued on 21 July showing greater
chance of exceeding danger level in Brahmaputra from 28 July 2007 (SHOUHARDO I project
document)

9.5.1 Response of National Institutions to Flood Forecasts

The FFWC incorporated the 1-10 day probabilistic forecasts to produce water level
forecasts for many locations along Brahmaputra and Ganges rivers well in advance.
The national level disaster emergency response group, consisting of International
Non-Governmental Organization (INGO), Ministry of Food and Disaster
Management and international organizations, prepared emergency response plans,
logistics for preparedness and relief planning in advance. National level NGO net-
work and INGOs prepared localized warning messages and disseminated them to
their counterparts at the local level. National level service organizations like the
Department of Agriculture Extension (DAE) prepared rehabilitation plans in
advance. Figure 9.8 shows the daily response after getting the medium range flood
forecasting from the national level.

9.5.2 Response of Local Institutions to Flood Forecasts

Based on the forecast information provided by the FFWC, district-level service
organizations in partnership with NGOs communicated 1-10 day forecast 5 days in
advance to their respective communities. Local NGOs and implementing partners
prepared evacuation and response plans to protect lives and livelihoods. District
level relief and emergency organizations planned to mobilize resources for relief
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and recovery activities. Local NGOs, government organizations and community-
based organizations (CBOs) mobilized mechanized and manual boats to rescue
people and livestock from the ‘char’ areas. Local NGOs and the Department of
Agriculture Extension prepared work plans for relief and rehabilitation activities.

9.5.3 Community-Level Decision Responses (Lowland)

Upon receiving the information, local people planned to store dry food and safe
drinking water for about 15 days knowing that relief will start only 7 days after
initial flooding. They secured cattle, poultry birds, homestead vegetables, cooking
stoves, small vessels, firewood and animal dry fodder; evacuated to identified high
grounds with adequate sanitation and communication; and identified alternative
livelihood options immediately after flooding (e.g. small-scale fishing, boat-mak-
ing, etc.).

9.5.4 Community-Level Decision Responses (Highland)

Communities living at the highland abandoned the crop T.Aman transplanting tem-
porarily, anticipating floods, and secured additional seedlings for double planting of
rice after the floods. They also protected homestead vegetables by creating adequate
drainage facilities, reserved seeds of flood-tolerant crops and planned for growing
seedlings in the highlands and for alternative off-farm employment during the
floods. Farmers harvested their of B.Aman rice and jute early, anticipating floods
and leaving livestock in highland shelters.

9.5.5 Key Lessons from the 2007 Flood Forecast Application

The 1-10 day forecast performed significantly well in 2007. Bangladesh faced
flooding two times in 2007 which impacted the community and the national econ-
omy, but at the same it also proved a good opportunity to test and build confidence
in the developed model. No other country in the world has been able to develop this
kind of forecasting technique. Some key lessons learnt during the 2007 floods include:

* Conflicting community perceptions and misinterpretations of forecast informa-
tion reduces the local response actions in appropriate time. Future targets should
be related to capacity building at the community level.

e Community level risk maps are the better tools to incorporate flood information
and prepare localized impact outlooks.



182 S.H.M. Fakhruddin

* Preparedness plans by local institutions are driven by response from local disaster
management committee (DMC) members and require capacity building initia-
tives for DMC members.

* The relief activities are slow, due to the sequence of lengthy procedures with
district administration.

» Response to forecasts in low-lying areas and ‘char’ regions is related to saving
lives and small household assets (dry food, drinking water, fire wood, animal
fodder, borrowing credit from micro-financing institutions).

* Response to flood forecasts in highlands is mostly related to preparedness activi-
ties such as reserving seedlings for double planting, protecting fisheries, early har-
vesting, abandoning early planting, protecting livestock and preserving fodder.

* Local institutions during 2007 in pilot unions were well informed and, thus,
prepared for floods in advance.

* Local-level infrastructure facilities (highlands, flood shelters, sanitation, etc.) are
insufficient to carry out preparedness and response actions at the level needed.

9.6 Conclusion

The use and increased understanding of probabilistic long-lead flood forecasts are
extremely valuable for society and the environment in Bangladesh. In order to
receive value-added benefits from the flood-forecast-related information, the
requirements of different users need to be looked into very carefully and need to be
met judiciously. Moreover, accuracy and lead time of forecasts are very important
for a country like Bangladesh, which is a lower riparian country of three major river
systems and drains huge run-off from large river basins.

The community-based probabilistic flood forecast system has always generated
greater interest among people living in the pilot unions and other regions as well.
However, the flood forecasts should be more specific so that the forecasts will match
with real conditions more closely. People have realized the benefits of the forecast and
have started to believe in the system. More training and awareness of the Union
Disaster Management Committee (UDMC) is required to institutionalize the system.
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Chapter 10
Flood Forecasting and Early Warning: An
Example from the UK Environment Agency

Janak Pathak and Richard Eastaff

Abstract The frequency and severity of floods have increased in England in recent
years and is expected to increase in the future due to climate change and land-use
change. It is neither technically feasible nor economically affordable to prevent
extreme events, such as floods. The UK government has invested more resources to
build engineering defences and developed a hydro-meteorological forecasting sys-
tem by bringing the latest scientific and engineering knowledge to protect the public
and property from floods. The Environment Agency (EA) in England has advanced
flood warning dissemination systems as a part of their flood risk reduction and adap-
tation strategy. In addition, more focus has been given to inform people and to influ-
ence their decision and behaviours in times of extreme events. Together with the
advancement of their early warning system for hazard detection and forecasting, the
EA is also making efforts to provide effective and appropriate information to trig-
ger and influence the behaviours and actions of the communities at various levels
so that they can be prepared to respond to extreme events and disaster situations.
More importantly, the government has embedded disaster risk reduction in its
development planning. For example local planning authorities must now consult
with the EA on the planning application for any proposed development, especially
if the proposed development is at risk from flooding. This chapter briefly describes
the process of issuing flood warnings in England.
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10.1 Introduction

Flooding is, in many ways, a natural occurrence. However, there are areas of the
world more likely to be at risk of flooding than others (Fig. 10.1). More recently,
with population growth, residential and commercial areas now have increased vul-
nerability to flooding (Zong and Tooley 2003). Recent flood events in China, India,
Canada, the USA, India, Germany, Austria, Australia and the UK have shown flood-
ing is by no means restricted to one ‘type’ of country or another and often takes no
preference with which individuals it affects (NASA Earth Observatory 2013).
Increasing global average temperature will result in more evaporation from almost
75 % sea surface and land surface water bodies and the atmosphere carrying more
water. The atmospheric rivers (ARs), also described as narrow bands (around
300 km wide and 1,000 s of km in length) of intense moisture flux in the lower tro-
posphere, are associated with episodes of heavy and prolonged rainfall. Lavers et al.
(2013) noted a well-established link between ARs and peak river flow for the pres-
ent day. The increased water vapour transport in projected ARs implies a greater
risk of higher rainfall and therefore larger winter floods in the UK, with increased
AR frequency leading to more flood episodes. The loss from UK flooding in summer/
winter 2012 is estimated to be about $ 1.6 billion in damages. The study suggests
increasing flood risk as a result of the projected change in ARs due to warming from
anthropogenic radiative forcing (Lavers et al. 2013). In the light of changing climate
and extreme events, the EA has adopted flood forecasting and early warning approaches
as one of the key measures for disaster reduction and adaptation strategies to improve
livelihood security.

FLOOD CCCURRENCE
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Fig.10.1 Map of flood occurrence 1985-2011, used as a proxy for areas at flood risk (World Resources
Institute 2013)
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Flooding is one of the largest current risks identified in the UK Government’s
National Risk Register. The assessment of the Adaptation Sub-Committee noted
that without action, four times as many properties will be at risk of flooding in
England (Committee on Climate Change 2012). Flooding is therefore a major con-
cern related to climate change in the UK. This chapter tries to provide a case study
approach — giving an example of how England’s Environment Agency makes flood
forecasts and issues early warnings. The EEA system is highlighted because it is
particularly effective in its timeliness, reliability, cost-effectiveness and accuracy,
rather not just limited to EWS but imbedded in its national development planning
and broader public awareness (EA 2009a, 2013c). Their system tries to provide an
end-to-end approach including general procedure and organisation to post-event
data collection, reporting and archiving (EA 2002). In addition, the EA is also
engaged in influencing the national development process to consider flood risk at all
levels of planning process and to avoid inappropriate development in flood risk
areas by supporting national planning policies, such as, Planning Policy Statement
25 (PPS25) (DCLG 2009).

10.2 The Environment Agency

The Environment Agency (EA) is an executive non-departmental public body which
plays a central role in implementing the UK government’s environmental strategy.'
Created in April 1996, the Environment Agency aims to protect and improve the
environment and ‘create a better place’ for people and wildlife in England (EA
2011a). In September 1996, the Environment Agency was designated as the lead
authority for issuing accurate, reliable and timely flood warnings to the public in
England and Wales, and to reduce the risks to people and properties from floods and
the impacts when flooding occurs (Whitfield 2005). Because the Environment
Agency’s work is largely funded by public taxation, cost-effectiveness is very
important. The Environment Agency does implement and maintain physical engi-
neering schemes but also relatively cheaper options. A flood warning service is an
equally important aspect of the Environment Agency’s work. In England about one
in six residential and commercial properties is at risk from river, coastal or surface
water flooding (EA 2009b).

10.3 Identifying Flood Risk Areas

The first step to reduce the impact of flooding is to understand what areas are at risk
of flooding, from which sources and at what magnitude.

'Note: following devolution of power in Scotland and Wales, the Environment Agency is now
primarily focussed on work in England.
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10.3.1 Flood Map

In England, the Environment Agency has produced a ‘flood map’ to try and answer
these questions. Using varying methods depending on their geographical availability
ranging from ‘simple’ GIS analysis up to ‘complicated’ 2D models, the Environment
Agency has mapped the risk of flooding for a 1 in 100 (or greater chance), 1 in 200
(for coastal flooding) and 1 in 1,000 (or greater chance) of flooding from river or sea.
These maps are available for everyone to view on the Environment Agency’s web-
site (EA 2013d). They include no defenses. In other words, they present a ‘worst-
case’ scenario to plan and build better adaptive capacity and coping mechanisms.
The Environment Agency has also produced;

* A flood map that includes the presence of defences. The National Flood Risk
Assessment (NAFRA) provides the likelihood of flooding at a national scale
with cells of 100 m by 100 m (EA 2013b). The results are presented into three
categories as used by insurance industry. For example:

— Low — the chance of flooding each is 0.5 % (1 in 200) or less.

— Moderate — the chance of flooding in any year is 1.3 % (1 in 75) or less but
greater than 0.5 % (1 in 200).

— Significant — the chance of flooding in any year is greater than 1.3 % (1 in 75)
(EA 2013Db).

* A flood map for the risk of surface water (flooding from heavy rain and exceed-
ance of drainage capacity. Banded in two categories (deep/less deep) for two
scenarios (1 in 30 chance, 1 in 200 chance) (EA 2013e).

* A flood map for the risk of reservoir flooding (for large reservoirs holding over
25,000 cubic metres of water) (EA 2013d).

All of these are, or soon will be, available for free from the Environment Agency’s
website.

10.4 Mitigating Flooding

Once risk areas are identified, actions can be taken to reduce the risk. Mitigating
flooding is not an easy, small or straightforward task. There are many different
approaches favoured in different locations around the world, ranging from the mini-
mum approaches, such as, a simple GIS-based mapping for flood risk and introduc-
ing ecosystem-based preventive measures (Defra 2007) to engineering defences
which protect all but the most extreme events (Deltares 2010).

This range can also be observed within countries. In England, for example, the
Environment Agency uses at least four methods to reduce flood risk:

1. Influencing the planning process to avoid inappropriate development in flood
risk areas, for example, Flood Risk Assessments (EA 2013f).
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Planning Policy Statement 25: Development and Flood Risk Practice Guide
(PPS25)? sets out the UK Government’s national planning policies on develop-
ment and flood risk, with the aim that flood risk should be considered at all levels
of the planning process, encouraging positive planning to deliver appropriate
sustainable development in the right place. The aim is to avoid inappropriate
development in flood risk areas and to locate development away from flood risk
whenever possible (DCLG 2009).

2. Engineering solutions to reduce the risk of flooding. With a fixed budget, the
most cost-effective schemes nationally will be preferred (those that protect
the most properties, for the cheapest amount per property). An example of this
is the new flood defence in Keswick (EA 2013g).

3. Maintenance programmes. Ensuring rivers are clear from obstruction and have
maximum capacity. Routine maintenance activities take place annually, such as,
channel maintenance, and instruction to undertake your own watercourse main-
tenance (EA 2013h).

4. Warning and informing. Raising awareness of flood risk and encouraging individu-
als and groups to plan and prepare. The Environment Agency aims to have 66 %
of high risk areas covered by its free flood warning service by 2015 (EA 2013;).

10.4.1 Flood Forecasting and Warning Process

The main objective of the flood forecasting and warning process (FFWP) is to pro-
vide additional lead time to allow actions to be taken to moderate against flooding’s
impacts. The baseline review on existing good practice found that the FFWP within
the Environment Agency involves a series of six steps, including a commonly
adopted conceptual model of flood forecasting and warning (Haggett 1998). The
EA FFWP also includes a sequential process involving information management
along with general procedure and organisation, post-event data collection, archiving
and reporting (Fig. 10.2) (EA 2002).

10.4.2 Planning and Preparedness

Before any operational action can be taken in the flood warning and forecasting
process, a lot of work needs to be carried out. Detailed understanding needs to be
gained of when flooding occurs, and instructions and triggers set for when warnings
will be issued (Sene 2008).

2https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/7772/pps25
guideupdate.pdf


https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/7772/pps25guideupdate.pdf 
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Fig. 10.2 Conceptual model
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10.4.3 Detection

The Environment Agency is an evidenced-based organisation. Data collected in
many parameters is cross-referenced against records of flooding. This information
allows staff an understanding of when flooding may be possible. To deliver its flood
warning service, the Environment Agency has an extensive network of monitoring
stations, measuring many hydrological and meteorological variables including river
level and flow, rainfall and tide (Figs. 10.3, 10.4, and 10.5). As many of these sites
are connected via telephone line to the telemetry network, measurements are able to
be viewed remotely in ‘real time’. Since 2010, the Environment Agency provides
this data from 2,000 of its sites, for free, in near real time, for example river levels
for Arun and Western Streams® (EA 2013i). Monitoring stations are calibrated and
validated to ensure high-quality information is used for all its applications.
Generally, in the Environment Agency, flood warnings are still primarily issued on
the detection of rising water levels. Therefore, data quality is highly important.

3http://www.environment-agency.gov.uk/homeandleisure/floods/riverlevels/136474.aspx


http://www.environment-agency.gov.uk/homeandleisure/floods/riverlevels/136474.aspx 
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Fig. 10.3 River level sites in England and Wales (EA 2013a) (Contains Environment Agency
information © Environment Agency and database right)

10.5 Moving Towards Forecasting

10.5.1 Weather Forecasting

The UK Met Office is the UK’s national weather service and also a world leader in
providing weather and climate services, with a history tracing back to 1854 (Met
Office 2013a). The Met Office measures thousands of meteorological conditions
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Fig. 10.4 River flow sites in England and Wales (EA 2013a) (Contains Environment Agency
information © Environment Agency and database right)

each day and feeds that data into a high-performance supercomputer running an
advanced atmospheric model. The outputs are delivered to a large range of customers
including the government, businesses, the general public and the armed forces (Met
Office 2013b) as a range of tailored forecasts and briefings.

The Environment Agency is a customer of the Met Office’s probabilistic and
deterministic forecasts for spot and areal locations. The Met Office’s observations
and predictions of the weather feed into the flood warning and flood forecasting
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Fig. 10.5 Rainfall measuring sites in England and Wales (EA 2013a) (Contains Environment
Agency information © Environment Agency and database right)

process, giving advance notice of potentially hazardous weather conditions verified,
or otherwise, by the observations.

Rainfall observations and predictions are shared with the Environment Agency
through their Hyrad programme (CEH 2013). Ten radar sites across England and
Wales ‘measure’ rainfall intensities and feed into the modelled rainfall forecast,
providing coverage and information across the whole country (Fig. 10.6).
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Fig. 10.6 Radar sites in England and Wales showing indicative coverage (EA 2013a) (Contains
Environment Agency information © Environment Agency and database right)

10.5.2 Flood Forecasting Centre

As an addition to the Met Office, the Flood Forecasting Centre has also been created.
Following the devastating summer floods of 2007 in parts of England, which cost
the economy £3.2 bn (BBC NEWS 2010), the Pitt review* called for urgent and

“http://webarchive.nationalarchives.gov.uk/20100807034701/http:/archive.cabinetoffice.gov.uk/
pittreview/thepittreview/final_report.html


http://webarchive.nationalarchives.gov.uk/20100807034701/http:/archive.cabinetoffice.gov.uk/pittreview/thepittreview/final_report.html 
http://webarchive.nationalarchives.gov.uk/20100807034701/http:/archive.cabinetoffice.gov.uk/pittreview/thepittreview/final_report.html 

10 Flood Forecasting and Early Warning... 195

fundamental changes in the way the country is adapting to the increased risk of
flooding. It urged the UK government to show leadership and set out the process and
timescale for improving resilience in the UK (The Pitt Review 2010). Following the
recommendations, the Environment Agency and the Met Office have combined
their efforts and have established the Flood Forecasting Centre (FFC)® to pool the
best possible intelligence and provide the best inputs to be used in the remainder of
the flood forecasting service. The Flood Forecasting Centre combines the meteoro-
logical forecast with assessing consequences and impacts to produce overview
guidance and products to the responding communities across England and Wales.

10.5.3 Flood Forecasting

Predicting when flooding will occur at a local level still remains the remit of the EA.

The Environment Agency has set itself a target to provide flood warnings at least
2 h before flooding (EA 2011a). Traditionally, warning systems have relied upon
measured levels acting as a trigger. If set appropriately, these triggers can give some
lead time. With the development and use of forecasting models, the intention is to
extend the lead time and give more time to act on a warning.

Flood forecasting methods in various forms have been available since before the
Environment Agency took the responsibility for delivering flood warnings in 1996,
but have gained sophistication and accuracy with time. These forecasting methods
range from relatively simple techniques such as correlation of peak levels/flows
between different sites, to linked rainfall-runoff models with hydrological channel
routing models (Table 10.1) (EA 2013a; Whitfield 2005).

10.5.4 National Flood Forecasting System (NFFS)

To use these forecasting techniques (Table 10.1) operationally, the Environment
Agency commissioned the development of the National Flood Forecasting System
(NFFS). The NFFS uses a forecasting solution called Delft Flood Early Warning
System (Delft-FEWS) developed by Deltares® (Deltares 2008), with help from
Tessella Scientific Software Solution (UK).”

Shttp://www.environment-agency.gov.uk/static/documents/Leisure/FFC_introduction.pdf
Shttp://www.deltares.nl/en
Thttp://www.tessella.com/
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Table 10.1 Methods used for forecasting flooding

(i) Levels, records and trends techniques

(a) Historic flood records A comprehensive recording of historical flooding on a
catchment basis, with detailed information on river-moni-
toring sites. Provides an indication of how a site may react
to different weather conditions, based on its previous
behaviour. This is used as backup to more technical
methods, or where no other methods are available

(b) Alarm levels Based on known information, alarm levels will be set up on
river-monitoring sites, at appropriate levels, to alert of high
and rising river levels

(c) Linear trend It is used to record the rise in level at a river level gauge over
the previous 1 or 2 h and calculates the same rate of rise
into the future

(ii) Modelling and correlation techniques

(a) Rainfall to river level A relationship between amount of rainfall, which can be used
correlation to predict the peak river level. Used for river gauges which
are furthest upstream without the availability of any other
information
(b) Upstream and Correlation method used as a forecasting technique by
downstream river monitoring the river level at an upstream river gauge to
level correlation predict a level at another gauge downstream. Based on a
relationship between two sites that is easily repeated
(c) Rainfall-runoff Different versions exist. For example, Probability Distributed
modelling Model (PDM) and Physically Realisable Transfer Function

(PRTF) Model. Real-time rainfall and river data is fed into
the models to predict timing and magnitude of maximum
river levels or flows. The model can use rainfall forecast
taken from radar prediction. The model depends on good
quality data to calibrate accurately and good quality rainfall
forecast to produce extra lead time with accurate results

(d) Routing modelling Routing models route the flow from upstream to downstream
river-monitoring stations, taking account of inflow from
other tributary systems

(e) Hydrodynamic Different versions exist. For example, ISIS and Mike 11 model

modelling software. Originally developed for flood mapping purpose

but now adapted for use as a real-time forecasting tool.
These model river systems on detailed topographic survey
data rely on detailed topographic survey data to replicate
the ‘real-world’ river systems in a computer, to forecast
levels and flows at required locations

10.5.5 Delft-FEWS

Delft-FEWS is a configurable shell with an open interface data handling platform.
It provides tried-and-tested code to drive a wide range of existing forecasting models
with real-time data from hydrological and meteorological observations and permits
data assimilation, and the dissemination of prediction results through appropriate
products to the warning process (Werner et al. 2013) (Fig. 10.7).
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Fig. 10.7 Schematic structure of the Environment Agency’s National Flood Forecasting System, with
Delft-FEWS links to other primary systems within the operational environment (Werner et al. 2013)

Delft-FEWS contains no in-built forecasting models. Instead, it provides an avenue
to integrate different types of forecasting models from a wide range of sources. It is
supported by the General Adapter, which communicates to different forecasting mod-
els built in different programming languages via an open eXtensible Markup Language
(XML)-based interface. This setup allows, ‘plugging-in’ of practically any forecasting
model, linking to the central database of hydrological and meteorological time series,
and then executing models to produce forecasts (Fig. 10.8). The Delft-FEWS system
also provides a sophisticated interface for visualising and interacting with observed
data and forecast outputs. The flexibility, adaptability, wider customisable system and
effectiveness of the Delft-FEWS system have led to its growing use in over 40 opera-
tional forecasting systems worldwide (Werner et al 2013).

10.5.6 Delft FEWS in NFFS

Due to the flexibility of Delft FEWS to integrate different types of forecasting
models, staff at the Environment Agency can setup and configure the NFFS so it meets
their needs to run the correct models and workflows, and produce displays as required.
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This is undertaken first on a ‘standalone’ system. This is then uploaded to the ‘oper-
ational’ system. The NFFS operational system is set up as a client-server applica-
tion. Forecasters use a client application from their office PC to visualise data,
schedule forecast runs and generate “what if” scenarios. All the ‘effort’ is computed
on the server side. To build resilience, the server architecture has been designed with
parallel duty servers located at the Environment Agency’s two data centres.

Real-time hydrological and meteorological measurements, weather forecasts
and climate predictions are fed into the server. Computational processes occur, and
the results are returned and visualised to the client at their PC. The philosophy
behind this system is to provide a shell through which an operational forecasting
application can be developed specific to the requirements of an operational forecast-
ing centre (Werner et al. 2013).
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Fig. 10.9 An overview of data flow between EA systems (Whitfield 2005) (Contains Environment
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10.5.7 Operational Use of NFFS

10.5.7.1 Automatic Data Manipulation

The NFFS provides both the fluvial and coastal flood forecasting capability for
England and Wales (Deltares 2008). The process of these predictions starts
with data.

Observed and forecast, point and areal data from Environment Agency sources
and beyond are all imported within minutes of being measured, real time into NFFS
for processing. All these data are held centrally in the national system, but there is
significant flow of data between systems and sources. Data flow between EA sys-
tems gives an overview of overall design of their flood forecasting system, includ-
ing NFFS as a national platform which much of the system managed centrally
(Fig. 10.9).
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10.5.7.2 Selection of Input Observed Data

» Environment Agency regional telemetry systems feed in measured rainfall, river
level, river flow and gate positions amongst other data sources.

* The Met Office provides ‘observed’ intensity and accumulations of rainfall,
‘measured’ from their radar network.

* The National Tidal and Sea Level Facility send measurements of sea level at key
ports.

10.5.7.3 Selection of Input Forecast Data

* The Met Office use their expertise and systems to provide grids of forecast rain-
fall, tide level, surge level, wind speed and direction and wave height and direc-
tion four times a day, for the forthcoming 48 h.

* Longer term forecast data sets are also used, including astronomical tide levels
and evaporation profiles.

Imported data is automatically processed within NFFS, to appropriate spatial
and temporal scales, accuracies and formats. All the data are then fed into the vari-
ous modelling platforms on a regular, scheduled, basis to produce outputs at speci-
fied locations. Where the input data is a forecast, the computed outputs also look
into the future. Some outputs then also use mathematical formulae to ‘error correct’,
and improve the results. Combining the outputs with understanding of at what level
flooding will occur produces, in effect, a flood forecast.

River flood forecasts use rainfall forecasts as inputs, with models generating
forecast river flows and levels. Tidal flood forecasts use meteorological forecast
inputs to adjust the tide levels from the ‘normal’ level predicted by the interaction
and movement of the sun and the moon.

Users can interact with and assess the data put into and being generated by
NFFS (Fig. 10.10). They can run the required models more frequently than sched-
uled and can also create customisable ‘what if’ scenarios to know the magnitude
and characteristics of the anticipated flood. ‘What if’ runs allow users to modify
inputs to represent a range of scenarios. The resulting predictions allow users to
understand the bounds of the forecasts and how sensitive forecasts are to change-
able inputs.

Forecasts that are approved, either automatically or manually, are shared with the
wider flood response teams within the Environment Agency, via a set of customis-
able HTML reports displaying snapshots of the forecast information, packaged and
exported by the NFFS (Fig. 10.11). Based on the results, flood warnings may be
issued.
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Fig. 10.10 NFFS operator client, time series display and spatial display for Environment Agency
South East Region (EA 2013a) (Contains Environment Agency information © Environment
Agency and database right)

10.6 Flood Warnings

10.6.1 Floodline Warnings Direct

Once it has been decided flooding is possible, and a flood warning should be dissemi-
nated, the next challenge is to quickly communicate this message to the potentially
affected people. The Environment Agency commissioned Fujitsu to create Floodline
Warnings Direct (FWD), which was delivered in 2006, to undertake this task.

The application developed by Fujitsu is based on a service-oriented architecture
(SOA) that uses ‘standard’ platforms, like XML, SOAP, and J2EE, to enable the
seamless exchange of data between applications. FWD also employs a combination
of highly innovative technologies, such as spatial databases, Text to Speech conver-
sion and Outbound Communication/Telephony Control software, which are acces-
sible through an easy to use web browser front end (Fujitsu 2008).
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Fig. 10.11 NFFS webservice: exported HTML reports exported by NFFS (EA 2013a) (Contains
Environment Agency information © Environment Agency and database right)

Staff at the Environment Agency adds real-time information, detail and context
into the front end of their web-based FWD, supplementing the standardised, pre-
populated text and layouts. Differing customer groups such as ‘home’, ‘business’,
‘media’ and ‘professional partners’ have tailored messages which are packaged into
templates and their text converted into speech. Once approved, staff instructs the
system to issue the chosen messages.

Residents and businesses at risk of flooding, friends and relatives of those at risk,
as well as emergency responders and media broadcasters, are encouraged to register
to receive the free flood warnings. Customer addresses’ and contact details are
entered and stored in FWD’s database. Those registered receive warnings appropri-
ate to their location and can choose to receive messages by a variety of methods:
pager, SMStext, fax or email. However, the main distribution method of the
Environment Agency’s flood warnings is by telephone. To make the warning system
timely and effective, FWD has over a thousand phone lines; 430,000 people had
signed up for EA’s Floodline Warning Direct service (EA 2009a).

As well as being alerted when flood warnings are issued, customers can call a
phone line — called Floodline — at any time to pick up the latest message about
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flooding in their area. Each location has an associated ‘quickdial’ number that can
be entered to retrieve the information or users can follow a menu structure to pick
up the information they require. Messages are again written by Environment Agency
staff and entered into FWD. FWD then automatically converts text to speech and
distributes to the location on Floodline. Floodline also has a call centre staffed with
trained advisors. Staff levels can be increased during times of flood and any locally
specific or difficult questions can be passed through to Environment Agency staff in
the relevant location.

Following the 2007 floods in Britain and the Pitt Review, the Environment
Agency was encouraged to increase the number of flood warning recipients (The
National Archives 2010). As a result, in 2010, the EA’s flood warning service
became an ‘opt-out’ rather than an ‘opt-in’ service. Each week, FWD spatially que-
ries all the phone numbers of properties ‘at risk’ of flooding. Any phone numbers
that are not registered to receive flood warnings are added to FWD’s database.

With the proliferation of connectivity to the Internet, and portable connectivity,
as well as online media and social networks, there have been a few recent enhance-
ments to the flood warning service in England. Individuals can now register for and
manage their Floodline Warnings Direct account online from the Environment
Agency’s website.® In the past, registrations were managed over the phone but now
‘customers’ can add or change their contact information, address details and recipi-
ent type themselves.

The Environment Agency also provides information, advice and tools on its
website. Individuals and community groups at risk of flooding are encouraged to be
aware and prepare for flooding. Personal and community flood plan templates are
available, as are suggestions for contents of flood kits.” A flood widget featuring an
RSS feed of warnings in force is available to download to display on users’ web-
sites.!” The EA also provides “Three Day Flood Risk Forecast”— an open web-based
product showing counties risk of flooding over the next 3 days.!!

And since 2010 the Environment Agency has also provided free near real-time
river level data from 2000 of its river level sites,'? allowing those at risk to have
more detail and awareness of the approaching flood risk in their surroundings.

The Environment Agency now provides a version of its flood warning service
specifically for category 1 and 2 responder organisations.!* The ‘Targeted Flood
Warning Service for Civil Contingency Act Responders’ allows organisations with
lots of assets to track the many different flood warning areas, how they relate to each
individual asset and when each one is specifically at risk of flooding.'*

$https:/fwd.environment-agency.gov.uk/app/olr/home
°http://www.environment-agency.gov.uk/homeandleisure/floods/38329.aspx
http://www.environment-agency.gov.uk/homeandleisure/floods/137543.aspx
http://www.environment-agency.gov.uk/homeandleisure/floods/3days/125305.aspx

12 http://www.environment-agency.gov.uk/homeandleisure/floods/riverlevels/default.aspx
Bhttp://www.dft.gov.uk/mca/mcga07-home/emergencyresponse/resilience/list-of-responders.htm
“http://www.environment-agency.gov.uk/business/topics/116877.aspx
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The Environment Agency also sells some of its information to licensed developers.
‘Value Added Resellers’ have developed Environment Agency data into a ‘Flood
Alert’ app® and a live interactive flood warning map'¢ which started off, and still is a
Facebook app.!” These apps do not require registration to the flood warning service.
They display all warnings ‘in force’ and also use location information acquired from
the user’s device to display the most proximate flood warning area’s status.

10.7 Preparedness and Exercising

To ensure all systems, infrastructure, plans and procedures work effectively when
required, and to identify areas in need of improvement, all aspects of flood prepared-
ness are “‘exercised” regularly. The largest national flood exercise in the UK occurred
in March 2011 — Exercise Watermark. More than 20,000 participants in over 200
different venues took part, including communities and businesses, local authorities,
responder organisations, the UK government and about 2,000 staff from the
Environment Agency. Test flood warnings were issued, demountable flood barriers
erected, stranded ‘victims’ rescued and ministers activated the Cabinet Office
Briefing Rooms. All worked together to manage the widespread flooding scenario.
Exercise Watermark highlights how many individuals and groups are involved in
mitigating flood risk in England and how much coordination is needed between
actors. Local Resilience Forums bring many organisations together to effectively
plan a multi-agency response for emergencies (EA 2011b; Cabinet Office (2013
(V2)). The Environment Agency is by no means the only flood responder. For an
early warning system to be effective, all actors need to be prepared. Preparedness
among the public varies however, despite all efforts. Some have active, caring, com-
munity groups and have created community flood plans. But others are indifferent
or unaware of the flood risk in their location. Perhaps it could be fair to say that one
of the most significant factors limiting the effectiveness of the flood forecasting
system and flood warning service in England is the understanding and awareness of
those receiving the messages. People need to understand the flood warning in order
to respond and to reduce the impact of flood to their properties and to minimize
human casualties.

10.8 Conclusion

Flood warnings are by no means the only method used by the Environment Agency
to manage flood risk in England. Examples include flood and coastal erosion risk
management,'® coastal defence and research into resilience and knowledge

Shttp://www.halcrow.com/floodalert

1 http://www.shoothill.com/FloodMap/
https://www.facebook.com/FloodAlerts
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generation (Research & Development Programme — a joint initiative by Department
of Environment, Flood and Rural Affairs (Defra) and EA) (Defra 2004).

However, our focus in this chapter has been the formal flood warnings which the
Environment Agency have been disseminating in England for a significant amount
of time. In recent times, developments in science and technology have allowed
improvements to their warning and forecasting system. As ever, there are further
advances that could be made. Forecasts are by no means accurate yet. There is
always a desire to improve. The Environment Agency currently assesses the fore-
cast accuracy using statistical measures to identify bias, systematic errors and areas
for improvement. The results would suggest that modelling technology, allowing
prediction into the future should still be considered in development, with the quality
and calibration of the models requiring further improvement. Similarly, flood warn-
ings are by no means, at all times completely accurate, or applicable to all, or given
with sufficient notice.

Further research and development is underway to try to better understand uncer-
tainty in forecasts and to integrate climate information amongst other advances.
However on the whole, the flood warning service in England should already be
considered an excellent response mechanism to reduce the impact of flooding in
England. This was shown during Exercise Watermark, a large-scale test of all
aspects of England’s preparedness for flooding which was deemed largely a success
(EA 2011b).

Understanding of localised flooding mechanisms has been gathered, compiled
and shared by staff over the years. In fact, staff at the Environment Agency are a key
factor in the whole process. Their training, knowledge and dedication are critical at
all stages of forecasting and warning processes, involved in all aspects from inter-
preting models and tailoring warnings.

However a large amount of money has also been invested, particularly to improve
systems. Historical and real-time flood information now feeds into systems devel-
oped by leading companies in their own fields, allowing models to be run, data be
displayed and manipulated and messages distributed effectively. By having separate
systems for specific parts of the warning and forecasting service, each section can
improve simultaneously and separately, allowing faster and better improvements.

The result of all factors is that excellent flood warning and flood forecasting
systems and processes have been developed. These are resilient and adaptable but,
most importantly, effective. The systems allow large volumes of messages to be
disseminated in a timely manner, with sufficient lead time, directly influencing the
behaviour and actions of communities at risk of flooding.

More importantly perhaps, this ‘model’ of a flood warning and forecasting pro-
cess is essentially replicable and could be transposed to another location. If scaled
appropriately and given sufficient investment, this early warning system structure
and operations could be effective in other locations as well as England.
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Chapter 11
The Evolution of Kenya’s Drought
Management System

James Oduor, Jeremy Swift, and Izzy Birch

Abstract This chapter traces the evolution of Kenya’s drought management system
from its origins in the 1980s to the present day. The system is now the responsibility
of the National Drought Management Authority which was established in 2011.
The creation of a permanent and specialist institution in government to manage
drought-related risks was the culmination of many years of work by many actors,
both within the government and outside it. A critical outstanding challenge remains
the permanent availability of contingency finance to ensure timely and appropriate
response to the earliest signs of drought stress. This chapter draws heavily on dis-
cussions that took place during a meeting in Turkana, northern Kenya, in August
2013 between the pioneers of Kenya’s drought management system and the staff
and partners of the NDMA.
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11.1 Origins of the Drought Management System

11.1.1 Historical Roots

In 1980 Kenya experienced one of its periodic catastrophic droughts. In Turkana
district many thousands of people died, primarily from the diseases which spread
quickly through the informal camps where they had congregated. Livestock also
died in large numbers, largely because vaccination campaigns had ceased.

In response, and with the support of the European Union and the Netherlands
government, the Turkana Rehabilitation Project (TRP) was established under the
Ministry of Regional Development. Since there were food shortages nationwide, the
TRP embarked on a massive logistics exercise to move food from the port in
Mombasa to the distant northwest. Its aim was to supply 5,000 tonnes of food each
month to those in need ITDG 2001) (Fig. 11.1).

Part of this food was provided through a food-for-work programme in return for
labour on development projects. These projects were carried out in 26 sites and
involved water harvesting, small-scale irrigation and water spreading. While live-
stock production was Turkana’s dominant economic activity, people had tradition-
ally grown sorghum in the wet season as a supplementary source of food and income.

The TRP also had three mobile clinics which carried out nutrition monitoring
and a mobile extension team which supported its health and livestock activities.
These activities, combined with its network of food-for-work centres, gave the TRP
some degree of early warning which it used to good effect prior to the next drought
in 1984. The TRP also had substantial resources to respond as well as the authority
to direct their use. As a result, Turkana was less seriously affected by the 1984
drought that it might otherwise have been (NDMA 2013a).

Meanwhile on the other side of the continent, Jeremy Swift had been working on
an analysis of the 1971-1973 drought and famine in the Sahel. His work highlighted
the link between market failure and famine and the long gestation of drought; signs
of an impending problem could be traced back over 5 or even 10 years. In 1985
Oxfam in Kenya commissioned Jeremy to bring together his Sahelian experience
with that of the TRP and to develop a drought management plan for Turkana dis-
trict. His report provided a detailed framework for an early warning and contin-
gency planning system which remains the core of the drought management system
in operation today (Swift 1985).

11.1.2 The Original Concept

The starting point in Turkana was a recognition that droughts are an environmental given,
but that there is no insurmountable reason that they should turn into famine. Droughts
occur regularly if unpredictably. Even without drought, rainfall is highly variable.
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Fig. 11.1 Map of Kenya showing its arid and semi-arid counties (counties replaced districts under
the Constitution of Kenya 2010. The boundaries of the former Turkana district and the current
Turkana county are the same)
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The events which lead from a shortage of rain to a famine are to a large degree predictable.
As aresult, early warning of famine is feasible, allowing the administration to step in and
prevent the worst effects from materialising.

Key advances in the theory of famine which appeared in the early 1980s allowed
a more precise understanding of what happens and what could be done. In this
respect, Amartya Sen’s Poverty and Famines, published in 1981, was particularly
important. Sen drew attention to the fact that famines were often the result not so
much of an absence of food in itself, but an absence among certain, mainly poor,
people of the purchasing power to buy food that was available. In the cases analysed
by Sen, the vulnerable were mainly poor wage labourers whose ability to acquire
food depended on the availability of employment at reasonable wages. The same
argument can be made for pastoralists: their security against famine depends on the
relationship between the prices at which they can sell livestock and buy staple food
grains. Classically, a pastoral famine is the consequence of a collapse in livestock
prices coinciding with a peak in staple cereal prices.

Early observation in Turkana suggested another reversal of popular understand-
ing of famine. Health care professionals were unanimous that the main cause of
death during the 1980 famine was not starvation but epidemics of communicable
diseases, especially cholera and measles. Starvation made people more susceptible,
but it was not the main killer. This observation was confirmed several years later by
Alex de Waal’s important study of famine in Darfur, Sudan (de Waal 1989).

These observations suggested the elements of a district policy to control drought
and famine in Turkana. They included: encourage an orderly destocking of the
range in a drought to preserve herders’ purchasing power and reduce livestock mor-
tality, maintain adequate cereal availability throughout the district, maintain a dis-
persed pattern of population distribution in order to avoid the public health dangers
of large relief camps, provide employment on public works in order to maintain
purchasing power, guarantee emergency care where necessary, build a physical and
administrative capacity to manage an early warning and rapid reaction system and
at the end of the crisis turn relief into rehabilitation as soon as possible.

An important component of the district plan was to create standby provisions to
manage the district plan when needed: these included a district drought manage-
ment committee, a drought contingency officer to run the system, preparation of a
drought manual to embody the accumulated experience of managing drought and a
drought contingency fund to be used at the District Commissioner’s discretion to
activate the drought plan.

The early warning system (EWS) was designed to produce a set of interrelated
indicators of an impending crisis. The indicators were either those already gathered,
like rainfall, or those which could be reported on by district technical staff or by
herders themselves. The EWS was scored to designate a particular warning stage:
‘normal’, ‘alert’, ‘alarm’ and ‘emergency’. Corresponding to each warning stage
was a set of pre-planned responses to prevent the expected drought-famine sequence
from developing or to mitigate its effects. It was intended that the responses should
be semi-automatic reactions to a particular warning stage, without waiting for fur-
ther authorisation. In this way it was hoped that bureaucratic inertia would work in
favour of rapid reaction.
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If, as the evidence seemed to suggest, a major cause of famine was inadequate
purchasing power, bolstering purchasing power should be a key response. The plan
envisaged an employment guarantee offering paid work for anyone who had no other
source of income. It also proposed a programme of emergency animal purchase in
order to prevent a collapse in livestock prices. These and other measures were
included in a district drought contingency plan, prepared by the district authorities
before the drought, and contained detailed instructions for activities to be undertaken
to prevent drought turning into famine. The preparation process would include the
development of a register of pre-planned and costed public works projects.

11.2 Implementation and Expansion of the System

The Turkana district early warning and contingency planning system described in
Jeremy Swift’s report was endorsed by the district authorities and implemented by
the Turkana Drought Contingency Planning Unit (TDCPU) and the TRP. The
TDCPU was an independent technical unit set up in 1987 to run the drought early
warning system with the financial support of the Norwegian government. In 1988
this was formalised into a District Drought Management Committee (DDMC), an
inter-departmental committee chaired by the District Commissioner with the power
to manage all drought-related activities. The TRP provided the means for comple-
mentary rapid response.

In 1992 this system was expanded to a further four districts in the north and
northwest of Kenya (Samburu, Isiolo, Marsabit and Moyale) through the Dutch-
funded Drought Monitoring Project (DMP). Early warning information was gathered
by a network of monitors across the five districts and published in monthly bulletins.
Response and recovery activities were implemented by a group of 12 NGOs.

The successor to the DMP was the Drought Preparedness Intervention and
Recovery Programme (DPIRP), which operated in the same districts but with a
larger number (54) of implementing partners. The DPIRP introduced a community
development component. It also benefited from flexibility and autonomy in the use
of its funds, just as TRP had before it.

A third initiative — the Emergency Drought Recovery Programme (EDRP) —
complemented the DMP in the northeast of Kenya between 1992 and 1995.
Implementation took place through government departments rather than NGOs. It
focused on quick-fix projects, the experience of which reinforced the case for long-
term interventions in arid lands.

All three of these projects fed into the Arid Lands Resource Management Project
(ALRMP), which was implemented by the Government of Kenya between 1996 and
2010. For the first few years, the ALRMP focused on those districts where the
DPIRP was not operational. It maintained the early warning system, managed a
donor-financed contingency fund for rapid response, supported community devel-
opment activities and introduced drought coordination structures at both the national
and the district levels.
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Table 11.1 Drought management projects in Kenya, 1981-2010

J. Oduor et al.

Project Period

Geographical coverage®

Principal donors

Turkana Rehabilitation
Project (TRP)

1981—present

Turkana Drought 1987-1992
Contingency Planning
Unit (TDCPU)
Inter-departmental
Turkana District
Drought Management
Committee (DDMC)

Drought Monitoring
Project (DMP)

1992-1995

Emergency Drought 1992-1995
Recovery Programme

(EDRP)

Drought Preparedness, 1995-1999
Intervention &
Recovery Programme
(DPIRP)

Arid Lands Resource
Management Project

(ALRMP)

1996-2010

Turkana

Turkana

Turkana, Isiolo,
Samburu, Marsabit,
Moyale

Mandera, Marsabit,
Turkana, Tana River
and limited activities
in five other arid
districts

Turkana, Isiolo,
Samburu, Marsabit,
Moyale

All 11 arid districts in
phase one; all 28
arid and semi-arid
districts in phase two

Governments of Kenya
and the Netherlands
and the European
Union

Government of Norway

Government of the
Netherlands

Government of Kenya,
World Bank

Government of the
Netherlands

Government of Kenya,
World Bank,
European Union

2This column refers to the former districts

With the creation of the ALRMP, the drought management system became more

firmly embedded within government. However, since the ALRMP was a project

with a finite shelf-life and one which relied on substantial donor support, the drought

management system still lacked a permanent and sustainable institutional base. This

was finally achieved in 2011 with the creation of a state corporation, the NDMA.
Table 11.1 provides a summary of the projects briefly described above.

11.3 Institutionalising the System

11.3.1 Limitations of a Project-Based Approach

Despite the progress made through these various initiatives, the drought management
system had several limitations. First, it was implemented through time-bound proj-
ects; it would not easily be sustained once they had ended. Second, a crisis manage-
ment approach still dominated within government; decision-makers tended to give
droughts serious attention only when they were close to the peak of their intensity.
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These limitations became painfully apparent after the ALRMP closed in 2010.
The severity of the drought across the Horn of Africa in 2011 and the poor response
by all agencies strengthened the government’s intent to establish permanent mecha-
nisms that would institutionalise the drought management system. This commit-
ment was given public expression in the ‘Ending Drought Emergencies’ (EDE)
country strategy presented at the summit of heads of state and government on the
Horn of Africa crisis held in Nairobi in September 2011.

Kenya’s EDE strategy signals two important changes in the government’s
approach to drought management. The first is the need for permanent mechanisms,
such as the NDMA and the proposed National Drought Contingency Fund (NDCF).
The second is the recognition that repeated drought emergencies are in large part the
product of inequalities in access to public resources. Pastoralism has received little
of the investment enjoyed by other production systems in Kenya, such as priority
allocation of infrastructure funding, favourable fiscal packages and publicly subsi-
dised inputs. Rather, the arid lands have for many years been inappropriately subsi-
dised with food aid and other emergency assistance. Agencies have concentrated on
comparatively small projects in the absence of an appropriate enabling environment.
Drought resilience requires investment in the essential foundations which any com-
munity or production system needs to prosper, such as security, infrastructure and
human capital. In all these respects, the arid counties of Kenya have historically
been disadvantaged. For example, in Turkana in the early 1980s as much as 54 % of
the district was inaccessible to herders because of conflict (Republic of Kenya
1985). The situation is little changed today.

The mechanisms to facilitate this shift in public resources have now been estab-
lished under the Constitution of Kenya 2010, which embeds the concept of equity
in the principles that govern the distribution of public resources, and which estab-
lishes mechanisms to compensate for historical marginalisation, such as the
Equalisation Fund.

11.3.2 The Benefits of Institutionalisation for Drought
Management

The mandate of the NDMA is to ‘establish mechanisms to ensure that drought does
not become famine and the impacts of climate change are sufficiently mitigated’.!
As a parastatal, the Authority enjoys certain advantages over other institutional
options within government, such as a project or a ministerial department.

First, any restructuring of government, particularly that which follows an
election, is destabilising and disruptive to the functioning of the bureaucracy.

'"Two clarifications may be helpful. First, it is understood that a ‘drought’ cannot become a ‘famine’;
the two are different phenomena. The legal wording is generally interpreted to mean that while
drought is an inevitable and natural event, its worst effects can be avoided. Second, the term ‘miti-
gation’ is used in its everyday sense of avoiding a problem, and not as used under the climate
change regime (i.e. of reducing greenhouse gas emissions).
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The ALRMP was moved between three different ministries during its lifetime,
on each occasion being required to re-negotiate its operating modalities with the
new ministry. At various times different parts of the drought management system
have found themselves under different ministries. State corporations such as the
NDMA are permanent institutions with greater protection from this kind of
instability.

Second, drought is a perennial risk and therefore requires both continuity of
approach and the space to make constant improvements to practice over time. A project
with a finite shelf-life is unable to deliver this. The more permanent nature of a state
corporation provides scope for sustained learning and growth, as well as oversight of
the longer-term development processes that will build drought resilience. The NDMA
can, for example, influence development plans and budgets on a continuous basis to
ensure that these prioritise measures to reduce the vulnerability of drought-affected
populations.

Third, drought impacts are best tackled early, well before any signs of crisis are
apparent; early response is also more cost-effective (Cabot Venton et al. 2012). This
means that funds must always be available for immediate action. Regular govern-
ment procurement and financing systems are unable to guarantee this: normal prac-
tice has been that funds are re-allocated for drought response from other budget
lines, which is particularly problematic at the start or end of a fiscal year. However,
unlike ministries, state corporations are permitted to carry over funds at the end of
the year, giving the NDMA a greater degree of financial flexibility.

Fourth, the basis of good drought management is a credible and trusted informa-
tion system which accurately captures evolving drought conditions and uses objec-
tively verifiable triggers to guide action. The NDMA'’s semi-autonomous status
provides some protection for independent decision-making and strengthens the
Authority’s ability to direct resources on the basis of objective evidence rather than
political pressure. As a specialist body it can also develop the competencies needed
to deepen confidence in the technical quality and credibility of the drought informa-
tion system over time.

Finally, droughts have impacts across many areas of life. A wide range of actors
have important contributions to make, including communities, civil society organ-
isations, donors and many parts of government. Collaborative action is critical, par-
ticularly in the early stages. As a legally constituted body, the NDMA has the
necessary convening powers to ensure adherence to agreed norms and standards.

11.4 The Drought Management System Today

11.4.1 Overview of the System

At the heart of Kenya’s drought management system is the concept of the drought
cycle. While to some extent the model is a simplification in that the various stages
of a drought are not so clearly distinct, it nevertheless illustrates the way in which
droughts wax and wane.
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Information is central to the drought cycle, since action must be triggered by the
findings from constant monitoring of drought conditions. Data is collected and
analysed every month. The extent to which drought conditions deviate from the
norm, against a common set of economic, environmental and nutritional indicators,
determines the particular ‘stage’ a drought has reached. The stages used in Kenya
are normal, alert, alarm, emergency and recovery.

Different activities are required at each of these stages for different livelihood
systems. These are set out, by sector, in the NDMA’s drought response manual
(NDMA 2010). More detailed scenarios for the implementation of these activities
are contained in drought contingency plans. Since contingency planning is neces-
sarily based on assumptions, rapid assessments ensure that activities are fine-tuned.
Contingency plans will in due course be financed by the NDCF. This will be a multi-
donor facility that prioritises investments at the alert and alarm stages, which cur-
rently receive insufficient attention. Planning for the Fund is at an advanced stage,
but until it is operational the drought management system will remain weak, par-
ticularly in the critical early stages when there may be no obvious signs of stress to
outsiders but when action can be most effective.

While the drought cycle provides a framework for dealing with each successive
drought in turn, it does not of itself address the underlying vulnerability of commu-
nities to drought and climate change. It must therefore be complemented by other
actions taken on a continuous basis and regardless of prevailing drought conditions.
These actions include:

* Policy, legal and institutional reforms, particularly those that reduce poverty and
inequality in drought-prone areas

* Coordination of interventions by government and all stakeholders

* Knowledge management and innovation that ensures continuous improvement in
the quality of drought actions

* Investments in public goods that strengthen the underlying resilience of com-
munities to shocks

The last of these (investments) are being integrated in Kenya within mainstream
processes of development planning and resource allocation. A chapter on drought
risk management has been included in the Government of Kenya’s second Medium
Term Plan for 2013-2017 (NDMA 2013b). While resilience may be the latest hot
topic, the broad thinking behind it is not new. There has long been an appreciation
that drought vulnerability represents a failure of development, and conversely that
smart development in drylands can strengthen people’s capacity to live with, and
adapt to, uncertainty (e.g. see Holden and Ackello-Ogutu 1998) (Fig. 11.2).

11.4.2 Areas of Innovation

The drought management system has been constantly evolving during the past 30
years, and this adaptation continues today. These are some of the areas where the
NDMA is reviewing its current practice.
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Recovery - ’ Normal

(reconstruction (preparedness
activities) activities)

Permanent functions:

1. Drought monitoring & early
warning systems

2. Policy, legal & institutional
reforms

3. Coordination

4. Knowledge management &

Emergency innovation Alert
(relief activities) 5. Investments in resilience (mitigation
activities)
Alarm
(mitigation
activities)

Fig. 11.2 The drought cycle and drought management system in Kenya

11.4.2.1 Technology

Direct interaction on a monthly basis between the NDMA’s field monitors and herders
and farmers is central to the early warning system. This information is complemented
by data from other sources. For example, remote sensing data has become much
more accessible with advances in technology and gives a level of detail to environ-
mental indicators that could not be found from any other source. However, there is
a danger that increasing dependence on remotely sensed data may gradually sideline
the understanding of the early warning process of herders and farmers themselves
and remove them from any possibility of equal partnership in preparing the early
warning forecast. The NDMA is thus exploring ways to make more use of remote
sensing but without undermining the fundamental principle that villagers’ percep-
tions should be at the heart of the information system.

With the support of the Food and Agriculture Organisation (FAO), the NDMA is
also experimenting with using mobile phones to gather and transmit data from the
field. Evidence thus far suggests that this is a more efficient approach than the current
paper-based system, that it enables data to be transmitted more quickly and that
errors in data entry can be more easily identified.
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11.4.2.2 Adaptive Social Protection

The NDMA'’s mandate embraces multiple timescales, touching on both climate
vulnerability and climate change, which require different mechanisms. For example,
the NDMA is involved with the individualised delivery of resources through cash
transfers (primarily through the Hunger Safety Net Programme, which provides
predictable transfers to chronically food insecure households), the decentralised
financing of public goods (through a number of county climate adaptation funds)
and the mitigation of both individual and collective risk through drought contin-
gency finance.

Each of these mechanisms has the potential to complement the others, and the
NDMA will be exploring this synergy. For example, the comprehensive database
established by the Hunger Safety Net Programme will also be used to target cash
transfers to other households during drought; this will also potentially climate-proof
the impact of the regular transfers. The county adaptation funds and the drought
contingency fund will also enhance the cash transfers by providing complementary
community-based services and investments.

11.4.2.3 Communication

The NDMA recognises that effective communication is a critical part of the drought
management system. First, it is working to ensure that early warning information is
more readily accessible to communities and in a visual form which helps them take
action. It is also exploring ways to integrate indigenous knowledge systems with the
formal early warning system. Second, it is taking steps to refresh the style and con-
tent of its monthly drought monitoring bulletins to ensure that core messages are
more readily understood and absorbed and thus prevent the waning of interest in
early warning information during ‘normal’ periods.

11.4.2.4 Insurance

The weak link in the drought management system remains that of predictable and
accessible finance. One potential source of finance for the NDCEF, once it is estab-
lished, may be the African Risk Capacity (ARC). The ARC is an initiative of the
African Union, a pooled risk financing mechanism that will generate payouts to
countries which have joined the scheme once drought conditions pass a certain
threshold. Kenya is in the process of discussing the terms of its membership. The
development of the ARC, like the African Union’s Policy Framework for Pastoralism
in Africa and the current initiative on drought resilience by the Intergovernmental
Authority on Development (IGAD), is evidence of the emergence of stronger
African leadership in drylands in recent years.
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11.4.2.5 Devolution

The formation of devolved county governments in March 2013 is one of the biggest
changes in governance in Kenya in the half-century since independence. In princi-
ple, devolution may bring significant benefits for those parts of the country which
were previously poorly served by the national government (such as arid counties).
In practice, significant challenges are likely to arise before these benefits can be
realised, for example with regard to institutional capacity, the management of diver-
sity within counties and the negotiation of power and authority between the national
and the county governments.

Drought management requires collaborative action by both the national and the
county governments. The NDMA is therefore working closely with the county gov-
ernments to share expertise and ensure coordinated action by the two governments.

11.4.2.6 Coordination

Drought coordination structures were established in the late 1990s. In Nairobi the
Kenya Food Security Meeting and its technical arm, the Kenya Food Security
Steering Group, are still chaired by the NDMA (formerly by the ALRMP) and co-
chaired by the World Food Programme.

These structures are now being reviewed from three perspectives: the changing
nature of governance in Kenya under the 2010 Constitution, particularly devolution;
the current emphasis on resilience and early response; and the past performance of
these structures. Their limitations are generally acknowledged to include their infor-
mal nature (thus relying on the goodwill of individual players), the lack of commu-
nity participation and the fact that they tend to be more active in the emergency
phase of a drought rather than in the early stages when appropriate action can have
greatest impact.

11.5 Conclusions
This final section summarises some of the main lessons learnt from the implementa-
tion and evolution of Kenya’s drought management system over the years.

11.5.1 Early Warning and Early Response

Early warning is of little use without the means for early response, and this is by far
the more challenging of the two. There is considerable experience of early warning,
which is relatively easy to implement, but very little of structured rapid reaction.
And yet early warning continues to attract most attention. Early response should be
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the focus of research and future investment, rather than more and increasingly
sophisticated early warning systems.

Two aspects of early response are critical. First, early response needs to be
planned well in advance. Activities must be capable of being implemented as
soon as the appropriate warning stage is declared, which means that they must be
designed, with inputs stockpiled and personnel trained, well in advance of the
drought. There is a body of experience building up in how to manage such activities.
These need to be documented in a way that makes the information available to all
those involved in drought management.

Second, contingency funding must be available to permit the local authorities to
start these activities without delay. Contingency funding is difficult to secure and
administer because in some respects it doesn’t follow normal Treasury rules; indeed,
regular government disbursement channels have been shown to lack the necessary
flexibility for quick and timely response. In Kenya, contingency funds through the
NDCEF will be the critical mechanism to facilitate early reaction.

11.5.2 Evidence-Based Response

Before the early warning system was in place, there was considerable political inter-
vention in the allocation of emergency aid, with powerful individuals, especially
politicians, claiming that the situation in their area was especially bad. This is no
longer the case. A strong and credible early warning system can reduce political
influence and ensure that decisions are taken on the basis of objective evidence.

However, an outstanding challenge remains that of convincing other agencies
that the EWS is good enough to trust. There is still a need to bring together all early
warning initiatives into a single national system that is used, strengthened and
trusted by all actors.

11.5.3 Organisational Mandates and Responsibilities

Famine prevention is the responsibility of government and is a classic public good.
Governments must accept their responsibility to finance and direct drought and fam-
ine management. Drought management thus requires an appropriate institutional
framework to ensure that this function is legally embedded within government and
adequately resourced.

However, national governments cannot do this alone; multi-agency collabora-
tion and citizen participation are also important. The detailed planning of drought
management interventions — for example, an employment guarantee in a variety of
ecological conditions — needs local knowledge and authority which local organisa-
tions can best provide.
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11.5.4 The Process of Building Institutions

Building a drought management system takes time, commitment and the sustained
provision of resources. From the first project design in 1985 to the creation of the
NDMA in 2011, the Kenyan system took 26 years. It was well-resourced during this
period. It would be optimistic to expect it could have been done much faster or with
fewer resources.

Long-term commitment by governments, donors, communities and other stake-
holders, with critical contributions by individual champions within each of these
institutions, was an important part of the process. The development of the drought
management system in Kenya is also a case study in successful aid. The European
Union, for example, has been a constant ally since the beginning and remains one of
the NDMA'’s closest partners.
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Chapter 12

Understanding the Warning Process Through
the Lens of Practice: Emancipation as

a Condition of Action—Some Lessons

from France

Laurence Créton-Cazanave

Abstract Above and beyond the instruments, technical and procedural, which can
be implemented to plan an EWS, it is useful to consider warning as an action
process from the perspective of its practical implementation by the actors on the
ground. In this case, it appears that the actors — however well-intentioned — often
encounter a problem that seems insuperable: in risk situations, they have to manage
and consider an ever-growing number of ‘things’ (or entities) that can literally
‘paralyse’ action. The number of entities to take into account in fact proves much
larger than just the components of the EWS and represents a real headache for the
people involved. Through an in-depth analysis of the practices of the actors in the
flash flood warning process in the Vidourle catchment, this chapter identifies a
strategy for managing this — the detour — which illustrates ‘emancipation’ practices.

12.1 Introduction

The likelihood of disturbance, or even a rise, in extreme weather events due to climate
change and the associated growing uncertainty about the tools we use to analyse these
phenomena are exacerbating the risks of weather-induced disasters (e.g. Dankers and
Feyen 2008; Field et al. 2012). Apart from measures to reduce long-term vulnerabil-
ity, advance warning remains an essential means of mitigating these climate risks.
Warning does not help to prevent hazards or change how they evolve. On the
other hand, it does help us adjust our responses to the situation, and adapt the ways
we coexist with our environment at a given moment. Above all, warning enables
us to retain our capacity to act. It is therefore an activity that works not against
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but rather with the hazardous phenomenon and the situation, taking them into
consideration and incorporating them into our world of action.

The purpose of early warning systems (EWSs) is to enhance anticipation and
therefore to provide additional time to act and to safeguard populations. Nevertheless,
better anticipation does not automatically mean that the warnings are more effec-
tive. Indeed, if we consider the warning process rather than the warning system
(Créton-Cazanave et al. 2009), it would seem that ‘more time to prepare’ may not
be enough to improve the practical efficacy of the warnings: in 2010, the emergency
services in the Loire Département, in France, were given 24-h advance warning of
arisk of floods. Since a 24-h flood warning is a target rarely achieved, the forecast-
ers were satisfied. Moderate flooding took place. Yet in the feedback, the emer-
gency services expressed their dissatisfaction, explaining that knowing that there
is a ‘risk’ 24 h in advance is of no use to them, since it puts everyone on the alert
without providing additional information on which decisions can be based.

This is consistent with previous works that show that longer forecasting horizons
do not necessarily lead to earlier and better informed responses from those charged
with civil protection in the event of flooding (Demeritt et al. 2010, 2013; Nobert
et al. 2010). Indeed, EWSs have been traditionally conceived as hazard-focused
when we know that disasters are the result of a complex combination of multiple
factors, such as environmental, technical, economical and social issues (Wisner
et al. 2004). EWSs should therefore be holistic, with a multi-hazard approach that
considers relevant local vulnerability elements and the larger social context, reac-
tion capacity, appropriate warning communication strategies and dynamics of the
evacuation processes (Garcia 2012; Wisner et al. 2004). In fact, if EWSs are not
designed in concert with all the stakeholders, additional response time given by
warnings will be helpful, but not helpful enough to make warnings more effective,
because there are many ways this time can be put to use to take action. We therefore
also need to think about the conditions under which action is taken, in order to
understand better what can hinder or foster action in response to risk.

This was the purpose of a doctoral research conducted on the case of the flash
flood warning process (FFWP) in the Vidourle catchment area (South France).!
Meticulous observation of the FFWP through the practices of the people involved
highlighted an unexpected nodal point reported by all the stakeholders (from
weather forecasters to local residents)>. The number of ‘entities® they needed to

"Doctoral research at UMR Pacte-Territoires, Université de Grenoble, France. Advisors: O.
Soubeyran, C. Lutoff. Funds: Région Rhone-Alpes, cf. Créton-Cazanave (2010).

2The thesis explored — both — specificities and common points between the different actors’ practices
during the warning process. In this chapter, we will concentrate on one common problem they all face,
because it seems important to me to highlight that some action stakes — beyond all kinds of specificities —
may be shared through the whole warning process. For more detailed analysis, the reader may refer to
the thesis (Créton-Cazanave 2010), or for an overview (Créton-Cazanave and Lutoff 2013).

3 As we will see later, entities may be human or non-human elements, that are to be understood as
being part of the world of action. The notion is correlated with Science and Technology Studies,
and especially Latour’s and Callon’s works, that try to go beyond the traditional division between
nature and culture, non-human and human actors.
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account for in carrying out their warning activities has grown constantly over the
last 30 years or so. This proliferation of ‘entities’ involved in the warning process
(WP) is such that it is impacting the capacity for action. Moreover, the prospect of
climate change suggests that this proliferation will continue, if not accelerate. We
therefore face a central problem affecting future action — the proliferation of what
stakeholders have to take into account in the course of action — and it is essential to
think about it as early on as possible in the development of EWS.

After setting out the methodological framework of this research (Sect. 12.1), I
will explore this ‘proliferation’, its causes and its effects on action (Sect. 12.2), then
I will describe the way in which the actors nevertheless succeed in acting appropri-
ately, by highlighting an unexpected practice that I have described as ‘emancipa-
tion’, through an analysis of the detour strategy (Sect.12.3). Finally, from these
findings I will try to identify possible ways of fostering this potential resource to
make EWS more effective (Sect. 12.4).

12.2 Research Design, Data and Methods

Following Sorensen (2000), the incapacity of standard approaches to warning sys-
tems to explain all the processes of decision making and action in a real-life context
has already been drawn up (Créton-Cazanave 2009). In view of this, this research
highlighted an alternative approach that focuses on the warning process rather than
the warning system (Créton-Cazanave et al. 2009).

This section clarifies the definitions and the methodological aspects of this
research and presents the case study and data used to carry out the analysis.

12.2.1 A Practice-Based Approach to Defining the Warning
Process

Here, warning is defined as the socio-technical process by which the reality of a
given situation is assessed in order to establish its meaning, so as to constitute and
coordinate action in a context of assumed danger (Créton-Cazanave 2010).
Warnings are therefore less about systems or signal reception than about action
in context (e.g. Thévenot 2006). The actual practices through which the stake-
holders are able to operate warning processes must be considered. For this purpose,
this study draws on the approach of French Pragmatic Sociology (Nachi 2006),
related to the so-called practice-based studies, that highlight practice as an empirical
object as well as an epistemology. In this approach, the concept of practice encom-
passes three dimensions: (1) the set of interconnected activities that stabilise
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collective action and a shared orientation, (2) the sense-making process that under-
pins the accountability of a common way of doing things and which enables the
meanings of a practice to be continuously negotiated by its practitioners and (3) the
social effects generated by a practice in its connection with other social practices
(Corradi et al. 2010). This approach leads to a study of warning-as-practice. Thus,
the observations were focused on ‘what people do, what their work is like, and what
effort it takes to problem-solve their respective combinations of objects and ends’
(Carlile 2002) during a warning. Such an approach requires the use of methods that
enable us to consider the entire process — encompassing the different actors involved,
from forecasters to risk managers to local residents — as it is carried out in practice
and in context.

12.2.2 Case Study and Sample: A Flash Flood Warning
Process

This study focused analyses on the Vidourle watershed (Gard Département, Southern
France (Fig. 12.1)), which presents a number of interesting characteristics:

* The study subject is a short coastal river (85 km). All kinds of geographical con-
figurations are observed from its source in the Cevenol mountains to its outlet at
the seaside town of Grau du Roi (see Fig. 12.2).

* The ‘Vidourlades’ are a long-standing and recurring phenomenon of violent
flash floods in the Vidourle catchment, well-known across the entire Gard
Département. This specificity has led, all along the Vidourle river, to the develop-
ment of a veritable culture based on these phenomena and the river’s develop-
ment, as well as abundant regional and historical literature (e.g. Coeur 2007;
Gaussen 1968). Tellingly, one speaks of Vidourle river as a person, and Vidourlade
is the nickname for ‘its’” floods that occur ‘when Vidourle makes us jokes’. More
importantly, Vidourle is a topic of discussion amongst the inhabitants, and each
village (sometimes each house) has its own benchmarks for monitoring the river.
In Sommieres, each flood occasions gatherings of people at the village square
where, often in a festive atmosphere, they observe, comment and bet on the ris-
ing waters.

e All kinds of actors involved in warning processes are present in this area,
from government monitoring services to private contractors who provide
decision support services to municipalities in the event of flooding. As a
border river between two French departments (the Gard and the Hérault), this
site also allowed us to consider some institutional aspects of the warning
process.

» This area also has a reputation for effective water crisis management.
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Situation of the Vidourle Watershed in France

Legend _
I:l Départments’ boundaries

I:l Gard Département

Source : IGA / Créton-Cazanave, L. 2010 |

Fig. 12.1 Vidourle watershed

This site therefore seemed especially relevant to the process of identifying and
understanding what factors lead to successful warning provision, despite uncertainty,
short lead-times and multiple scales.

The sample of individuals selected for questioning was based on the aforemen-
tioned need to consider the warning process in all its dimensions. Specifically,
this meant identifying all the actors concretely involved in the process, officially or
otherwise, from weather forecasters to local residents.

The sample thus encompasses all the actors seen in practice to be involved in
hydro-meteorological warnings for the Vidourle watershed. It is characterised by
the heterogeneity of the actors and the range of spatial scales (town, watershed,
departmental, regional and national levels) and temporal scales (from 10min to a
full week) involved.
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Surveyed municipalities
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Fig. 12.2 Surveyed municipalities

The protocol was based on semi-structured interviews as defined by Huntington,
with free and open answers, and interventions to encourage interviewees to develop
specific points (Huntington 1998). The interviews focused on two dimensions:
(1) the usual practices of the actors, i.e. what they usually do (and how they do it)
when a flood is likely to occur; and (2) a reconstruction of their specific warning
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activities during the major 2005 flood event in the Gard region. The same interview
guideline has been used for all the actors, so as to avoid introducing any a priori
distinction between them.

12.2.3 Data and Analytical Approach

The data were collected from October 2007 to September 2008. Ninety-three
semi-structured interviews were conducted with the actors, and completed by
observations in situ at the National Forecasting Centre (CNP) in Toulouse, the
Hydro-Meteorological Service and Flood Prevention Support Centre (SCHAPI)
and into emergency response units; several notebooks from town halls, post-event
reports and numerous technical documents were also gathered.

The interviews were transcribed, word for word, prior to the analysis. The aim of
the analysis was to understand how the actors make sense of the situation and direct
their actions, within their specific contexts of practice.

Following Thévenot (2006), this chapter will concentrate on the process whereby
the actors assess the situation in order to direct their action. This process involves
both (1) assessing the environment in order to gather clues and information on
the situation (assessment) and (2) suspending this assessment process at a given
point in order to stabilise the meaning of the situation and direct the response
(closure). This requires a dual relationship with the environment: one of contact
(contiguity or connectedness) and one of comprehension (cognitive and interpretative).
All the factors that contribute to this process were therefore identified, paying par-
ticular attention to the situations and action contexts of the people involved. Indeed,
from the perspective of situated action theory (e.g. Conein and Jacopin 1994; De
Fornel and Quéré 1999; Quéré 1997), we know that information cannot be inter-
preted and integrated without a clear understanding of the action context.

This action context appeared to be a nodal point for this research. It may include
many entities, such as the river, the models, model outcomes, the opinion of an
expert or resident, spatial factors (urban layout, dikes, etc.) or different categories
of population. The specific sets of entities that actors consider in taking action con-
stitute what is called their ‘action environment’ (AE) and correspond to the ‘world’
in and with which they carry action. The composition of these AEs is therefore not
without impact on the action process, as defined by Thévenot (2006), in particular
with regard to the task of defining the situation.

By analysing the AEs, or the entities considered by the people involved in the
course of the warning process, two fundamental questions may be tackled:

*  What should the warning actors take into account in their assessment in order to
define the situation? What does this involve (Sect. 12.2)?

* How can this process of assessment (definition) and the closure required in a
context of action be achieved, i.e. how, in concrete terms, can all these entities be
considered in choosing what action to take (Sect. 12.3)?
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12.3 The Warning Process Through the Lens of Practice:
Too Many Entities to Consider!

This section describes the common characteristics shared by all the AEs of the
actors in the warning process. Indeed, beyond the differences, this analysis highlights
one very common — and somewhat neglected — problem: the constant contemporary
expansion of these action environments (AEs).

12.3.1 What Needs to Be Taken into Account?

Having systematically listed in the material all the entities that make up the AEs
of the actors I met, several relevant findings arise.

12.3.1.1 A Diversified Environment...

There is a wide diversity of entities taken into account by the actors: individuals,
social groups, institutions, technical tools, procedures, natural phenomena, physical
objects (such as maps and dikes), population types, etc. More specifically, it
emerges that:

¢ For all the actors, from the weather forecaster to the local resident, the action
environment includes entities that relate to physical phenomena, whether scien-
tific (high altitude pressure, rainfall volumes, etc.) or non-scientific (colour of the
river and the clouds, wind direction in the valley, etc.).

¢ The role assigned to technical or procedural tools is very important, whatever
their form: models, sensors, flood scales, zoning, websites, etc. Everyone, includ-
ing local residents, draws on scientific-technical tools (e.g. hydrographs are very
popular with residents).

12.3.1.2 ...with Unforeseeable Entities

A good proportion of the entities cited by the actors were not foreseeable in principle
without an in-depth field survey. These unforeseen entities may belong to a number
of registers:

 First, the actors on the ground think less about ‘the population’ (as a homoge-
neous category of people) than about ‘populations’ (as different kind of people),
each corresponding to different problems: elderly people, transient visitors,
people on isolated farms, new arrivals, etc. There is therefore a ‘diffraction’
effect, which multiplies the number of entities that the actors need to take into
account. Another example: forecasters talk of the different types of meteorological
models they can use, each of which is for them entirely distinct: French,
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Tat)l.e 1?'1 Quantit}j of Quantity of entities/EA  Frequency Percentage, n=93
entities in each actor’s EA [<=10] 20 215

110;15] 2 23,6

116;20] 29 31,2

[>=21] 22 23,6

European, American models; deterministic or probabilistic models. Each of
these models needs to be treated differently, and all have to be taken into account.

* Second, the actors often consider entities which, in theory, are not their concern:
a forecaster in Toulouse may take into account emergency response activities
occurring 500km away. And the AEs of some municipalities often include
entities relating to the business world, although there is no obligation on them
to do so.

 Finally, the actors include in their AEs numerous entities associated with their
action context, in particular territorial and institutional entities. Although the
instruments and procedures are very largely the same across the country, each
actor in a warning process has to deal with very specific problems. For a single
flood, the form of the problem can vary substantially from one village to another,
depending on whether there is a dike, engineering work on the bridge, etc. Likewise,
for warning ‘professionals’, institutional or regulatory changes (Vinet 2007),
or previous events (e.g. Dedieu 2007, 2009), contribute to the definition of the AEs
and of the conditions of action on the ground.

Thus, part of the reality of the actors and of the action process is beyond the
scope of those responsible for establishing the main EWS structures, who therefore
need to be modest and try as far as possible to consider the concrete problems as
they are encountered and formulated by the operational actors.

12.3.1.3 ...with Numerous Entities

Finally, I observe that these AEs are large, in terms of the number of constitutive
entities. Over half of the 93 people interviewed reported 16 or more different enti-
ties in their AE (cf. Table 12.1). This is much more than suggested by the official
warning preparation documents. In addition, one entity can represent several differ-
ent realities for a single actor: a municipality may simultaneously consider the
Meétéo-France weather warning map as technical information on the meteorological
conditions, as a trigger for the opening of its crisis unit and as evidence for the
correctness of its decisions.

12.3.1.4 ...That Illustrate Actor’s Specific Problems

The composition of these action environments above all defines the actor’s specific
set of action problems. It depends partly on their theoretical role in the WP, but also
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on their personal position, on the institutional/territorial/historical context etc.
and on the actual situation on the ground (Créton-Cazanave 2010). The action
environments of the actors are therefore much more extensive and varied than
has been theoretically assumed.

More, in the interviews many actors emphasise the fact that it is getting ‘worse
and worse’: the quantity of ‘things’ they have to take into account increases year
by year. In other words, the AEs are becoming broader and more complex. This
‘proliferation’ of the entities to be included in AEs during the WPs is a finding that
raises numerous questions. Because if the quantity of entities that the actors must
take into account is increasing — or if their AEs are expanding — the process of
sense-making for action is particularly difficult, in particular the closure of the
assessment phase.

12.3.2 Causes and Consequences of the Proliferation

In order to identify the problems that result, let us look at the sources of this
proliferation of entities.

12.3.2.1 Sources of Proliferation

Several processes contribute to this expansion of the action environments (AEs):

First, in our complex societies, the phenomenon of urban concentration is
characterised by a twofold process of concentration and diversification of the
‘things’ present (activities, goods, individuals, biophysical phenomena, flows, etc.)
(e.g. Lussault 2007). This general trend means that, even at small town scale, the
quantity of ‘things’ to be managed in an area is constantly increasing.

Next, we are seeing a combined development (1) of rising social demand for
security and (2) of government injunctions to protect populations, goods and
economic activities. The operational players are therefore under a dual obligation,
which widens the scope of their prerogatives. For example, the reform of the flood
forecasting services has reduced the number of teams, while expanding their cover-
age (from department to region). In addition, since there has been a shift in their role
from ‘announcing’ to ‘forecasting’ floods, they have had to adopt new tools, new
data, new spatio-temporal scales.

Scientific advances that enhance our understanding of weather phenomena also
lead to the constant addition of new elements to the assessment process. Indeed, the
more we know about a phenomenon and the more we can monitor, the more things
(entities) the actors are expected to include in their assessment of the situation and
in the action process. Likewise, through technical development, particularly in tele-
communications, we can acquire a great deal of information on the state of the
atmosphere (for example), continuously and in real time (atmospheric sensors, etc.).
This means that more and more entities can be included in the AEs, covering an ever
larger scale. In fact, these tools allow a planetary scale global environment to be
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condensed into a single place (a forecasting centre, a crisis unit) visible to a single
person, which is what makes them so powerful (Latour 1985). One exemplary case is
tsunami warning: planetary scale monitoring allows the identification of remote
phenomena whose impact is local (e.g. Soulé 2011).

However, this technology which, for example, allows flood forecasting data to be
published on the web can also be used to justify the suspension of direct calls by
forecasters to municipalities, which can now access the information on the website.
But many small town and village officials are at a loss with data of this kind.
The availability of online weather forecasts, which at first sight looks like genuine
progress, can, from the point of view of the actors, further complicate their task.*

More broadly, climate change creates a flaw in our forecasting systems, which
are based on historical patterns, the laws arising from them and an assumption of
stationarity (Chateauraynaud and Torny 1999). This raises doubts about what we
might face in the future and potentially generates an across-the-board state of alert
that multiplies the number of entities to be considered. For instance, the use of the
‘historic’ flood as a reference point for risk management decisions under “Plans de
Prévention des Risques d’Inondation” (PPRI) process is currently at stake. Indeed,
the assumption is made that the historic flood represents the worst possible case.
With climate change, this assumption (i.e. the set of past events represents the full
range of actually possible outcomes from which it is then possible to infer return
periods and event frequencies) no longer holds’.

Finally, all these factors involve, or are linked with, issues of overlapping and
embedded scales, of growing relevance in the context of globalisation (Lussault 2013)
and extreme weather phenomena (e.g. Ruin et al. 2012). In fact, local issues and
situations can no longer be assessed without reference to wider scales that add new
entities to the warning agenda.

This non-exhaustive inventory highlights two significant findings:

1. The proliferation of identities arises from contemporary, developing processes,
which are unlikely to run out of steam in the coming decades. In other words, the
question of the proliferation of entities that warning actors need to take into
account in order to take action — or the expansion of their AEs —needs to be taken
very seriously, because it constitutes one of the major challenges to action deci-
sions in the future.

2. This proliferation is often a side-effect of processes that otherwise offer signifi-
cant benefits, in particular scientific and technological progress. This means,
firstly, that we should ‘not throw the baby out with the bathwater’, but approach
this new challenge as a factor inherent to the operation of our globalised societies.

4The need for a human face to help interpret and mediate this proliferation of information (like a
‘decoder’, see next section) is also found by researches in the UK that highlights the value added
by Public Weather Service Advisors, who serve a mediating role, putting a human face on Met
Office forecasts. They are hugely popular amongst UK emergency responders (Demeritt 2012).
SFor further discussion of this issue and its implications for modelling and risk assessment, see
Demeritt and Wainwright (2005).
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And secondly, it means that we need to be circumspect regarding solutions based
on purely technical approaches.

12.3.2.2 Consequences of Proliferation

As I have shown, stakeholders are expected to take more and more aspects of reality
(entities) into account when they process a warning. At some point, it may become
too much: making sense of the information overload becomes impossible and relevant
action ceases to be achievable.®

Since using AEs as a basis for action requires contact with and understanding of
the entities within the AE, the proliferation observed brings several difficulties:

* Retaining contact with all the entities becomes highly complex, because there is
‘competition’ between them, even with telecommunications: a mayor may be
logged on to the Internet weather maps and be on the phone to the countryside
warden, but he cannot at the same time also be physically watching the river and
closing the sluices. Actors can thus very soon find themselves torn between
several imperatives associated with different entities competing for attention.

e It is from the point of view of understanding, interpretation, that the problem is
most apparent: for every new entity that joins the AE, interpretative frameworks
need to be developed through which it can be incorporated into the action pro-
cess. Developing these frameworks takes time and often requires the develop-
ment of specific information processing systems. This entails substantial
commitment by the actors and raises the question of whether the development of
interpretative frameworks can keep pace with the expansion of AEs.

» Finally, the action process requires the possibility of suspending the environ-
ment assessment phase, even temporarily, in order to decide on a course of
action (Thévenot 2006). But with ever more entities to consider, with different
timescales and a continuously evolving dynamic, it becomes very difficult for
stakeholders to escape from the process of incorporating the new entities which
is, potentially, endless.

Concretely, therefore, the problem will often be to reconcile spatially and tempo-
rally incompatible entities, and to close the assessment process in order to decide on
a course of action.

The extract below is a good example of this tension between the importance of
incorporating more factors and the difficulty of escaping from this process of incor-
poration. It is drawn from an interview with a meteorologist:

So he [another forecaster], he’s Mr multi-models! He looks at the American models a lot,
which not everyone does here. He follows them a lot, and there’s also a Swiss model which
he looks at a lot, which is quite good on convection (...) So there are some who also look at
it when there are stormy conditions, to see roughly how the storms are moving. But all in

SK.E. Weick has shown how the collapse of sense-making leads to inappropriate actions and then
disaster in the case of the Mann Gluch fire in 1949 (Weick 1993).
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all, you can drown in models! (...) You can drown because... You can go and look at the
Chinese models, the Japanese models, the whatsit models...You can look at everything.
But ultimately, is there any point in looking at 50 models? Not necessarily!

Later, he explains that the more models you include, the more their outcomes and
scenarios are likely to diverge. Interpreting and deciding on the meaning of the situ-
ation then become virtually impossible.

So while, in theory, the warning process can only benefit from having the maxi-
mum amount of information on the maximum number of entities, a practical per-
spective in which the purpose is to provide a basis for action somewhat changes the
terms of the problem.

12.4 How to Deal with This Proliferation? Through
the Detour Strategy, Emancipation Practices

The challenge therefore becomes to respond to these two imperatives: (1) the need
to incorporate more and more realities into the action environment and (2) the need
to decide on a course of action, which at some stage requires at least a temporary
suspension of the process of assessing the environment/situation. These two demands
are difficult to reconcile and, indeed, according to some actors, are incompatible.

Nevertheless, I observed practices that allow the actors to provide a warning ‘all
the same’, despite the difficulty caused by the proliferation of entities. Although
related to my specific case study, these practices and strategies could constitute a
reservoir of ideas and resources to enhance the efficacy of EWS elsewhere.
Especially if we consider that this problem of ‘proliferation’ goes well beyond this
particular case and is likely to accelerate and spread in the coming years.

Through the analysis of an ideal-typical example — the detour strategy — this section
describes what I call emancipation practices and their advantages from the point of
view of the warning process.

12.4.1 The Need for Emancipation

In the context of action where the parties involved have to take account of a growing
number of entities, there is a big risk that action may be constantly postponed.
In order to act, the stakeholders have to make choices, concentrate on ‘what matters’.
This is the essence of emancipation practices, which entail the temporary sidelining
of entities that are less crucial than others. The whole art, therefore, lies in the pri-
oritisation of entities in relation to the context of action and the timeframe of events:
certain entities may be fundamental at one point, then less important, then become
essential again. This fluctuation is accentuated by the respective timeframes of
the entities: a weather forecast is updated every 6 h, removing the need to check it
during this time, on the assumption that the most recent forecast will remain stable.
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However, situations of risk are rarely so stable, and it has to be possible to concen-
trate on something other than the weather forecast for 6h, while ensuring that if an
update comes sooner, this fact is known and the new data is incorporated.

Ultimately, the AEs that I identified correspond to everything that, in an ideal
world, the actors ‘should’ take into account. In reality, certain entities will vary in
importance in a given situation and at a given moment. So emancipation practices
will enable the actors to concentrate on what matters at time t, while retaining the
ability to reintegrate new entities into ‘what matters’ at t+1.

So, in this context, emancipation has to be understood as the process of being set free
from some injunctions (‘everything, and more, has to be taken into account’), poten-
tially detrimental from the action perspective, and then being empowered to lead the
most relevant possible action according to the specific situation.

12.4.1.1 To Ignore Is Not to Emancipate

Before giving a full description of the detour strategy, let us look at a few typical
practices designed to reduce the number of entities needing to be considered which,
despite appearances, do not constitute emancipation.

The first is to concentrate on the official procedure and stick to the plan — as it
was previously established according to the national legal framework — and to
ignore everything outside it. Unfortunately, procedures are rarely a perfect match
for the territory, the context and the situation (Vinet 2007). This approach can limit
the capacity to adapt to a shifting and partially indeterminate situation, typical
of many cases of climate risk. The second is to rely on an argument from
‘tradition’:

For my part, I can’t see the point of websites...This is what we’ve always done here [go and

see what’s happening upstream of the bridge], I used to go there with my granddad when I
was a kid, and it works fine!!

Although traditional local knowledge is generally useful, it has its pitfalls, as one
mayor describes:

Me, I listen to what the old-timers say...But I don’t give it too much credit...You see,
everyone has a view, based on their own experience (...) It depends on where they live. (...)
But what these people forget is that things have changed and it’s no longer what they knew
before, before the dikes and the canal (...) So when people say ‘you should do this, you
should do that’, they don’t know the rules, so they tend to talk rubbish.

We see here that regulatory and territorial changes result in a (justified) expan-
sion of the AEs. This makes it necessary to include new factors that sometimes run
counter to tradition. In this case, there is a big temptation simply to ignore these new
entities.

The third option can be to ignore changes in the state of the environment, and to
continue acting as if it were business as usual. This is typically what happened dur-
ing the storms in France in 1999 (Dedieu 2009).
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These examples clearly show the strategies adopted by some actors, because they
need to ‘simplify’ the situation in order to take action. However, these strategies
entail ignoring or denying the proliferation of entities in the AE. It is an effective
way of simplifying things, but not very satisfactory from the perspective of action,
because it entails an arbitrary reduction of the AE. For its part, emancipation is
based on more subtle ways of managing this proliferation of entities. These
solutions are no longer about ‘ignoring’ part of reality, but about temporarily and
calculatedly ceasing to consider certain entities in the AE and/or prioritising them
in order to avoid being swamped.

12.4.2 An Ideal-Typical Strategy: The Detour

The detour strategy reflects practices observed amongst stakeholders in the warning
process. It was during work on this that the notion of emancipation emerged. As
mentioned, the process of taking into account the AEs relies on a relationship with
the entities that implies contact and interpretation. In the detour strategy, an inter-
mediary is introduced into the relationship with an entity to mediate, ‘manage’
this relationship, in several ways. The intermediary resembles a relational system,
because it can be used to integrate one or more entities into the AE, while dele-
gating all or part of the process of taking into account.

This intermediary takes three main forms: the pseudopod, the decoder and the
transistor (a comparison table is provided on p. 26). They correspond to incremental
degrees of complexity and integration: the pseudopod is the simplest level of inter-
mediary, the decoder is a pseudopod equipped with translation skills and the tran-
sistor is implicitly a pseudopod-decoder that also performs a ‘filtering’ function.
We will see that this gradient correlates with an increase in the ‘emancipatory
power’ of the detour strategy.

Certain aspects of these practices are well known, but rarely taken in their totality
and in the context of the action process. As to their emancipatory dimension, it is
generally ignored.

12.4.2.1 The Pseudopod-Intermediary

Pseudopod: biol., projection of the cytoplasm of certain cells, that serves in locomotion and
phagocytosis.

It is the phagocytosis function that interests us here, since the pseudopod-
intermediary makes it possible to take account of otherwise inaccessible entities,
and thereby to widen an actor’s action environment.

The pseudopod is the most common form of intermediary, primarily requiring one
quality in the intermediary: to be copresent with certain entities in another actor’s
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AE. A sort of appendage, it extends the actor’s capacity for physical copresence. The
pseudopod-intermediary ‘sees’ what the actor cannot see (because he/she cannot be
in copresence with all the entities to be taken into account). The pseudopod-
intermediary is the witness who provides ‘field feedback’.

[A weather forecaster:] At a time of crisis, we want all relevant information on the ground.
So the people who provide us with information are the emergency services, CODIS [opera-
tional fire and rescue centre], COZ [zonal operational centre] [...] It is always useful to
know that a weather event has reached a certain level, with certain consequences. Because
after, behind, is it over, is it still continuing?

We can see the importance of these intermediaries, who report conditions in the
field, the ‘consequences’. They report an aspect of the phenomena that forecasters
cannot access directly but must take into account. The information comes to them
without them having to look for it. The pseudopod-intermediary can also act
remotely: for example, the countryside warden who brings warnings to isolated
farms where the siren cannot be heard. The pseudopod is thus an ‘organ’, not only
of perception but also of interaction with the world. It allows the actor to ‘delegate’
part of this interaction with the world and is generally invested with a significant
capital of trust. In summary, the main quality of the pseudopod-intermediary is to be
in copresence with realities where, and when, the main actor cannot be. The
pseudopod-intermediary therefore relieves the actor in the course of action by taking
charge of ensuring continuous contact.

12.4.2.2 The Decoder-Intermediary

In addition to the pseudopod function, the decoder-intermediary performs a role of
‘translation’, helping to interpret the meaning of information for and with the
primary actor.

[A municipality, on the subject of their management of information on the hydro-
meteorological situation:] ‘So we, well we have a system that helps us a lot in this sphere,
a system from a company, XX, which is actually involved in all that, in other words it
collects all the information and finds information elsewhere than from the emergency ser-
vices or Météo France (...) And these people are a bit what I call our decoder...I compare
it with Canal+ because, ultimately, I couldn’t give a toss how the decoding system works.
For me, what matters is that I have my screen...when I want to watch a football match or
something else.’

We can see that XX is certainly a pseudopod (data collection), but above all a
decoder:

And then in practical terms, (...) you’re not talking to a machine, you’re not talking to a
website, it’s just a guy who calls you and says ‘right, go on the Internet, we’ll talk about this
together, we’ll show you the maps, etc.” He’s what I would call a technical decoder, but also
a human decoder, because he’s someone who has some understanding of our problems. (...)
when they do us an analysis and a report and a summary, there’s no point spending three
days talking about it. We talk about it for 5 minutes and he knows very well what we want.
(...) Because the fact is, we’re not technicians.
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So the decoder is characterised by at least three qualities: scientific-technical
expertise, acculturation to the problems of action on the ground and good commu-
nication skills. Likewise, in the prefect’s crisis unit:

When the prefect triggers a COD, a Departmental Operational Unit, he asks for a
representative from the different services. (...) It is the departmental delegate (CDM) or his
representative who goes and represents Météo France. So he won’t be making forecasts, but
he will be in contact with us [= Interregional Center for weather forecasting/CMIR’]. We
can talk technically with him, and then he may know the different people better (...) he acts
as a channel of communication with the authorities. (...) Because it is true that the lan-
guage, (...) to express doubts, our certainties too, that’s not easy.

The CDM forecaster thus has all the qualities required of the decoder: fore-
casting expertise (and therefore capacity to talk to the CMIR), acculturation to the
crisis unit and capacity for intersubjectivity, fostered by a presence in the crisis unit.
The decoder-intermediary is therefore not a nondescript individual, and his or her
qualities explain the position of trust. This means that the task of taking account of
certain complex entities (here hydro-meteorological phenomena) can be genuinely
shared, since a significant portion of the interpretation is entirely delegated to the
intermediary.

In summary, the decoder-intermediary enables the actor to continue to take
account of certain realities, while relieving the actor of part of the task of inter-
pretation that this entails. The importance of expertise and acculturation explains
the rarity of these decoders: combining the two demands a twofold and long-term
commitment. This is especially true in that acculturation is not very ‘transfer-
able’: if there are three CDM forecasters but only one works regularly in the crisis
unit, the two others will find it harder to assume the decoder role, in particular
because they will not enjoy the same degree of trust. Decoders therefore do not
come ready-made; it is a role that is acquired and constructed collectively
(Créton-cazanave 2011).

12.4.2.3 The Transistor-Intermediary

The transistor-intermediary, like the first two, takes over part of an actor’s relations
with one or more entities in their AE, but only under certain conditions. As an elec-
tronic component, the transistor ‘adjusts, amplifies or interrupts electrical oscilla-
tions, in response to the current applied to the transistor’. In the case that concerns
us, the transistor-intermediary is used to interrupt, amplify or adjust the whole rela-
tionship with an entity in response to the unfolding of events. More than the other
intermediaries, the transistor-intermediary temporarily emancipates the actors from
certain entities. For example, in a regional meteorological service (CMIR), a com-
munication department was set up to manage media relations:

7CMIR: regional scale of Météo-France, which produces forecast at regional scale.



240 L. Créton-Cazanave

Our background is in engineering, very technical, so we had absolutely no training in
communication and crisis management. (...) here they set up a single phone number that all
the media can call. (...) So in principle, it is the communication specialists who answer, the
communications department. [Which means that you, you only talk directly to the crisis
management people?] That’s right. That’s not always the case, when things are cool, we talk
to the media (...) So we introduced this because, in fact, a little while ago, when there was
an incident, with everything that happened, we were overwhelmed by phone calls from the
media. So we spent more of our time answering the phone than analysing the situation.

Here, the Communications Department plays the role of decoding the forecasts
for the media, but also ‘filters’ calls from the media to the forecasters. It operates
like a transistor that only lets the “current” through under certain conditions. This
detour releases the forecasters from the task of media management, so that they can
concentrate on forecasting.

The transistor-intermediary therefore resembles a real ‘emancipator’ and, in fact,
is the only one of the intermediaries explicitly to effect ‘cut-offs’ in the relationship.
This is both what distinguishes it from the other intermediaries and why its role is
tricky. While placed in the previous intermediaries is important trust, in the case of
the transistor it is crucial, in both senses of the term, decisive and critical, decisive
because it can only play its role as a filter and emancipator if it is given full latitude
to do so and critical because a mistake or failure on its part can have serious conse-
quences. So introducing a transistor-intermediary into a relationship of distance is a
far from trivial act.

To summarise, the transistor-intermediary serves to manage certain tricky rela-
tionships, fulfilling a role of translation and emancipation in relation to certain entities.
Whereas the decoder acts as a connector between remote entities and action envi-
ronments, the transistor can be seen as the intermediary which, in addition, enables
them to coexist ‘peacefully’, by restricting competition between them in the course
of action.

12.4.2.4 Detour: An Emancipatory Strategy for Action

The detour would therefore seem to be a valid strategy for managing the profusion
of entities constituting the AE. As a strategy able to adjust between different types
of intermediary, it is full of possibilities, especially as the status of an intermediary
can vary at different times. Table 12.2 provides a synthetic comparison of the three
kinds of intermediary.

It is important to emphasise that the intermediary in no way serves to ‘remove’
an entity from an actor’s AE: with or without the presence of the intermediary, it
remains the actor’s responsibility to take the entities into account. However, the
detour strategy is a way of dividing, delegating part of the task of taking account of
the environment. Typically, the CMIR forecaster cannot simultaneously develop
forecasts and translate for the media. A mayor cannot simultaneously monitor the
height of the water at several points on the river, read weather reports and go
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door-to-door to warn cattle breeders, for example. To use a familiar cliché, the
detour is useful because ‘no one can be in two places at the same time’.

This strategy therefore makes it possible to account for entities that are tempo-
rally or spatially irreconcilable. To adopt this strategy is to rely on another party to
manage some part of one’s action environment. In this way — and the transistor is an
extreme case — ‘offloading’ the task of taking certain entities into account emancipates
the primary actor, at least temporarily and partially, from the work these entities
demand.

Paradoxically, the detour, by in a sense expanding the actor’s space-time, pro-
vides a way of gaining time or, more precisely, having more time available to decide
on a course of action.

This analysis of the detour strategy enabled us to explain how the emancipation
process takes place, because it is a perfect example of that process. Of course,
there are other strategies and other resources that can contribute to emancipation
practices. However, there would be little purpose in listing them, since there are
potentially as many strategies as there are contexts and actors.

The aim here is rather to identify, through the analysis of a ‘winning’ strategy,
the sources and conditions of effective emancipation practices.

12.5 Towards Reasoned Emancipation:
A Condition of Action for the Future

Emancipation would thus seem to be a condition of action: one must be able to
‘shrink the world’ to be able to focus on ‘what matters’. The efficacy of these practices
nevertheless requires this ‘shrinking’ to be reasoned and flexible, open to reassess-
ment throughout the course of action and able to adjust to the unexpected.

Without claiming to encompass all the possibilities, in the following paragraphs
we will look at what I believe to be the fundamental characteristics of reasoned and
effective emancipation practices in a context of action.

12.5.1 The Emancipation/Activation Pair

The essential characteristic is summed up in this proposition: any vehicle of eman-
cipation must also be a vehicle of activation, i.e. enable the thing emancipated to be
reintegrated into the AE where necessary.

This is essential if we consider that the AE I studied is specific to flash flood
warnings, and that it is only one of many AEs that the actor has to deal with: the
issue of flash flood warnings is generally only one of many issues that the actors
concerned have to manage. The capacity for complete emancipation from the issue
of flooding at normal times, in order to focus on other activities, is therefore essential.
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Fig. 12.3 Porte du Vidourle Ouest/West Vidourle’s Gate

However, it is entirely conditional on the capacity to ‘activate’ this ‘flash flood AE’
when there is a possibility of flooding.

The following case provides a good counterexample: since the reform of the
flood forecasting services, forecasters no longer call Voies Navigables de France
(VNF - France’s navigable waterways agency) to warn them that water levels on
the Vidourle have reached 2m at Vic-le-Fesc (the level that triggers their flood
response plan, notably the closure of the ‘Portes du Vidourle’ (see picture Fig. 12.3)).
VNF therefore has to monitor the hydrographs directly on the Vigie Crue website.
Since they cannot assign someone to this task full time throughout the autumn, they
have developed an algorithm which, from the Vigie Crue website, triggers an alarm
when the water level rises to 2 m. However, there are still too many doubts about the
algorithm, about their Internet connection and about the data (the Vic-le-Fesc
sensor has been off-line for a long time), and they still worry that they may not acti-
vate their flood response plan in time. So finally, when it rains, VNF assigns an
employee to monitor Vigie Crue, even though most of the time nothing happens! In
other words, doubt about the possibility of an ad hoc activation makes emancipa-
tion from the problem impossible.

This capacity for activation is, therefore, what gives emancipation vehicles their
power. To return to the example of the firm XX, the mayor who has to manage his
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town in normal times AND activate the flood response plan when necessary (but
without wasting time checking whether it is necessary) said:

If there is an orange alert and it [XX] has not already called to say that there was going to
be an orange alert, because that’s it...So, at that moment, I hear him on the TV, he hasn’t
called me...Already, I am reassured because, if he hasn’t called me, it means that the
orange alert, okay...For example, if it is in the Hérault, Gard, etc. Department, and maybe
it is not going to hit us directly, there’s a thing, so he will...(...) XX phones me and when
he phones me that means that in fact there is a bit more pressure on it, or else I phone him
and say ‘So, what’s happening?’.

The municipality trusts XX to activate its ‘flash flood’ AE if necessary. It can
therefore be emancipated the rest of the time. Here we have the first criterion of a
good emancipation vehicle, the ability also to be a vector of activation. This dialogue
between activation and emancipation is both a goal and a condition for the efficacy
of the WP.

12.5.2 Emancipation Vehicles: Community and Time...

All the emancipation vehicles I observed, starting with the detour strategy, need to
be understood in their relation to community and time. Indeed, their effectiveness
on the ground, at time t, is the result of a process that is long-term and profoundly
embedded in community life.

The detour, for example, always relies on a foundation of trust between actors,
arising from shared practices and experiences. Based on long collective practice, it
allows the different WP actors to share the handling of relations with the entities.
The detour thus both originates in and underpins the community.

Moreover, the resources mobilised within these practices — expertise, acculturation,
communication, telecommunications, etc. — also share this dual timeframe: their
effectiveness and utility on D-Day depends on their acquisition/construction over
the long term.

Emancipation practices are therefore difficult to prescribe, because they arise from
collective work over time, and because they are deeply specific to the problems
faced and the territorial contexts concerned. They therefore lie partly outside the
traditional procedures of warning preparation, and it is difficult to manage their
development. So the issue is less ‘how to organise and plan emancipation practices’
than to make sure that this collective process is not hindered, or ‘how to foster these
practices, given that they cannot be prescribed’.

12.5.3 The Difficulties of Emancipation Practices

Emancipation practices, we have seen, depend on a subtle balance between the
numerous factors described above. Without claiming to cover all these factors,
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one can nevertheless identify the main pitfall for reasoned emancipation: amnesia,
or the tendency to ignore.

As I said, the purpose of emancipation practices is not to leave certain entities
completely out of the equation. On the contrary, they are about the temporary and
reasoned suspension or delegation of their role within the actors’ AEs.

However, in certain extreme cases, an emancipation practice can drift into the
abdication of an entire component of reality. For example, when a municipality
considers the prefecture to be a transistor-intermediary for everything relating to
hydro-meteorological phenomena and forecasting, and announces that, in the
absence of any GALA message from the prefecture, there is no reason to take action.
This shows the ambivalence of the concept of emancipation: if the municipality’s
assessment is correct, this detour allows it to act appropriately and relevantly while
saving its energy and attention for other important problems; if its assessment is
wrong, the forgotten/ignored aspect of reality could deliver a painful reminder.

Emancipation practices are therefore vulnerable to the tendency to ignore
referred to above, in particular when their activation function fails. In fact, if the
vehicles of emancipation/activation are not continually maintained, tested, adjusted,
adapted, the part of the AE from which the actor has been emancipated may become
completely forgotten, or ‘fossilised’, making it impossible to incorporate new enti-
ties or new problems, such as those associated with climate change.

This illustrates the fact that an element that, from one point of view, is a factor of
efficiency can become a source of error or inefficiency. So the existence of vectors
of emancipation should not become a pretext for ceasing to think about ways to
manage the expansion of AEs. Despite the resources they possess, there is a limit to
what the actors can control. In this respect, input from operational players is essen-
tial to the identification of points of fracture, case by case and context by context.

12.6 Conclusion

So the problem is not so much the expansion of the AEs themselves as the fantasy
that everything can be taken into account as in the past, without any changes in the
practices of the actors concerned. The fact is that strategies that were effective yes-
terday, in a ‘simpler’ world, are not necessarily relevant today. As long as the idea
remains that the actors must consider everything, while being assigned more and
more things to consider, there will be a risk of action deadlock. If my diagnosis is
right, and this expansion of AEs is indeed taking place and set to increase, we are
facing a new warning problem which demands the development, or the support, of
new tools and new action strategies.

Against this background, the need to forget part of the world in choosing a course
of action must be recognised. Processes therefore need to be fostered that permit an
emancipation from what is ‘less’ important, and for this relative importance to be
constantly reassessed.
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Of course, it is difficult to give solutions or firm recommendations for one course
of action or another. However, in order to encourage emancipation practices that
promote action within the framework of the WP, it is fair to say that:

* Most of the ‘ideal’ solutions are not ideal and have unintended consequences.
We have seen this in telecommunications, which can seem to be a source of
emancipation or energy-saving, but which also carry the risk of amnesia and
promote the proliferation of entities. It is therefore important not to believe, or
promote belief, in purely technical solutions that will relieve the burden on the
actors. It should not be forgotten that the responsibility for action remains with
the actor, who cannot offload it onto technical and procedural tools (Lascoumes
and Le Gales 2004), whatever their utility in other respects.

* Since trust and community are a major source of emancipation practices, they
need to be fostered, even if this entails a loss of control over the process as a
whole. Trusting the parties concerned, recognising their skills and the power of
their pre-existing social networks is fundamental. The actors on the ground are
the only ones with a grasp of all the dimensions of the issues in context, with
their specific constraints — something planners can never fully encompass.

¢ The dual timeframe in which the effectiveness of warning practices is embedded
means that the problem of the proliferation of entities needs to be considered
well in advance, while early warning systems are being developed.

The subtlety lies in the fact that it is rare for the causes and solutions of the prob-
lems to be entirely unconnected. For example, emancipation practices equally result
from, and contribute to, the expansion of AEs. This does not mean that nothing
should be done. Rather it is critical to acknowledge that there are choices, partly
made in advance, partly made on the ground by the actors, and it is a political matter
to decide where action is taken and where it is sidelined.

This aspect is essential: emancipating oneself in order to act is only possible if,
firstly, one gives up the idea of controlling everything, and, secondly, one accepts
the responsibility of choosing to act in one sphere rather than another. In this pro-
cess, science can help the actors, but can neither make the choices on their behalf
nor take responsibility for them. All this means moving away from a system of
government by instrument (Lascoumes and Le Gales 2004) which, under the cover
of technical efficiency, tends to deny the political dimension of the choices made
and therefore removes them from the democratic debate.

Given the issues and challenges associated with climate change, the development
of EWSs should therefore begin by taking account of the experience and practices
of the actors concerned. They possess a great deal of knowledge and are committed
to their localities and populations. Research can provide tools for the planners, by
revealing sources of effectiveness that sometimes go unrecognised, by means of
accurate observations of the practices of the actors and by putting forward theo-
retical proposals based on those observations. It is then for the actors to take up and
tackle this question from the perspective of action and policy.
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Chapter 13
The Effect of Early Flood Warnings

on Mitigation and Recovery During
the 2010 Pakistan Floods

Ginger Turner, Farah Said, Uzma Afzal, and Karen Campbell

Abstract We estimate the effect of early warnings on the likelihood of households
taking action to mitigate damages before the severe 2010 flood in Punjab, Pakistan.
Using a survey of 640 households conducted after the floods, we find that face-to-
face warnings significantly increase the probability of households taking any pre-
flood mitigation action, while remote warnings such as television and radio
announcements do not have a significant effect on taking any mitigation. For the
most costly mitigation action of reinforcing the house structure, only warning from
government officials or mosques significantly increases the likelihood of action.
Receiving a warning and taking mitigation action reduces the actual loss of house-
hold structure value, and taking pre-flood mitigation action also significantly
increases the likelihood of having recovered household possessions.

Keywords Mitigation action * Pakistan ®* Household ¢ Risk perception * Framework
* Remote information sources

13.1 Introduction

In the summer of 2010, unusually heavy monsoon rains left approximately 20 % of
Pakistan underwater and caused USD 10 billion in damages. The flood reached
areas that do not usually experience flooding, and areas that had previously
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experienced only small perennial floods were heavily impacted. At least 20 million
people were affected, with an estimated 1.6 million houses destroyed, roughly 2,000
deaths and 3,000 injuries, and several hundred thousand remaining without shelter,
even 6 months or more after the flood waters had receded (EM-DAT 2012). As a
result of lost crops, livestock, and livelihoods, many households also experienced
illness or death due to malnutrition.

The severe 2010 flooding in Pakistan provides an appropriate context for exam-
ining the impact of early disaster warnings, for two main reasons. First, there was
considerable variation both in flooding levels and in access to external information
and assistance. For example, Rawalpindi area (near Islamabad) received an average
8.6 in. of rainfall, while Lahore received an average 11.3 in., creating the potential
for wide variation in flood impacts within districts and even within villages at a
household level. This variation makes it possible to compare groups that did and did
not receive external warnings, at different levels of flood impact, controlling for a
variety of characteristics.

Second, the 2010 flood was a severe flood not experienced previously during this
generation (Webster et al. 2011), but many areas had experienced perennial flooding
at less severe levels, which created a wide variation in personal experience and
second-hand knowledge of flooding dangers and appropriate mitigation activities.
For example, between 1980 and 2010, seven of Pakistan’s top ten worst natural
disasters (in terms of people affected, lives lost, and economic damage) were flood
events.!

By collecting a unique data set of households in both flood-designated and non-
flood-designated villages, we are able to compare the effects of warnings on house-
hold mitigation activities, actual loss values, and recovery outcomes, while
controlling for personal characteristics and previous flood experiences. We can
therefore measure the effect of different types of warnings on certain mitigation
behaviors, as well as observing variation across types, which is potentially useful
for disaster management authorities who would like to improve the targeting and
timing of warnings.

13.2 Local Context of Early Warnings and Mitigation
Options in Pakistan

Numerous authors have pointed to the need for better hydrological modeling and
predictions of severe flooding to help the Pakistan government prepare for disasters.
On the other hand, the 2010 floods sparked a debate about whether existing
warnings were adequately transmitted to local governments or heeded by the popu-
lation. For instance, Fair (2011) says that flood warnings that were issued by the

'"EM-DAT Global Disaster Database: http://www.preventionweb.net/english/countries/statistics/?cid=129
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Pakistan Meteorological Department (PMD) were not taken seriously by local gov-
ernment officials, media, and residents:

In the middle of July, the PMD began tracking a storm brewing in the Bay of Bengal [which
would] produce the massive rains and the subsequent super flood of 2010. On July 24, the
PMD issued a flood warning to the provincial government of Khyber-Pakhtunkhwa (KPK).
Despite these increasingly severe warnings, KPK’s citizenry did not believe them. ... The
PMD kept issuing warnings to KPK as the rains began to fall... the PMD’s warnings went
unheeded.

Nevertheless, the PMD was criticized for failing to predict the flood fully or in
time. Arif Mehmood, the Director General of the PMD admitted that, while the
department was able to issue warnings 4 days in advance, it failed to predict the
extremity of the rain and flood waters (Vastag 2011). There were reports that an
international weather forecasting center, the European Centre for Medium-Range
Weather Forecasting (ECMWF), had actually predicted extreme, unprecedented
rainfall 10 days in advance. However, this information was never properly analyzed
with attention to terrain to accurately establish the extent of floods expected (BBC
News 2011; Vastag 2011).

The warning system generally operates as follows. Flood warnings in Pakistan
are issued by the Pakistan Meteorological Department to the Provincial Disaster
Management Authority (PDMA). The PDMA then formulates a disaster risk man-
agement plan and issues directives to the District Disaster Management Authority
(DDMA). The DDMA implements the district action plan, in line with the provin-
cial policies. Typically, this plan will include departmental dissemination of advance
warning, mitigation, and evacuation procedures to be followed. For instance, the
agriculture department will implement a plan for flood risk reduction that will
include raising awareness among the local farmers on disaster preparedness and
evacuation procedures. Similarly, the social welfare department will attempt to
mobilize their workforce to increase disaster awareness among the local popula-
tion. At the local level, flood warnings are issued through town and union council
members. Often this results in public announcements at the local mosques
(Provincial Disaster Management Authority 2008). Meanwhile, the PDMA also
issues warnings through national television and radio channels.

At the community level, a potential barrier to risk management is the generally
low disaster risk awareness in Pakistan. Usually, awareness and understanding are
higher in areas that have experienced floods in the past and were subsequently
involved in community level disaster risk management activities (National Disaster
Management Authority 2013), although risk knowledge may still be lower in the
females and children in these areas (Provincial Disaster Management Authority
2008; National Disaster Management Authority 2013). In Kyber Pakhtunkhwa, the
northern province of Pakistan, the PDMA reported the tendency of the population
to ignore the flood warnings, until the flood waters were visibly encroaching on
their communities (Provincial Disaster Management Authority 2012). The PDMA
also reports having insufficient technology to gauge the advancement of flood
waters and almost absent early warning systems for flash floods in vulnerable areas.
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13.3 Literature on Early Warnings and Mitigation Activity

The debate about the existence and effectiveness of warnings in Pakistan ties into
the broader literature on risk perception and mitigation behavior, and particularly
the response to various types of information sources, in the face of natural disasters.
Previous research by Dow and Cutter (1998) found that increasingly less formal and
private sources of information are taking precedence over formal and official warn-
ings and information. Hayden et al. (2007), using a survey methodology to study
which sources of information are most used and desired for flash flood warnings,
find that individuals are more likely to get information from TV and radio, rather
than official communication from government agencies, but that a siren warning
was perceived as most effective for flash floods.

In the USA, Meyer (2010) uses the laboratory setting of a computer-simulated
game to test participant responses to multiple sources of information about hurri-
cane preparedness, such as television broadcasts, Internet searches, and neighbor
conversations, and choices of investments such as retrofitting roofs or buying gen-
erators to mitigate impending hurricane damage. Meyer notes that, in natural set-
tings, the more salient information sources tend to be television and radio ads, as
well as conversations with friends and neighbors. Multiple reminders may be impor-
tant to encourage individuals to invest in mitigation activity. Whereas face-to-face
conversations with friends and neighbors can provide more salient reminders, they
cannot provide the same real-time accuracy of information available through remote
sources such as television and radio.

A framework of individual choice, as a combination of individual perceptions of
risk, mitigation costs and benefits, and mitigation abilities, is rooted in broader psy-
chological literature. Such a framework is explained by Botzen et al. (2013) in the
context of flood insurance choice and mitigation behaviors, and more generally
linked to the protection-motivation theory discussed by Rogers and Prentice-Dunn
(1997), as a theory for individual choice of health behaviors. The psychological
literature emphasizes the combined importance of perceiving risk, being informed
of mitigation options, and being self-aware of own abilities to implement actions
(e.g., both physical strength and know-how to construct barriers to flood damage).
According to Lindell and Perry (2012), the Theory of Reasoned Action (TRA)
model suggests that an individual’s attitude regarding the hazard is less predictive of
mitigation than the attitude toward an act relevant to the hazard.

Drobot and Parker (2007) point out that much work still needs to be done in
understanding how warnings and information translate to mitigation behavior. In
US survey data, Baker et al. (2012) find that, despite high levels of awareness of
major hurricane threat, there was widespread confusion about the nature of warn-
ings, and preparation was insufficient for the threat posed. Protective actions that
would be seen as costly were limited. For example, only 37 % of homeowners who
had purchased removable storm shutters put them up, and 54 % of residents whose
homes were within a block of a body of water indicated that they owned flood insur-
ance policies.
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In this chapter, we focus on the household-level reaction to flood warnings in
Pakistan. Do early warnings change household behavior? Do different sources of
warnings prompt different types of mitigation behavior? Finally, do individual char-
acteristics, such as gender, impact individual abilities to take mitigation actions?
Our data allows us to reconstruct the 2010 Pakistan context of the flood warnings at
the village, household, and individual levels.

13.4 Empirical Methodology

We are interested in the effects of early warnings on household decisions to take risk
mitigation actions before the flood. To test the effect of early warnings on the likeli-
hood of taking mitigation action, we estimate the following equation using a logit
regression:

M=o+, (warning) +B, (preparation time)
+B, (propensity)+2i (Biotherhhchars)+8 (13.1)

M is an indicator variable that equals 1 if the household took mitigation action
(placing sandbag barriers around the property, moving possessions to higher ground,
reinforcing the house structure, or taking any of these three actions). Explanatory
variables include an indicator variable for whether a household had a warning, the
hours from the warning time until the flood waters entered the property, and the vil-
lage propensity for flooding that was calculated for village sample selection.
Controls include the age and gender of the household head respondent. Standard
errors are heteroskedasticity-robust and clustered at the village level.

To further examine the impact of such mitigation behavior on losses, we estimate
Eq. 13.2 using a Tobit regression, where the dependent variable L is the value of
losses. Loss values are censored at a lower-bound of zero and an upper-bound of
total property value. This means that observed losses can never be less than zero,
even if mitigation is infinite, and can never be higher than property value, even if
mitigation behaviors were to increase losses.

L=a+p, (warning) +B, (mitigation action)
+B, (warning * mitigation action)
+B, (propensity)+2i ([3I 0therhhchars)+ € (13.2)

The warning coefficient measures the direct relationship of receiving a warning
with loss value, but we suspect that individuals who receive warnings are also more
likely to be those with high exposures and therefore higher losses. The interaction
term of warning and mitigation measures the marginal impact of receiving a warning
and taking any mitigation behavior.
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Finally, we estimate the effect of mitigation behavior on resilience, by estimating
Eq. 13.1 with a logit regression, where the dependent variable is an indicator vari-
able that equals 1 if the household has replaced losses by the time of the survey, and
the explanatory variables include mitigation actions.

All data was collected through a household survey of 640 households in Punjab
province in April 2013. The Punjab province is an advantageous location for sam-
pling both flood-affected and unaffected households, due to the five rivers flowing
through the province and the geographic diversity of flood effects. There was con-
siderable variation across the province in terms of rainfall levels, losses, and exter-
nal assistance.

Punjab province is divided into 36 districts, which are further subdivided into
127 tehsils.? Tehsils generally correspond to towns, but within one tehsil, there may
be multiple towns. Each tehsil is further divided into Union Councils that serve as
the local administrative units and can comprise multiple villages. The general meth-
odology followed by national surveys for rural areas is to then divide these villages
further into compact enumerator blocks of 200-250 proximate households out of
which 16 households are randomly selected for the survey. Using the terminology
from national surveys, we refer to these groups of 16 randomly selected households
as “clusters.” Our sampling frame is taken from a representative survey of 30,000
households in Punjab province that took place in 2011, about a year after the flood
had occurred. We sample flood-affected (“treated”) households and unaffected
(“control”) households that share similar characteristics along other dimensions that
could affect the outcome variables.

We expect to find variation in flood impacts, both between tehsils and within
tehsils, so our sampling strategy targets areas where we will be likely to find both
flood-affected households and adjacent unaffected households. We test not only the
direct impact of flood losses on risk perceptions and risk-taking behavior but also
the indirect impact of observing the flood event even without incurring personal
losses. We therefore select districts with variation in low/zero, moderate, and severe
flood effects within the district.

To select districts that will allow sufficient variation of flood affected and non-
affected villages, we used the list of villages that were surveyed under the Multi-
cluster Rapid Assessment Mechanism (McRam) surveys 2010 and information
from the Multiple Indicator Cluster Survey (MICS) 2011 implemented by the
Punjab Bureau of Statistics (PBOS). The McRam, conducted in late August 2010,
was in 8 out of the 11 flood affected districts,® gathered detailed information on
flood damages and rehabilitation needs. In Pakistan, the MICS survey is imple-
mented approximately every four years in Punjab province. The survey draws a
sample of households from the total Punjab province population, representative at

2http://www.punjab.gov.pk/?q=punjab_quick_stats

3 According to the MICS 2011, the districts where any households reported being affected by the
floods in 2010 were Rajanpur, Muzaffargarh, Jhang, Layyah, DG Khan, Sargodha, Multan, Rahim
Yar Khan, Bhakkar, and Bahwalpur.
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the tehsil level. The most recent MICS surveys took place in 2007-2008 and 2011,
providing representative household data for the periods preceding and following
the 2010 floods. We obtained access to parts of the MICS data from the Punjab
Bureau of Statistics (PBOS), a provincial government agency that administers the
survey on behalf of UNICEF.

The 2011 MICS survey asked each respondent if the 2010 floods had affected the
household. Based on the responses to this question, the PBOS classified a cluster as
being “flood-affected” in 2010 if all of the randomly selected households in
the cluster responded “yes” to this question and “non-flood-affected” if any of the
households in the cluster responded with a “no” to this question.* From the listing
of flood-affected clusters, we determine the percentage of flood-affected clusters in
each district.?

Based on information from both the MICS 2011 and the McRam survey 2010, the
five districts with the highest number of 2010 flood-affected clusters were Rajanpur,
Muzaffargarh, Layyah, Dera Ghazi Khan, and Rahim Yar Khan. Due to security
reasons, female staff and enumerators could not visit Rajanpur and Dera Ghazi Khan,
so we therefore concentrate our survey in the three remaining districts: Muzaffargarh,
Layyah, and Rahim Yar Khan. Flood maps obtained from the United Nations McRam
survey, the Punjab Provincial Disaster Management Authority (PDMA), and LUMS
confirm that each of the three districts lie across the border of flooded and non-
flooded areas. According to the MICS 2011, 9 % of the clusters sampled in Rahim
Yar Khan can be classified as flooded; while 18 % of the clusters in Layyah and 51 %
of the clusters in Muzaffargarh were “flooded” in 2010.

Using a total listing of all villages in the three focus districts, we select villages
based on propensity scores. We use pre-flood data from the 2007-2008 MICS wave,
including household wealth and livestock, income, occupation of household head,
access to utilities, literacy, health, and access to public infrastructure, to create a
score of characteristics correlated to the propensity to be flooded. By matching pro-
pensity scores based on these characteristics, we obtain a control group that was not
flooded during 2010 but had similar propensity to be flooded based on socio-
economic factors.®

*A cluster was designated as flood affected only if all the households in the cluster responded to
the question of being affected by the flood in 2010 with a “Yes.” This was done to make sure there
are no errors due to the migration of households into and out of the cluster since 2010-2011, when
the survey was conducted and only clusters where there is minimum likelihood of migration in and
out are selected as flood affected.

>Note that the MICS is a representative random sample of the total population, not a census of all
households, so the percentage of flood-affected clusters calculated is approximate but based on the
random sample.

®Note, in using both the 2007-2008 and 2011 rounds of MICS, we have effectively restricted our
sample to villages that were common in both rounds. Since the samples in both years were com-
pletely random, any villages that have been sampled in both rounds are also random — there is no
reason to suspect any bias in the selection of these villages. Note also, that resampling the same
villages in 2011 that were sampled in 2007-2008 does not mean that the same households were
sampled, since the selection of households is random.
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Next, we divide the list of matched villages into flood-affected and non-flood-
affected villages. Among the list of flood-affected villages, we randomly select
eight villages as the treatment group. We select four villages in Muzaffargarh, two
in Layyah, and two in Rahim Yar Khan. Using the propensity scores, we map the
flooded villages and unaffected villages. For half (4) of the flood-affected villages,
we select the control village with a matching propensity score which is located at
closest proximity. For the other half (4), we select the control village with a match-
ing propensity score that is located at farthest proximity to flooding.” For the “non-
flooded” villages, an additional check is performed using our several mapping
sources to verify that the village area was not considered flooded during 2010.
Five non-flooded villages adjacent to the flooded villages are selected from
Muzaffargarh, two in Layyah and one in Rahim Yar Khan.

We use the listing compiled for the latest round of the MICS 2011. It has the
complete listing for one randomly selected village block (blocks are a settlement
(basti) or a geographically concentrated group of households). We survey 20 house-
holds from each village.

To control for potential attrition bias of post-flood migration or absences, enu-
merators recorded reasons for why any household was not available for the survey.
Enumerators were provided with a list of five additional randomly selected house-
holds to draw for replacement, which was used when (i) no one was available who
can provide household information, (ii) the house structure was uninhabited, or (iii)
household members declined to participate in the survey. Given that the 2010 floods
induced temporary out-migration, there is a possibility that a sample of flood-
affected villages would under-represent flood-affected households. We use multiple
sources to approximate village population changes, and also ask about migration
directly in a separate survey module of a village leader who can give village-level
estimations. To directly collect information about village migration, we approach
each settlement with the pre-existing MICS roster of households, and we consult
with the village leader (“numberdar”) about the reasons why any households in the
listing may be missing now, and specifically the number of households that have
moved away from the area since 2010 due to the flood. In the household survey, we
also asked participants about the extent of migration in the village for various rea-
sons, including flood.

Table 13.1 shows summary statistics for the key variables of interest in the
household and individual surveys.

13.5 Results

Contrary to the perception that households did not heed warnings, we find that receiv-
ing any warning significantly increases the probability of taking mitigation actions.
However, we find that certain warning types appear to be more effective than others.

"The propensity scores of the non-flooded villages do not exceed the propensity scores of the
flooded villages by more than 30 % of the standard deviation of the scores.
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Table 13.1 Summary Statistics

Variable Obs. Mean Std. dev.  Min Max
Total monthly income (rupees) 640 27,749.31 61,3155 3,000 724,000
Savings 640  4,095.7 497179 0 200,000
Has flood experience 640  0.79 0.41 0 1

Past flood was worst 640  0.07 0.26 0 1
Number of floods experienced 627 1.16 1.04 0 6
Feels better prepared than others 640  0.31 0.46 0 1

Has held insurance 640  0.10 0.30 0 1
Changed precautions since 2010 640 047 0.50 0 1
Learned new mitigation techniques 640  0.23 0.42 0 1
Lives in flood cluster 640  0.50 0.50 0 1

Has a local “patron” 640  0.18 0.39 0 1
Adopted new techniques 640  0.51 0.50 0 1
Ability to recover faster than others 640  0.20 0.40 0 1

Took any mitigation action 640  0.33 0.47 0 1
Reinforced house structure 640  0.15 0.36 0 1
Used sandbag barriers 640  0.18 0.38 0 1
Moved possessions to a higher level 640 0.22 0.41 0 1
Received any warning 640  0.76 0.43 0 1
Received warning from radio 640  0.20 0.40 0 1
Received warning from television 640  0.28 0.45 0 1
Received warning from neighbors 640 048 0.50 0 1
Received warning from relatives 640  0.20 0.40 0 1
Received warning from mosque 640  0.30 0.46 0 1
Received warning from govt. worker 640  0.02 0.15 0 1
Preparation time (hours) 640  50.52 79.98 0 492
Had 24+ hours preparation time 640  0.39 0.48 0 1

Time spent evacuated (hours) 640 947.56 2,810.6 0 34,560
Household loss value 640 61,827.03 146,803.4 0 2,500,000
Surprised at the level of damages 501  0.87 0.33 0 1
Flood propensity score 640  0.40 0.19 0.15  0.778
Age 384  37.77 12.58 16 80
Female 640  0.50 0.50 0 1

As shown in Table 13.2, receiving any warning significantly increases the
probability of taking mitigation actions. Only the face-to-face information sources
(neighbors, government officials, mosque announcements) have a significant effect
on mitigation behavior. Remote information sources (radio, television, relatives
from other towns) do not have a significant effect on mitigation behavior.

Most people report neighbors and friends as the most important information
source, followed by mosque announcements. This self-reported priority order is con-
sistent with our empirical observation of the sources that actually prompt mitigation
behaviors; however, we find that different sources of information are likely to prompt
different types of mitigation behavior. When disaggregating the types of mitigation
action taken, we see that radio, neighbor, and mosque warnings significantly increase
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Table 13.3 Logit: dependent variable is 1 if respondent took any mitigation action (reinforcing
house structure, using sandbag barriers, or moving possessions to higher level)

€)) 2 () G (5) (6)
Any Any Any Any Any Any
Explanatory mitigation mitigation  mitigation mitigation mitigation mitigation
variables action action action action action action
Age 0.0128 0.0123 0.0128 0.0128 0.0120 0.0112
(0.0120) (0.0131) (0.0120)  (0.0120) (0.0124)  (0.0120)
Female 0.293 0.337 0.290 0.291 0313 0.457
(0.292) (0.302) (0.297) (0.291) (0.296) (0.272)
Ln household 0.0623"" 0.0695™  0.0621™  0.0620™"  0.0586™"  0.0640""
savings (0.0212) (0.0223) (0.0213)  (0.0215) (0.0225)  (0.0245)
Flood propensity 0.937 1.036 0.936 0.938 1.272 1.278
score (0.920) (0.870) (0.921) (0.919) (0.950) (0.861)
Received any 1.609" 1.489™ 1.598"" 1.580™ 1.678" 1.737
flood warning  (0.609) (0.689) (0.609) (0.617) (0.625) (0.610)
Flood preparation 0.00262™  0.00170™  0.00263" 0.000448  0.00204" 0.00179
time (0.00107)  (0.000844) (0.00107) (0.00920) (0.00104) (0.00112)
Pre-2010 flood 1.494™ 1.336™ 1.405™
experience (0.367) (0.330) (0.268)
Flood-designated 0.611™
village (0.234)
Received 0.0636
assistance for (0.240)
mitigation
(Any warning)” 0.00221
(Preparation (0.00957)
time)
Time preference -1.020™"
(0.336)
Constant —3.483™  -3.830"" -3.496™ 34577 -3.691"" -2.641""
(0.962) (0.997) (0.962) (0.965) (1.036) (0.994)
Observations 384 384 384 384 384 384

Robust standard errors in parentheses
“*p<0.01; “p<0.05; p<0.1

the likelihood of moving household possessions. However, mosques and government
officials are the only information sources that significantly increase the likelihood of
reinforcing the house structure, as shown in Table 13.5.

The timing of warnings appears important, as shown in Tables 13.3 and 13.4.
The number of hours between the warning and the flood significantly increases the
likelihood of mitigating action (Table 13.3). Having preparation time in addition to
having any warning significantly increases the likelihood of moving household
possessions (Table 13.4).

In addition, we see that other factors of personal characteristics and background
affect mitigation action and the types of mitigation taken. Having experienced a
flood prior to 2010 significantly increases the likelihood of moving household
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Table 13.6 Tobit: effect of warnings on household losses through mitigation action taken

Explanatory variables Value of household loss
Female -42670.4
(27,755.82)
Age 369.8491
(1,070.612)
Received any flood warning 250,922.3"
(38,973.59)
Took any mitigation action 191,057.4™
(89,257.46)
(Received any flood warning)“(Took any mitigation action) —-199,484*
(93,602.24)
Flood propensity score 24,199.28
(71,034.4)
Ln savings -5,074.22
(3,429.241)
Constant -204,781
Observations 65,118.5
384

Standard errors in parentheses
“*p<0.01; “p<0.05; p<0.1

possessions. Time preference (preferring immediate payment to deferred income?®)
significantly reduces the likelihood of mitigation activity. Meanwhile, holding an
insurance product (not shown here) is negative but not significant, and receiving
external assistance (e.g., from neighbors) with mitigation or being related to power-
ful people (patronage) is not significant.

Next, we test whether receiving a warning and taking mitigation action impacted
the actual value of household losses. As shown in Table 13.6, loss value is positively
correlated with both receiving warnings and taking mitigation action, as households
with high flood exposures are more likely to receive warnings, take mitigation
action, or experience flood losses. However, the coefficient on the interaction term
of warning and mitigation is significantly negative, indicating that increases in flood
warnings make mitigation behaviors more likely to reduce losses.

Finally, we tested whether taking mitigation actions increased household resil-
ience.’ Table 13.7 shows that mitigation activities significantly increase the likelihood
of having recovered or replaced household possessions at the time of the survey.
This is consistent with our expectations, since the mitigation activities named in the
survey mostly relate to household possessions and structure (reinforcing structure,
using sandbag barriers, moving possessions to higher level/ground).

Our results provide a substantial contribution to the literature on early warnings.
In contrast to the popular view that flood-exposed Pakistani residents ignored

8This variable was measured with a hypothetical survey question asking about their preferences for
a sum of money today or a larger sum six months in the future.

?Qur survey included measures of (self-reported) resilience in terms of losses experienced, loss
recovery, and time to recovery of various possessions and livelihoods.
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Table 13.7 Logit: dependent variable is 1 if household has recovered/replaced household
possessions by the time of the survey

() 2 3) ) 5)
Has Has Has Has Has
recovered recovered recovered recovered recovered

household household household  household  household
Explanatory variables possessions  possessions  possessions — possessions — possessions

Age —-0.0338 -0.0599" -0.0353 -0.0459 —-0.0438"
(0.0291) (0.0348) (0.0253) (0.0317) (0.0263)
Female -1.733" -2.097" -1.676" -2.473" -1.710"
(0.730) (1.139) (0.878) (1.025) (0.932)
Monthly income -2.63e-05""  -2.47e-05"" -2.62e-05" -2.15¢-05" —1.83e-05"
(9.69¢-06) (8.21e-06) (1.12e-05)  (8.46e-06)  (1.06e-05)
Received any 2.605™" 2.931™ 2.563" 2.840™ 2.655™"
assistance with (0.938) (1.069) (1.055) (1.326) (0.976)
moving possessions
Perceives self to be 0.182
able to recover (1.340)
faster than others
from loss
Took any mitigation 1.403™
action before 2010 (0.518)
floods
Learned new mitigation 0.262
techniques due to (0.676)
2010 floods
Time preference 1.590"
(0.950)
Changed precautions 1.109
since 2010 floods (0.699)
Constant 1.158 1.655 1.148 -0.0722 0.741
(1.030) (1.147) (1.006) (1.143) (1.014)
Observations 56 56 56 56 56

Robust standard errors in parentheses
“*p<0.01; “p<0.05; p<0.1

warnings, our data show that flood warnings prompted many households to take
mitigation action, especially when given preparation time. Our findings also indi-
cate, however, that the type of warning is important, as face-to-face warnings sig-
nificantly increased mitigation, while remote warnings did not, and official warnings
from government or mosque announcements were more important for the costliest
mitigation investments. Furthermore, our results suggest that such early warnings
and mitigation actions matter for household outcomes, as those households that
received warnings and did mitigation activities had significantly lower losses of
household structure value, and taking mitigation action increased the likelihood of
having replaced lost household possessions.
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Chapter 14
Disasters Are Gendered: What’s New?

Joni Seager

Abstract A vast academic, policy, practitioner, and activist literature, stretching
back at least two decades, documents and analyzes the gendered dimensions of
“natural” disasters and, more recently, of climate change.

The primary takeaway conclusion from the literally hundreds of studies and
reports is a deceptively simple one: disasters are gendered in every aspect, including
impacts of the disaster itself and impacts of the social disruption that follows, post-
event recovery and reconstruction, policy formulations, and “lessons learned.” This
chapter, following a brief review of the core findings in gendered disaster analysis,
outlines four areas of research on gender and disasters — disaster vulnerability, post-
disaster violence, early warning systems, and policy interventions — emphasizing
emerging analyses and new findings. The enormous scale of violence against
women associated with natural disasters is just now being acknowledged. Digitally-
based systems represent new promise in early warning, but in many parts of the
world patriarchal restrictions prevent women from using these technologies.
Implementation of the gender commitments in the Hyogo Framework is shown to
be lacking.

Almost everywhere in the world, gender-aware disaster policy is, at best, unfin-
ished business; in many places in the world, it is actually “unstarted” business. The
chapter concludes with three policy remedies: put patriarchy on the agenda, take
“household”-level data and analysis off the agenda, and add real incentives to meet
the gender commitments of Hyogo.

Keywords Gender * Hyogo Framework ¢ Disaster risk reduction ¢ Disaster early
warning ¢ Patriarchy ¢ Violence against women * Gender inequality
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14.1 “‘Vulnerablegroupslikewomen”

A vast academic, policy, practitioner, and activist literature, stretching back at least
two decades, documents and analyzes the gendered dimensions of “natural” disas-
ters and, more recently, of climate change — reflecting its position as the emerging
iiber disaster of our time (UNDP 2009; Seager 2009, 2010a). The primary takeaway
conclusion from the literally hundreds of studies and reports is a deceptively simple
one: disasters are gendered in every aspect, including impacts of the disaster itself
and impacts of the social disruption that follows, post-event recovery and recon-
struction, policy formulations, and “lessons learned.”

The impacts of “natural” disasters are almost always significantly different for
women and men. Disasters and responses to them reflect socially constructed gen-
dered norms and behaviors; vulnerabilities to disasters and capacities to respond to
them reflect social and economic positionalities, which strongly correlate with
gender (as well as race, class, age, and other social axes) (Wisner et al. 2003;
Morrow 1999).

Starting with the disaster itself through to reconstruction and recovery, the list of
gender-differentiated impacts is long. In the disaster event itself, women typically
(but not always) suffer higher rates of mortality and injury. Loss of resources pro-
duced by disaster affects women and men differently. Gender-differentiated impacts,
especially in rural communities, may include increased male out-migration in the
aftermath of disaster. Disaster-induced changes in crop and livestock production
inevitably affect the gender division of labor and the distribution of income oppor-
tunities in households and communities. Disruption in livelihoods and damage to
the natural resource base typically deepen the burden of women’s household and
family responsibilities. For example, scarcity of resources such as fuelwood and
water increases the workloads of women and children who typically gather
and sustain those subsistence resources. Women’s labor buffers the household from
scarcity and crisis. Women are vulnerable to abuse and violence in the aftermath of
disasters — and in this regard refugee camps pose particular hazards. Disasters can
reconfigure communities and in so doing can alter gender roles, sometimes for the
better, sometimes for the worse. Women are usually excluded from, or marginalized
in, reconstruction planning and enactment (including reconstruction employment).

The largest share of research on gender and disasters focuses on documenting
and explaining gendered differences in vulnerability to the specific direct impacts of
disasters. The observation of such differences is now so commonplace that its char-
acter is captured in what has become a ritualized one-breath phrase, ubiquitous
throughout the disaster literature, “vulnerablegroupslikewomen.” Evidence of the
greater vulnerability of women to the direct disaster impact in most, but not all,
disasters is unequivocal. In the 1995 Kobe (Japan) earthquake, for example, one-
and-a-half times more women died than men. In the 1991 floods in Bangladesh, five
times as many women as men died. In the South East Asia 2004 tsunami, death rates
for women across the region averaged three to four times those of men (Oxfam
International 2005; Seager 2005).
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Such magnitudes of difference may seem surprising, and the gender, class, and
race dimension of each disaster needs close analysis and specific explanation.
Feminists working in relief agencies and the United Nations, for example, identified
several specific factors that explain the gender skew in the 2004 tsunami deaths
(Oxfam International 2005): sex differences in physical strength that meant men could
more easily cling to trees or climb to safety; prevailing ideologies of femininity that
influenced the extent to which women were encouraged to — or allowed to — develop
physical strength and capacity, and that meant, among other things, that women and
girls were not taught to swim; the different social roles and locations (metaphorical
and literal locations) that men and women occupied, particularly with regard to
responsibility for children or elderly family members. In a fast-moving storm surge,
children slow things down; mothers who stop to find and gather up children lose valu-
able time, and with children in their arms they cannot swim, climb, or hang on.

In the 1993 Latur earthquake in India, women died largely because (conforming
to patriarchal conventions) they slept indoors and were more likely to be trapped in
or killed by collapsing buildings. Similarly, in an earthquake the same year in the
North West Frontier Province in Pakistan, despite the violent shaking of buildings
and concrete walls collapsing, cultural requirements to cover themselves before
they left the house meant that many women did not flee to the relative safety of the
streets as quickly as they should have. Even slow onset disasters such as droughts
affect women more than men. For example, during the past decade when the Maha
Akal drought was at its peak in the Indian state of Rajasthan, women ate less than
men in 82 % of hamlets (Oxfam 2008). Women eating less is an almost universal
household coping strategy in the face of food shortages produced by disaster,
drought, and climate change; globally, it is the case that women buffer the house-
hold impact of crisis, and especially the impact on children, through decreasing
their own food consumption (Holmes et al. 2009; International Food Policy Research
Institute 1995; Quisumbing et al. 2008).

Despite the specificity of each disaster, it is universally true that disasters occur
within — are mapped onto — pre-existing gendered social arrangements and norms.
Disasters happen within the context of “normal” gendered patterns. Gender inequal-
ity magnifies vulnerability. Elaine Enarson (2006) offers a list of “common” gender
differentiated contexts within which disasters occur. Noting that there will be sig-
nificant differences among and between women in different social locations, it is
nonetheless the case that women are more likely at the time of an extreme environ-
mental event to: (1) live below the poverty line; (2) rely upon state-supported social
services; (3) lack savings, credit, insurance; (4) lack inheritance rights, land rights,
control; (5) be unemployed or work in the informal economy; (6) be self-employed,
home-based, contingent workers; (7) reside alone, or be rearing children alone; (8)
depend on functioning caregiving systems; (9) depend on public transportation, and
most travel is with dependents; (10) reside in public housing, mobile homes, rental
housing, informal settlements; (11) live at risk of assault and abuse, be displaced
into domestic violence shelters; (12) be responsible for others (family, kin, neigh-
bors) as paid and unpaid caregivers; (13) physically depend on others due to preg-
nancy, recent childbirth, age, chronic illness; (14) be subject to gender norms
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controlling mobility and use of public space; (15) be subject to male authority in the
household regarding use of emergency assistance assets and key decisions about
evacuation and relocation.

Pre-existing structures of gender inequality, such as these, shape and deepen
vulnerability to disaster. Congruent social inequalities make disasters even worse.
Typically the explanation for why certain people are more affected by disaster than
others involves a combination of factors. In terms of climate change, the
Intergovernmental Panel on Climate Change (IPCC) has emphasized that the ability
to adapt to climate-induced changes is a function of several strategic factors includ-
ing wealth, technology, information, skills, infrastructure, institutions, equity,
empowerment, and the ability to spread risk. On the household level, these factors
are translated into gender-differentiated contexts, including control over land,
money, credit, and tools; high dependency ratios; levels of literacy and education;
health and personal mobility; household entitlements and food security; secure
housing in safe locations; and freedom from violence (Enarson 2006).

The combination of poverty with gender inequality can be particularly deadly in
a disaster. In the Hurricane Katrina disaster in New Orleans in 2005, for example, it
was clear that the poverty that left people more vulnerable to disaster amplified both
gender and race disadvantage. Everywhere in the world, women are the poorest of
the poor. In New Orleans, a city with a poverty rate higher than the national US
average, at the time of Katrina, 15 % of all families lived below the official poverty
line; 41 % of female-headed households with children fell below this line (US
Census Bureau 2004). People in poverty are the least likely to have access to good
information ahead of disaster. They are the least likely to have a place they can
evacuate to and stay for days or weeks and are the least likely to have the means to
leave. In the days ahead of Katrina, thousands of people did get out of New Orleans —
almost all of them by car. In New Orleans, as elsewhere, poverty combined with
race and gender inequality to produce a metric of deep disadvantage in terms of
mobility and capacity to escape the looming disaster. Even in a country as awash in
cars as the USA, women are less likely to have a car or access to a car than their
male counterparts, and blacks less likely than whites. One recent study established
that 76 % of white Americans own cars, compared with 47 % of blacks, and 52 %
of Latinos (Raphael and Stoll 2000). Although car ownership data by sex is difficult
to find (most data are collected by “household”), a recent analysis of car registra-
tions in the USA reveals that 64 % are registered to men and 36 % to women
(TrueCar.Com 2010). Poor African American women are among the least likely to
have a car or access to one. It should not have been surprising, then, that poor
African American women comprised the largest share of people trapped in New
Orleans during the hurricane. And yet, this gender dynamic received very little
attention both during and after the storm (Seager 2012).

Paying attention to pre-existing social contexts and gender norms does not just
make visible women’s special vulnerabilities. During a 1995 week-long heat wave
in Chicago, more than 800 people died. Most of the dead were men — twice as many
men as women died. Deaths occurred primarily in poor minority neighborhoods,
where people didn’t have air conditioners, were afraid to leave windows open at
night, were afraid to venture outdoors, and felt isolated. In a post-heat wave
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analysis, individual risks for heat wave deaths were identified as living alone, not
leaving home daily, lacking access to transportation, being sick or bedridden, and
not having social contacts nearby. So, given that in sheer numbers elderly women in
poor neighborhoods outnumber men, why did so many men die? Primarily because
elderly men did not sustain social relationships — they didn’t have friends, nor a
community of mutual care. Gender norms of social interaction meant that men were
much more socially isolated than their female counterparts. In the heat wave, that
social isolation was deadly (Klinenberg 2003).

14.2 Sexual Violence: The Disaster Within the Disaster

Disasters do not stop when the waters recede or the ground stops shaking. For many
communities and individuals, the disaster aftermath lasts much longer and can be
even more catastrophic. Disasters exacerbate poverty, and usually push previously
poor people into destitution. Loss of housing, material possessions including
income-generating assets, livestock, cropland, safe water supplies, and sanitation
facilities can be catastrophic — and are all gendered. Food insecurity and hunger —
also gendered — follow in the footsteps of many disasters.

For years, feminist analyses of disasters have revealed that astonishing levels of
violence against women accompany and follow most disasters. When acute disas-
ters or chronic environmental change produces social and economic disruption, and
particularly if civic order collapses entirely, violence against women and girls, espe-
cially sexual violence and sex trafficking, increases dramatically — whether rapes in
post-Katrina New Orleans or sex trafficking of young girls separated from their
families in post-floods Mozambique.

Acknowledgment of gender-based violence associated with disasters is slowly
drawing official attention. A United Nations Population Fund (UNFPA) report on
gender-based violence in Aceh, Indonesia, following the 2004 SE Asian tsunami
found significant increases in trafficking of women and girls in the tsunami after-
math and noted that women and girls in the refugee camps were at particular risk
(UNFPA 2005; WHO 2005). The US State Department notes in its 2010 Trafficking
in Persons Report that natural disasters exacerbate vulnerabilities and allow traf-
fickers to flourish. An NGO working to assist people caught in the 2013 Uttarakhand,
India, flooding warns that “Trafficking of young girls happens here due to poverty,
and families are often coerced into accepting money from traffickers who marry
their daughters to older men in other states, rather than pay a large dowry for them.
After the floods, this is likely to worsen as people are poorer and more desperate”
(Bhalla 2013).

A UNFPA discussion of humanitarian relief in emergency settings includes what
has now become an almost rote warning about sexual violence associated with
disasters':

"http://www.unfpa.org/emergencies/violence.htm; accessed August 1, 2013
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Sexual violence is common in humanitarian settings. It may become more acute in the wake
of a natural disaster and occurs at every stage of a conflict. The victims are usually women
and adolescents, who have often been separated from their families and communities and
whose care-taking roles increase their vulnerability to exploitation and abuse. Breakdowns
in law and order and in protective societal norms mean that most perpetrators abuse with
impunity.

In many conflicts, women’s bodies become battlegrounds, with rape used as a method
of warfare to humiliate, dominate or disrupt social ties. In the aftermath of natural disasters,
women and young people may be left unaccompanied — out in the open or in temporary
shelters — at the same time that security lapses lead to increased lawlessness and chaos.

The impact of sexual violence, especially rape, can be devastating. Physical conse-
quences include injuries, unwanted pregnancies, fistula and HIV. Widespread sexual vio-
lence is also endemic in many post-conflict situations, where it can perpetuate a cycle of
anxiety and fear that impedes recovery.

Importantly, this UNFPA note draws attention to a persistent problem: the lack
of information and data about violence associated with disasters. On the one hand,
this lack is perhaps not surprising given that, overall, data about sexual violence are
seriously limited — so, in a disaster context, would be even more challenging to
collect in a systematic way. Nonetheless, the lack of comparative and systematic
information leaves policy in this domain in a vacuum. The World Health Organization
characterizes most information about violence in disaster contexts as anecdotal:
“Anecdotal evidence and a small number of systematic studies indicate that intimate
partner violence, child abuse and sexual violence are highly prevalent after disas-
ters” (World Health Organization 2005).

Reports of sexual violence are widely disbelieved and dismissed in all circum-
stances, even more so if they are diminished as “merely anecdotal.” The absence of
official attention to sexual violence in disasters, thus leaving reports of violence in
the realm of the anecdotal, means that the women who make such reports are often
dismissed, and sexual violence is reduced to a less-than-central issue — even, in
some cases, by victims of violence themselves. As one commentator observes, “the
reporting of sexual violence in disasters is often considered a ‘luxury issue — some-
thing that is further down on the hierarchy of needs’ for disaster victims” (Klein
2010, p. 12). Strategies for preventing, mitigating, and documenting sexual violence
in disasters have been developed (e.g., see UNFPA 2005; Klein 2010), but taking
sexual violence seriously means, first and foremost, allocating resources to this
issue in the overall context of disaster planning and risk reduction, and in post-
disaster protection and recovery.

14.3 Early Warning: Spreading the News

The damage caused by a disaster is in some part determined by the capacity of
people living in disaster-prone areas to prepare for it or to flee from it. Efforts to
reduce disaster risk therefore often prioritize developing effective early warning
systems. International actors such as the United Nations Environment Programme
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(UNEP) and the UN Office for Disaster Risk Reduction (UNISDR), as well as local
governments everywhere, are eager to improve systems of warnings, and “early
warning” is one of the most robust areas of attention and funding in the domain of
disaster risk reduction (DRR).

A commitment to gender awareness in developing and deploying early warning
systems is given an official nod in many discussions of approaches to early warning.
For example, a recent early warning “checklist” for developing a “people-centered”
warning approach notes the importance of gender:

In developing early warning systems it is essential to recognize that different groups have
different vulnerabilities according to culture, gender or other characteristics that influence
their capacity to effectively prepare for, prevent and respond to disasters. Women and men
often play different roles in society and have different access to information in disaster situ-
ations. In addition, the elderly, disabled and socio-economically disadvantaged are often
more vulnerable. (UNISDR 2006, p. 3)

And later in this document, the expectations of specific gender-sensitive early
warning systems are mentioned:

Warning alerts and messages [must be] tailored to the specific needs of those at risk (e.g. for
diverse cultural, social, gender, linguistic and educational backgrounds) (UNISDR 2006, p. 6).

But despite policy exhortations, the implementation of gender-aware early warn-
ing lags far behind.

For disasters for which there is a reasonably long forecast horizon, manual and
localized systems of warnings are still widely used and may represent the most
practical means of disseminating warnings. Posting notices in public spaces, for
example — or conveying warnings verbally, at centrally located public spaces — is
still a favored low-tech method of notification for slow-onset disasters such as
typhoons. However, in many cultures women are excluded from public spaces, so
notices posted or warnings conveyed in “men’s spaces” won’t be seen by women.
The high death rate of women in the Bangladesh floods of 1991 is often attributed
to this double disadvantage: in a highly sex-segregated society, warning information
was transmitted by males to males in public spaces where males congregated on the
assumption that this would be communicated to the rest of the family — which by
and large did not occur (Fordham 2001; Khonder 1996). Further, almost everywhere
in the world, more women than men are illiterate. In communities where women’s
illiteracy is high, relying on written notices posted in public will further skew the
gendered effectiveness of early warning.

Using “village crier” systems to broadcast alerts has proven more effective in
bringing information literally to the doorsteps of households. In Bangladesh in
2007, for example, 40,000 Red Crescent volunteers with megaphones were mobi-
lized on bicycles to warn about Cyclone Sidr (PreventionWeb 2007). In tandem with
a cyclone shelter system the government had built after 1991, the megaphone warn-
ings were credited for the sharply reduced number of deaths from Sidr. There is no
gendered analysis of the effectiveness of these efforts, although anecdotal reports
suggest that they did little to improve the gender skew in deaths; the women:men
ratio of deaths from Sidr was 5:1, about the same as in 1991 (Ahmad 2011).
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Disaster planners are increasingly turning to digital technologies as the early
warning aids of the future. Mobile phone technology, using either centrally
disseminated warnings or crowdsourcing approaches, has been identified as a key
innovation in early warning. In 2009, for example, the government of Bangladesh
started a mobile phone disaster-warning system:

Tens of thousands of mobile users in Bangladesh’s flood and cyclone-prone areas will now
receive advance warning of an impending natural disaster through an alert on their cell
phones, a government official says.

Bangladesh - one of the world’s most densely populated countries - is highly vulnerable
to natural disasters, including cyclones, storm surges, droughts, floods and earthquakes,
which often affect millions of people.

In a bid to minimise loss of life and damage to property, Bangladeshi authorities have
signed an agreement with two mobile operators in the country to provide disaster early
warning alerts to subscribers (Bhalla 2009).

More than a dozen “least developed countries,” including Mozambique, Uganda,
Madagascar, Vietnam, and Vanuatu, are exploring using mobile devices as early
warning systems. Rich countries, including Australia and the Netherlands, have
already implemented extensive mobile-phone-based systems. The allure of using
mobile-phone-based early warning is based on preliminary evidence of its efficacy,
and the (unexamined) observation that mobile phones are increasingly common
even in rural and poor communities. Mobile-phone-based early warning is also
being heavily promoted by private telecommunications companies that have a
vested interest in partnering with governments to channel essential public services
through their private networks. Disaster warning is seen by the private sector as a
growth market. In the long run, the conflation of the imperatives of public service
with private profit may prove to be problematic, but for now ICT-based early warn-
ing is on the leading edge of new approaches to disaster risk reduction.

The shift to digital technology seems to be highly effective in providing early
warning to some members of some communities, but in many places it will do little
to close the gender gap in deaths and displacements. For example, a 2008 report
from an international relief organization highlighted a mobile-phone-based warning
system being piloted in “flood-prone” Bihar, India. But this good news needs to be
placed against the irony of the recent implementation of local laws in Bihar (and
elsewhere) that ban women from using mobile phones:

In [December] 2012, a village council in the Indian state of Bihar banned the use of mobile
phones by women in Sunderbari village... The most recent ban, comes after a July ban on
mobile phones for girls in the Baghpat district of Uttar Pradesh. This was followed by a ban
in August on mobile phones for girls under age 18 in a district in Rajasthan, according to
The Times of India.

In Rajasthan, the ban was issued so that girls would not be “spoiled” by excessive use
of cellphones. In Uttar Pradesh the ban on mobile phones also included a ban on women
under the age of 40 going shopping un-escorted by a man. Overall the bans target women’s
freedom and mobility. A local resident said: “It has been observed that mobile phones have
given “unnecessary” freedom to girls, which is distracting them from following our
culture. The Panchayat’s decision will be followed strictly in the village as it has been
accepted by all.”
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In the most recent case, in Bihar, the village officials claim mobile phones were
“debasing the social atmosphere” by leading to couples eloping. In recent times the “elope-
ment” from these villages have been increasing rapidly. The council has also imposed a fine
of 10,000 rupees ($180) if a girl is caught using a mobile phone on the streets and married
women would have to pay 2,000 rupees ($36.60).

Jagmati Sangwan, vice president of the All India Democratic Women’s Association,
said that the men who head such village councils “want women to get cut off from the pro-
cesses of modernization, education and employment” (Global Voices Advocacy 2012).

Almost everywhere, communication and information technology is masculin-
ized, and it is not unusual to find social proscriptions against women owning and
using mobile phones. Outright legislation banning women from using mobile
phones, as in Bihar and Uttar Pradesh, is unusual, but patriarchal presumptions
about the inappropriateness of women using phones are widespread and are equally
“effective” at restricting women’s access to mobile phones. Economic inequality
similarly restricts women’s access.

A recent global survey underscores the importance of mobile phones to women’s
well-being: women with phones report feeling safer, more socially connected, more
confident, and have more opportunities for economic development. From an early
warning perspective, phones may now be, literally, lifesavers. But the gender gap in
mobile phones is considerable: in low- to middle-income countries, 21 % fewer
women than men own a mobile phone; in sub-Saharan Africa, the gap is estimated
to be 23 %:; in the Middle East, 24 %; and in South Asia it rises to 37 %. In low and
middle income countries overall, in regions where mobile phone network coverage
exists, there are 300 million fewer female subscribers than male subscribers (GSMA
Development Fund 2012).

The main impediments to women’s phone use identified by this survey were:

e llliteracy and lack of confidence in knowing how to navigate mobile phone
instructions.

» Lack of access to and cost of electricity (to charge the phone) and the costs of the
mobile service.

e Male disapproval: 82 % of married women in the survey said that their use of
mobile phones made their husbands suspicious (GSMAm Women Programme
2012); 74 % of married women who reported that they did not want a mobile
phone said it was because their husband wouldn’t allow it (GSMAm Women
Programme 2012).

Against this backdrop of male disapproval and patriarchal policing, text message
alerts sent to cell phones may simply not reach women. Moreover, texting in itself
may have an even greater gender skew. Among women who use mobile phones, fewer
use the phones for SMS messages or know how to use the text function. In the GSMA
survey (2012) of women at the “bottom of the pyramid” (socially and economically),
77 % have made a mobile phone call, but only 37 % have sent an SMS, regardless of
literacy levels. These women reported that they did not find the SMS service useful.

If a “household” owns a mobile phone, it will most typically be in the control of
male household members — who may or may not share the phone with female
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household members. In the early warning literature on the use of mobile phones, the
gendered realities embedded in “sharing” phones is seldom recognized; instead, the
presumed near-ubiquity of mobile phones in households is taken as an encouraging
promise for early warning technologies. A review of early warning systems in
Vietnam, for example, typifies this technological gender blind spot in discussing the
value of mobile-phone-based systems in upland regions of the country: “Cell phones
are widely available in Vietnam; even in rural areas; most adults have a simple cell
phone or have a family member with one” (Center for International Studies and
Cooperation 2011, p. 8). However, given the gender issues identified, “having a
family member” with a cell phone, for women more so than men, cannot be counted
as “having” a phone.

This is not to say that SMS early warning systems could never be useful to
women — rather, that such systems need to be designed and “marketed” to women in
very particular ways, taking into account not only their material status but prevailing
norms of appropriate femininity.

Other high-tech systems are similarly culturally positioned in gender-specific
ways. Internet-based early warning systems, either as stand-alone systems or inte-
grated with mobile alerts, are highly gendered, even more so than mobile phone
systems. On average across the developing world, nearly 25 % fewer women than
men have access to the Internet, and the gender gap soars to nearly 45 % in sub-
Saharan Africa. Even in rapidly growing economies, the gap is considerable. Nearly
35 % fewer women than men in South Asia, the Middle East, and North Africa have
Internet access, and nearly 30 % in parts of eastern Europe and across Central Asia.
(Intel 2012, p. 10). Gender-based barriers to Internet use range from internalized
gender norms to outright prohibition; for example, one in five women in India and
Egypt report that the Internet is not “appropriate” for them. In some communities,
gender norms restrict women from walking on the street — and certainly from visit-
ing cybercafés that may be the only means of accessing a computer. Stereotypes
about women’s lack of skill or interest in technology are also a factor. Family sup-
port is a critical enabler of women’s Internet use; women who are active Internet
users are almost three times as likely as non-users to report that their families were
“very supportive” of their using the Internet, while non-users were six times more
likely to report family opposition (Intel 2012, p. 12). As with mobile technologies,
barriers of illiteracy and cost affect women more than men.

Technologies such as mobile phones and computers may be new, but the issue of
gender-differentiated access and control over communication inside households is a
long-standing one — and is a long-standing impediment to effective early warning
systems that are technology dependent. Even rudimentary communication tools
such as radios, for example, are often contested inside households. Several micro-
studies establish that in many communities, if there is a household radio, women
may be prohibited from using it when they are alone, they don’t determine what
stations are listened to, and they aren’t allowed to turn the radio on or off (e.g., see
Kamal 2004). Feminist scholars for several decades now have underscored the
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importance of “lifting the roof off the household” — examining the dynamics of
power and privilege inside households. The early warning community has not yet
taken on board this analytical lesson.

14.4 Gender-Aware Policy: Unfinished Business

The World Conference on Disaster Reduction held in Hyogo, Japan, in 2005 yielded,
among other accomplishments, a global mandate on gender equality in disaster risk
management (Hyogo Framework for Action 2005). The Hyogo Framework is one
of the most recent international efforts to require the integration of gender equity in
all decision-making and planning processes related to disaster risk management.
The Framework includes several gender-specific mandates:

“A gender perspective should be integrated into all disaster risk management policies, plans
and decision-making processes, including those related to risk assessment, early warning,
information management, and education and training (Gender consideration of action pri-
orities).” (p. 4)

“Develop early warning systems that are people centered, in particular systems whose
warnings are timely and understandable to those at risk, which take into account the demo-
graphic, gender, cultural and livelihood characteristics of the target audiences, including
guidance on how to act upon warnings, and that support effective operations by disaster
managers and other decision makers” (p. 7)

“Ensure equal access to appropriate training and educational opportunities for women
and vulnerable constituencies, promote gender and cultural sensitivity training as integral
components of education and training for disaster risk reduction” (p. 10)

The importance of the Hyogo Framework is that it is specific to disasters, but the
principles of gender equity embraced by it are not new. Similar “gender aware”
mandates preceded Hyogo, including Agenda 21 (1992), Chapter 24 of which out-
lined a development paradigm to establish equity and equality between men and
women, and the Beijing Women’s Conference (1995) Platform for Action. The
United Nations has in place a system-wide mandate of gender mainstreaming. The
Millennium Development Goals position gender equality as a primary development
goal. However, this robust rhetoric has yielded little actual forward movement in
integrating gender into DRR strategies. The UNISDR itself concluded in 2009 that
there was little substantive progress to report:

Ultimately, although there are numerous policy documents clearly stating political commit-
ment to mainstream gender issues into DRR, no tangible or sustainable progress has
resulted, with the exception of some ad hoc activities. Furthermore, there has not been
much substantial progress made in mobilizing resources for mainstreaming gender perspec-
tives into disaster risk reduction process (UNISDR 2009, p. 3).

Governments that have committed to the Hyogo Framework are required to make
regular “progress reports” to the Secretariat. A brief analysis of these progress
reports offers an indication of the extent to which gender is “taken seriously” in
disaster planning at the national level. Based on the national reports produced from
2009 to 2011, the coverage of gender issues is dismal.
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14.4.1 Gender Integration as Reported Through the Hyogo
Framework, 2009-2011

The position of gender priorities in national-level disaster planning, mitigation, and
risk reduction is formally captured in the Hyogo agreement in several places.

14.4.1.1 Participation of Women’s Organizations

“Priority 1.4” establishes the expectation that national governments will include
women’s organizations in developing the national disaster platform; the reporting
on this item is to include the number of women’s organizations involved. Eighty-six
governments provided national progress reports between 2009 and 2011 (HFA
Monitor 2011a). Of these, the largest number reported that no women’s organiza-
tions had been brought into the national disaster planning process:

Box 14.1 Priority 1.4

Countries reporting 0 women’s organizations involved: Algeria, Comoros,
Cote d’Ivoire, Ghana, Guinea-Bissau, Lesotho, Madagascar, Malawi,
Mauritius, Morocco, Mozambique, Sierra Leone, Tanzania, Zambia, Anguilla,
Argentina, Barbados, Bolivia, Brazil, British Virgin Islands, Canada, Cayman
Islands, Chile, Colombia, Honduras, Jamaica, Mexico, Nicaragua, Panama,
St. Kitts/Nevis, St. Lucia, Turks & Caicos, USA, Venezuela, Brunei, Georgia,
India, Indonesia, Laos, Lebanon, Malaysia, Maldives, Mongolia, Nepal,
Pakistan, Sri Lanka, Syria, Thailand, Yemen, Armenia, Bulgaria, Czech
Republic, Finland, Germany, Italy, Norway, Poland, Romania, Sweden,
Switzerland, Australia, Cook Islands, Fiji, Marshall Islands, New Zealand,
Samoa, Solomon Islands, and Vanuatu.

Countries reporting 1-2 women’s organizations involved: Botswana (1),
Antigua & Barbuda (2), Costa Rica (1), Cuba (1), Dominican Republic (1), El
Salvador (1), Paraguay (1), Bangladesh (2), Japan (2), and Macedonia (2).

Countries reporting 3 or more: Burundi (4), Cape Verde (3), Kenya (10),
Nigeria (5), Senegal (3), and Guatemala (3).

Many of the governments reporting zero participating women’s organizations
were able to partially meet the expectation of civil society sector involvement in
national planning. For example, Argentina reported that 22 civil society organiza-
tions were involved, but no women’s organizations among those; Zambia had 21
civil society organizations involved, but no women’s organizations; Canada had 30
civil society groups, but zero women’s groups; Chile, 73, but no women’s groups;
Germany, 70, but none of them women’s groups.
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14.4.1.2 Gender-Disaggregated Vulnerability Assessments

Priority 2.1 of Hyogo establishes the expectation that gender disaggregated
vulnerability and capacity assessments will be available to inform planning and
development decisions. National-level progress toward this goal as found in the
2009-2011 reports is dismayingly low (HFA Monitor 2011b).

Box 14.2 Priority 2.1

Governments reporting that “Gender disaggregated vulnerability and
capacity assessments” are not available to support planning and develop-
ment decisions: Algeria, Botswana, Comoros, Cote d’Ivoire, Guinea Bissau,
Kenya, Lesotho, Madagascar, Malawi, Mauritius, Morocco, Mozambique,
Senegal, Sierra Leone, Tanzania, Zambia, Anguilla, Antigua & Barbuda,
Argentina, Barbados, Brazil, British Virgin Islands, Canada, Cayman Islands,
Chile, Costa Rica, Dominican Republic, El Salvador, Guatemala, Honduras,
Nicaragua, Panama, Paraguay, St. Kitts/Nevis, St. Lucia, Turks & Caicos,
USA, Venezuela, Brunei, Georgia, India, Indonesia, Japan, Laos, Lebanon,
Malaysia, Maldives, Mongolia, Nepal, Pakistan, Sri Lanka, Syria, Yemen,
Armenia, Bulgaria, Czech Republic, Finland, Germany, Norway, Poland,
Romania, Switzerland, Macedonia, Australia, Cook Islands, Fiji, Marshall
Islands, New Zealand, Samoa, Solomon Islands, and Vanuatu.

Governments reporting that gender disaggregated assessments are avail-
able: Burundi, Cape Verde, Ghana, Nigeria, Bolivia, Colombia, Cuba,
Ecuador, Jamaica, Mexico, Peru, Bangladesh, Thailand, Italy, and Sweden.

14.4.1.3 Gender-Based Recovery Plans

Priority 4.5 of Hyogo sets the expectation that post-disaster recovery programs will
take into account gender-based recovery issues. In the 2009-2011 reporting cycle
(HFA Monitor 2011c), of 86 countries reporting, only 24 said they had in place
measures to address gender in recovery: Cape Verde, Kenya, Malawi, Morocco,
Mozambique, Senegal, Sierra Leone, Zambia, Anguilla, Antigua & Barbuda, Chile,
Cuba, Ecuador, El Salvador, Mexico, Paraguay, Turks & Caicos, Bangladesh,
Lebanon, Armenia, Germany, Sweden, Macedonia, and Cook Islands.

The window into real-world gender integration into disaster planning provided
by the Hyogo reports suggests that the UNISDR was understating the problem when
it asserted that there “has not been much substantial progress made in mobilizing
resources for mainstreaming gender perspectives.” Almost everywhere in the world,
gender-aware policy is at best unfinished business; in many places in the world, it is
actually “unstarted” business.
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14.5 Moving Forward

So, what, then, are the prospects for moving forward to achieve effective gender-aware
disaster risk reduction and early warning policies and practices? Feminist practitio-
ners, activists, NGO workers, and policymakers have put considerable effort into
developing practices and policies to mitigate the disadvantages that women, almost
universally, experience in disasters (e.g., see Center for International Studies and
Cooperation 2011; Oxfam 2008; Klein 2010; UNISDR 2006, 2009). Some of these
efforts have yielded practical “handbooks,” guidelines, and checklists for gender-
sensitive DRR and recovery in planning and field-based practice, while others focus
on capability-based development practices and theory and explore the importance
of enhancing women’s capacities. These efforts have put sustainable development,
equity-based participation, violence prevention, and refugee issues, among others,
on the disaster “agenda.”

I can offer little to improve upon these efforts. Rather, I offer three prescriptive
high-level solutions that point to directions and needs that are not fully explored
elsewhere:

1. Beyond tailoring early warning systems to accommodate gender inequality,
holistic DRR approaches should also attempt to reduce gender inequality.? A first
step in that direction would be willingness by policymakers and analysts to
unflinchingly identify and name the actual social forces that are producing the
inequality we see evidenced in disasters. Feminist analyses of patriarchy and
misogyny are particularly salient to this effort. Patriarchal privilege is at the heart
of most of the disadvantages women face in disasters and in recovering from
them. Misogyny underlies the easy acceptance of violence against women — or,
more casually, the lack of curiosity about such violence. The protection of male
privilege is the essential motivation for withholding literacy, education, and tech-
nology from women and girls. Norms of femininity that prevent women from
developing strong bodies or that keep them confined to the home, often in clothing
that hinders their movement, imperils them in the teeth of disaster — that’s patri-
archy at work too.

This is not to suggest that outsiders — experts in DRR, for example — should
attempt social engineering in cultures and communities where they have little or
no legitimacy or cultural purchase. Challenges to gender norms and patriarchal
conventions in any community need to be formulated primarily within and by
that community. Nonetheless, DRR experts, NGOs, and policymakers from the
key global institutions involved with disasters can play critical supporting roles
in such community processes.

The first step down that policy path is to make visible and name the real
obstacles and forces that produce such gender-differentiated disaster outcomes.
While “racism” is often named in explaining race-differentiated disaster out-
comes, as it should be, analysis of gender-differentiated outcomes has been

2T am grateful to one of the anonymous reviewers of this chapter for emphasizing this point.
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hampered by an apparent unwillingness to name, in similarly uncompromising
language, the processes of misogyny and patriarchy that systematically put
women at a disadvantage.

This also opens the door to an intriguing conversation about the role that the
practicalities of DRR might unobtrusively play in challenging deep-rooted patri-
archal privilege without making that the leading goal. Teaching women to swim,
for example, might be a smart DRR strategy as well as a highly transformative
action. The gender empowerment revolution starts, perhaps, in the nearest body
of water.

2. DRR policymakers, disaster experts, government officials, and disaster relief
NGOs need to stop talking about “households.” They must stop using the house-
hold as the primary metric for data collection. There can be no effective DRR or
early warning system developed on the basis of the household. “Households”
don’t have income, or literacy, or access to technology. “Households” don’t, as
an undifferentiated entity, experience disasters.

3. The United Nations, through the Hyogo Secretariat, should develop mechanisms
to hold governments accountable to the gender commitments they agreed to in
the Hyogo Framework. Add carrots — or sticks — to ensure compliance with those
gender commitments. Rhetorical commitments in this, as in other enterprises
(e.g., see Seager 2010b) are necessary but far from sufficient.
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Chapter 15
The Ethics of Early Warning Systems
for Climate Change

Kerry Bowman, Jeffrey Rice, and Alan Warner

Abstract Climate change is one of the greatest threats to human well-being, now,
in the early twenty-first century. Although long-term solutions are required, increas-
ing climatic threats are now a clear and present danger. The purpose of early warn-
ing systems is to protect human life, infrastructure and the environment. Planning
for EWS has been fraught with arguments, delays, ideological division and financial
concerns. The language of ethics in relation to social obligation for the prevention
of harm and suffering to both present and future populations makes for a strong and
persuasive argument for change which may help us overcome the current impasse.
This chapter explores ethical considerations in relation to obligations to current and
future generations, moral perspectives on the consequences of inactions and the
duty to vulnerable populations. The precautionary principle so often successfully
used in health care is examined and applied in relation to early warning systems.
An ethical lens is used to consider specific vulnerable populations focusing on small
island states, indigenous populations and agrarian societies.

Keywords Justice * Epidemiology ¢ Vulnerability  Morals  Ethics * Precautionary
principle

K. Bowman (D<)

Joint Centre for Bioethics, University of Toronto,

155 College Street, Suite 754, Toronto, ON MST 1P8, Canada
e-mail: kwjbowman @ gmail.com

J. Rice
Department of Political Studies, Queen’s University, Kingston, ON, Canada
e-mail: jeff.l.rice@gmail.com

A. Warner
Lunenfeld-Tanenbaum Research Institute, Mount Sinai Hospital, Toronto, ON, Canada
e-mail: alan.warner2 @gmail.com

Z. Zommers and A. Singh (eds.), Reducing Disaster: Early Warning Systems 283
for Climate Change, DOI 10.1007/978-94-017-8598-3_15,
© Springer Science+Business Media Dordrecht 2014


mailto:kwjbowman@gmail.com
mailto:jeff.l.rice@gmail.com
mailto:alan.warner2@gmail.com

284 K. Bowman et al.

15.1 Introduction

Developing protection from, and reducing the causes of the harm and suffering
brought on by climate change, is perhaps one of the greatest ethical challenges fac-
ing humanity in the early twenty-first century. Evidence increasingly indicates that
climate change is a real and immediate danger. Powerful and compelling moral
obligations to make changes can be and have been stated, thus crystallizing the
imperative to take action. A problem of this magnitude, however, requires both
short- and long-term goals and preparation. It is beyond the scope and mandate of
this chapter to fully articulate ethical arguments related to climate change; rather,
our task is to review the ethical arguments and challenges inherent in building global
capacity for early warning systems (EWS). Even though time is of the essence, to
date, we have been primarily driven by our anxiety and need to ‘do something’,
resulting in the adoption of short-term and piecemeal solutions rather than develop-
ing a coherent evidence-based strategy.

In 2005, UN Secretary-General Kofi Annan called for the establishment of a
worldwide early warning system for all natural hazards. The 2010 Cancun
Agreements specifically invite ‘all Parties to enhance [...] climate change related
disaster risk reduction strategies such as early warning systems’. The more recent
Intergovernmental Panel on Climate Change Special Report on Managing the Risks
of Extreme Events and Disasters to Advance Climate Change Adaptation (IPCC
SREX) concludes that, ‘the implementation of early warning systems does reduce
loss of lives and, to a lesser extent, damage to property and was identified [...] as
key to reducing impacts from extreme events’. Despite such clear and firm endorse-
ments, the creation of early warning systems for climate-related hazards is presently
both limited and spotty in coverage, with a significant portion of resources continu-
ing to be allocated towards cleanup rather than damage prevention.

Ethical questions become quickly apparent as we clearly hold the potential to
minimize and avoid some of the harm and suffering brought on by climate-related
calamities. Furthermore, the ethical principle of justice comes into sharp focus in
the face of the present inconsistent and poorly coordinated early warning systems.
The current network of EWS is dangerously inadequate, and the world’s most
vulnerable people continue to feel the brunt of climate change as a result.
Throughout the world, operational details and consistency of standards and
approaches for EWS need to be developed and clarified. Presently, many systems
are limited to a single climate-related risk, and they do not cover the entire early
warning continuum from collection of data to warning delivery and protection
strategies. As a result, the capacity to respond to severe climate threats is therefore
limited and needs to be a more integral part of EWS. Methods seeking to define,
understand and identify vulnerable communities in relation to EWS therefore need
to be refined.
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15.2 Human Limitations of Thinking About Climate Change

For the better part of the nineteenth and twentieth centuries, social scientists believed
that humanity’s greatest asset, our cognitive capacity, was the perfect conduit to
communicating hard data related to risk. The thinking was that ‘the public will act
in their own best interests if given discernible statistics and logic’ (Ropeik 2010).
The unfortunate truth is that we tend to assess risks through a series of subjective
and emotionally formulated calculations often occurring well below the conscious
mind. Our ability to assess and prepare for risk is nowhere near in alignment with
the reality of the risks we face — and this is present risk. Future risk is an even greater
challenge to both comprehend and plan for. Variation in interpretation of risk is also
a great challenge in building arguments, as people with different values will draw
different factual conclusions and in turn moral positions based on the same informa-
tion. In many cases, the reactions of many people to climate change are shaped by a
specific ideology. Communicating to the public the difference between climate and
weather, for example, is not just an educational challenge in illuminating the differ-
ence. A broad range of factors shape people’s attitudes and understanding towards
these two things. Therefore, arguments based on logic alone may be interpreted
inconsistently and could even be ineffective in shaping public discourse and influ-
encing decision-making bodies. After all, people’s beliefs about what is logical are
often influenced by a specific ideological lens. Coherent ethical arguments related to
human and environmental well-being may be more likely to resonate. Ethics evokes
many subtle, emotional and cognitive associations that run deep yet are not fully
understood. It is with these considerations in mind that we explore the ethical
arguments of developing early warning systems to address climate change.

15.3 Background and Significance: The Need
for Early Warning Systems

Reducing anthropogenic greenhouse gas emissions to stable and sustainable levels
ought to be a key political, economic and social priority for nations around the
world. Failure to adequately address the imperatives of climate change through a
coherent and effective policy framework represents a harm of extreme magnitude that
will have potentially devastating effects for all of humanity, with those already impov-
erished standing to lose the most. Inaction in this domain is an abrogation of social
responsibility. Although the ethical implications of failing to address climate change
are monumental, governments around the world have failed to implement a policy
framework that adequately reflects the urgent need for a comprehensive climate
change strategy (UNEP 2012). Thus far, efforts to mitigate the negative impacts of
anthropogenic activities have been spotty, inconsistent, minimal or even fully absent.

Why might this be happening? The economic impact of taking real and effective
measures to address climate change, although necessary, is substantial. This may
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well be the greatest barrier, and rising to the challenge of such costs will not only
require significant financial output but also paradigmatic change. In turn, much of
the centre stage discourse is diluted with endless debates on the ins and outs of car-
bon trading and on arguments about which forms of lifestyle changes are most war-
ranted. Many people put great stock in the scientific development of future
technological discoveries that may help to solve some of the problems that emerge
as a result of climate change, but the effectiveness of scientific intervention will
likely be limited and is by no means a certainty.

In the absence of discernible, visible risks, governments are hesitant to devote
resources to addressing a threat that may not present itself imminently. With a need
to balance short-term growth with long-term sustainability, governments have thus
far set their sights mainly on short-term growth and ‘so far, climate change policy
has been ineffective’ (Barrett 2011). Virtually all contemporary political structures
are focused on clear effects and deliverable results during their political term.
Mitigation and preparation for climate change fall outside of this mandate.

Governments continue to place a higher degree of focus on short-term growth,
and many have delayed either commitments or failed to respond to existing frame-
works with concrete policies. However, the effects of climate change are already
being experienced in a variety of different ways. Furthermore, the inability to be
able to fully isolate an environmental event that is caused by anthropogenic-induced
climate change allows continued erosion to the will to make changes. Even with
aberrant extreme weather events, such as ‘Superstorm Sandy’, which caused an
estimated 65 billion dollars in damage and killed 285 people, no one can fully guar-
antee that anthropogenic-induced climate change was responsible for the severity
and intensity of the storm. This gives fuel to the highly charged financially and
ideologically motivated positions against taking action.

Yet we are living in the real world and change is upon us. While minimizing or
even eliminating anthropogenic greenhouse gases remains critical, we also hold an
obligation to protect human populations and the environment from the climatic
threats that are here now, and ethical arguments for the development of EWS that
transcend scientific proof can be enormously beneficial. For example, consider the
analysis of EWS for climate change through the lens of ‘justice’. Extreme weather
and above average temperatures are ‘already undermining the realization of a broad
range of internationally protected human rights’ (ICHRP 2008). Vulnerable popula-
tions who have arguably contributed the least to anthropogenic climate change are
at the greatest risk of being affected by it. Indeed the ‘risks and consequences are
already being felt” (ICHRP 2008), and ‘people who are already vulnerable will be
disproportionately affected’ (ICHRP 2008). In general, developing countries, tropi-
cal countries, minorities, the poor and indigenous populations in developing and
developed countries are more susceptible to environmental changes and climate-
sensitive health outcomes induced by climate change (Jager and Kok 2007).

Although damage cannot be fully prevented, harm and suffering can be quickly
reduced through EWS. Oftentimes, access to information can be the first and most
important step in protecting people from extreme climate events, and the benefits of
early warning systems and disaster preparedness are well documented. The effects of
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extreme weather can be offset ‘when people have access to effective early warning
systems and basic protection’ (Dara International 2010). Effective means by which
to convey information to potentially affected populations and providing the
resources necessary for them to take preventative action are therefore imperative.
Despite the destructive nature of extreme climate events, information is arguably the
first and most necessary step to mitigate property destruction and loss of life.

In spite of this, early warning systems attract relatively little attention. From the
years 1999 to 2008, ‘just 0.4 percent of total global official development assistance’
was allocated to ‘disaster prevention and preparedness’ (Oxfarm America 2011).
This amount includes the creation and implementation of early warning systems. At
present, when impoverished regions are hit by natural disasters, developed nations
often devote tremendous resources to help alleviate suffering. As the occurrence of
natural disasters increases in both severity and frequency, as they are likely too,
already limited resources allocated to disaster relief will be stretched further still.
‘Yet investments in [early warning systems] have the potential to lessen the need for
disaster response over time. As a consequence, resources for activities to reduce
disaster risk need to be significantly bolstered, both by increasing those resources
directly and by shifting capacity from disaster response to preparedness’ (ibid).

Populations have the right to information that may potentially save their lives, and
if we, the developed world, have access to information then we are morally obligated
to make that information available. For instance, imagine a scenario with two adjoin-
ing houses. A fire starts in one of the houses and threatens to engulf both houses.
Only one of the occupants is aware of the fire and is able to escape. Does this occu-
pant have a moral duty to warn the neighbour that their house may catch on fire?
What if the neighbour does not have a smoke alarm to automatically indicate the
presence of smoke? One could argue that the occupant, insofar as it does not threaten
his life, absolutely does have a moral obligation to warn his neighbour about the
imminent threat of fire. This same conclusion can readily be applied to the imple-
mentation of early warning systems. After all, there is moral similarity between the
two. One party possesses information that may potentially save the life of another
party; therefore, the party who possesses life-saving information has an obligation to
disseminate and share that knowledge. Indeed, the very logic behind smoke detectors
in the first place illustrates the value of preparedness. If the same principle is applied
to disaster preparedness for extreme climate events, then the necessity of focusing
on disaster preparedness through comprehensive early warning systems is evident.

15.4 Can Environmental Ethics Strengthen
the Argument for EWS?

In its broadest sense, ethics is about striving for good and avoiding harm. Although
there is significant variation on theory, application and the ordering of priorities,
ethics essentially explores questions of justice, equity and respect for autonomy
(can be viewed individually, collectively or even culturally). This is done through an
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exploration of the relationships between human beings examined on different levels
and from different perspectives. Environmental ethics deviates only slightly by focus-
ing on the preservation, protection and promotion of the integrity of interdependent
life — that is, the symbiotic relationship between organisms — animals and humans
alike — and their ecosystems. This focus on the connectedness of life becomes the
norm by which actions are judged. In many cases, environmental policies seek to
translate these ethical norms into systems of justice, policy and procedure.

There are essentially two streams of ethical arguments when it comes to climate
change and in turn the development of EWS. Both streams are informed by, and
grounded in, a concept of social obligation. The first one originates from an ethical
obligation to shield others from harm — especially when those individuals being
affected are not the ones who caused it. This argument claims that developed nations
are largely responsible for climate change, but that its consequences are borne
mostly by developing nations and vulnerable populations. Subsequently, developed
nations have a duty to address the harms of climate change experienced by the
developing world; the implementation of EWS is one way of doing so. Essentially
the argument is grounded in ‘you broke it you pay for it’. This argument is conten-
tious in that it draws EWS development into an already polarized controversy over
the causes of climate change and the developed world’s role in it.

The second ethical line of reasoning is an obligation grounded in social justice,
responsibility, social interconnectedness and in relieving responsibility from those
less fortunate. This argument begins with the premise that natural disasters are
increasing in frequency. Those nations most affected by these disasters are largely
comprised of vulnerable people. The developed world nations are in a much better
position to commit to EWS because of the number of resources available to them.
Because the vulnerable are most affected by climate-related hazards, the first world
nations should contribute what they can to their neighbours out of a sense of social
justice. Those who can address a grave harm suffered by another with minimal cost
to themselves should do so. And the building of EWS is one measure that fits into
this reasoning. Although we site both lines of reasoning in this chapter, arguments
grounded in social obligation rather than debt are the more dominant ones as they
build more strongly on ethics than the concept of ‘debt’ alone.

Perhaps the greatest and most glaring practical and ethical criticism of EWS is
that it is only responding to the problem but not dealing with its cause. This criti-
cism, in essence, is true, yet one does not negate the other. In fact there is a moral
relationship between the two, and disaster preparedness must be undertaken along
with, not instead of, disaster prevention — meaning addressing the root causes, to the
best of our knowledge and ability, of climate change.

The ethical challenge with EWS preparedness is further challenged by the dif-
fuse nature of both the problem and the solution; a significant question is ‘to whom
exactly do we direct our ethical reasoning and arguments towards?’ There is no
single, central authority with the power to stop anthropogenic actions detrimental to
the environment. There is also no single, definitive intervention to adopt when it
comes to EWS. Those seeking to solve the problem are also the perpetuators of the
problem. Therefore, our arguments and data must be coherent and able to resonate
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to a broad range of peoples, nations and cultures and to persuade, most importantly,
all actors affected by climate change into taking action.

It is therefore not ethically justifiable to focus only on short-term adaptive strate-
gies or long-term sustainable change. There are moral shortcomings with the adop-
tion of exclusively only one. Both frameworks and approaches need to be part of a
comprehensive framework to deal with climate change. The ability to mitigate dam-
age and potential loss of life on a case-by-case basis does not invalidate the ethical
and moral arguments that necessitate the stabilization of anthropogenic greenhouse
gas emissions. Rather, short-term, rapid adaptation strategies should be only one
part of the overall strategy to mitigate the potentially devastating effects of climate
change. It can clearly be argued that there is a moral imperative to continue with
mitigating efforts; yet the ongoing pace of climate change and the slow international
response require a third option to protect populations from extreme weather events:
the creation of short-term adaptation strategies, including early warning systems.

15.5 An Adapted Ethical Argument

The ethical and moral perspectives that arise in this chapter can be augmented by an
adaptation of Peter Singer’s argument stated in the article ‘Famine, Affluence, and
Morality’ (Singer 1972). Our argument essentially reads as follows: Suffering and
the loss of life, whether it be directly or indirectly related to an extreme weather
event, are bad. In this context, ‘directly’ could be defined as any suffering or death
that occurs immediately during, or following, an extreme climate event; loss of life
due to flying debris, for example, would fall under the category of ‘directly related’.
Indirectly related can be taken to mean any suffering or loss of life that occurs in the
immediate aftermath of an extreme weather event. Death and suffering may occur
as aresult of a lack of ‘food, shelter, and medical care’ (Singer 1972). Our argument
differs only very slightly from that of Singer’s in that we have specified the underly-
ing cause of potential suffering and death as a result of a lack of ‘food, shelter, and
medical care’ — namely, extreme weather events. From this, we argue that if it is
within your power to prevent something bad from happening, then you have a moral
obligation to do so, insofar as you do not ‘sacrifice anything of comparable moral
importance’ (ibid, p. 231). In the case of extreme climate-related events, our mini-
mal moral obligation would be to reduce or prevent suffering and loss of life from
such an event.

We readily admit that the moral significance of our argument is slightly different
from that of Singer’s, given the context and source of the ‘bad’ that we are seeking to
prevent. For example, in relation to extreme climate events, there is an element of
uncertainty that is always going to exist. Furthermore, one could argue that because
we are currently not in a position to adequately warn at-risk populations about extreme
climate events, as we would have to invest in the development and implementation of
EWS to reach the point where we would be able to adequately warn at-risk popula-
tions, therefore we are currently not in a position to prevent ‘bad’ from happening.
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The argument can then be made that we are not in a position to be held morally
accountable. This objection however, although worth considering, does not nullify
the moral imperatives outlined in our argument. Although we are not currently in a
position to adequately warn at-risk populations of extreme climate events, the objec-
tion is essentially an argument against additional work. While there may be an extra
step involved, namely, the development and implementation of EWS, the fact of the
matter is that we are in a position to develop the systems necessary to be able to warn
at-risk populations.

There is another possible objection to our argument that has considerably more
significance for the moral implications that we highlight. Whereas the ‘bad’ that
forms the basis of Singer’s conclusion is evident and is currently taking place, in the
context of our argument the ‘bad’ has yet to materialize. As a result, it is much
harder to precisely quantify and estimate the costs and benefits of developing EWS.
In turn, in developing EWS, there is the possibility that we may violate one of the
contingent factors of our third premise; namely, that the development of EWS would
result in the sacrificing of things of ‘comparable or [greater] moral significance’ in
order to prevent a specific bad from occurring (ibid). This objection affects the sec-
ond and third premises most strongly, and while this objection must be considered
seriously, it does not nullify the conclusions we draw, nor does it dampen the ethical
obligation to develop EWS. Since EWS can in many cases be developed at reason-
able cost, it is likely that the warnings produced by, and the information gathered
through EWS, will result in a positive return. The objection itself is also not specific
to the development of EWS and would have to be considered seriously in any
instances where the allocations of public and private funds are an issue. In other
words, any system to address climate change, or attempt to mitigate the damage
produced by extreme climate events, would only be justified if the costs of develop-
ment did not outweigh its likely benefits.

15.6 Ethics and the Precautionary Principle

A good deal of emerging environmental ethics is based on the precautionary prin-
ciple, which is as much an ethical as it is a scientific or a practical concept. It essen-
tially states ‘when in doubt about the presence of a hazard, there should be no doubt
about action to prevent or mitigate its impact’. The major components of this posi-
tion are: defining the risk to be prevented and shifting the burden of proof from
demonstration of risk to demonstration of absence of risk. The main element of the
precautionary principle is a general rule of public policy initiative that is applied in
situations of potentially serious threats to health or the environment, where there is
a need to act to reduce potential hazards before there is strong proof of harm and
where the costs of actions to prevent hazards are clearly justified in relation to the
potential harm avoided (Raffensperger and Tickner 1999). When it comes to envi-
ronmental ethics, the precautionary principle is often evoked in relation to carbon
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emissions and other serious and long-term environmental threats. EWS may be seen
as abandoning these arguments for short-term goals, but EWS is not an abandon-
ment of the precautionary principle, it is an extension of it. Being wise before it is
too late is not easy, especially when environmental or social impacts may be in the
future and the real, or perceived, costs of averting them are large and immediate.
Forestalling disasters often requires acting before there is definitive proof of harm.
The precautionary principle comes into effect when the harm may well be delayed
but is potentially highly destructive and may be irreversible. It is a profound chal-
lenge to be prepared, decisive and insightful about situations that have not occurred,
particularly when the costs of averting them are large, and when there is an absence
of definitive proof that intervention will be either required or cost-effective. The
human cost of delay is a key aspect in the ethical case for the precautionary prin-
ciple, as providing information through EWS for climate change that can be acted
upon in a timely manner will save lives.

15.7 Why Has the Precautionary Principle Worked
for Health Care Planning But Not for the Environment?

Prevention of harm has often been used in both patient-based medicine and public
health, with great effect and fairly consistent public support. Yet in relation to a
range of environmental issues, it has received spotty support and engendered a great
deal of suspicion and political division. The precautionary principle and its applica-
tion to environmental hazards, and their uncertainties, only began to gain recogni-
tion as being an explicit and coherent concept within environmental science in the
1970s. Principle 15 of the UN Rio Declaration on Environment and Development
extended the application of the precautionary principle to the whole environment.
‘In order to protect the environment the Precautionary Approach shall be widely
applied by States according to their capabilities. Where there are threats of serious
or irreversible damage, lack of full scientific certainty shall not be used as a reason
for postponing cost-effective measures to prevent environmental degradation” (UN
Rio Declaration on Environment and Development 1992).

The language and philosophy of precautionary prevention has a long history in
medicine and public health, grounded in epidemiology, where the benefit of the
doubt about a diagnosis is often acted upon, both at the patient level and, more fre-
quently, on a broader societal level. Epidemiology is the study of the distribution
and determinants of health-related states or events (including disease), and the
application of this study to the forecasting and control of infectious diseases and
other health problems — for example, obesity and malnutrition (WHO 2013a).
Generally speaking, there has been broad societal acceptance of precautionary mea-
sures within the world of health without significant partisan politicization or ideo-
logical pushback. Why then is it so tough to gain the same acceptance when it
comes to precautionary action against environmental hazards? Providing answers to
this question is not a simple feat as the question has to be considered from multiple



292 K. Bowman et al.

angles, including the perceived polarization of environmental questions as being
ideological; social attitudes and perceptions; costs; and public perception and
understanding of current scientific trends. Furthermore, medicine is somehow seen
as more ‘value neutral’ than the environment and is easy to relate to as the fear of
illness runs deep in all of us. To help transcend this impasse for adopting the precau-
tionary principle in relation to the environment, it is critical that ethical arguments
be kept front and centre when highlighting the likelihood of environmental events
as trends alone will lead to further polarizing and ideological inertia. The language
of EWS ethics needs to focus on preventing harm and suffering, both present and
future, and protecting vulnerable populations.

15.8 The Application of Ethical Principles to EWS

Existing ethical principles must play an important role in guiding the responsible
use of technology in EWS. Thus far, we have discussed ethics in more narrow terms,
and we have chosen ‘clinical ethics’, or the ethics of the person, as our ethical point
of reference. Yet, the ethical principles guiding human research, after all, are
grounded in the same recognition of the dignity of the person as the Universal
Declaration of Human Rights, which holds relevance, and helps form the basis, for
the development of EWS. Although EWS is not human research, they do share sig-
nificant commonalities in that both gather information in a systematic way, with the
goal of generalizing findings with the purpose of benefiting, protecting and enrich-
ing human life. There is, therefore, a strong ethical foundation in global governance
and policy as it relates to EWS.

Internationally, three key documents frame research ethics. In 1949, the Nuremberg
Code was drafted as a means to protect human research subjects; it includes expecta-
tions of informed consent, voluntary participation, subject safety and recognition
that the benefits of research participation should be proportional to the risks. The
1964 Declaration of Helsinki and its revisions built on the Nuremberg Code to
emphasize the well-being and security of participants, the expectation of freely given
informed consent, the right to access research results and the public dissemination of
research results (Pham and Vinck 2012). Most salient to EWS is the Universal
Declaration on Bioethics and Human Rights (1985), which builds on the first two
declarations. It further asserts the rights of participants and the general population to
benefit from advances in science and technology, the duty to obtain informed con-
sent, the need to balance scientific benefits with harm and the application of the right
to privacy (Pham and Vinck 2012). In human research, knowledge of risk and benefit
is integral to the consent process. EWS goes beyond acceptance of risk to include
monitoring services, warning dissemination, communication and emergency
response. Common to both EWS and human research, however, are strategies to
assess and respond to the risk of vulnerable populations. In essence it is hypocritical to
acknowledge human rights in one area, while simultaneously ignoring them in another.
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If we respect the dignity of human beings with respect to research, then we must
respect their dignity in all other situations. This means providing people with infor-
mation that they can act on when their lives are endangered.

15.9 Bridging the Divide: Ethics and Science

We must not think of science as our saviour when it comes to climate change and
EWS. Science, no matter how erudite, well financed and rigorous, cannot alone
reverse the magnitude of the environmental challenge we are currently facing (Gee
1997). Ethical imperatives for preserving, protecting and promoting life and pre-
venting damage, depletion or destruction of human or non-human life and infra-
structure also need to drive us towards the acceptance of change and the greater
acceptance and development of EWS. Planning for EWS requires us to ask impor-
tant questions related to the ethical parameters and their interface with science.
Building EWS, as discussed in this book, is not dependent on statistical proof alone.
In turn the heart of the ethical question becomes, ‘are there moral obligations irre-
spective of statistical proof?” Unfortunately, to date, many environmental initiatives —
and battles — have focused almost exclusively on the interpretation of statistics.
What is clear is that science, and its debates, often masks and can even hinder
underlying ethical questions.

Within the traditional parameters of science lies another fundamental statistical
problem. Because EWS programmes are not widely adopted internationally, solid
EWS data becomes limited in its statistical scope. In turn the smaller the data set and
the greater the natural variation, the less likely it is that EWS effectiveness — from
lives saved, infrastructure protected and economic benefits — can be identified. Studies
that assess positive outcomes from EWS infrastructure are critically important to its
expansion and establishment as it demonstrates holding evidence-based validity. This
gap in turn leads to an unfounded sense of acceptance in the status quo, inadvertently
tipping the balance in favour of opposite studies that fail to find environmental risk.
This does not represent sound or ethical public policy. Clearly, such a bias in favour
of generating false negatives can weaken the acceptance of the precautionary princi-
ple. Such concerns are often seen as part of the mechanics of science. Yet these con-
cerns illuminate deeper social and ethical questions. The commonly used word
‘uncertainty’ needs to be more deeply examined, exploring concepts such as risk,
complexity, indeterminacy, ambiguity, precaution and ignorance.

Social and political attitudes towards the development of technology such as
EWS is essentially a response to a growing tension between science’s power to inno-
vate clashing with its inability to wholly predict outcomes and processes of the natu-
ral world. This limitation has given way to what is, sometimes, the reasonable
response of demanding more assessment and exploration. This circumspection is
not only about the validity of forecasting risk, it is also about science and its pre-
sumed powers. A mature democratic approach would not perceive such exploration
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as anti-science. The nature of scientific proof is complex, open and always provi-
sional. In turn, this can lead to a deep disassociation between EWS development and
the public understandings and acceptance of it. For these reasons, the exploration of
the infallibility and validity of science must be coupled with sound ethical argu-
ments for action. The sad reality is the public often sees science as sterile, reductionist,
closed and arbitrary. The public may well be quite ready to accept a much deeper
form of uncertainty than institutional science is able to acknowledge, if arguments
are not built on data alone. Ethics may well have much to offer on this front.

15.10 EWS: A Duty to Vulnerable Populations

As described earlier in this book, vulnerability is the probability of communities to
suffer adverse effects when impacted by climate-induced hazards such as floods,
droughts, cyclones and wildfires. A significant aspect of why these communities are
vulnerable is often due to their reduced capacity to respond to such threats.

Vulnerability to climate change can be extended to include both socioeconomic
as well as geographic factors with some areas and environments being strongly and
disproportionately affected. Many environments are already under severe stress
from current environmental, health and socioeconomic pressures. Additional threats
from rapidly changing global climates are likely to compound these current chal-
lenges — further impacting several livelihoods (Kasperson et al. 2005). Furthermore,
there are greatly affected subpopulations often cited as being more vulnerable in the
face of climate change. These include children, pregnant women, seniors, individu-
als with chronic conditions, outdoor workers and those in low-lying coastal zones
(Balbus and Malina 2009).

The effects of climate change on vulnerable populations are disproportionate
because the capacity to respond to related emergent social and economic situations
is greatly inhibited or reduced. In many areas of Africa, floods and droughts often
are associated with higher incidence of significant health effects such as cholera
and diarrhoea. In 2012, for example, a fierce cholera epidemic spread through the
coastal slums of West Africa, killing hundreds and sickening many more in one of
the worst regional outbreaks in years (Nossiter 2012). An exceptionally heavy rainy
season flooded the communities in Freetown and Conakry, the capitals of Sierra
Leone and Guinea, respectively, and contributed to this outbreak. A rise in global
temperatures leading to increased sea levels could make other diseases more preva-
lent. The impact of climate change on the many dimensions of human well-being
should lead us to analyze the ethical judgements that underpin current climate pol-
icy frameworks and seek comprehensive ways by which the harm from a higher
incidence of climate-related shocks can be avoided or significantly reduced.
Although it may be easier to spot injustice than determine what justice requires, a
strong argument for the protection of the vulnerable from environmental calamities
can be built, especially since natural disasters appear to be increasing in frequency.
The obvious paradox is that many developed countries are in a far better position to
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respond to environmental disasters because of the resources and knowledge available
to them; yet most developing countries have less resources and infrastructure and
are more vulnerable to climate-related negative impacts. As such, a solid ethical
argument can be made that developed countries ought to contribute to the protec-
tion and well-being of their neighbours out of a sense of global social justice. The
building of EWS is one measure that fits into this reasoning by building a proactive
rather than a reactive system.

The need to build capacity for the most vulnerable communities, in order for
them to be prepared for and to be able to adequately respond to climate change, is
growing in recognition. Future generations may be even more strongly affected by
climate change, yet they often lack a voice in many international institutions and
remain underrepresented — or unrepresented — in present-day decisions on climate
change. Communities should be empowered to reduce disaster risks by having
access to information that enables them to implement actions for disaster risk reduc-
tion. EWS does exactly this, by offering timely and actionable information to all
potentially affected populations. To be effective, however, a participatory approach
must be developed which flows in two directions not just from top down but also
from the community level to large national and international organizations.

In this section the vulnerability of three main populations will be explored in
relation to EWS for climate change. These are: small island nation states, impover-
ished agrarian societies such as much of sub-Saharan Africa and indigenous popula-
tions. Important ethical concerns to be explored include what we owe to vulnerable
communities, what is the duty to warn vulnerable populations and how justice to
future generations can be maintained and enacted. These will be considered in light
of early warning systems for climate change. Lastly, what we can learn and the
significant challenges faced by these communities relating to the consequences for
dignity and survival will be explored.

15.11 Small Island Developing States (SIDS)

‘While Small Island Developing States (SIDS) are among those that contribute least
to global climate change and sea-level rise, they are among those that would suffer
most from the adverse effects of such phenomena and could in some cases become
uninhabitable...” (Global Conference on the Sustainable Development of Small
Island Developing States 1994). SIDS tend to share similar sustainable develop-
ment challenges, and low-lying ones in particular are acutely vulnerable to environ-
mental degradation, climate change, overexploitation of fisheries, land-based
pollution and natural disasters. The vulnerability of SIDS is increased by small
populations, limited available resources and a strong dependence on international
trade (UNDESA 2013) all of which limit their capacity to respond to climatic chal-
lenges. Currently, there are 52 vulnerable SIDS (listed in Table 15.1) across the
Atlantic, Indian and Pacific oceans that may well benefit from an additional layer —
or layers — of preparation through early warning systems.
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Table 15.1 UNESCO list of Small Island Developing States (SIDS)

Caribbean Sea Anguilla, Antigua and Barbuda, Aruba, Bahamas, Barbados, Belize, British
Virgin Islands, Cuba, Dominica, Dominican Republic, Grenada, Guyana,
Haiti, Jamaica, Montserrat, Netherlands Antilles, Puerto Rico, Saint Kitts
and Nevis, Saint Lucia, Saint Vincent and the Grenadines, Suriname,
Trinidad and Tobago, US Virgin Islands

Pacific Ocean American Samoa, Cook Islands, Federated States of Micronesia, Fiji, French
Polynesia, Guam, Kiribati, Marshall Islands, Nauru, New Caledonia,
Niue, Northern Mariana Islands, Palau, Papua New Guinea, Samoa,
Solomon Islands, Timor Leste, Tonga, Tuvalu, Vanuatu

African and Bahrain, Cape Verde, Comoros, Guinea-Bissau, Maldives, Mauritius, Sao

Indian Ocean Tomé and Principe, Seychelles, Singapore

Source: UN Office of the High Representative for the Least Developed Countries, Landlocked
Developing Countries and Small Island Developing States (UNOHRLLS)

15.11.1 Barbados

Barbados is used as a case study to illustrate the interplay between multiple factors
that create a web of challenges and vulnerability for SIDS; these include negative
impact on fresh water, agricultural productivity, increase in disease, rising sea lev-
els, change in tourism patterns and significant damage to coastal and inland prop-
erty. In 2012, Barbados had a Human Development Index of 0.825 (UNDP 2012),
and with an area of 166 sq miles Barbados outperforms many other SIDS in this
broader definition of well-being based on health, education and income. Yet, the
country is highly vulnerable to external shocks, impacts of climate change and
natural disasters, according to Foreign Minister Maxine Mc Clean (UN Media 2012).
As one of the lowest-lying islands in the Caribbean, sea level rise, storm surges,
changes in temperature and rainfall threaten to exert pressure on agriculture, livestock,
coral reefs, fisheries and water resources. One of the most significant threats to the
Barbadian economy from climate change is to tourism. Tourism is a dominant
economic asset to most SIDS and is acutely vulnerable to the impact of increased
hazards from climate change. It has been estimated in Barbados that travel and
tourism may contribute as much as 49 % of gross domestic product (GDP) when
indirect effects are taken into account (Worrell et al. 2011). As a measure of a coun-
try’s social and economic health, GDP has a large impact on nearly everyone within
a given economy, and with the large focus on tourism in Barbados’ GDP, EWS may
well offer useful information to mitigate or avoid the loss of its largest asset — the
environment and the communities, both local and foreign, that it supports. Much of
the activities related to tourism and directly to the economic survival of the country
are concentrated on the coasts which are highly vulnerable to predicted changes in
climate. The livelihoods of residents on, and near to, the coasts are also in jeopardy
due to an increase in climate-change-related hazards. Fragile coral reefs risk bleach-
ing from changing ocean chemistry and warmer water, resulting in damage of
marine ecosystems and loss of cultural fishing practices. Barbados is considered a
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water scarce country, and rapid changes in climate are expected to affect the quan-
tity and quality of available water. Water scarcity is widely known to cause a variety
of health problems if the amount of water for basic hygiene is decreased. Increased
risk of chemical and microbial contamination can lead to gastrointestinal diseases
among other health risks. Moreover, Barbados has the highest rate of dengue fever
in the Americas, with studies showing an association between climate variability
and increased incidence of dengue fever (WHO 2013b).

To date, methods and attempts to address these types of risks to Barbados and
other SIDS have largely been unsuccessful. Specifically the use of climate change
models to estimate risk has shown problems related to scale due to the small size of
Barbados. In turn, useful regional-based models have been adapted, yet remain insuf-
ficient in relation to the scope of the threats. The use of international classification
and ratings systems that focus on GDP per capita, but which do not take into account
variables such as vulnerability, is another cause for concern. (UN Media 2012). The
Barbadian capital of Bridgetown, for example, and several areas of the west coast are
particularly vulnerable to destruction from a few feet of sea level rise. As such,
extensive development of EWS focusing on multiple hazards is critical. In turn, the
Barbados Coastal Zone Management integrate economic and ecological consider-
ations in the development of predictive models for coastal erosion and storm surges
which are likely to increase from extreme climate events (The Barbados Advocate
2013). Sharing of multiple EWS initiatives between SIDS may hold great promise.

There are millions of inhabitants across the SIDS who, in the face of rapidly
changing climates, may well have to migrate from low-lying coastal areas due to loss
of land. This would also represent a terrible loss of environmental and cultural dis-
tinctiveness that SIDS have to offer impoverishing us all. Climate migration may in
fact become the most pressing humanitarian challenge of all times, with mass-migra-
tions having a potentially destabilizing effect on surrounding regions (Wertz and
Conley 2012). EWS infrastructure will need to be developed and refined in this
domain. Inaction or inadequate action is inexcusable and morally indefensible. If it
is within your power to prevent something bad from happening, there is a strong
argument that could be made for one’s moral obligation to act. EWS may well help
prepare many SIDS for the magnitude of the hazard they face as well as, in the worst-
case scenario, identify what geographical regions may be best suited to migrate.

15.12 Impoverished Agrarian Societies

Increased hazards place significant constraints on survival as well as food produc-
tion in agrarian communities that live in dryland areas. EWS can be used as a food
security strategy to help reduce harm and suffering that climate-related hazards
such as droughts and floods cause to annual harvests. The implementation of future
EWS should represent a two-way street — many of these communities while being
highly vulnerable to climate change may be able to give insight into agricultural
and environmental resilience. In many countries in sub-Saharan Africa such as
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Kenya, Ethiopia and Somalia, there is a high dependence on agriculture. Higher
temperatures, more variable rainfall and extreme climate events such as heat waves,
floods and droughts are likely to impact these communities significantly. A lower
crop yield in communities already facing significant adversity would make agricul-
tural practices all the more challenging, if not outright impossible (The World Bank
2010). In some instances, agricultural yields are expected to be compromised by as
much as 50 % due to a severely shortened growing season. Fisheries are also likely
to be impacted from increased water temperatures (Harris 2009, p. 22).

In many of these drought-affected regions, there have been attempts to adapt and
mitigate the effects of climate change and to reduce the amount of crop lost in a
given harvest. These attempts have included the creation of drought-resistant maize;
Rwanda’s Land Husbandry, Water Harvesting and Hillside Irrigation Project which
seeks to better manage rainfall and minimize hillside erosion, through terracing; or
reforestation projects such as in the small agricultural town of Humbo near the
Ethiopia’s Great Rift Valley (The World Bank 2010). Other approaches have gone
further and implemented weather management and social protection strategies,
which include EWS. Often natural disasters such as drought and floods can obliter-
ate a season’s harvest, having a significant impact on food security.

In 2004, a National (Ethiopian) Food Security Programme (NFSP) was imple-
mented that takes into account risk factors for vulnerable populations. Its main
goals are to prevent long-term consequences of short-term food inaccessibility,
encourage households to engage in production and investment and promote market
development. As part of the NFSP, the Ethiopian government established a
Productive Safety Net Programme (PSNP), which aims to protect chronically food-
insecure populations from hunger and poverty, by providing more sustainable forms
of social protection rather than relying on recurrent emergency assistance. A key
feature of PSNP is the Livelihoods, Early Assessment and Protection project
(LEAP) framework, developed in conjunction with the World Bank and the
Government of Ethiopia (WFP 2013). Meteorological information is gathered from
satellites as well as automated weather stations to make early warning predictions.
As of 2011, improved availability of this data was under way with 20 automated
weather stations being installed in food insecure pastoral and agro-pastoral areas of
Ethiopia. It is an innovative and clear example of the utility of EWS — an early
action tool that supports human and environmental well-being when a serious
drought or flood is predicted. The programme gives advanced food security early
warning, activates contingency plans and triggers contingent finance before a crisis
arises, therefore enabling the capacity to reduce a significant amount of harm. For
example, when this programme was put into action in 2011 amidst a predicted
drought and possible crisis in the highlands of Ethiopia, this programme was able to
respond to vulnerable populations through financing, planning with significant
institutional capacity to meet the transitory food needs of millions of people
(Humanitarian Practice Network 2012). While the results described PSNP as an
effective instrument that enabled early and preventive intervention before a shock
became a crisis, one of the criticisms was that LEAP — its early warning system —
was not as strong as it needed to be.
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EWS like LEAP show practical approaches that improve the capacity of vulnerable
populations in these impoverished agrarian societies to adapt and mitigate resource
poor environments and also give an indication of how integrated risk management
approaches can help to forewarn vulnerable people. These are clear examples of
how EWS can help and protect the safety, well-being and dignity of vulnerable
people and reduce the burdens of climate change. Concepts such as the latter need
to be continually tested in order to ensure that they are culturally appropriate to the
many communities which they influence. As vulnerability increases as a result of
climate change, resilience will become increasingly important, and EWS may be
even more of a critical instrument in the response to transitory food security in these
agrarian societies.

15.13 Indigenous Populations

The term indigenous refers to individuals in sovereign countries whose social, polit-
ical, cultural and economic conditions are distinct from mainstream society on
account of their ancestry and genealogical linkages to the populations which inhab-
ited the country (Indigenous and Tribal Peoples Convention 1989). Indigenous
populations are presently some of the most vulnerable groups of people in the
world. The terms ‘vulnerability’ and ‘indigenous’ have a variety of interpretations,
but these populations are particularly affected by climate change impacts due to
their close relationship with the environment as well as interrelated realities of mar-
ginalization, lack of political voice and access to rights, health and nutrition (Macchi
et al. 2008). The changes in the frequency of hazard events brought on by climate
change are already increasing the burdens on indigenous societies.

Indigenous knowledge is the basis for community decision making and has value
not only for the culture from which it develops but also external members such as
scientists and planners striving to improve conditions in rural localities (Mundy and
Compton 1991). Knowledge is enriched through the observations and experiences
of each generation and provides a connection to one’s ancestors and environment
and the changes that occur within it, including climate change (Woodley 1991). To
this end, indigenous knowledge systems have been applied in weather forecasting,
vulnerability assessment and implementation of adaptation strategies.

The ability of indigenous populations to interpret and react to climate change
impacts in both novel and creative ways is a vital but greatly underused resource
(Mercer et al. 2010). Therefore, it is imperative that indigenous knowledge related
to disaster risk reduction be increasingly identified and recognized. However,
although the need to integrate indigenous knowledge with scientific knowledge in
relation to EWS is growing in recognition, a method by which to integrate the two
remains to be developed (Mercer et al. 2010).

In the Sahel, a region characterized by strong climatic variations and highly irreg-
ular rainfall, local farmers have developed intricate systems of gathering, prediction,
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interpretation and decision-making in relation to weather. These systems have been
very helpful to the farmers in managing their vulnerability. Farmers are known to
make decisions on cropping patterns based on local predictions of climate and deci-
sions to plant based on complex cultural models of weather. Similarly, in the Omo
River Valley of Ethiopia, the Dassanech and Nyangatom pastoral groups have inno-
vative ways to cope with climate change, which include EWS. Warning methods
include astronomical observation, cloud pattern recognition, wind and analysis of
animal behaviour — specifically birds — in order to assist locals with preparing for
rains and fluctuating water levels of the Omo River. If flooding is predicted to be
severe, the Dassanech could elect to move away from the islands they inhabit
(Gebresenbet and Kefale 2012). As indigenous land-use practices have been employed
successfully for generations, it is likely that a reciprocal feedback loop between
indigenous knowledge systems and scientific systems in this region would produce
more effective integration of mitigation, adaptation and early warning systems.

The literature cites a tendency for many indigenous groups to utilize a systematic
adaptive response to climate change including increased variability in the food sup-
ply, the sharing of resources and diversified farming techniques to survive (Salick
and Byg 2007). Of course, their knowledge extends far beyond this, and when it
comes to EWS, there are quite a few examples worth noting. A commonly cited
example is from the Simeulue community in Indonesia which comprises mostly
farmers, fishermen and traders. When the tsunami of 26 December 2004 in the Indian
ocean took place, the vast majority of this community survived despite its proximity to
the epicentre. Based on a story passed through generations on what happens to the sea
before a tsunami arrives and what the behaviour of their buffaloes was like, this com-
munity was able to avert the loss of thousands of lives. The story is said to have first
originated after the destruction from a tsunami in 1907 that killed thousands in the
community. In 2004, however, only 7 people from the community lost their lives, com-
pared to 163,795 that died across the rest of Indonesia’s Northern regions. This brought
to attention the applicability and relevance of indigenous knowledge for use in early
warning in natural disaster situations (UNEP 2007).

Other examples that incorporate animal behaviour include the Banyala commu-
nity on the shores of Lake Victoria in Kenya which has several elders who are in
charge of rainfall prediction and early warning. In the case of heavy flood, plough-
ing near riverbanks is prohibited and each home unity has a canoe ready for trans-
port. Although not related to animal behaviour in Tanzania, where animals feature
prominently in prognosis of drought and famine, some Masai elders look to indica-
tors on goat intestines to predict potential drought and predict incoming famine or
diseases (UNEP 2007). In Swaziland, floods are also common and similarly animal
behaviour is critical to the early warning for these communities. By observing the
nest height of the Emahlokohloko bird on trees growing by riverbanks, they are
able to accurately predict floods. When floods are likely to occur, the nests tend to
be very high in the trees, and when floods are unlikely the nests are low down
(UNEP 2007).

What all these examples show is an ability to harness traditional social knowl-
edge and land use planning, as well as an ability to learn from indigenous methods



15 The Ethics of Early Warning Systems for Climate Change 301

for early warning in order to mitigate the impact of environmental hazard events.
The increase in hazard severity may well be beyond traditional indigenous coping
methods and beyond the scope of their own early warning systems. This stimulates
the need to have a representative dialogue and discourse when designing future
early warning systems that seek to integrate traditional knowledge systems and
epistemologies. As for many indigenous populations, the link between environmen-
tal loss and cultural degradation is deeply rooted — loss of the environment is seen
as losing a connection with their very identity and in turn their ancestors.

15.14 Consequences for Dignity, Survival
of Individuals, Particularly the Poor

Most of the groups discussed in this section have had a minimal voice in the politi-
cal dialogues surrounding climate negotiations, although it is clear that their lives
are severely impacted by the outcome of these negotiations. The approaches to
EWS in SIDS, impoverished agrarian societies and indigenous populations are all
initiatives that can be built on, and added to, in the future. For these vulnerable
populations, climate change is of great ethical significance because the harms posed
to some of the most vulnerable people are disproportionately felt and their capacity
to respond to the expected increase in the frequency of natural disasters is dimin-
ished. As marginalized as these groups are, there remains extremely important
knowledge that can be gleaned from traditional practices in both early warning and
resilience. This needs to be a two-way street. An ethical exchange might be the shar-
ing of indigenous knowledge for increased protection through expanded EWS.
As vulnerability increases as a result of climate change, resilience will become
increasingly important, and EWS will be a more critical instrument in the response
to health safety and food security in many of these vulnerable populations.

15.15 The Challenge of Accepting Ethical Responsibility
Towards the Future, Near and Far

EWS as described and reviewed in this book sits at the cusp of both immediate pro-
tection and planning and building sustainable mechanisms for future generations.
Knowing, as we do, that the present feeds and penetrates the future, our actions have
moral significance that can resonate for years to come. Although EWS is perhaps
not as far reaching as the ethics of carbon reduction, it requires future planning and
initiative for events that have not occurred, have or only partly occurred. Much of
the future is beyond our grasp, and many decisions made by public officials now
related to EWS can either expand or limit our options for disaster response and
recovery in the time ahead. We have an obligation to avoid closing options that
could affect the survival and well-being of current and future generations in the face
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of potential calamities. When the well-being of others is threatened by events that
have not yet occurred, but are likely to occur, collectively, we have a social respon-
sibility to initiate efforts to advance technology and build protective planning and
infrastructure such as EWS. To state the obvious, the future quickly flows into and
becomes the present. Not unlike the obligation between familial generations, there
ought to be a similar, but broader and more inclusive, generational connection that
considers current events as they affect, and become, the future. In turn, this concept
allows for constant and incremental decision-making.

15.16 The Challenge of Public Awareness and EWS

Because EWS will require considerable resources, it is essential that the public is
knowledgeable about the need for such an investment. After all, a successful EWS
can only work if the public works with it, both by assisting in early warnings and in
turn responding to warning. Furthermore when it comes to EWS, the public must
understand and appreciate that because of the change and volatility in contemporary
natural systems, EWS may at times underestimate, overestimate or even be com-
pletely wrong about a predicted environmental calamity. In the event of mis-
forecasting an extreme climate-related event, a focus on the ethical need for EWS
may garner more public support than if EWS were communicated as primarily a
scientific need. Participatory approaches cannot work without heightened aware-
ness, interest and engagement on the part of stakeholders and the public at large.
Broadening the scope of EWS will have a lower chance of success unless efforts are
also undertaken to change society’s attitudes, perceived ethical responsibilities, in
relation to the environment. Parallel efforts are needed to increase society’s aware-
ness, foster involvement and expand the educational basis for consensus building,
by increasing knowledge of all aspects of the environment by utilizing a broad range
of educational opportunities.
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Chapter 16
Decadal Warning Systems

Doug Smith

Abstract Early warning of changes in environmental factors, such as the frequency,
intensity and duration of extreme weather events, are needed to guide infrastructure
and resilience planning and to enable early action for disaster relief. Climate has
already changed in response to human emissions of greenhouse gases, and even
larger changes are expected by the end of the century. However, the coming decade
or two will likely be influenced by natural internal variability and other external
forcing factors, such as changes in aerosols, which will either reduce or exacerbate
the long-term trends in many regions. The new and rapidly evolving field of decadal
climate prediction uses climate models initialized with observations to provide pol-
icy makers and planners with the most accurate information possible on the climate
for the next decade or so, taking into account both natural internal variability and all
external forcing factors. This chapter reviews the current state of the art of decadal
climate prediction, focusing on the potential sources of skill, forecasting techniques,
current capability and future prospects.

Keywords Decadal climate prediction ¢ Early warning system ¢ External forcing *
Internal variability * Initialization

16.1 Introduction

Warming of the climate system is unequivocal (IPCC 2007). Since 1850, globally
averaged temperatures have increased by about 0.7°C. The first decade of the
twenty-first century is the warmest in the instrumental record. Observations since
1961 show that global ocean temperatures have increased to depths of at least
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3,000 m, and sea level rose by about 0.17 m during the twentieth century. Mountain
glaciers and snow cover have declined in both hemispheres, and Arctic sea ice area
has reduced dramatically.

Climate models are able to simulate much of the observed signal of climate
change, including warming at the surface and cooling in the stratosphere, but only
if the effects of increased greenhouse gases are included. It is very likely that cli-
mate change over the last 50 years is not due to known natural causes alone.
Continued high levels of greenhouse gases are therefore expected to lead to further
warming and associated changes in climate (IPCC 2007). Uncertainties in projec-
tions of climate change by the end of the century are large, partly because future
emissions of greenhouse gases are not known, but also because changes may be
amplified or reduced by feedbacks, the strengths of which vary between different
climate models. Nevertheless, relatively robust responses include more warming
over land than ocean; enhanced warming at high latitudes, especially in the Arctic;
a weakening of the Atlantic Ocean overturning circulation; an enhanced hydrologi-
cal cycle such that in general wet areas become wetter and dry areas become drier;
and continued melting of Arctic sea ice. As described in Chap. 2, climate change
will lead to changes in the frequency of extreme events, likely including more
intense rainfall and more frequent dry days (see Fig. 16.1), more frequent extreme
daily temperatures and heat waves, increasing wind speed of tropical cyclones,
changes in the frequency of droughts and flooding and increased coastal flooding
driven by rising sea levels (IPCC 2012).

By the end of this century, increases in greenhouse gases are therefore expected
to drive substantial changes in climate in many regions (IPCC 2007, 2012). However,
there is a growing need for early warning of changes in climate over the next decade
at the regional scale, to guide infrastructure and resilience planning. For example,
there is emerging evidence that the climate is becoming more volatile and that the
incidence of extreme events that are unprecedented at least over the last century is
rising, with larger and larger impacts on societies around the world. Early warning
of climate extremes provided by seasonal forecasts is starting to be used by disaster
managers to provide early action, enabling relief supplies to reach victims within
days rather than weeks, thereby preventing further loss of life, illness and setbacks
to livelihoods, as well as augmenting the efficiency of resource use (Braman et al.
2013). Extending the lead time of such early warning systems beyond the seasonal
timescale and out to years ahead is an important goal for climate scientists.

On decadal timescales, climate is potentially dominated by natural internal varia-
tions that occur without any changes in greenhouse gases, or by other external fac-
tors such as changes in aerosols (either man-made or following volcanic eruptions)
or changes in solar activity (see Box 16.1). These short-term variations may either
oppose or exacerbate the long-term trend from greenhouse gases, the latter poten-
tially producing unprecedented extreme events. Decadal climate prediction there-
fore aims to provide policy makers and planners with the most accurate information
possible on the climate for the next decade or so, taking into account both natural
internal variability and all external forcing factors (see Box 16.1).
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Fig. 16.1 Climate model projections of changes in extremes. Changes in spatial patterns of simu-
lated precipitation intensity (leff) and dry days (right) between two 20-year means (2080-2099
minus 1980-1999) for the A1B scenario. Stippling denotes areas where at least five of the nine
models concur in determining that the change is statistically significant (Adapted from IPCC 2007,
Fig. 10.18)

Box 16.1 External Forcing of Climate

The climate system consists of four elements: the atmosphere, oceans, land
and cryosphere (land ice and sea ice). Changes in climate that are imposed
upon, rather than integral to, these elements are referred to as “externally
forced”. External forcing may arise naturally or through human activities.
Examples of natural external forcing include changes in solar activity
and volcanic eruptions which inject aerosol particles into the atmosphere;

(continued)
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Box 16.1 (continued)

these cool the planet by reflecting some of the Sun’s radiation back to space.
Examples of human external forcing factors include changes in greenhouse
gases which warm the planet by trapping some of the radiation emitted by the
Earth’s surface, changes to aerosol concentrations from factory emissions
(especially of sulphur dioxide) and land use changes which change the amount
of solar radiation reflected back to space.

Natural internal variability

Climate variations that are not caused by external factors are referred to as “nat-
ural internal variability”. Examples include day to day weather, the El Nifio
Southern Oscillation (ENSO) which causes the tropical Pacific to warm and
cool every few years and the Atlantic Multi-decadal Oscillation (AMO) or
Atlantic Multi-decadal Variability (AMV) in which changes to the strength of
Atlantic Ocean currents modulate sea surface temperatures in the North Atlantic.
The Pacific Ocean may also vary naturally on decadal timescales (known as the
Pacific Decadal Oscillation, PDO, or the Inter-decadal Pacific Oscillation, IPO),
but the extent to which this is independent from ENSO and AMYV is unclear.

Climate change projections

Standard climate change projections simulate the climate response to changes
in external forcing factors. This enables the detection and attribution of past
climate change, as well as projections of future changes driven by scenarios
describing changing concentrations of greenhouse gases, anthropogenic aero-
sols and ozone and changes in land use (IPCC 2007). Although climate
change projections simulate natural internal variability, it will not in general
be in phase with reality. This is not important for long-term projections if the
projected climate change signal is much larger than natural internal variability
but is a major source of uncertainty on decadal timescales.

Decadal climate prediction

Decadal climate predictions attempt to provide the most accurate information
possible about the coming decade or two by considering natural internal
variability as well as external forcing factors. This is achieved by initializing
climate models with the observed state of the climate system, especially the
oceans. Initialization is necessary to predict internal variability but may also
improve predictions relative to standard climate projections by correcting the
model response to previous external forcing factors. There are strong analo-
gies between weather forecasting for a few days ahead and longer-term
decadal forecasts for the next few years. When we make a weather forecast
we are predicting what the likely evolution of the atmospheric circulation will
be over the next few days; when we make a decadal forecast we are essentially
predicting ocean “weather” (i.e. how the oceanic circulation will evolve over
the next few years) and its subsequent impact on the probabilities of different
weather patterns within the atmosphere.
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Fig. 16.2 Schematic illustrating the potential of initialization to narrow uncertainties in decadal
climate predictions. A schematic representation of prediction in terms of probability. The probabil-
ity distribution corresponding to a forced simulation is in red with the deeper shades indicating
higher probability. The probabilistic forecast is in blue. The sharply peaked forecast distribution
based on initial conditions broadens with time as the influence of the initial conditions fades until
the probability distribution of the initialized prediction approaches that of an uninitialized projec-
tion (Adapted from IPCC 2013, Box 11.1, Fig. 3)

Standard climate model projections (IPCC 2007) do simulate natural internal
variability, but on average it will not be in phase with reality. In order to predict the
evolution of natural internal variability, it is necessary to start from the present
state of the climate system, just as it is necessary to start from conditions today to
predict tomorrow’s weather. This is achieved by initializing climate models with
observations. Internal variability is not necessarily predictable, but any skill would
narrow the near-term uncertainties in climate change projections, as illustrated in
Fig. 16.2. Initialization may also narrow uncertainties by correcting errors in
model responses to previous external forcing factors. Decadal climate prediction
is much less mature than seasonal forecasting, but there is currently a substantial
international effort to build and evaluate climate predictions for the coming years
to a decade or two (e.g. Meehl et al. 2013; Smith et al. 2012b), as summarized in
this chapter.
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16.2 Potential Sources of Skill

Individual weather events are generally not predictable more than a couple of weeks
in advance. This is because the atmosphere is chaotic, so that inevitable small errors
in the initial conditions grow over a few days into large-scale disturbances. However,
the tendency for the atmosphere to adopt particular weather patterns can also be
influenced by several potentially predictable factors. These provide sources of skill:
predicting them and their subsequent impact on the atmosphere is the goal of
decadal predictions. A trivial example is the annual cycle: for example, we expect
more mid-latitude storms during winter than summer, although the precise time and
location of each winter storm cannot be predicted more than a couple of weeks in
advance. However, there are other factors that can cause particular years or decades,
to be abnormal, as discussed below.

16.2.1 Natural Internal Variability

The El Nifio Southern Oscillation (ENSO) is the most well-known example of natu-
ral internal variability and is the cornerstone of seasonal forecasting. ENSO is a
coupled mode of variability in the tropical Pacific that grows through positive feed-
backs between sea surface temperature (SST) and winds: a weakening of the east-
erly trade winds reduces the upwelling of cold water leading to a positive SST
anomaly in the eastern tropical Pacific, which in turn weakens the atmospheric
zonal (Walker) circulation to further reduce the easterly winds. The time between El
Nifo events is typically about 2—7 years, but the mechanisms controlling the rever-
sal to the opposite La Nifia phase are not understood completely (Kirtman 1997).
ENSO influences seasonal climate almost everywhere (Trenberth and Caron 2000;
Alexander et al. 2002; Smith et al. 2012a), either by directly altering the tropical
Walker circulation or through Rossby wave trains that propagate to mid and high
latitudes (Hoskins and Karoly 1981). The strongest impacts occur in Indonesia,
North and South America, East and South Africa, India and Australia. There is also
a notable influence on the North Atlantic Oscillation (NAO), especially in late win-
ter (Bronnimann 2007). ENSO also modulates the vertical wind shear and stability
in the tropical Atlantic atmosphere, leading to fewer (more) hurricanes during El
Nifo (La Nifia) years (Goldenberg and Shapiro 1996; Tang and Neelin 2004). There
is evidence that ENSO may be predictable beyond the seasonal range, up to about 2
years ahead (Chen et al. 2004; Luo et al. 2008).

The Quasi-Biennial Oscillation (QBO) is a natural wave-driven reversal of tropi-
cal stratospheric winds between easterly and westerly with a mean period of about
28 months (see Baldwin et al. 2001 for a review). The QBO is predictable a couple
of years ahead and potentially provides moderate predictability of European winter
climate (Marshall and Scaife 2009).
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Fig. 16.3 Observed Atlantic multi-decadal variability (AMV) and potential climate impacts. (a)
Time series of AMV measured by detrended 9-year mean sea surface temperature averaged over
the North Atlantic Ocean. (b—g) Composite differences between positive (magenta squares in (a))
and negative (cyan squares in (a)) phases of AMYV, for boreal winter (DJF, b—d) and summer (JJA,
e—g). Units are standard deviations (Adapted from Smith et al. 2012a)

Observations indicate that North Atlantic sea surface temperatures (SSTs)
fluctuate with a period of about 30-80 years, often referred to as Atlantic Multi-
decadal Variability (AMV) or the Atlantic Multi-decadal Oscillation (AMO).
Observations (see Fig. 16.3) and modelling studies (Sutton and Hodson 2005;
Zhang and Delworth 2006; Knight et al. 2006; Dunstone et al. 2011; Robson et al.
2012, 2013) suggest that important climate impacts, including rainfall over the
African Sahel, India and Brazil, Atlantic hurricanes and climate over Europe and
America, are potentially driven by AMV. Climate models suggest that AMV can
vary naturally, linked to variations of ocean currents that form the Atlantic
Meridional Overturning Circulation (AMOC, Delworth et al. 2007; Knight et al.
2005; Vellinga and Wu 2004; Jungclaus et al. 2005). Idealized experiments, which
assess the predictability of a climate model rather than the real world, suggest that
natural fluctuations of the AMOC and AMYV are potentially predictable at least a
few years ahead (Griffies and Bryan 1997; Pohlmann et al. 2004; Collins et al. 2006;
Dunstone and Smith 2010). AMV may also be influenced by external factors includ-
ing volcanoes (Stenchikov et al. 2009; Ottera et al. 2010), greenhouse gases (IPCC
2007) and anthropogenic aerosols (Booth et al. 2012).

Pacific SSTs also vary on decadal timescales, referred to as the Pacific Decadal
Oscillation (PDO, Mantua et al. 1997), the Interdecadal Pacific Oscillation (IPO,
Folland et al. 2002) or Pacific Decadal Variability (PDV). PDV has been linked to
important climate impacts, including rainfall over America, Asia, Africa and
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Australia (Power et al. 1999; Deser et al. 2004). The combination of PDV, AMV
and climate change appears to explain nearly all of the multi-decadal US drought
frequency (McCabe et al. 2004) including key events like the American dustbowl
of the 1930s (Schubert et al. 2004). However, mechanisms underlying PDV are
less clearly understood than for AMYV. Some argue that the broad ENSO-like pat-
tern of PDV is simply a residual pattern that results from the spatial asymmetries
of ENSO and skewness in ENSO statistics (Rodgers et al. 2004; Schopf and
Burgman 2006). Others argue that decadal changes in the tropical Pacific mean
state are forced by separate mechanisms, and may in fact influence the amplitude,
frequency and teleconnections of ENSO (Power et al. 1999; Meehl and Hu 2006;
Meehl et al. 2010). There is also evidence that PDV may be partially driven by
AMV (e.g. Chikamoto et al. 2012). However, predictability studies show much
less potential skill for PDV than AMV (Collins 2002; Boer 2004; Pohlmann et al.
2004; Branstator and Teng 2010).

16.2.2 External Factors

External factors, both anthropogenic (changes in greenhouse gases, tropospheric
aerosols, ozone and land use) and natural (volcanic eruptions and variations in solar
irradiance), significantly influence climate on decadal timescales (see Box 16.1) and
are therefore potentially important sources of predictability.

Large volcanic eruptions, although relatively rare (typically less than one per
decade), have a significant impact on climate (Robock 2000). Aerosol injected into
the stratosphere during an eruption cools global mean temperature for a couple of
years. The hydrological cycle and atmospheric circulation are also affected. Globally,
precipitation is reduced due to a cooler and therefore dryer atmosphere but winters
in Northern Europe and Central Asia tend to be milder and wetter due to additional
changes in the NAO. Volcanic eruptions are not predictable in advance, but once
they have occurred they are a potentially important source of forecast skill (Marshall
et al. 2009). Furthermore, volcanoes impact ocean heat content and circulation for
many years, even decades (Stenchikov et al. 2009). In particular, the Atlantic merid-
ional overturning circulation (AMOC) tends to be strengthened by volcanic erup-
tions (Stenchikov et al. 2009), although the response may depend on the underlying
climate state (Iwi et al. 2012; Zanchettin et al. 2013). Volcanoes could therefore be
a crucial source of decadal prediction skill (Ottera et al. 2010), although further
research is needed to establish robust atmospheric signals on these timescales.

Although much progress has been made recently, solar influences on climate
remain uncertain (Gray et al. 2010). The most predictable component of solar activ-
ity is the Schwabe solar cycle in which both the number of sunspots and the solar
radiative output vary with an average period of approximately 11 years. Observations
suggest a warming of about 0.1°C in global temperature between the minimum and
maximum phases (Lean and Rind 2009), with small changes in tropical atmospheric
circulation. Furthermore, stratospheric temperatures are influenced by the solar
cycle through absorption of UV radiation by ozone. Associated changes in
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stratospheric winds can influence the high latitude troposphere, and hence European
winter climate (Matthes et al. 2006; Woollings et al. 2010; Ineson et al. 2011). Solar
influence on climate continues to be an active research area that might lead to sig-
nificant seasonal to decadal prediction skill.

Climate has already changed, and will continue to do so, under human influences
(IPCC 2007). In many regions, the long-term trend is comparable to the variability
associated with AMV and PDV (Smith et al. 2012a), suggesting that anthropogenic
climate change is a potentially important source of decadal prediction skill. Future
recovery of stratospheric ozone may also provide some predictability particularly of
southern hemisphere winds (Son et al. 2008). There is emerging evidence that
changes in anthropogenic aerosol emissions driven by socioeconomic factors (rapid
economic expansion pre-1914 and 1950-1980, global wars and the great depression
1914-1945 and US and European clean air legislation post-1970s) may have been
responsible for much of the observed twentieth century changes in AMV (Booth
etal. 2012) and Atlantic hurricane frequency (Dunstone et al. 2013). However, aero-
sol impacts, especially the indirect effects involving interactions with clouds, are
uncertain (Zhang et al. 2013) and are an important research area.

16.3 Methodology for Making Predictions

Initialization of climate models requires observations. Predictions beyond a couple of
weeks rely mainly on the relatively slow timescales in the ocean, although observa-
tions of sea ice, snow cover and soil moisture are also potentially important.
Observations of the ocean state, especially below the surface, are therefore crucial.
The upper 2,000 m of the ocean is now relatively well-observed by a network of about
3,000 Argo floats (Roemmich and Owens 2000) that measure profiles of temperature
and salinity, both of which are needed to determine the density, and hence dynamical
balance, of sea water. However, before the year 2000, subsurface ocean observations
were very sparse, especially of salinity. This is a particular problem for historical
hindcasts (forecasts made retrospectively but only using observations that would have
been available at the time), which are needed to assess the likely skill of forecasts.

Even with a relatively good coverage of observations, initializing dynamical
models is non-trivial. Constraining a model with observations generally disrupts the
model’s dynamical balance, leading to rapid re-adjustments, known as initialization
shocks, which can lead to loss of forecast skill. Furthermore, systematic biases
cause a model to drift away from the observed state towards its preferred climatol-
ogy (see Fig. 16.4). The drift may be computed as a function of lead time and start
month in a set of hindcasts and then removed from the forecast. An alternative
approach of initializing climate models with observed anomalies appears to avoid
this drift but does not reduce the model biases. Both approaches provide similar
levels of skill on decadal timescales (Magnusson et al. 2012; Smith et al. 2013;
Hazeleger et al. 2013). It is also possible for the model drift to depend on the climate
change signal (see Fig 16.4), in which case an additional trend correction may be
necessary (Kharin et al. 2012).



314 D. Smith

observations

g === uninitialized runs
™ | == raw initialized hindcasts
| - bias—corrected hindcasts
£
@O s
© model drifts
o=
o .
2 mean drift
<
1960 1970 1980 1990 2000 2010 2020

Fig. 16.4 Schematic illustrating bias and trend correction of decadal forecasts. Initialized predic-
tions (coloured solid curves) drift from observed states (black) towards the climate of uninitialized
simulations (grey). Coloured dashed curves indicate residual drifts that remain when the bias is
corrected for and require further correction to match model and observed trends (Adapted from
Kharin et al. 2012)

There are many different techniques for initializing models with observations,
ranging from simple optimal interpolation to more sophisticated 4D-var and ensem-
ble Kalman filters. A full description is beyond the scope of this book, and further
details are available in NRC (2010) and Balmaseda et al. (2009). Initialization of the
ocean is crucial for decadal forecasts, but ocean assimilation is less mature than
atmosphere assimilation and is complicated by the historical scarcity of observa-
tions. Furthermore, initialization of the land surface and cryosphere are only in early
stages of development, partly due to the lack of observations of key quantities such
as soil moisture and sea ice thickness.

Uncertainties in forecasts are inevitable. This is because initial conditions will
never be known precisely for all variables, climate models are imperfect and future
external forcings are only partly known. The relative importance of these different
sources of uncertainty in uninitialized climate projections of rainfall is illustrated
in Fig. 16.5. On decadal timescales uncertainties in well-mixed greenhouse gas
scenarios are relatively minor (see Fig. 16.5 right hand panels), although aerosol
and solar uncertainties and possible future volcanic eruptions are potentially impor-
tant (not shown). Internal variability is the largest source of uncertainty (see
Fig. 16.5 left hand panels), and may be reduced through initialization, but uncer-
tainties in model responses are also significant (see Fig. 16.5 middle panels).
Decadal forecasts therefore consist of ensembles of model integrations that attempt
to sample the relevant uncertainties. Initial condition uncertainties are typically
sampled by perturbing winds and ocean conditions, or with a lagged average
approach that combines forecasts starting from different dates. Neither of these
approaches necessarily samples the true uncertainties, especially below the ocean
surface. Modelling uncertainties are sampled either by perturbing model parame-
ters to create an ensemble of variants of a particular model (Smith et al. 2010) or
by combining forecasts from different centres to create a multi-model ensemble
(Palmer et al. 2004).
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Fig. 16.5 Sources of uncertainty. Fraction of the variance explained by the three sources of uncer-
tainty in projections of decadal mean boreal winter (DJF) precipitation changes (Adapted from
Hawkins and Sutton 2011)

Climate models provide average values for grid boxes that are typically tens or
even hundreds of kilometres in size, whereas users often require forecasts at specific
locations. Climate model output can be downscaled either statistically or with a
regional model forced at its boundaries by the global model forecasts. Dynamical
model forecasts can also potentially be improved by statistical post-processing. For
example, some models are able to predict ENSO, but not all of its remote impacts.
In this case, observed relationships may be used to infer forecasts of remote regions
from model ENSO predictions.

16.4 Current Capability

The likely skill of forecasts is usually assessed in historical tests known as hind-
casts. These are forecasts made retrospectively but only using observations that
would have been available at the start of each forecast. Skill is assessed by compar-
ing the hindcasts with the subsequent observations (e.g. Goddard et al. 2012), and
may be quantified using both deterministic measures of the ensemble mean (such as
correlation or mean squared error) and probabilistic measures based on individual
ensemble members (such as reliability, Corti et al. 2012).

Decadal predictions are much less mature than seasonal forecasts. Several early
studies with individual models showed improved skill through initialization (Smith
et al. 2007; Keenlyside et al. 2008; Pohlmann et al. 2009; Mochizuki et al. 2009;
Smith et al. 2010), prompting the development of a coordinated protocol (CMIPS5,
Taylor et al. 2012) enabling a more robust multi-model assessment. Initial CMIP5
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Fig. 16.6 Mean squared skill score (MSSS) differences for decadal temperature hindcasts from a
12 member multi-model ensemble from CMIPS5, for the initialized hindcasts (‘“forecasts”) minus
the uninitialized hindcasts (“reference”) as predictions of the observed climate. The forecast target
is year 2-9 following the initialization every 5 years from 1961 to 2006 (i.e. 10 hindcasts for each
model). Contour line indicates statistical significance that the MSSS is positive at the 95 % confi-
dence level, with areas in yellow and orange indicating enhanced predictive skill from initialization
(Adapted from Meehl et al. 2013)

results (see Fig. 9.6, Doblas-Reyes et al. 2013; Meehl et al. 2013) confirm earlier
findings that initialization improves skill mainly in the North Atlantic Ocean, with
some modest improvement in the tropical Pacific. Furthermore, a physical basis for
improved skill in the North Atlantic is potentially provided by skilful predictions of
an estimate of the Atlantic overturning circulation obtained from multi-model syn-
theses of available observations (Pohlmann et al. 2013).

Improved skill in the Atlantic Ocean is encouraging since it might be expected to
provide improved predictions of Atlantic hurricanes and climate impacts over land
in many regions, including Africa, America and Europe (Sect. 16.2.1, Fig. 16.3).
Indeed, retrospective forecasts of multi-year Atlantic hurricane frequency have high
correlations with observations (Smith et al. 2010; Vecchi et al. 2013). Initialization
improves the skill, consistent with improved surface temperature predictions in the
North Atlantic and tropical Pacific. However, much of the skill is attributable to
external forcing especially from anthropogenic aerosols (Dunstone et al. 2013;
Villarini and Vecchi 2012), which have also been suggested to be responsible for
much of the observed changes in AMV (Booth et al. 2012). However, anthropo-
genic aerosol effects are uncertain (Zhang et al. 2013), and their role in decadal
climate variability is a key area for future research.

There is currently little evidence that initialization improves predictions over
land in general (see Fig. 16.6). This is surprising given the improvements in the
Atlantic and Pacific, which in observations appear to be related to impacts over
land, possibly indicating an inadequate atmospheric response to ocean anomalies in
models. However, initialization does improve predictions of climate impacts over


http://dx.doi.org/10.1007/978-94-017-8598-3_9
http://dx.doi.org/10.1007/978-94-017-8598-3_8

16 Decadal Warning Systems 317

JJA TEMP (Obs)

-0.75 -05 -03 -0.2 -0.1 -0.05 005 01 02 03 05 0.75
JJA SLP (DeP NOA)

S D N g

-1 -075 -05 -03 -0.1 -0.05 005 01 03 05 075 1
JJA PRECIP (DeP-NoA)  f JJA PRECIP (Obs)

-30 -20 -10 -5 -25 -1 1 25 &5 10 20 30

Fig. 16.7 Example predictions of climate impacts associated with the mid-1990s warming of the
high latitude North Atlantic. Observations (right panels, b, d, f) show the difference between the
period after the warming (1999-2009) minus the period before the warming (1970-1994), for (b)
temperature, (d) sea level pressure and (f) precipitation, for June to August (JJA). Observations
were first detrended to remove the slowly varying climate change signal. Left panels show the
impact of initialization on the equivalent predictions, averaged over years 2—6 of the forecasts. The
stippling shows where the differences are significant at the p < 0.1 level based on a two-sided -test
(Adapted from Robson et al. 2013)

land associated with the rapid warming of the high latitude North Atlantic during
the mid-1990s (Robson et al. 2012, 2013). For example, whilst not perfect, the pre-
dictions do indicate reduced rainfall during boreal summer over the United States
and Southern Europe and increased rainfall over the Sahel, Amazon and Northern
Europe (see Fig. 16.7).
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Although predictions over land are not yet improved in general by initialization,
models do capture the observed warming trend driven by increases in greenhouse
gases, and this is sufficiently strong even on multi-year timescales to enable skilful
predictions of the likelihood of extreme temperatures (Eade et al. 2012; Hanlon
et al. 2013).

16.5 Future Directions

Decadal climate prediction is an immature, though rapidly expanding, area of cli-
mate science. The level of skill already achieved is, by definition, a lower limit. An
upper limit cannot be determined. However, there are potential sources of skill that
are currently untapped. These include the land surface, sea ice and stratosphere, and
experiments are currently underway to address these. There are also other missing
processes, including coupled vegetation, chemistry and land ice, which could
improve skill. Key requirements and possibilities for improving the skill are sum-
marized in Box 16.2.

Box 16.2 Key Requirements for Improved Decadal Predictions

* Sustained and improved observations. A major goal of decadal prediction
is to predict the evolution of the oceans and subsequent impacts on the
atmosphere. This requires observations especially of sub-surface ocean
temperature and salinity, both of which affect the density and hence dynam-
ical balance of sea water. A step change in ocean observations was achieved
in the last decade through the deployment of around 3,000 Argo floats
which sample the upper 2,000 m. Sustaining, and preferably extending
below 2,000 m, this coverage, alongside other observations of the climate
system, is therefore a high priority for improved decadal predictions.

» Improved climate models. In present generation decadal predictions, ini-
tialization improves predictions in key regions of the oceans, but improve-
ments over land are limited. Future improvements over land might be
possible with climate models that better simulate the teleconnections
between ocean and land.

» Improved representation of external forcing. Anthropogenic aerosol effects
are highly uncertain in current climate models. Given their potential
impacts on AMV and related climate, improved representation of aerosol
processes is a high priority. Volcanic eruptions likely affect climate on
decadal timescales, but further work is needed to improve model simula-
tions and understand how the response depends on the background state.
Recent satellite observations of solar irradiation suggest that changes in

(continued)
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Box 16.2 (continued)

the ultraviolet part of the spectrum could be larger than previously thought.
Furthermore, climate models simulate changes in the NAO in broad agree-
ment with observations if forced by these changes. Improved inter-annual
to decadal predictions might therefore be possible through better represen-
tation of solar forcing.

» Improved understanding of physical processes. Assessing likely forecast
skill is difficult because hindcasts only sample a few decades, and are
made using much sparser observations for initialization compared to Argo
floats. Understanding the physical processes that control regional climate
variability and change is therefore crucial both for gaining confidence in
forecasts and for improving climate models to ensure that the relevant pro-
cesses are properly represented.

Initialization of the current state of the climate is essential for decadal forecasts.
Sustaining the present observing system, especially Argo, is therefore crucial.
Indeed, the skill of forecasts that benefit from Argo could be significantly higher
than that achieved in historical hindcasts. Recently launched satellites will also pro-
vide new observations of important quantities, including sea ice thickness
(CRYOSAT), soil moisture and sea surface salinity (SMOS). There is also consider-
able scope to improve initialization techniques, especially by developing coupled,
multivariate assimilation systems.

Climate model errors are a major source of uncertainty (see Fig. 16.5). There is
therefore considerable scope for improved skill through model development aimed
at reducing biases and improving the simulation of teleconnections and the response
to external forcing factors. This will be achieved by increased resolution as comput-
ers become more powerful, improved parameterization of unresolved processes and
better representation of interactions between aerosols and clouds. Progress in model
development may accelerate by studying the development of errors in seamless sea-
sonal to decadal predictions. Furthermore, techniques for combining different mod-
els to optimize the skill are under investigation.

Idealized experiments suggest that the predictability of AMV depends on the
initial state (Griffies and Bryan 1997; Collins et al. 2006). Regime dependence of
skill could therefore be exploited further to increase confidence in predictions under
certain circumstances. These windows of opportunity during which very skilful pre-
dictions could be achieved could therefore be used to give forecasts with higher (but
conditional) skill. This could arise, for example, if the effects of several different
sources of skill align to produce a particularly strong signal.

Seasonal forecasts have been available for over 15 years, but their use in disas-
ter management has been very limited (Braman et al. 2013). Possible reasons for
this include inability to predict exactly where and when extreme events might
occur; skill of predictions varies from place to place, season to season and year to
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year; uncertainties are inevitable and sometimes very high, making it difficult for
disaster managers to commit resources, and difficult to communicate forecasts in
a way that triggers appropriate and timely action; relief operations are primarily
funded by voluntary contributions but these are rarely prompted by pre-emptive
early warning systems, but rather by news of the impacts once a disaster is well
under way. Decadal forecasts are likely to face similar barriers, potentially com-
pounded by greater uncertainties than on seasonal timescales. Building a decadal
early warning system that communicates the forecast appropriately without raising
unrealistic expectations and exploits skill that is, in some cases, modest will be a
challenge.
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Chapter 17

The Role of Scientific Modelling

and Insurance in Providing Innovative
Solutions for Managing the Risk of Natural
Disasters

Patrick McSharry

Abstract Scientific modelling and forecasting is rapidly gaining momentum as a
way to identify, assess and manage future global risks and extreme events that may
threaten our planet. Inadequate modelling of extreme events, such as the earth-
quakes in Japan and New Zealand, hurricanes in the USA and the floods in Thailand,
show that society can no longer afford to assess risk using a retrospective analysis
of historical observations. A pressing need exists for the use of improved forward-
looking risk analyses. This could be achieved by embracing powerful mathematical
modelling and computational simulations. Prospective risk analyses are already
being used to understand, manage risk and cope with uncertainty. Areas of shared
interest between the insurance sector and society are producing innovative forms of
collaboration between re/insurers, governments and the scientific community. There
is also an emerging trend of model-based risk assessment by the insurance industry
for decision-making, pricing and product creation that looks set to increase in the
future. These quantitative models can also be used to support policymakers in mak-
ing appropriate investments to reduce risks and provide early warning systems.
Recommendations include: (1) increasing cooperation between government and
industry to better understand risks by constructing open-access models, improving
data quality and embracing forward-looking risk forecasting techniques; (2) provid-
ing national government funding and official development assistance for IT infra-
structure, data collection and independent evaluation of model accuracy and
parametric insurance products; and (3) developing education and training pro-
grammes for risk management and alternative insurance products.
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17.1 Introduction

Economic losses from disasters have exceeded $100 billion for 3 years in a row, the
first time this has happened, according to the UN Office for Disaster Risk Reduction
(UNISDR 2013). These high losses are due to an increase in the exposure of indus-
trial assets and private property to disasters. According to Swiss Re, natural catas-
trophes and man-made disasters claimed approximately 14,000 lives and resulted in
economic losses of about $186 billion in 2012 (SwissRe 2013). The cost to insurers
was over $77 billion, making 2012 the third-highest year since 1970. Of the 318
catastrophic events that occurred in 2012, 168 were natural catastrophes and 150
were man-made disasters. Insurance can provide financial relief for those experi-
encing catastrophic losses. There remain large parts of the world that are currently
exposed to severe weather events without insurance protection. Eliminating under-
insurance could help to increase risk-preparedness.

The destructions caused by earthquakes in Japan and New Zealand and wind-
storms and flooding in the USA, Australia and Thailand were stark reminders of
the power of natural disasters. Extreme weather events make headlines and are
directly damaging. However, just as damaging are unpredictable weather patterns,
which are making rainfall and temperature increasingly variable and adversely
impact agriculture, food supply, shelter and people’s livelihoods (self-sustainability)
globally.

Combined with this, several other factors will influence the society’s future. The
world population is projected to rise to nine billion by 2050 (UN 2010), with the
number living in urban areas rising from the 50 % today to 69 %. Population distri-
bution is changing. Populations are concentrated in coastal and urban areas (UN
2011), increasing the exposure to natural disasters. Growing concentrations of peo-
ple in megacities means that if disaster strikes, many people are likely to be affected.
Furthermore, living on the coast increases exposure to hurricanes making landfall,
storm surge and sea-level rise.

This rapid population growth, combined with the ascent of developing nations to
Western living standards, will place immense pressure on food, water and energy
supplies in a world where the finite amounts of these resources are already strained.
At present, 925 million people experience hunger, with recent food price spikes and
volatility threatening the sustainability of global food security, particularly in devel-
oping countries where insurance is inaccessible to the majority of poor farmers
(Foresight 2011). Around 2.5 billion people live without adequate sanitation, and
almost 900 million people do not have access to safe drinking water (WHO 2012).
More than 1.3 billion people, 20 % of the world’s population, do not have access to
electricity (IEA 2011). Worldwide consumption of energy is forecast to increase by
53 % from 2008 to 2035 (EIA 2011).

As supply fails to meet demand, security of water, food and energy is intensify-
ing in a global competition for resources. The revolutionary wave of protests, riots
and civil wars in the Middle East, which started at the end of 2010, shows that the
interconnectedness of our globalised economy is also presenting new challenges.
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The Arab Spring owes its origins to rising food prices and can be traced back to the
Tunisian street vendor, Mohamed Bouazizi, setting himself on fire in protest against
bribery and unaffordable food prices. The eventual death of Bouazizi, two weeks
later, toppled Ben Ali from power and led to unrest in neighbouring Arab states.
Thus, we can see how unpredictable weather patterns can affect crop yields and
livelihoods and contribute to the spark of protest that eventually results in major
political and social change in one of the most important regions of the world.
Insurance is fast becoming a mechanism for facilitating disaster risk management
and for building adaptive capacity to address environmental change. Recent devel-
opments suggest that the international community views insurance as being key to
effective disaster risk management (World Bank 2010). The Hyogo Framework for
Disaster Risk Reduction was adopted in 2005 to establish disaster risk reduction as
central to sustainable development (UN 2005). The Bali Action Plan, agreed under
the UN Framework Convention on Climate Change, argues for risk sharing and
transfer mechanisms including insurance (UNFCCC 2007), as offering a potential
entry point for the insurance sector to become more involved (UNISDR 2011).
Early warning systems are crucial for developing equitable approaches to sharing
risk. Insurers and the international donors that sponsor insurance programmes benefit
from early warning systems that have the potential to reduce risk, minimise losses
and lower the cost of insurance. The insurance industry will need to help address a
number of environmental challenges in the future, including the management of risks
associated with disasters and extreme weather. The adoption of mathematical model-
ling tools for forecasting risk profiles can complement traditional historical data
analyses and help to ensure that the insurance industry remains sustainable.

17.2 Integrating Science and Policymaking

Regulation is increasingly focused on model-based risk assessment. The European
Union Directive, Solvency II, scheduled for January 2016, is already encouraging
insurers operating in Europe to adopt a risk-based approach for its capital require-
ments.! This development will ensure that environmental science, risk analysis, capi-
tal modelling, ratings, regulation and public policy are strongly interconnected. The
need to reduce the risk of catastrophic losses is being tackled by a combination of
financial stress testing, regulation and the development of metrics for measuring per-
formance. Rather than dwell on the additional costs imposed by additional regulation,
it may be more strategic to concentrate on the opportunities that this new paradigm
will bring. Solvency I was primarily focused on the capital adequacy of insurers and
did not include requirements for risk management and governance of firms.

Big data is revolutionising the way we make decisions and influence policy.
Widespread digital sensors, data collection and global interconnectivity currently
provide a rich source of information for quantifying risks using models, as well as

!Directive 2009/138/EC of the European Parliament and of the Council.
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offering substantial opportunities for producing sustainable solutions. Despite the
many technical challenges of deriving analytics based on data streams, there are
considerable opportunities for monitoring, managing risks and developing early
warning systems (McSharry 2012). Furthermore, information harvested from social
media can be used to quantify perceived risks, which are important for motivating
public policy.

Scientific modelling provides an invaluable tool for decision-makers. With
regard to risk assessment, models provide a means of investigating historical records
of extreme events, testing hypotheses, forecasting the likelihood of future events
and simulating the influence of different variables (McSharry et al. 2013). There is
a growing need to bring together researchers with expertise in environmental sci-
ence, statistics, physics, mathematics, engineering and economics to develop a mul-
tidisciplinary approach for quantifying risks, analysing the impacts, costs and
benefits of competing policies and establishing strategies for increasing resilience.

Policymakers are faced with the immediate task of making important decisions
in the present that will determine how we cope with these challenges over the next
few decades. More multidisciplinary research and cooperation between scientists,
the private sector and government is needed. While decision-makers would prefer to
obtain a simple scenario, it is important to accept that the future is inherently uncer-
tain and no crystal ball exists. A thorough evaluation of all the quantitative and
qualitative information is likely to produce numerous future scenarios. As risk
assessment becomes more important for policymaking, there is a growing emphasis
on promoting sustainability and resilience, which may imply the need to transform
rather than simply adapting or recovering from environmental shocks. It is not only
the direct impact of extreme weather but also the indirect effects of the threat of
disaster that impede economic growth and human development. The insurance
industry is in a prime location to advise and manage the transition towards a more
resilient society.

17.3 Risk Forecasting

The insurance industry is increasingly using forecasting to quantify economic
impacts and evaluate strategies for managing the risks associated with environmen-
tal change. Forecasting is defined as attempting to predict the future, and modelling
is a tool used to generate forecasts.

Mathematical and scientific models encapsulate information and hypotheses in
an objective and transparent framework (Box 17.1). These models often form the
basis of effective disaster risk management systems and national and international
catastrophe programmes. Parametric insurance, such as index-based insurance,
relies on mathematical models to construct an index for deciding when compensa-
tion is provided and is not based on losses but on pre-determined trigger events (IRI
2009). This innovative form of insurance is further discussed in Sect. 17.6.
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The insurance sector would benefit from complementing existing risk analysis
techniques with forecasts of future risk profiles. A number of emerging trends sug-
gest that there is a growing need to utilise the power of mathematical modelling and
computational simulations to deliver prospective risk analyses. For example, it is
possible to utilise data generated by atmospheric models to improve the quantifica-
tion of risk for infrastructure arising from windstorms (Anastasiades and McSharry
2013). This ability to harness data from models is particularly important for wind
farm risk assessment where insufficient wind speed data is typically available at the
sites of the wind turbines.

Assessing the risk of extreme events, managing this risk and correctly quantify-
ing its market price is at the heart of the insurance industry. The general assumption
underlying the majority of today’s transactions in the insurance industry is that the
future will resemble the past. If this is the case, it seems reasonable to price risk
based on historical observations.

However, if evidence of different regimes exists, such as low or high levels of
hurricane activity, for example, pricing must be adjusted accordingly. Alternatively,
if we have reason to believe that there is a slow trend causing the level of risk to rise
or fall systematically over time, such as climate change, then prices should be modi-
fied to reflect this.

Model uncertainty arises from poor quality data and insufficient availability.
Initiatives led by government or the market will be required to make appropriate
datasets more accessible. Uncertainty in risk assessment typically leads to higher
costs for insurance, making it less affordable to many of those who most need it.
Access to appropriate models for understanding and assessing risk is therefore cru-
cial not only for insurers but for the society as a whole.

Box 17.1 Types of Models

There are two types of models that could be employed for quantifying and
forecasting future risks: statistical and physical.

Statistical models are constructed by analysing historical data and identifying
significant mathematical relationships. These flexible models can describe
trends that are emerging over time but are limited to historical events that have
been observed.

Physical models, such as Numerical Weather Prediction (NWP) models and
Global Circulation Models (GCMs), attempt to explicitly describe our under-
standing of the dynamics of the atmosphere and ocean. An investigation of
trends and the potential of exploring new regimes is possible with these physi-
cal models. Physical models have been used extensively by the International
Panel on Climate Change (IPCC) to assess the impacts of increasing green
house gases.
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17.4 Modelling Catastrophes

Catastrophe models are mathematical models (either physical or statistical or a
combination) designed, run and sold by commercial vendors to insurers to assess
risk and estimate the losses from natural disasters (Box 17.2). They tend to be
focused on industrialised countries with established insurance markets.

Box 17.2 Risk Assessment

Probabilistic risk assessment refers to the approach whereby the probability of
exceeding a specific loss is calculated using quantitative modelling. At the core
of this risk modelling is the need to determine the relationship between a par-
ticular measure of the hazard (hurricane wind speed or earthquake ground
shaking) and the resulting economic and insured losses. Catastrophe modelling
refers to the computationally intense process of using geographical informa-
tion systems (GIS) to describe the spatial variation of exposure and vulnerabil-
ity for a particular portfolio of buildings. By running numerous simulations of
extreme events that vary in time and space, the catastrophe model assesses the
chances of experiencing losses of different magnitudes. Catastrophe models
can be broken down into three modules describing the hazard, vulnerability
and financial components. Ensuring that each module is adequate relies on
access to a skilled team of scientists, engineers and actuaries.

17.4.1 Open-Access Models

Although traditionally offered as black-box models, there is a trend for the develop-
ment of more ‘open-access’ catastrophe modelling. Insurers, who use catastrophe
models to assess risk, will benefit from the improved understanding, availability and
diversity of these open-access models. Open-access models have the potential to
enable more transparency in decision-making.

Behind the trend of open-access modelling is the lack of access to this technol-
ogy in poorer nations. This has hampered governments and aid agencies’ efforts to
improve disaster risk management where it is often most needed. The implementa-
tion of risk modelling for disaster risk management in poor nations is therefore one
of the largest driving forces behind open-access modelling programmes. There are
several examples of such initiatives:

(i) The Willis Research Network (WRN) (www.willisresearchnetwork.com) sup-
ports open academic research and the development of new risk models and
applications. It aims to provide an open forum for promoting scientific research
on extreme events, primarily climate and weather risks, through collaboration


http://www.willisresearchnetwork.com/
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between universities, insurers, reinsurers, catastrophe modelling companies,
government research institutions and non-governmental organisations.

(i) The Lighthill Risk Network (www.lighthillrisknetwork.org) promotes collabo-
ration between insurers, reinsures and brokers and facilitates knowledge trans-
fer into business, from academic, government, professional and commercial
experts at the forefront of risk-related research. It recently initiated a project
called the Open Access Catastrophe Modelling Framework (OASIS) in col-
laboration with the UK Met Office. OASIS has the potential to deliver a larger
choice of models, better understanding of the models and will assist companies
with Solvency II compliance. It will also incorporate existing industry stan-
dards for collecting and sharing data, such as the Association for Cooperative
Operations Research and Development (ACORD, www.acord.org).

(iii) In response to the lack of open-access catastrophe models, the OECD started
the Global Earthquake Model (GEM, www.globalquakemodel.org) in 2006.
This €35 m project aims to measure and communicate earthquake risk world-
wide. GEM considers the hazard, exposure, vulnerability and socioeconomic
impact of earthquakes.

(iv) The World Bank and UN International Strategy for Disaster Reduction
(UNISDR) promote risk assessment projects and the integration of insurance
into disaster risk management strategies. The Central American Probabilistic
Risk Assessment (www.ecapra.org) also provides a suite of tools for evaluat-
ing and communicating risk.

17.4.2 Internet and Social Media Help Understand Risk

Social media offers many opportunities for exchanging knowledge and ideas and is
contributing to the development of improved risk management. ‘Understanding Risk’
(http://community.understandrisk.org) is a global forum that meets every two years to
bring together experts and practitioners in disaster risk assessment. Improvements in
risk assessment coming from this group include innovations in satellite imagery,
remote sensing, crowd sourcing and web-based mapping applications.

Another recent example, the Global Risk Register (GRR, www.globalriskregister.
org), was launched in 2011 by academia, business, non-governmental organisations
and governments. The GRR is an international community of risk experts, who
share and manage information about global risks in order to make decisions based
on their combined pool of information and intelligence. Organisations that partici-
pate in the GRR stand to improve their assessment and analysis of risk by tapping
into this collective resource and expertise.

The GRR works via a website where participants can identify current and emerg-
ing risks, establish measures to control these risks and collect information. It is
expected that the GRR will facilitate knowledge exchange, encourage research and
innovation and support the formulation of policies and legislation that improve risk
management activities.
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It is likely that there will be an increasing number of open-access models and
initiatives in the future. An increase in the diversity of the models should lead to a
more complete assessment of risks, particularly with catastrophe modelling. The
insurance sector should therefore become as involved as possible in open access
initiatives, and share as much data and information as is permissible, as it is likely
these models will be an alternative source of information in the future.

17.5 Insurance and Disaster Risk Management

There are different approaches to managing disasters and catastrophe risk, but they
all use the core concepts of risk assessment, risk mitigation, risk transfer and pre-
paredness. The development of a risk management strategy then requires a combi-
nation of strong domestic political motivation and a high level of international
cooperation to provide expertise and funding. The insurance sector is often called
upon to provide the expertise and funding, and the development of appropriate
insurance products and alternative risk transfer instruments should always comple-
ment the risk reduction activities.

Box 17.3 Catastrophe Programmes

The World Forum of Catastrophe Programmes (WFCP) (www.wfcatpro-
grammes.com) was initiated in 2006 to promote the use of public-private
partnerships for managing risk and facilitate the exchange of information
and expertise amongst its members and with external national and interna-
tional organisations, including consultants and researchers interested in
catastrophe (natural and terrorism) insurance. The Caribbean Catastrophe
Risk Insurance Facility (CCRIF) (www.ccrif.org) is the first multi-country
risk pool based on parametric policies backed by both traditional and capital
markets.

In Mexico, a catastrophe bond sold for $290 billion provides parametric
insurance for hurricanes and earthquakes. Catastrophe property insurance
programmes, such as the Earthquake Commission (EQC) in New Zealand,
have been initiated to promote insurance markets with the objective of achiev-
ing affordable catastrophe insurance for dwellings. Examples of mandatory
insurance include the Turkish Catastrophe Insurance Pool (TCIP) and the
Romanian catastrophe property insurance programme (PRAC). The
Californian Earthquake Authority (CEA), one of the largest providers of resi-
dential earthquake insurance in the world, is a publicly managed, largely pri-
vately funded entity.
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17.5.1 The Political Aspect of Disasters

Unfortunately there tends to be greater emphasis placed on disaster response and
relief rather than ex ante interventions such as improved building codes and early
warning systems. The reason for this short-sightedness is well-documented and
includes a misperception of the chances of a disaster happening, and a motivation
for politicians to be associated with disaster relief, instead of costly disaster preven-
tion and preparedness.

Successful disaster risk management is driven by strong legislation, an indepen-
dent national institution to focus on risk reduction with guaranteed funds, an
increase in local scientific knowledge and coordination across national and local
scales. It is also often the case that a prominent minister takes a special interest in
disaster risk and follows through with successful implementation. Furthermore, the
stimulus to creating disaster risk management systems is often provided by a natural
disaster.

17.5.2 Catastrophe Risk Financing

Catastrophe risk financing is a relatively new area of research (Elsner et al. 2009).
Governments carry a number of public sector liabilities associated with critical
infrastructure and services, which can be insured using appropriate catastrophe
programmes.

In the event of a disaster, funds are urgently required to support financial liquid-
ity, replace damaged infrastructure and provide emergency services and relief.
Sovereign catastrophe risk financing programmes aim to ensure that the government
continues to function by providing liquidity and budget support immediately after a
catastrophe. Examples include the Caribbean Catastrophe Risk Insurance Facility
(CCRIF) created to facilitate the regional pooling of hurricane and earthquake risks,
the Earthquake Commission (EQC) in New Zealand and an innovative catastrophe
bond developed in Mexico (Box 17.3).

Catastrophe programmes are particularly relevant for transferring risk in devel-
oping countries as the international community often plays the role of reinsurer of
last resort. The need for adequate disaster risk financing in developing countries
has received growing attention due to the major economic risks arising from cli-
mate change (Gurenko 2006). Many of these risk financing programmes are sup-
ported by donors and international financial institutions (Gurenko 2004). Substantial
challenges still exist to achieving competitive catastrophe risk markets in develop-
ing countries, requiring assistance from the insurance industry (Cummins and
Mahul 2009).
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17.5.3 Public-Private Partnerships

While many of these catastrophe programmes were created as public-private part-
nerships, the specific approaches are diverse and range from no state involvement to
unlimited state guarantee and may be compulsory or voluntary. In practice, many
programmes have been initiated in response to major catastrophes rather than a
planned approach to manage disaster risk.

For example, the Florida Hurricane Catastrophe Fund (FHCF) was initiated in
Florida after Hurricane Andrew in 1992, the Turkish Catastrophe Insurance Pool
(TCIP) was created in response to the Marmara earthquake of 1999 and the
Californian Earthquake Authority was developed after the Northridge earthquake of
1994. This again supports the argument that disaster risk management and the con-
sideration of a catastrophe programme as a means of ex ante policy rarely become
a priority until the aftermath of an extreme catastrophic event. Unfortunately, as a
result, the majority of these programmes have been established at a time when
insurance/reinsurance costs are likely to have increased.

Catastrophe programmes are proving a successful means of addressing environ-
mental change and are likely to increase in number. Early involvement in the public-
private partnerships that underpins these programmes offers substantial opportunities
for the insurance industry. Likewise for the catastrophe programmes, high levels of
insurance industry expertise and funding increases their effectiveness.

17.6 Insurance and Climate Variability

Climate variability makes it difficult to manage and operate weather-dependent
businesses. There are numerous examples of businesses within the agriculture, tour-
ism, retail and energy sectors where weather fluctuations can impact on revenues.
For example, adverse weather conditions have the potential to cause crop yield
shortfalls and reduce profits of farmers. Innovative solutions are becoming available
to help manage and adapt to climate change. Many of these solutions, such as
weather derivatives and index-based insurance, rely on an ability to adequately
model the relationship between measured weather variables and losses.

The Climate Corporation (www.climate.com) has developed a Total Weather
Insurance programme to protect farmers. A vast network of sensors is used to col-
lect high-frequency environmental and agricultural information at each farm. Data
acquisition systems and proprietary quantitative models have been developed to
accurately predict losses, by taking account of the specific growing season and vul-
nerabilities of each crop and determining the impacts of different weather extremes.

Fluctuations in weather patterns could exacerbate poverty by undermining the
livelihoods of the poorest people in developing nations who depend on climate sen-
sitive sectors such as agriculture, forestry or fishing for their income (Dercon 2004).
For many of these people, insurance is not accessible, whether due to cost or lack of
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adequate systems. Indemnity insurance provides compensation for actual losses, up
to the limit specified in the insurance policy, and requires the insured to demonstrate
that the loss has occurred. Index-based insurance, also known as parametric insur-
ance because of its reliance on a parametrical model, offers an alternative to tradi-
tional indemnity insurance for managing risk (Skees 2008).

Indemnity insurance relies on loss assessment, requiring expensive and time-
consuming evaluation of the weather-related loss. A substantial challenge for
indemnity insurance arises from information asymmetry between the insurer and
the insured. For example, adverse selection refers to the fact that individuals at high
risk are more likely to buy insurance because the insurer cannot effectively dis-
criminate against them, usually due to lack of information about the particular indi-
vidual’s risk. Furthermore, moral hazard describes a tendency of individuals to
change their behaviour and take greater risks because the insurer will pay for any
losses that might arise. In contrast, index-based insurance uses an objective and
independent index based on publicly available measurements such as official yield
records, satellite information or weather data to decide when payouts are triggered
(Box 17.4). This approach reduces transaction costs and provides immediate com-
pensation, making it affordable for producers and a viable product for countries
without a developed insurance market. Index-based insurance relies on innovative
science and technology, public-private partnerships and international risk pooling in
order to enable risk sharing across local and global scales. Scratch cards and mobile
top-ups are currently being used as a means of paying premiums.

Index-based insurance is particularly attractive for managing environmental risk
and has been successfully piloted for both development and disaster relief. Ethiopian
farmers have the option of working on irrigation and forestry projects or using cash
to pay for insurance products, developed by the World Food Programme (WFP) and
Oxfam America and reinsured by Swiss Re, which will compensate them if a severe
drought affects their crops. Index-based insurance initiatives are removing the bar-
riers of climate risk at the level of individuals, banks, cooperatives and government
in many countries including India, Mongolia, China, Nicaragua and Thailand (IRI
2009). Alongside other risk management policies, index-based insurance offers a
means of building adaptive capacity and resilience through risk transfer, increasing
access to credit and incentivising risk reduction via appropriate price signals.

Index-based insurance faces many challenges such as the need for training and
education about this relatively new form of insurance and the behavioural change
required for its acceptance. In practice, the accuracy of the index is constrained by
the duration and quality of the available data, which is a considerable challenge in
developing countries. Inadequate modelling and a lack of data may result in basis
risk, whereby losses will be sustained where the insurance product does not provide
compensation.

There is a role for governments and aid agencies to fund the infrastructure
required for collecting meteorological, loss and socioeconomic data in order to eval-
uate the feasibility of index-based insurance. This could provide ample opportunity
for the private sector and is of great importance for assessing climate variability and
long-term environmental change. In practice, index-based insurance will only be
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truly successful if its pioneers manage to strike a balance between the complexity of
the model required for constructing the index and the simplicity and transparency
needed to effectively communicate its benefits to the producers. For example, fur-
ther research is required to evaluate the feasibility of using satellite data and weather
sensors to measure the impact of weather events on agricultural production.

Box 17.4 Index-Based Insurance

Following early and severe frosts in 2010, when growers lost approximately
1 m tonnes of beet without compensation, the UK’s National Farmer’s Union
(NFU) and British Sugar launched a sugar beet frost insurance scheme to
protect growers. The insurance is ‘trigger-based’, meaning that a trigger event
must have occurred before the cover is activated and losses can be claimed.
For an insurance claim to be calculated, the following must have occurred: (1)
the grower holds a valid certificate of insurance, (2) the frost trigger has been
hit and (3) the actual adjusted tonnage of beet yield achieved by the farmer is
less than 85 % of the insured (approved) tonnage of the farmer.

The trigger is hit when the rolling 10 day average minimum temperature at
one of the three named Met Office weather stations is — 4 °C or lower. Based
on an analysis of historical temperature data, this trigger would have been hit
ten times in the last 62 years. The insurance product was designed so that
there is no requirement of ‘proof of frost damage’ at each farm, reducing the
burden on farmers. The cover value for each grower is up to only 50 % of the
value of the beet that was not delivered. It is therefore in all growers’ interests
to deliver as much of their crop as possible. The cost of the frost insurance is
12.75 p per tonne.

17.7 Conclusion

Multidisciplinary research arising from partnerships between insurance, academia
and the public sector will drive innovation in risk management over the next few
decades. Population growth, urbanisation and high concentrations of people in vul-
nerable regions combined with intense competition for food, water and energy sup-
plies are likely to exacerbate environmental and social risks.

This will increase the demand for insurance-based solutions and catastrophe
programmes in particular, for managing risk in the face of environmental change.
A lack of infrastructure in developing countries suggests that alternative insurance
mechanisms, such as index-based insurance, offer a viable form of risk transfer.
Recent international legislation is focusing attention on the advantages of insurance
mechanisms for transferring and sharing risk equitably across local and global
scales. Support for prevention mechanisms, such as early warning systems, will also
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be necessary to reduce risk and facilitate collaboration between government,
insurance and civic organisations.

Scientific modelling and forecasting offers a tool for understanding future risks.
A model-based approach to understanding risks would facilitate the construction of
early warning systems for those extreme events that are predictable with lead times
that provide sufficient time for action. Open access initiatives will improve transpar-
ency, increase the diversity of models and help to cope with uncertainties in the
modelling process. Social media will facilitate the collection and sharing of data
about these risks. These activities provide an opportunity for the insurance industry
to collaborate in public-private partnerships that will forge the future generation of
risk management strategies.

In order to increase the role of insurance in managing the risk of natural disas-
ters, the following actions are recommended:

* Increase national government funding and official development assistance for IT
infrastructure, meteorological stations and remote sensing for collecting envi-
ronmental and loss data.

* Create public-private partnerships to develop open-access models and pilot
innovative alternative risk transfer mechanisms.

e Undertake independent evaluations of alternative insurance products such as
index-based insurance.

* Provide education and training for insurance products.

* Improve the legal and regulatory environment to facilitate access to global rein-
surance markets.

In our globalised and highly interconnected society, there will be a greater need
to construct equitable approaches for transferring and sharing risks from environ-
mental change on both local and global scales. The insurance industry is well placed
to advise, innovate and pilot new solutions for managing these twenty-first-century
risks.
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Chapter 18
“Follow the Spiders’’: Ecosystems as Early
Warnings

Zinta Zommers

Abstract This chapter evaluates the potential use of bioindicators in early warning
systems. Bioindicators are biological processes, species, or communities, which are
used to assess changes in the environment or environmental quality. Theoretically,
they could also provide advanced warning of hazards. Bioindicators can be inex-
pensive, locally relevant, and can encourage stakeholder participation in early
warning system development and maintenance. While bioindicators have been
identified for environmental problems such as air pollution and water pollution, and
have been used to assess health of ecosystems, little information is available on
bioindicators for climate-related hazards. This chapter highlights possible bioindi-
cators for droughts, wildfires, and tropical cyclones, based on the results of a litera-
ture review. Indigenous knowledge offers a wealth of possible bioindicators,
including animal and insect behavior and plant phenology. Yet, such indicators need
to be verified and evaluated against criteria such as specificity, variability, monoto-
nicity, practicality, and relevance. Bioindicators may not be specific to individual
hazards and may provide limited advanced warning, as response often occurs after
the actual onset of the hazard. Furthermore, indicators may become increasingly
unreliable due to climate change itself. There is a need for a large-scale assessment
of hazard bioindicators, which should also include forecasts of bioindicator change
under global warming, and a cost-benefit analysis of the value of integrating bioin-
dicators into early warning systems. For these processes, lessons can be drawn from
ethnopharmacology.
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18.1 Introduction

Each year on February 2 in large swaths of North America — Pennsylvania, Vermont,
Louisiana, Wisconsin, Ohio, Ontario, and Nova Scotia — people gather to watch
groundhogs emerge from their burrows. According to the 200-year-old tradition, if
the groundhog casts a shadow, winter weather will continue for 6 more weeks. If no
shadow is seen, spring will come early. Followers may be disappointed to learn that,
between 1999 and 2012, groundhogs only made correct predictions four times
(Guardian 2013). However, there are anecdotal accounts of more accurate “predic-
tions” by animals. While the World Health Organization estimates that more than
280,000 people died during the 2004 Indian Ocean tsunami, many animals may
have survived by fleeing before the waves struck (Ecologist 2005). In Sri Lanka,
reports claim that bats flew inward at great speed, while elephants, leopards, and
monkeys in Yala National Park escaped to higher ground (Junior Scholastic 2005).
The retracting sea exposed fish, which the Simeulue community in Indonesia recog-
nized as a sign of an approaching tsunami. They headed inland, and only 7 of 80,000
people died (PEDRR 2010).

Bioindication is the practice of looking toward biology for signals about the
broader state of the environment. Since the 1960s there has been widespread devel-
opment and application of bioindicators (Holt and Miller 2011). They are now used
to monitor air pollution, water pollution, radioactivity, and colonization of stressed
marine environments (Cognetti 1992). However, little has been written on the
potential utility of bioindicators in early warning systems (EWS), possibly because
anthropogenic stressors have been the primary focus of bioindicator research. Given
the challenges and costs of creating early warning systems, it is worth exploring
whether or not biological indicators could be used to assist forecasting or could
provide advanced warning, especially in remote areas.

This chapter highlights examples of possible indicators for three climate-related
hazards, based on a review of published literature. The majority of known bioindi-
cators do not offer sufficiently early lead times to be used effectively for warnings.
They often only indicate increased vulnerability of a system. Furthermore, changes
in climate and other human-caused environmental stressors may influence the func-
tioning or distribution of organisms used as bioindicators, reducing the possibility
of sustained use in EWS. However, traditional knowledge offers a wealth of possi-
ble hazard bioindicators, and these should further be explored and verified.

18.2 Bioindicators Defined

Bioindicators are biological processes, species, or communities, which are used to
assess changes in the environment or environmental quality. A distinction is often
made between bioindicators, which qualitatively assesses biotic responses, and bio-
monitors, which quantitatively determine a response. For example, the presence of
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the lichen, Lecanora conizaeoides, indicates poor air quality and is a bioindicator.
Reduction in L. conizaeoides chlorophyll content indicates the severity of air pollu-
tion and is a biomonitor (Holt and Miller 2011). For simplicity, in this chapter, the
term bioindicator will be used for both bioindicators and biomonitors.

While the use of species or biological process to monitor the state of the environ-
ment is far from new — as evidenced by Groundhog Day traditions— rigorous meth-
odologies to identify and verify bioindicators have only recently been developed
(McGeoch 1998). An effective bioindicator has a variety of characteristics:

 First, it must be biologically relevant. It must exhibit changes in response to a
given stressor but must not be so sensitive that it responds to normal, or biologi-
cally unimportant, variations in environmental conditions (Burger 2009).
Response time and recovery period are important. Response time can vary from
instantaneous to decades long. As a result, some bioindicators may be better
suited to measuring effects shortly after an event (i.e., those with response and
recovery that occur within hours or weeks). Other bioindicators may be better
suited to detecting cumulative effects overtime (i.e., those with a response and
recovery that take months to years) (Cooper et al. 2009). A bioindicator that
responds rapidly is likely to be more useful for sudden onset hazards, while a
bioindicator with slower response times may be useful for slow onset hazards.

* Second, bioindicators must be “methodologically” relevant. In other words, the
indicator should be practical and easy for people to measure (Burger 2009).
Bioindicators should not be overly rare and therefore difficult to find and meth-
odologically irrelevant. At the same time, they should not be extremely common,
as these species may not be sensitive to environmental variations (Holt and
Miller 2011). Response time must also be considered. Bioindicators that respond
to an event quickly need intense sampling and replication to obtain accurate
estimates because response may be ephemeral (Cooper et al. 2009).

* Third, bioindicators must be socially relevant. They must be understood by
people, and must be useful for policy-makers and ecosystem managers.

Bioindicators can be evaluated against criteria listed in Table 18.1, which capture
some of the above-described characteristics.

Bioindicators can have significant advantages over direct measurements of vari-
ables, such as pollution levels (Cooper et al. 2009). Direct measurements may be
difficult to obtain — sampling may be weather-dependent or constrained by safety
considerations. When well selected, bioindicators are easy to implement and form
an inexpensive form of monitoring (Verge et al. 2002). They can offer time-
integrated measures about the overall state of the environment. Monitoring should
not require any sophisticated equipment, just an understanding of the environment
and close observation of the selected biological variable.

However, reservations about the use of bioindicators also exist. Bioindicators
often lack spatial and temporal transferability (Steinemann 2003). They are site-
specific. Even within a country, it is difficult to find a common bioindicator
across agro-climatic conditions. For example, bioindicators that are suitable in
the Himalayan region may not be suitable for tropical or central regions of India
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Table 18.1 Possible criteria for selection of bioindicators

Criteria Definition

Specificity Biological response is specific to the stressor of interest and not to other
environmental stressors

Monotonicity The magnitude of the biological response should reflect the intensity and
duration of the stressor of interest

Variability Biological responses should be consistent at a range of spatial and temporal

scales. Ideally there should be low background variability, although a
change in variance can itself be used as an indicator of an impact

Practicality Measurements of biological responses should be cost effective, easy to
measure, non-destructive, and observer independent
Relevance Biological response should be ecologically relevant and important in public

perception to assist communication

From Cooper et al. (2009), which is based on Jones and Kaly (1996), Erdmann and Caldwell
(1997), and Jameson et al. (1998)

(Kotwal et al. 2008). It can be extremely difficult to identify bioindicators in
every biogeographic zone.

Individual plants or animals (of a given bioindicator) may vary in sensitivity, and
sensitivity can evolve. The Bel W3 variety of tobacco is sensitive to ozone, a major
tropospheric pollutant in the summer, and has been used as a bioindicator since the
1960s. Leaf damage or necrosis occurs at specific threshold levels — 30 ppb for
plants exposed for 8 h (Larsen and Heck 1976 from Verge et al. 2002). However,
some plants are more sensitive to ozone than others, and a variety of secondary
phenomenon (chemical, physiological, and pathological) can interact to induce or
limit damage (Verge et al. 2002). Every bioindicator should therefore have a test
allowing its sensitivity to be assessed. This is especially important for bioindicators
used in the wild and subject to diverse conditions (Verge et al. 2002).

18.3 Examples of Bioindicators

Despite some of these challenges, a variety of bioindicators are currently in use.
As mentioned, the Bel W3 variety of tobacco is used to help monitor ozone.
Roadside Rhododendron pulchrum can be used to detect traffic-related heavy metal
pollution (Suzuki et al. 2009). Heavy metals (Pb, Ni, and Zn) are significantly
correlated in roadside soil and Rhodedendron leaf samples, when analyzed in a
laboratory using inductively coupled plasma optical emission spectroscopy or
inductively coupled plasma mass spectroscopy (Suzuki et al. 2009). In addition to
flora, fauna — specifically charismatic species — can indicate environmental change.
In the 1950s, population failures of bald eagles (Haliaeetus leucocephalus) and
peregrine falcons (Falco peregrinus) alerted the public to the dangers of chlorinated
hydrocarbon pesticides (Burger 2009).
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Insects are regarded as an especially effective group of bioindicators for forest
health (Alves de Mata et al. 2008). As described by Maleque et al. (2009):

Ants, carabid beetles, and spiders can be used to infer the ecological suitability of forest
management treatments. Dung beetles and moths respond to habitat alterations caused by
forest fragmentation and can indicate the suitability of landscape-level forest management
techniques. Butterflies and cerambycid beetles respond highly positively to the presence of
herbaceous plants and understory trees and can be used to infer the integrity of thinning treat-
ments in forest management. Syrphid flies, which are strong flyers associated with vegetation
complexity, can be used as bioindicators of landscape-level forest management practices.

However, studies of insect bioindicators rarely include verification measures.
Thus, there remains a narrow range of scenarios and geographic regions for which
insect bioindicators have been fully developed (McGeoch 2007 as cited in Alves de
Mata et al. 2008).

Moving beyond single species, biotic indexes — assemblages of species and char-
acteristics — have been developed to monitor environmental status. The presence or
absence of families of macroinvertebrates, for example, can indicate chemical pol-
lutants in river systems (Chessman et al. 1997). Water quality can be assessed by
examining 11 aspects of corals including symbiont photophysiology and colony
brightness (Cooper et al. 2009).

18.3.1 Hazard Bioindicators

There is significant evidence that climate change is having an impact on organisms
and biological processes, changing time of breeding and migration for example
(Walther et al. 2002; Ibanez et al. 2010). In Europe, changes in tree leaf color have
occurred later and later into the fall season, with an average delay of 0.3-1.6 days
per decade (Walther et al. 2002). Corals, in fact, have been referred to as the “canar-
ies” of the marine environment. They are excellent bioindicators of climate change,
as they are sensitive to above-average Sea Surface Temperatures (Sammarco and
Strychar 2009). Optimal growth of coral reefs occurs within 26-28 °C. At higher
temperatures, zooxanthellae (Symbiodinium sp.), which inhabit corals and facilitate
coral growth, experience significant mortality. Thus, with as little as 1.5 °C of global
mean warming, more than 95 % of corals may disappear (Caldeira 2013).

While bioindicators for climate change have been identified, there are surpris-
ingly few studies of bioindicators for climate related hazards. The following section
briefly describes examples of possible bioindicators for three hazards — droughts,
wildfires and tropical cyclones.

18.3.1.1 Drought

According to Steinemann (2003), traditional drought indicators “are based on mete-
orologic and hydrologic variables such as precipitation, streamflow, soil moisture,
reservoir storage, and ground water levels.” As trees respond to many of these



344 Z. Zommers

Fig. 18.1 View of forest in Killarney Provincial Park, Canada, in July 2012. Most of eastern
Canada experienced drought conditions during this time, with extreme heat and little rain, but tree
mortality is not immediately evident (CBC 2012)

variables, the immediate response of individual trees, or long-term changes in
community composition, can be used as bioindicators. Many tree species shed
leaves during a drought, reducing transpiration and photosynthesis, and adjust
partitioning of resources to roots and storage (McDowell et al. 2008). Drought
“weakens” trees and makes them more susceptible to insect attacks and patho-
gens (McDowell et al. 2008). Thus, tree mortality is also associated with drought
and heat stress (Martinez-Vilalta et al. 2012).

Worldwide there have been 88 well-documented episodes of drought-related
tree mortality over the past 30 years. However, our ability to predict which forests
(and under which circumstances) are vulnerable to die off is limited due to lack of
understanding of the physiological mechanisms leading to drought-induced tree
mortality. Understanding of plant carbon balance, carbon storage, plant water rela-
tions, and whole tree coordination needs further research before predictions can be
made (Ryan and Way 2011). Different species may have different response thresh-
olds. A study of mortality rates of pines and oaks found that pines responded to
drought while oaks did not, and older and denser stands of trees were more sus-
ceptible to drought damage (Klos et al. 2009).

Even if specific tree species are validated as drought bioindicators, their utility
for early warnings may be limited. Tree mortality occurs during, or after, a drought
(see Fig. 18.1). To be useful for early warning, particularly sensitive species will
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have to be identified and responses that occur prior to mortality, such as the shedding
of leaves, selected as indicators.

18.3.1.2 Forest Fires

In the book Harry Potter and the Chamber of Secrets, Hagrid, one of the characters,
advises, “If anyone wanted ter find out some stuff, all they’d have ter do would be
ter follow the spiders.” While this is fiction, in reality, insects, including spiders, are
useful indicators of fire events (Maleque et al. 2009). Insect damage can alter fire
potential by changing the distribution of fine fuels (grass, fine woody debris, nee-
dles) and by altering forest structure, indirectly changing light, temperature, and
humidity conditions (Lynch and Moorcroft 2008). As insects kill trees, fuel loads,
including dead needles or branches, increase. Unlike live vegetation, dead fuels
have low water content (MC levels) and are highly flammable. Thus, risk of fire is
increased.

The spruce budworm infestation in the forests of eastern Canada offers a well-
known example of the relationship between insects and fire cycles. In 1987, Stocks
concluded that fire potential increases in budworm killed balsam fir stands. It
reaches its greatest level 5-6 years after infestation and decreases as balsam fir sur-
face fuels decompose.

However, these findings have recently been contested, as researchers have iden-
tified other disturbances that mediate the impact of insects, influencing fire potential
over time (Lynch and Moorcroft 2008). Simulations indicate that forest fire severity
and extent have decreased over a 300-year period as a result of the interaction
between budworm, fire, and changes in forest composition (Sturtevant et al. 2012).
In fact, forest management, including logging regimes, may have a greater impact
on fire than insect infestations (James et al. 2011). Clearly the use of insects as bio-
indicators for fire early warning is complex. Predictive potential will vary depend-
ing on site characteristics and history.

18.3.1.3 Tropical Cyclones

Potential bioindicators for tropical cyclones have also been identified. According to
Paul and Routray (2013), coastal inhabitants in Bangladesh can predict the onset of
cyclones by observing the weather, the condition of the sea and rivers, but also by
observing the unusual behavior of animals. Observations of ants climbing walls
toward rooftops occur at least 1-2 days prior to a cyclone. The authors report that
34.1 % of total respondents interviewed (23.7 % of respondents in an inland com-
munity, 54.4 % of respondents in a shoreline community, and 39.5 % of respondents
in an island community) had the ability to predict cyclones and could even anticipate
cyclone intensity. They claim that indicators provide 2-3 days of lead time and
allow communities to take precautionary measures. However, knowledge varies
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from village to village and is rarely shared across all three villages (Paul and Routray
2013). As a result, integration or use of indigenous knowledge in national early
warning systems would be both costly and challenging. Furthermore, findings need
to be confirmed through triangulation. Reliability and validity of such variables have
not been examined. Finally, some of the animal reactions listed below may not be
unique to hurricanes or cyclones and therefore lack specificity as bioindicators.

Examples of Traditional Cyclone Bioindicators in Bangladesh
Source: Paul and Routray (2013)

Abnormal animal behavior

Ants climb toward the roof of the house

Cattle and dogs howl endlessly at night before a strong cyclone
Sea birds, pigeons, move toward inland

Crabs come into courtyards or high places

Bees/locusts move in clusters in the sky

Flies bite cattle to take shelter

18.4 Indigenous Knowledge and Hazard Bioindicators

Indigenous knowledge — often referred to as local knowledge, traditional knowl-
edge, or folk wisdom — is considered to be a body of knowledge existing within or
acquired by local people over a period of time through accumulation of experiences,
society—nature relationships, community practices and institutions, and through
generations (Mercer et al. 2009). As indicated by the discussion of tropical cyclones,
there is significant indigenous knowledge relevant to disaster reduction. Theoretically
this could be applied to early warning systems. As a pastoralist in Ethiopia once
said, “We have a drought early warning system: First the sheep die, then the cows
die, then the camels die” (Glantz, pers. comments).

Many indigenous communities use environmental indicators for early prediction
of disasters (PEDRR 2010). Heavy rains, floods, droughts, and pest infestations can
be predicted from plant flowering or growth, animal behavior, and the nesting of
birds (PEDRR 2010). The Lepcha people in Sikkim, India, predict weather events
and disasters from animal behavior (Jha and Jha 2011). According to their folklore,
if birds are silent it will rain; if bears and wolves are seen there will be famine. In
other parts of India, the flowering of tress is used to predict the monsoon (see
Table 18.2). The Wasangu, of the Usangu Plains in Tanzania, also base predictions
of rain on tree phenology (Kangalawe et al. 2011). If the Mipalma trees produce
insufficient fruits, the following season will have little rain. If too many fruits are
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Table 18.2 Bioindicators of the monsoon in India: flowering and foliage of tree species

Expected meteorological

Botanical name Vernacular name  Condition event
Aegle marmelos Corr. Bel Good foliage Subnormal monsoon
Azadirachta indica. A. Juss Neem Heavy flush Drought
Dendrocalamus strictus. Nees  Bans Good foliage Drought
Eragrostis cynosuroides. Darbha ghas Good foliage Good monsoon
Beauv
Ficus religiosa Linn Pipal Good foliage Adequate rains
Limonia acidissima L. Kothi Good growth Stormy rains
Madhuca latifolia Macb. Mahua Good foliage Good monsoon
Prosopis cineraria (L) Druce.  Khejru Heavy foliage =~ Drought
Zizyphus mauritiana Lam. Ber Heavy flush Average monsoon
or fruits

Adapted from Kotwal et al. (2008), which is based on data from Kanani et al. (1995)

produced, there will be more rain next season. Early sprouting of Mihango trees
also indicates an early onset of rains (Kangalawe et al. 2011). A study of six dis-
tricts' in Ghana reveals a host of indigenous hazard bioindicators (AAP Ghana
2012). In the Pawlungu community in Ghana’s Talensi-Nabdam district, a frog’s
croacking is believed to indicate rain within 24 h. In the same community, the flow-
ering of the Baobab tree indicates that rains will come within 3—4 days. If the tree
does not flower, there will be low rainfall (AAP Ghana 2012).

While traditional knowledge can offer a wealth of potential bioindicators, there
are significant challenges to application. Traditional knowledge is rapidly being lost
(Jha and Jha 2011). The selected indicators themselves vary from village to village
(UNEP 2010). Even if communities recognize warning signs for hazards, they may
not be able to respond. In Bangladesh, poor road networks, long distances between
homes and cyclone shelters, low capacity of cyclone shelters, and fear of burglary
all limit responses even if indicators are observed (Paul and Routray 2013).

Nevertheless, given the potential benefits of bioindicators, efforts should be
made to further catalogue indigenous knowledge and evaluate whether or not bioin-
dicators can be integrated into forecasting (Kangalawe et al. 2011). To do so, the
scientific basis of traditional knowledge needs to be explored and the possible indi-
cators further triangulated.

This touches on deeper debates related to politics of knowledge, relations of
power, and ethics, which are beyond the scope of this chapter. While modern devel-
opment has relied extensively on Western science, over the past quarter century
there has been increasing focus on the “rediscovery” of indigenous knowledge
(Briggs 2005; Dove 2006). Some argue that it is not possible to combine scientific
and indigenous knowledge, because they are based on different epistemologies and

'Districts examined include Sissala East, Talensi-Nabdam, West Mamprusi, Aowin Suamana,
Fateakwa, and Keta.
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Step 1 Step 2 Step 3 Step 4
Community Selection of Identification of Development of
Engagement Hazards Indicators Strategy

Ongoing revision, evaluation, and monitoring

Fig. 18.2 Framework for integrating indigenous and scientific knowledge (Adapted from Mercer
et al. (2009))

worldviews (Berkes 2009). Others argue that the concept of a neat divide between
these two forms of knowledge is false (Briggs 2005). For early warning systems,
resolving such epistemological debates is perhaps less important than identifying
accurate signals that people understand and respond to, saving lives and losses from
hazards. As Briggs (2005) writes:

...in the context of poor communities...information is tested in the context of survival, and
hence is not just true or false in some sort of dispassionate way (as western science might
conclude) but is either more of less effective in providing the means of survival...The real-
ity in rural areas may be much more pragmatic in that farmers and others may, because of
the demands of daily existence, develop a hybrid, mediated knowledge which is developed
and continually re-worked often in highly innovative ways.

A Process Framework has been developed to help communities create hybrid
strategies related to disaster risk reduction (Mercer et al. 2009). It could be adapted
for early warning system design (see Fig. 18.2). Communities can pick from differ-
ent signals based on their effectiveness, which should be determined through further
study (see Section 18.5), or they could even create integrated indexes based on
multiple indicators from different sources.
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Burger (2009) suggests including a broad range of actors in bioindicator
development and selection. Stakeholders should be asked how they believe they can
contribute to the development of indicators, should be invited to participate in the
selection of possible bioindicators, and should then be asked to assist the collection
of specimens or data for analysis. They may also wish to assist long-term monitor-
ing, bioindicator study, and refinement.

18.5 Steps Forward

The role of ecosystems in disaster reduction is well documented. Forests, for exam-
ple, can prevent floods by providing flood attenuation and by preventing soil loss. In
the European Alps, forests protect against avalanches and rock fall, while in the
Bolivian Altiplano region, community-based reforestation and forest management
has helped reduce erosion and landslide frequency (PEDRR 2010). Coastal wet-
lands and coral reefs absorb low-magnitude wave energy, reducing wave height and
subsequent erosion and losses from storm surges or hurricanes (PEDRR 2010;
UNEP 2010). The economic value of such ecosystem services can be substantial. In
the United States, the value of coastal wetlands for storm mitigation is estimated to
be US$ 23.2 billion dollars per year. Globally coral reefs may contribute US$
189,000 (per hectare per year) toward hazard mitigation (PEDRR 2010).

While the role of ecosystems in disaster risk reduction is evident, the potential
utility of ecosystems, or their biological components, in early warning system
design is less clear. Bioindicator research has focused narrowly on certain environ-
mental changes, such as chemical pollution. Greater study of hazard bioindicators
is needed.

This preliminary review suggests that bioindicators for climate-related hazards
have several potential benefits for early warning systems. First, they are socially
relevant. Unlike meteorological predictions, bioindicators offer “predictions” that
are specific to individual communities. Indigenous bioindicators are closely linked
to both cultural and environmental contexts. They may thus be more easily under-
stood than complex probabilistic warnings issued by national meteorological agen-
cies. Bioindicators can be used to encourage stakeholder participation in early
warning system development and maintenance. Furthermore, use of bioindicators
could theoretically help address gender gaps in early warning delivery (see Chap. 14)
as women often hold extensive traditional knowledge (Briggs 2005).

Second, hazard bioindicators are potentially practical and methodologically rel-
evant. Identification and verification of biological indicators in each community
will be costly and time-consuming. However, bioindicators are far less expensive
than infrastructure or technology used in current warning systems. Bioindicators
can be easy to monitor and an inexpensive way to collect data, especially if local
communities are involved (e.g., see the Royal Society for Protection of Birds
(RSPB) “Big Garden Birdwatch™).
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That said, human pressures could soon place bioindicators at risk (PEDRR 2010).
With over 6,000 species listed as endangered on the [IUCN Red List, some bioindi-
cators may become increasingly rare over time and therefore methodologically irrel-
evant. As well, the local nature of bioindicators may pose problems for policy-makers
who wish to invest in national early warning systems. While locally embedded
indigenous bioindicators may have social relevance, they may loose methodological
relevance, applicability, and power outside the local setting (Briggs 2005).

It is also clear that the biological relevance of hazard bioindicators — including
monotonicity, specificity, and variability — needs further investigation. From the
preliminary review, it appears that some hazard bioindicators indicate areas of
heightened vulnerability (e.g., budworm infestation indicates forest vulnerability
rather than fire), while other bioindicators are useful for actual warnings (e.g., ants
crawling up walls prior to a tropical cyclone). Responses of yet other indicators
(e.g., trees in drought) occur after the onset of the hazard.

Parallels can be drawn with the study of traditional medicinal plants. Traditional
medicine can be inexpensive and easily accessible, but its biological relevance is
often placed in doubt. Large-scale efforts are underway to identify and verify tradi-
tional medicinal plants. “Ethnopharmacology” is an approach to drug discovery that
involves the observation, description, and experimental investigation of indigenous
drugs and their biologic activities (Fabricant and Farnsworth 2001). Despite
advances in this field, sound scientific data for many health products is still lacking,
and further high standard studies confirming the safety and the effectiveness of tra-
ditional medicines are required (Verpoorte 2012; Chan et al. 2012). As Verpoorte
(2012) writes, “Experimental evidence is needed and not only historical evidence of
safe use since ancient times.” There is a need to develop clear standards for studies
and build an evidence base for traditional medicine, which should be subject to
continual discussions and refinement. According to Verpoorte (2012), this also
means that:

...we must be honest in our conclusions, one should dare to write that there is no or only
weak activity. Too many of the presently submitted papers give the impression that another
wonder drug has been found, e.g. making a ubiquitous compound like sitosterol to a real
panacea

Researchers in the field of disaster reduction and climate change can draw les-
sons from the success and failures of ethnopharmacology. Efforts should be made to
standardize the study of hazard bioindicators, to ensure bioindicator assessment
procedures are in accordance with scientifically based protocols. Results should be
made universally accessible, ideally in one common searchable database, and
should be used to help inform environmental policy decisions. It is important to
identify areas where the science does not support traditional bioindicators, and to
avoid claims that either modern science or traditional knowledge offers a panacea
for early warning systems.

Work could begin with a global assessment of traditional knowledge and
bioindicators, from which a coordinated strategy for research and possible integra-
tion into early warning systems can be developed. Research topics should also
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include forecasting of changes in bioindicators under global warming or other
anthropogenic pressures (for an example, see Ibanez et al. 2010). This could help
verify bioindicator utility in the long term. The costs and benefits of incorporating
bioindicators into forecasting should also be evaluated. Bioindicators need to add
value to existing early warning systems, and the added value must be greater than
the cost of integration. In the past, the utility of bioindicator systems has not been
made clear to policy-makers (Newman and Zillioux 2009). There is a lack of litera-
ture on the use of biological indicators by industry, government agencies, and non-
governmental organizations (Burger 2009). Only 6 % of the articles in the first three
volumes of the journal Environmental Bioindicators related directly to the use of
indicators for monitoring or discussed regulatory implications of bioindicators
(Natesan and Slimak 2006). If bioindicators are to be used more widely, this needs
to change.

To quote Holt and Miller (2011), “Historically, canaries accompanied coal miners
deep underground. Their small lung capacity and unidirectional lung ventilation
system made them more vulnerable to small concentrations of carbon monoxide
and methane gas than their human companions.” As late as 1986, the birds served as
a biological indicator of unsafe conditions in coal mines in the United Kingdom.
Practitioners and policy-makers in the field of disaster risk reduction and early
warning systems should start looking for more canaries.
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Chapter 19

Natural Hazards and Climate Change
in Kenya: Minimizing the Impacts

on Vulnerable Communities Through
Early Warning Systems

Nilmi Senaratna, Marie-Ange Baudoin, Alice A. Oluoko-Odingo,
Linda Ajuang, Daniel W. Wepukhulu, and Ayub S. Mwadali

Abstract Disasters are an important cause of impoverishment in Africa, and Kenya
is 1 of 11 countries in the world most at risk of disaster-induced poverty. In 2011
alone, 106 million people around the world were affected by floods: the highest
number of victims were located in the Horn of Africa, where Kenya is located.
Hence, floods are one of the most frequent hydro-meteorological hazards, with
droughts, affecting countries in the African Horn and resulting in heavy economic
losses as well as loss of life. By incorporating vulnerable populations into the Early
Warning Systems (EWS), and by focusing on protecting livelihoods, it is possible to
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mitigate impact from disasters. Current systems are in need of major improvements.
Most developing countries need effective community-based early warning systems
that focus on efficient dissemination of information. This chapter highlights possible
ways to incorporate vulnerable groups within the EWS system, including
participatory rural appraisal, the creation of community-level prevention and
mitigation groups, improving infrastructure and planning, building links between
climate experts and local populations, improving communication with local actors,
and supporting local development. Some particularly promising solutions are
emerging from Kenya, related to the use of technology for social media and crowd
sourcing data. These new tools have the potential to significantly reduce disaster
risks if they are correctly incorporated into early warning systems.

Keywords Flood ¢ Early Warning ¢ Kenya * Vulnerable Groups * Community ®
Participatory Rural Appraisal * Social media

19.1 Context

Natural hazards, whether they are sudden (e.g., flash floods) or creeping (e.g.,
drought), can generate significant damages: by destroying infrastructure and
adversely affecting the environment, but also by resulting in population displace-
ment and death. Disaster impact intensity is amplified when natural hazards occur
in vulnerable regions. In sub-Saharan Africa (SSA) pre-existing socioeconomic
and environmental vulnerabilities, including a degraded environment, poor infra-
structure, high population growth, and inadequate human and economic develop-
ment, contribute to disaster risks and to increased impacts on society.

The Intergovernmental Panel on Climate Change (IPCC) has defined SSA as one
of the most vulnerable regions to climate change (CC) (IPCC 2007). Within SSA,
Kenya is particularly sensitive to hydro-meteorological (HM) events and greatly
affected by their impacts. In fact the Overseas Development Institute reports that by
2030, Kenya will be 1 of 11 countries with high numbers of people in poverty, high
multi-hazard exposure, and inadequate capacity to minimize impacts (Shepherd et al.
2013). As hydro-meteorological (HM) hazards are likely to become more frequent,
improvements in disaster risk prediction, risk education and awareness, and develop-
ment of preparedness strategies are becoming critical issues. Such risk prevention
measures should be focused on the most vulnerable groups among African societies —
especially women, children, and elderly — who have fewer resources to prepare for,
and respond to, natural hazards (Niaz 2009; Otiende 2009; Dulo et al. 2010).

This chapter briefly describes linkages between climate change and disasters in
SSA and highlights the impact of disasters on vulnerable groups within communi-
ties. To highlight some of the challenges we provide a case study of the EWS for
flood currently in place in Kenya. We then provide recommendations on how future
EWSs could better integrate local communities in risk identification and response
planning and highlight some innovative solutions emerging from Kenya which may
be also be useful elsewhere.
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19.2 Climate, Climate Risks, and Climate Change
in sub-Saharan Africa

Climate in Africais influenced by large-scale (synoptic) and small-scale (meso-scale)
systems. The main synoptic systems are (i) inter-tropical convergence zones (ITCZ),
(ii) extra tropical weather systems (sub-tropical high pressure systems), (iii) squall
lines, (iv) Easterly/Westerly wave perturbations, (v) jet stream, and (vi) tropical
cyclones. Other large-scale systems are monsoonal flows, teleconnections (global
scale climate anomalies associated with sea surface temperatures), Quasi Biennial
Oscillation (QBO), and El Nifio/La Nifia Southern Oscillation (ENSO). These clas-
sical climate patterns are further modified in some areas by meso-scale features
such as mountains and large lakes which create small-scale circulation patterns that
interact with large-scale flow. These factors result in different climatic zones in
Africa, some of which are more disaster-prone than others.

East Africa in particular is under the influence of the El Nifio Southern Oscillation
(ENSO). Warming and cooling of the central and eastern equatorial Pacific Ocean
region (El Nifio and La Nifia events) are associated with changes in atmospheric
pressure known as the Southern Oscillation (SO) and influence the atmosphere and
neighboring oceans in various ways. Since the SO is closely linked to El Nifio epi-
sodes, they are collectively referred to as the ENSO. The ENSO event recurs every
2-7 years and usually lasts 6—12 months, although it sometimes can persist up to 24
months. For some locations on the globe, there is ample lead time once an El Nifio
or La Nifia has begun to take effective action to prepare for it (Glantz 2000).

El Nifio and La Niiia events correlate strongly with seasonal rainfall anomalies
in the East Africa region. In general, rainfall occurs during the onset of the warm/
cold ENSO events (Indeje et al. 2000). Severe droughts and floods, such as the
1997/98 El Nifio-related floods followed by the 1998/2000 El Nifio-related droughts,
provide a good illustration of the disasters associated with the ENSO events in SSA
(Glantz et al. 1997). Some of the consequences of droughts, and institutional
responses to droughts, are further described in Chap. 11.

As described in Chap. 2, the occurrence of climate extremes is likely to increase
in the future. This is especially true in the Greater Horn of Africa. Although the
impacts of climate change are not precisely foreseeable, especially at the local level
(UNECA 2011), studies have indicated that the following could occur in SSA this
century: increased hydrological stresses (expected by 2020); increased and increas-
ingly rising temperatures; extreme events (storms, dry spells, etc.); gradual changes
in precipitation, with increased rainfall variability; and a worsening of coastal ero-
sion associated with sea level rise (Stern 2006; IPCC 2007; UNECA 2011).

Some of these impacts may even be already felt and have been experienced in
the past. Researchers have pointed out possible links between climate change and
hazards in East Africa ranging from wetter conditions (McSweeney and Jones
2012; Vecchi and Soden 2007) to drying movements (Funk and Verdin 2009).
A recent study showed that anthropogenic climate change played a role in climate
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variations leading to the 2011 drought crisis in East Africa (Lott et al. 2013). By
conducting event attribution, it was possible to simulate climate events during spe-
cific time periods (in this case short and long rain events from 2010 to 2011) and
compare the findings that were produced, with or without anthropogenic influence.
Lott et al. (2013) conclude that the short rain variations were not climate change
related but that long rains failed as a result of human-caused climate change.

Uncertainties about the direct link between global warming and increased
extreme events in SSA are, at present, significant. Numerous challenges to predic-
tion, including lack of technology to provide accurate forecasts and lack of both
qualitative and quantitative long term climate data, have affected research in this
field. For instance, there are eight times fewer meteorological stations in SSA than
is recommended by the World Meteorological Organization (Hellmuth et al. 2007,
p- 10). Yet, despite a lack of precise knowledge about future climate risks in SSA
and more frequent extreme events, such as droughts and floods, it is likely that cli-
mate variability is changing and increasing (or has already increased) on the
sub-continent.

It is clear that African leaders have recognized the vulnerability of the continent
to climate-related hazards and climate change. As such, they have been at the fore-
front in the development of pre-season climate outlooks and climate outlook forum
(also known as COFs) to prepare and respond to the negative impacts of climate
hazards (Ogallo et al. 2008). Moreover, the Greater Horn of Africa hosts a key
regional climate center: the IGAD Climate Prediction and Applications Center
(ICPAC) located in Nairobi. This research and climate science center plays a key
role in the GHA today, training hydro-meteorologists from across the continent
(and, sometimes, from elsewhere in the world), improving the accuracy of sea-
sonal forecasts, and more importantly promoting exchange and collaboration
among hydro-meteorologists across the region. In other words, ICPAC provides
necessary technical support to the national hydro-meteorological services in the
GHA - and more precisely to the Kenyan Meteorological Department (KMD)
located in Nairobi.

19.3 Example of a Climate-Related Hazard: Floods in Kenya

Kenya has very diverse topographic features that give rise to varying microclimatic
conditions. It sits directly astride the Equator, running from 5°S to 5.5°N extending
from longitude 34°E to 42°E. It rises steadily from the coastal region of Indian
Ocean to altitudes over 5,000 m in the interior to form the highlands in the East and
West separated by the Great Rift Valley. To the West, Lake Victoria (the largest fresh
lake in Africa and the second largest in the world) has been shown to have a regional
hydro-meteorological influence (Nyeko-Ogiramoi et al. 2013).
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A full country assessment of Kenya by Disaster Risk Reduction Initiative
Activities (DARA 2012) shows high vulnerability to drought and moderate vulner-
ability to flood. Floods are a very important concern in Kenya as DARA (2012)
predicts that by 2030, Kenya will have five million ($USD Purchasing Power Parity
(PPP)) and ten million ($USD PPP) additional economic costs related to drought
and flood, respectively. Data available on floods show that 5,000 additional people
will die and 50,000 additional people will be affected nationally (DARA 2012).
Floods are becoming more common in Kenya (RoK 2007), and their resulting fatali-
ties make up 60 % of victims from disasters in Kenya (UNEP 2009).

Persistent flooding is common in river valleys, lakeshores, and coastal strips.
Flood-related disasters have been recorded in many parts of Kenya, including in the
Tana Delta, Nyando, Ahero, Narok along with other areas distributed unevenly
across five major river basins (see Fig. 19.1). The Western region, more specifically
the Lake Victoria Basin, is the most susceptible area in Kenya to floods (RoK 2007;
Otiende 2009).

19.4 Flood Warning in Kenya

The Nzoia River drainage basin traverses a vast area linking the major “water tow-
ers” of the Lake Victoria North catchment: Cherangani, Mt. Elgon, and the Nandi
Escarpment. The basin covers an estimated area of 12,709 km?, with the longest
reach stretching some 334 km. The altitude varies from 4,300 m in the mountain-
ous Elgon and Kipkapus areas to 1,140 m toward Lake Victoria. The annual rain-
fall is mainly bimodal, though some areas in the basin enjoy trimodal distribution
of rainfall. The Nzoia basin is a host to some of the most densely populated rural
areas in Kenya with approximately 240 people/km? (Adhikari and Hong 2013)
which means that it is prone to overcrowding, making it a good example of a
regional vulnerability.

A variety of early warning systems exist to reduce damage from floods in this
area. For example, the Lake Victoria Basin has the Flood Risk information and

Box 19.1

A river basin is an entire geographical area drained by a river and its tributaries.
A “water tower” is a forested mountainous area that captures rain water to
percolate into subsurface water, serving as source of rivers.
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Fig. 19.1 (a) Rainfall distribution in Kenya (UNEP 2009)

Early Warning System (FRIEWS) in effect (Otiende 2009) (see Fig. 19.2). The
Kenya Meteorological Department (KMD), 1 of the 191 members of World
Meteorological Organization (WMO), is a national actor in the flood early warning
system. The KMD runs a Stream flow Model (GeoSFM) to forecast floods in
Western Kenya using precipitation forecast, river gauge data, and other hydrological
data as inputs. With ICPAC support (using its advanced technology and forecasting
tools), the KMD generates products for weather and climate sensitive sectors. The
message products are sent out through media and also through other methods
including community radio installed in Budalangi, emails to all stakeholders,
Internet web page display, and direct emailing to the Bunyala DC Office and Lake
Victoria North Water Resources Management Authority (LVNWRMA). Through
the Internet they are also involved in a collaborative platform that facilitates infor-
mation dissemination (Dulo et al. 2010).
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Fig. 19.1 (b) Flood prone districts (as identified by stakeholders in a climate early warning meet-
ing at UNEP, July 2013)

RANET is another technology-based initiative launched in Kenya and other
African countries with the goal to improve access of local and remote communities
to basic climate information and early warnings. It uses community radio and
Internet. RANET grew out of the regional COFs in the late 1990s as an initiative of
national hydro-meteorological services. The program is largely infrastructure-based,
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Fig. 19.2 Flood risk information and early warning system for the Lake Victoria Basin

as it seeks to connect rural poor areas with urban-based climate centers. Its two
major components are satellite download centers and community FM radio. Climate
information from satellite are downloaded by RANET servers at national level;
their content is formatted into usable information such as early warnings. It is then
disseminated to involved associations at the local level, such as farmer associations,
extension officers, cooperatives, and local NGOs, using Internet, community radio,
and mobile phone. Some components of RANET also address societal and com-
munication issues in order to foster the understanding of climate information among
rural communities and to allow application of the climate information product in
decision-making.

In all, RANET is essentially a small technology transfer program intended to reach
even the most isolated communities, and vulnerable actors, such as women who pro-
vide a high contribution to African agriculture. Although this initiative has been imple-
mented in various communities in, and even outside of, Africa for many years, it
remains a small-scale program, applied only in pilot communities (Sponberg K., 2013,
personal communication).

Local communities also use indigenous knowledge to mitigate climate-related
disasters through traditional early warning systems. Traditional weather indicators
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Table 19.1 Current EWS for various hazards, their location and timescale
System Hazard Place Timescale
Flood Early Warning System Floods Western Hours
(FEWS) region-
Budalangi
Kano plain
Greater Horn of Africa Climate Floods and drought Monitored across Seasonal
Outlook Forum (GHACOF) Kenya through Monthly
ICPAC Decadal
Drought Early Warning System Drought Arid and semi arid Monthly
(DEWS), Managed by lands
National Drought Monitoring
Agency (NDMA)
Famine Early Warning System Famine Entire Kenya Quarterly
Network (FEWSNET) Monthly
Tsunami Early Warning System Tsunami Coastline Monthly
(TEWS), Managed by KMD
Live stock Early Warning Drought and Entire Kenya Entire Kenya
System (LEWS) diseases Mo ALF
Severe Weather Warning Thunderstorms, Entire Kenya 1-5 days
(SWW), Managed by KMD lightening,
heavy rains,
waves, and wind
Response and Assistance Flood, drought, and Entire Kenya Hours
Network (RANET), Managed landslides Weeks
by KMD
Conflict Early Warning System Conflicts Entire Kenya Weeks

(CEWARN), Managed by
Intergovernmental Authority
on Development (IGAD)

Source: WMO 2004 and GoK 2004 and modified from Otiende (2009)

include bird migration, livestock behavior, bee swarms, snakes, wind direction, dis-
tant lightening over Lake Victoria, and riverine fog (Onyango 2013). Although
these methods are weaker than empirical evidence, they are sometimes the only
solution in rural villages where acquisition and understanding of technical informa-
tion may be limited (Dulo et al. 2010).

Further examples of existing early warning systems in Kenya are listed in
Table 19.1.

19.5 Effects of Floods on Communities

Despite structures for early warning systems being in place, in March 2003 the
Budalangi district, which is part of the Nzoia Basin in Western Kenya, was hit
with a major flooding disaster that left 47 people dead and 60,000 people dis-
placed. Other impacts included the destruction of water and sanitation infrastruc-
ture, of economic infrastructure such as roads and bridges, and environmental
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infrastructure including river bank erosion, crop failure, and livestock disease
(Government of Kenya 2004). The 1997/98 floods in Kenya drowned livestock
and destroyed acres of land, which led to crop failure and lack of pasture (Osbahr
and Viner 2006). It not only completely destroyed harvested food storage but the
meat and milk production/consumption market saw extreme losses as well. In the
Budalangi district agricultural production reduces by 50 % every 3 years due to
disaster-related incidences (Otiende 2009).

Again in 2011, a major flood event devastated the Budalangi division. Nearly
100 % (98 %) of people reported an impact on household economy, including
sectors such as crops (98 %), food prices (95 %), and households/property (66 %).
Much of the population coped with the disaster by relying on aid (91 %), migration
(64 %), alternative income for food (39 %), relatives (37 %), and sale of assets to
buy food (22 %). All of these coping mechanisms exacerbate livelihood insecurity.
Furthermore, 72 % still reported adverse effects despite their coping mechanism(s).
Forty percent of those who did not attempt any coping mechanism stated they did
not have the knowledge or skills to do so, while 31 % declared lack of resources/
means to help themselves (UNU-EHS 2013).

Many authors have linked vulnerability to natural disasters, to climate variability,
and changes to societal indicators, including social, economic, political, and institu-
tional characteristics (Blaikie et al. 1994; Leary et al. 2008a, b; Baudoin et al. 2013).
Among these studies, some have also tried to identify specific groups that are more
likely to be impacted during hazards. These include, but are not limited to, women,
farmers, and those living in specific geographical locations (e.g., slums) (Osbahr
and Viner 2006; Niaz 2009; Otiende 2009; Dulo et al. 2010). As main findings,
these studies highlight gaps in knowledge regarding indicators of vulnerability that
should be addressed in order to foster resilience in response to disasters and climate
change impacts.

Box 19.2 Vulnerable Groups: Focus on Women in Kenya

As mentioned in Chap. 14, women are particularly at risk during extreme
hazards such as floods because of their marginalization in many societies
(Niaz 2009; Otiende 2009). In Kenya marginalization can be linked to cultural
expectations toward women, who are perceived as home based, responsible
for maintaining the household, caring for children, preparing meals, etc. They
are expected at a young age to take on traditional roles (e.g., getting married)
and are additionally involved in many agricultural activities such as weeding,
sowing, and harvesting, which often deprive them from education.
Consequently, their limited knowledge and understanding of disasters’ risks
and preventative measures can make them more vulnerable when facing
climate hazards (UNDP 2012).

(continued)
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Box 19.2 (continued)

Gender inequality, climatic risks and disasters are inextricably linked as
they limit the attainment of poverty reduction and development goals (Aguilar
et al. 2007). The importance of gender issues in climatic risk reduction and
early warning systems has been enhanced in many reports and research
papers (WEDO 2012; ILRI 2010; ICRW 2008; Patt et al. 2005). These stud-
ies point out that women and girls must no longer be seen as passive victims
of disasters; on the contrary, their unique skills and expertise must be
reflected in national policies and actions for DRR and Climate Change
Adaptation (CCA) (Global Assessment Report 2009). Though disasters
place an extra burden on women and girls, they also create opportunities for
them as agents of change (UNDP 2012).

19.6 Challenges of EWS in Developing Countries

The recent 2003 and 2011 floods indicate a strong need to strengthen the monitor-
ing and early warning systems in the country. In general, one of the main prob-
lems of EWS is that communities are usually left out of the process and miss out
on key information for proper community action planning, implementation, and
monitoring and evaluation when the threat of flood is imminent. Many factors can
be highlighted to explain this lack of integration and participation of the local
communities to the EWS (Box 19.2), but they are essentially related to the access
and understanding of EW at the local level, and to their application as decision-
making tools.

Most existing constraints are related to the dissemination and interpretation of
the early warnings (EW) especially in remote rural areas. Communication gaps, for
instance, affect the access, understanding, and interpretation of the forecasts. They
essentially include (1) a lack of adequate communication structure, (2) the use of a
complex terminology and non-familiar language when communicating about EWS,
and (3) a lack of education and awareness about climate risks among the public.
First, in the village context, word of mouth can sometimes be the sole source for
information transfer while radio or Internet may not even be accessible. Second,
understanding forecasts can be difficult. EWS are based on forecasts and seasonal
predictions that, despite attempts to simplify them, tend to remain coarse and based
on probabilistic terminology (e.g., probability of rain at a “normal,” “below normal,”
or “above normal” level). Moreover, most climate information is often released in
English, a tongue not understood in every community.! Third, the lack of

"Exceptions where warnings are released in local languages can be, nonetheless, found in some
pilot zones and within pilot initiatives such as RANET.
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understanding of the EW is related to the lack of education in general, as well as
education on climate risks, prevention measures, and preparedness options. Most
local farmers do not understand meteorology and are not aware of EW’s potential
benefits. This problem is illustrated in many scientific research findings on DRR in
SSA (Archer 2003; Hansen et al. 2011; Shah et al. 2012).

In addition, there are many problems at the local level that constrain the poten-
tial responses to EW, even if communities have access to information and under-
stand warnings (Ngugi et al. 2011). Research from Archer (2003), Lallau (2008),
and Hansen et al. (2011), for instance, reveals a significant lack of trust in the
forecasts at the local level and a lack of capacity (financial and material) to use
climate information to pursue and develop adequate responses. The problem of
lack of trust between communities and climate experts is also mentioned in other
chapters in this book. It was also confirmed during discussions with small-scale
farmers located in Kenya highlands (7,000 ft)?, which revealed that many farmers
tend to perceive forecasts as both “inaccurate” and “valueless”; they usually rely
on their own knowledge about the local climate by observing clouds, winds, and
other proxy environmental indicators. On this matter, Hansen et al. (2011) and
Shah et al. (2012) explain that the reliability of seasonal forecasts is often ques-
tioned by farmers because of past wrong predictions and because of existing tradi-
tional knowledge.

Farmers’ limited financial capacities and assets to implement adequate responses
even though they may have received early warnings is another limitation. This prob-
lem is directly linked to development issues in rural Africa. Most small-scale farm-
ers do not have options to supplement their economic activities and they are often
unable to obtain the necessary inputs in a timely fashion (Glantz et al. 1997; Baudoin
et al. 2013). For instance, they are unlikely to buy short-cycle varieties of seeds to
respond to a predicted shortened rain season without external financial support.
Beside poverty, Lallau (2008) and Gubbels (2012) have related this absence of flex-
ibility of farmers (regarding their economic activities) to the lack of social protec-
tion such as crop insurance in most countries of SSA. The lack of social nets also
explains why African small-scale farmers are more reticent to implement new,
allegedly “climate-proof” strategies for fear of losing the few goods they do pos-
sess. The truth is that the risks for them of changing their usual practices are per-
ceived as being greater than the risks described in forecasts, especially when those
practices have generally proven successful in the long past of their lives and the
generations before them.

As we can see, although it is essential that key actors from rural and local com-
munities be involved in the entire EWS process, there are also many challenges to
such integration that should be first addressed. EWS must not only save lives or
assets but must also incorporate social protection and asset-building approaches
(Shepherd et al. 2013). Those challenges, some of which have been pointed out in

2The review was conducted for a survey funded by OFDA in a project “Lessons Learned About
Disaster Risk Reduction” by the CCB (Glantz et al. 2014).
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this section and within existing literature, are opportunities for improvements in the
field of DRR in SSA.

19.7 Recommendations and a Way Forward

Hydro-meteorological disasters are an inevitable reality for many developing
nations, and it is essential that they improve their EWS system to be adequately
prepared for the future (Lott et al. 2013). There is consensus that effective early
warning should be inclusive of vulnerable groups or communities; have strong field-
based networks of monitors; use multiple sources of information, both quantitative
and qualitative analytical methods; capitalize on appropriate communication and
information technology; and have a strong link to responders or response mecha-
nisms (Otiende 2009). With a focus on the necessary integration of local communi-
ties into EWS, the following recommendations are proposed as step forward to
improve DRR and EWS in Kenya — and possibly in other regions of SSA.

Obviously lack of funding remains a major obstacle to improved disaster risk
reduction (DRR) and early warning systems. Despite a massive risk of hazards and
a significant number of people affected each year, over the past 20 years, Kenya has
received very low donor financing for DRR: just 4.04 dollars per capita (Caravani
and Sparks 2012). Additional financing will be needed.

19.7.1 Participatory Rural Appraisal

Discussions between experts and rural community or village (on seasonal calen-
dars, pictures for the illiterate, etc.) can help understand what the community prob-
lems are when facing disaster risks and how they could be integrated as active actors
within the EWS process: hence, vulnerability, needs, and capacity assessments can
contribute to find possible solutions to their situation (Zschau and Kiippers 2003).
Discussion sessions with the communities can also provide an understanding of
capacity building needs and an assessment on the vulnerable groups in the area that
can become the focus of the EWS process.

19.7.2 Formation of Community-Level Groups

A specific flood prevention group should be established in every community with a
variety of actors including non-governmental organizations (NGO) and community-
based organizations (CBO), members who can have contact with key stakeholders
and/or access to information transfer (computer, Internet, etc.), elite persons (local
government) or religious leaders who have influence within the community, local
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residents (including farmers, women, teachers, business owners, children, etc.).
This group will be in charge of following EWS closely and preparing their com-
munity for the possibility of a flood. They will participate in training related to flood
mitigation, livestock management during floods, crop loss prevention techniques,
women's role in the EWS, and evacuation and rescue procedure. They will be
responsible for raising awareness and holding meetings, discussion, and training
within their local community in order to transfer the information to them. They can
be involved in attempts to flood-proof their community and organize drills for evac-
uation and rescue plans.

This creates a sense of empowerment as they are involved directly in the mitiga-
tion measures within their community (Otiende 2009). Ensuring that this community-
level group is created well in advance to a specific flood threat will guarantee
sustainability in local flood management. Capacity building to ensure that they have
the skills to implement flood prevention plans and participatory rural appraisal
within their own communities will minimize the impact of the disaster locally, espe-
cially in vulnerable groups.

19.7.3 Improving Infrastructure and Planning

Regular drainage clearing, proper waste management, introducing flood-proof
homes and land-use planning are essential in building resilience in these communi-
ties (Wamuchiru 2012). Unprepared human settlements in floodplains are a recipe
for disaster, thus, ensuring these areas are clear of homes can secure residents from
impact. This can be done at a government level and special attention to the informal
sector is necessary in order to implement this effectively.

19.7.4 Building Trust Between Climate Experts and Local
Communities to Support Effective EWS

Different ways to overcome communication barriers with the local communities
have been identified in previous research. Providing farmers with accurate and
locally useful forecasts is one solution to restore trust in the EWS, but won’t be suf-
ficient. Doing so also requires education on risk and preparedness options, as well
as enhanced dialog between local farmers and climate scientists. Open dialog is
necessary to build climate products that reflect farmers’ needs in terms of warnings.
Moreover, scientists would gain from using traditional knowledge of climate to
build early warnings (see previous chapter). Local farmers are witnesses of their
own environment and the first to notice changes and potential risks. Furthermore,
local “ordinary” knowledge has a great influence on the way farmers respond to
possible hydro-meteorological stresses (Archer 2003).
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19.7.5 Improve the Communication with Local Actors

Significant gaps in climate information communication, especially with remote
areas in Kenya, must be identified and addressed in SSA as they remain a hindrance
to improving EWS. Even though projects such as Radio and Internet for the
Communication of Hydro-Meteorological and Climate Related Information
(RANET) have tried to fill communication gaps using satellite radio and low-tech
communication devices, this idea remains very limited in many countries. There is
a large window of opportunity for research in the use of mobile phone, for instance,
in order to disseminate EW at all levels; pilot initiatives have done this with success
and results must be up-scaled (see next section about social media and EWS).

In addition, communication of climate information must be simplified. In gen-
eral, climate information remains too complex and probabilistic for general under-
standing. This information is also limited to the national level, as station level
forecasts are not provided. In this context, climate information may not be a useful
decision-support tool. Ideally, “retailed” farm-level information would be available
and delivered with understandable and actionable options for farmers, for instance,
using intermediates such as local extension officers.

19.7.6 Support Local Development

Responses to EWS require farmers to have resources (in addition to knowledge) to
implement prevention measures. One possibility relies on using insurance to cover all
risks when farmers use new agricultural practices that are guided by climate predic-
tions. Not only would pilot farmers enjoy the benefits (in terms of increased yields)
of using climate predictions to guide agricultural practices, but others would also be
able to see potentially improved harvests, for example, a “demonstration effect.”

Building capacities to face disaster risks at the local level also implies improving
development by strengthening women’s economic opportunities, developing com-
munication and transportation infrastructure, investing in education for the children,
supporting social networks, etc. In all, DRR and EWS are not separate from other
important development issues; they must be integrated to ensure better results in
termsof improved well-being, especially inthe face of increased hydro-meteorological
disaster risks with climate change.

19.8 Innovative Solutions from Kenya: Social Media

19.8.1 Crowd Source Data

Innovative solutions are also emerging from Kenya. In late 2007, in the midst of
mass violence in Kenya, a non-profit company called “Ushahidi” put to use for the
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first time software that allowed local observers to submit reports of violent incidents
using their mobile phones or the Internet, and placed these incident reports on a
Google map. It included a feature that integrated satellite imagery to create a crisis
map based on the alerts and archived the information for future reference (Gao et al.
2011). The method only uses trusted information sources and makes it available to
the public instantly. As a result, Kenyan communities were provided with early
warnings about violence in certain areas and due to its success, it was deployed in
other areas like Afghanistan, Haiti, and Mexico for violence prevention (Gao et al.
2011). Crowd sourcing platforms like Ushahidi are an important way to share local
information with decision-makers for relief operations so that action plans can be
made and response times for humanitarian operations shortened (Gao et al. 2011;
Mashhadi et al. 2013).

Although, the Ushahidi platform focused on violence, it has relevance for disas-
ter reduction. Research shows that post-disaster use of social media can bring atten-
tion to relief, emergency response, and post-crisis aid (Wu et al. 2002; Goggins
et al. 2012; Gao et al. 2011). Whether through text donations, photo uploads of
post-disaster areas, gathering data from different regions or crowd sourcing with
geotags, social media plays a role in recovery and response coordination during
emergency response planning (Wu et al. 2002). Up-to-date information for key
actors and stakeholders involved in disaster relief operations can reduce loss of life
and property damage when disasters are imminent (Wu et al. 2002). Social media
has been useful in response and recovery operations including the Wenchuan
Earthquake in China in 2008 (web forums) (Lu and Yang 2011; Qu et al. 2011),
the Yushu earthquake in 2010 in China (microblog), the Haitian earthquake in
2010 (Forum, Twitter, MS Sharepoint) (Goggins et al. 2012; Wei et al. 2012;
Caragea et al. 2011), and the September 11 attacks in the United States (Flickr)
(Liu et al. 2008).

19.8.2 Cell Phone Growth in Kenya and EWS Opportunity

Currently, more people have access to social media sites, as mobile phones are
becoming more accessible and relatively affordable even in some of the poorest
communities around the world. Even in small villages in Africa, far from the bustle
of the city, it is not unlikely to see a repaired Nokia that uses credit for talk and text
and has access to the Internet. Moreover, social media channels are able to provide
the user with direct, timely information that may not otherwise trickle down to vil-
lages and rural areas by word of mouth. Cell phone companies are now covering a
network that comprises 86 % of the world’s population and in 2009, 3.2 billion
people in the developing world were noted to have cell phone subscriptions ITU
2010). In Kenya specifically, 93 % of the population are mobile phone users and
73 % are mobile money customers (Demombynes and Thegeya 2012). Therefore, it
could be possible to use social media to provide communities with information
regarding disasters.
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Limited studies consider if social media can be used in early warning systems or
to prevent loss of life during disasters (Wu et al. 2002). However, some notable
examples where social media was important in preparedness (early warning) along
with response and recovery include the Red River flooding and the Oklahoma fire in
2009 in the US (Twitter) (Starbird and Palen 2010), the Mount Merapi Eruption in
2010 in Indonesia (Facebook, Twitter) (Nugroho 2011), and the Great East Japan
Tsunami (Twitter) (Ichiguchi 2011).

Local government, NGOs, and community organizations need to understand
local context and gain geospatial information about climatic variations and popula-
tion movements as they can be indicative of a forthcoming disaster and disaster
response improves when tracking population movements with mobile phone net-
work data (Bengtsson et al. 2011). Anokwa et al. (2009) studied open source data
collection and realized an opportunity in Kenya for HIV/AIDS prevention and treat-
ment. This same method could also be applied to disaster early warning systems to
gather local data and open communication between vulnerable populations and
decision-makers (Anokwa et al. 2009). Once the data is being transferred and col-
lected effectively, social media can be used by meteorological centers and govern-
ment to warn local communities of disaster risk.

In fact, one study by Chatfield and Brajawidagda (2013) analyzed tweets related
to the 2012 tsunami in Indonesia to understand if Twitter can be an effective tool for
early warning systems for Tsunamis, and if so, if it is possible to diffuse that infor-
mation quickly in order to avoid the disaster effectively. The authors demonstrated
that within 15 min of the earthquake, 4,102,730 Twitter followers were informed of
the potential for a tsunami by the early warning network in the region. The authors
concluded that Twitter is an effective tsunami early warning system due to its reach
and speed of communication. However, the authors stressed the importance for gov-
ernments to ensure transfer of EWS information effectively and without delay to the
civil society (Chatfield and Brajawidagda 2013).

19.8.3 Limitations

Although social media can be an important tool in disaster early warning systems,
there exist some limitations (Ichiguchi 2011; Gao et al. 2011). These include issues
such as misallocation of response resources (Gao et al. 2011), “network congestion”
(Ichiguchi 2011), information illegitimacy, skewed data collection/results, and dan-
gerous situations arising from public network sharing (Gao et al. 2011). Allocation
of response resources is an issue because there is limited coordination between
relief organizations, and there are instances of multiple relief organizations respond-
ing to one single crisis (Gao et al. 2011). “Network congestion” occurs where too
many people attempt to access the connection at once, causing calling, texting, and
social media access (through Internet connection) to completely shut down as seen
in the Great East Japan Earthquake on March 11 (Ichiguchi 2011). Finally, geotags
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may not be entirely accurate and duplicate reports are not uncommon (Gao et al.
2011). This has the potential to lead to skewed results and panic situations when
dealing with disasters.

19.8.4 Filters for Feeds?

Although some limitations exist, it is possible to see opportunity within social
media for disaster preparedness (Starbird and Palen 2010; Nugroho 2011;
Ichiguchi 2011). It can be applicable to regions in Kenya as there is surge in
mobile phone growth (Anokwa et al. 2009), and tools like the Ushahidi Platform
(Whitla 2009) and open source data collecting (Anokwa et al. 2009) have had suc-
cess in the past in this region. Information gathered by crowd sourcing was com-
pared to press releases or scientific studies, and the majority of information was
linked to reputable news sites and companies that could validate the information
(Ichiguchi 2011). It is argued that popular informational sites like Wikipedia —
supported and up-kept by civil society — have become more accurate than actual
encyclopedia entries (Voss 2005). It is recommended that platforms for disaster
information sharing have rigorous monitoring systems to effectively prevent falsi-
fied information from leaking through. If such actions are taken, social media can
be the future of the EWS process, gathering relevant data related to disasters, alert-
ing citizens of disasters, and opening communication channels between civil soci-
ety and decision-makers.
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Epilogue
The Credible Sentinel

Sanjay Khanna

“It’s not just a wake-up call, it’s a wake-up scream.”!

On October 12, 2013, Cyclone Phailin, a very serious cyclonic storm with a wind
speed of 200 km/h, hit India’s east coast. To protect vulnerable populations from the
most powerful regional storm in 14 years, relevant authorities and cooperating
agencies activated a disaster response plan that required the evacuation of almost
one million Indians in the states of Odisha and Andhra Pradesh. More than a decade
of preparations prior to Cyclone Phailin meant that many fewer lives were lost than
in the aftermath of 1999’s devastating Cyclone 05B (38 deaths versus more than
10,000, or 0.4 % of the loss of life).

In response to the 1999 disaster, the Odisha State Disaster Management Authority
was founded. Governance mechanisms were developed and populations educated.
Preparations involved “years of planning, construction of disaster risk mitigation
infrastructure, setting up of evacuation protocols, identification of potential safe
buildings to house communities and most importantly, working with communities
and community-based local organizations in setting up volunteer teams and local
champions who all knew exactly what needed to be done when the time came to

!Attributed in the New Scientist (November 6, 2012, issue) to Cynthia Rosenzweig of Columbia
University (also senior research scientist at NASA Goddard Institute of Space Studies and cochair
of the New York City Panel on Climate Change) in reference to Hurricane Sandy, which struck the
US eastern seaboard on October 29, 2012, causing 50 fatalities in New York State alone and 275
fatalities overall. http://www.newscientist.com/article/dn22470-protecting-new-york-city-from-
the-next-big-storm.html. Accessed 26 Oct 2013.
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act” (World Bank 2013). In 2011, the International Development Association’s
investment of approximately $255 million focused on “enhancing the early warning
system down to the ‘last-mile’ community level and building cyclone risk mitiga-
tion infrastructure, including multi-purpose cyclone shelters, evacuation roads and
strengthening of existing coastal embankments.”

As I write this epilogue, another disaster is unfolding—a series of major bushfires
in New South Wales, Australia, in rural areas surrounding Sydney. For the relevant
authorities, tensions are palpable between that which is predictable from historical
bushfire data and the sorts of extreme fires that may result from the bushfire season’s
unseasonably early start. There were reported fears among New South Wales’
authorities that a “mega fire” could occur if three major mountain fires combined
into one and moved toward Sydney’s outskirts. This threat did not come to pass.
Even so, amid uncertainty, a news reporter documented that people in some com-
munities became frustrated and confused by mobile phone alerts whose evacuation
advice contradicted that of local fire fighters (Sydney Morning Herald 2013). By
and large, however, the Australian public has so far trusted the authorities’ direc-
tives, and public confidence in early warning systems (EWS) is essential to reduce
disaster risk. Nonetheless, as long hot summers with extreme fire risk become ever
more hazardous in the future, public confidence will be sorely tested.

These are compelling recent examples of how EWS are part of an interdependent
approach to helping save lives and protect livelihoods as risks of extreme weather
and climate change continue to grow. As the Cyclone Phailin and New South Wales
bushfire examples attest, EWS may contribute to resilience—the ability of indi-
viduals, communities, societies, and systems to rebound from stressful or cata-
strophic events and reestablish a desired equilibrium—and thus may be essential for
building resilient communities.

Disseminating timely information about hazards using promising sociotechnical
solutions is one important aspect of a sound approach to EWS, so too are public
education programs that enable citizens to discern whom to trust, that is, to ascertain
the credibility of given warning messages and their reliability and accuracy (Hamza
and Moriniere 2011). Where sociopolitical contexts and sociocultural norms erode
trust, and make it a challenge to identify the most accurate information on which to
act, citizens may need to filter potentially contradictory information in optimal
ways. Since the communications landscape that can facilitate EWS—from radio,
print, and television to personal computers, mobile devices, and myriad social-
media applications—is highly fragmented and unevenly accessible (Sorensen
2000), “credible sentinels” may be essential for existing and emerging hazards to be
understood by citizens and for EWS to be effective.

A working definition of “credible sentinel” is in order. A credible sentinel is a
person, a group of people, or an organization with essential knowledge of hazards,
disaster preparedness and response, as well as a high degree of social and reputa-
tional capital. Well in advance of a potential disaster, credible sentinels employ
hands-on education, risk communications, or a combination of both to help indi-
viduals and organizations become prepared. Prior to a disaster, credible sentinels
may moreover use crisis communications and local outreach to warn individuals
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and organizations to remove themselves from harm’s way. And because they are
seen by citizens to be authentic in their motivation—and/or skilled in their
ability—to protect people from harm, credible sentinels’ reserves of social and
reputational capital can withstand false warnings. Ideally, their hard-earned social
and reputational capital contributes to societal adaptation and resilience, acting as
a bridge of trust between particular communities and the technologies of early
warning, enabling both knowledge sharing and coordination of action. Of note,
credibility and EWS effectiveness are discussed in Chap. 11 on emancipatory
lessons for early warning practitioners (which emerged from the 1999 flash floods
in France) and in Chap. 12 on how early warnings affected mitigation and recovery
processes during the 2010 floods in Pakistan.

In recent years, a wide range of credible sentinels, including citizens, community
groups, climatologists, journalists, nongovernmental organizations, multilateral
institutions, and public bodies, have sounded the alarm about the emerging risk
environment. As this book demonstrates, researchers and practitioners across
disciplines are striving to inform an integrated approach to EWS, so that urban and
rural populations worldwide can be adequately protected from hazards influenced by
climate change. These include blizzards, cyclones, drought (Chap. 10), dust storms
(Chap. 7), floods (Chaps. 8 and 9), forest fires (Chap. 6), heat waves, hurricanes,
landslides, and tornadoes. Both locally and globally, the development of an integrated
approach is increasingly difficult, as more intense and frequent extreme weather is
occurring side by side with heightened systemic risks to global economic and financial
stability, aggravating existing and emerging socioeconomic and sociocultural threats
to the long-term well-being of many nations’ citizens (World Economic Forum 2013)
and raising parallel concerns about EWS financing and sustainability. The global
nature of such converging stressors may mean that EWS should be rethought to
address the emergence of interdependent, volatile, long-term background conditions
that may dull the ability of key actors to filter signal from noise—and thus to respond
effectively to disasters in the making.

In this charged context, both mundane and urgent priorities vie for the time- and
resource-starved attention of policy makers, business leaders, and citizens.
According to recent publicized research, limitations of human attentiveness, or
“bandwidth,” are particularly pronounced when time or resources are scarce
(Mullainathan and Shafir 2013). It is well known, for example, that chronic stress
affects brain function and inhibits coping ability (Lupien et al. 2009). The Eurozone’s
post-2008-financial-crisis experience indicates, for example, that fragile economies
may correlate with chronic stress and thus with psychosocial vulnerability (WHO
Regional Office for Europe 2011). This fact raises questions about the degree to
which higher levels of psychosocial vulnerability may impact cognitive perfor-
mance and whether a given society’s cognitive performance may affect its capacity
to make near-term decisions that support adaptation to a changing climate decades
in the future.

Here, numerous vulnerabilities come into play: as the planet’s great sea ice and
ice sheets disintegrate and melt, coastal areas worldwide are threatened; a warming
atmosphere has more energy for producing extreme weather; and globally,
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infrastructure of housing, cities, and farms strains from operating in a climate
increasingly unlike the one that had emerged under a different climate regime.
Citizens and policy makers have understandable difficulty in considering such risks,
their implications, and what might be done to reduce them. If the global economy
remains as uncertain as it has been in the recent past—and there are informed and
plausible grounds to believe it will—potential limitations in society’s collective
capacity to adequately prepare for extreme weather and climate change would rep-
resent a vulnerability that undermines resilience.

The Anthropocene, the geological epoch of human-induced change (Stromberg
2013), brings to a head questions about interactions between fact and fallacy;
certainty and uncertainty; cause and effect; sociotechnical systems’ effectiveness
and scalability; hierarchies of power and influence, including gender and intercul-
tural relations, as well as associations between traditional and scientific knowledge;
and vulnerabilities associated with a complex civilization undergoing accelerating
change. As atmospheric carbon dioxide concentrations rise beyond 400 ppm, it
becomes more critical to determine at which vulnerable locations EWS might
provide appropriate advanced notice of extreme weather or climate change-related
events. These events and their magnitude are expected to become more unpredict-
able as the planetary system is increasingly influenced by anthropogenic change and
associated societal and environmental repercussions.

For these reasons and others, climate change has been described as a “super
wicked problem” (Levin et al. 2007), one that is virtually immune to satisfactory
solutions because it is “characterized by four key features: time is running out; the
central authority needed to address it is weak or non-existent; those who cause the
problem also seek to create a solution; and hyperbolic discounting occurs that
pushes responses irrationally into the future.” There is also the requirement that “a
great number of people [...] change their mindsets and behavior” (Wikipedia 2013).
Conceptually, EWS may represent a kind of “late entrant” into the super wicked
challenge that climate change poses, even as the imperative to direct innovation
toward climate adaptation (and, to a lesser extent, mitigation) grows. This is largely
because substantial climate change is already locked in, reducing time available
to conduct research and development of scalable technology-centered EWS and
thus preparing for a more volatile, uncertain, complex, and ambiguous risk environ-
ment (Levey and Levey 2013).

To a greater or lesser extent, for example, credible sentinels have already com-
municated initial risk assessments, which to a concerning degree remain unheeded.
A recent assessment of the past 20 years’ financing of disaster risk reduction states
clearly: “[...] financing for DRR has been both inadequate and markedly inequita-
ble, with little prioritisation across full considerations of risk, need and capacity”
(Kellet and Caravani 2013). The challenge is exacerbated because the United
Kingdom, the United States, Japan, and the Eurozone are on an austerity pathway, a
stance that inhibits the release of funding for national and international preparedness
measures that are commensurate with plausible risks. And with the global focus on
economic growth and financial stability, civil contingencies and public health experts
may find it increasingly challenging to fund, coordinate, and scale adaptation and
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mitigation responses in proportion to an enlarging risk landscape—particularly
since decision makers today are demanding risk-related “information and certainty
beyond what the climate science community can in many cases realistically achieve”
(Conway 2011).

It would seem the precautionary principle is on life support. Yet, if justice and
fairness are paramount, the world’s peoples have the right to be forewarned from the
top down and from the bottom up. They should have the opportunity and responsi-
bility to perceive the nature of extreme weather and climate change as well as to
understand viable options for adaptation and civil preparedness locally, regionally,
and nationally. Unfortunately, the challenge of warning populations from risks asso-
ciated with extreme weather is becoming harder, especially when climate miscom-
munications from a variety of sources have very likely contributed to public
confusion about observed and measured realities of changing planetary conditions
and their impact on regional and local weather patterns. In fact, as risks mount—
and, from the public’s perspective, local seasonal weather patterns change substan-
tively enough to cause widespread concern—the ability to identify an optimal
response is likely to become more cognitively challenging, not less. Although EWS
may become more accurate and predictive as analytical tools improve—with the
promise of better decadal modeling for guiding the long-term decisions of policy
makers and planners (Chap. 15) and relevant collaboration between governments,
insurance industry players, and civic organizations aimed at prioritizing EWS
(Chap. 16)—it is possible that such systems will be mistrusted if authorities pres-
ently minimize the implications of extreme weather and climate change and do not
take responsibility for safeguarding citizens, if such systems cannot expand to meet
needs because of cost or technical complexity, or if they do not lead people to expe-
rience a reassuring depth of security or preparedness. The societal use of EWS must
be accompanied by a narrative of the twenty-first century that makes sense to citi-
zens. Otherwise, accelerating economic, political, social, cultural, and technologi-
cal shifts may undermine citizens’ trust of EWS, impairing the ability of populations
to respond appropriately.

For EWS to be as effective as possible, it may be valuable to explore and test four
hypotheses. First, urban and rural communities may need to internalize plausible
scenarios they discern could emerge from present circumstances. Communities’
increased awareness of changes in the natural environment over time could play into
this. Second, a consensus narrative of the twenty-first century may be needed to help
local populations connect personal and community-based stories with rapidly
changing terrestrial, atmospheric, oceanic, and societal phenomena to reduce the
risk that a number of cognitive biases may prevent significant numbers of citizens
from assigning appropriate risk to near and distant threats. Third, citizens may need
to make a significant effort to critically examine media sources and sometimes even
peer-reviewed research to become convinced that disaster-related risks correlated
with extreme weather and climate change threaten the business-as-usual function-
ing of the private sector, governments, nongovernmental organizations, and there-
fore civilian life in the most fundamental, predictable, comforting sense. Arts,
advertising, and other cultural media could provide a promising avenue for helping
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citizens comprehend the risks they face (Khanna 2009). Fourth, implementing
effective mitigation and adaptation responses may require that complex political,
economic, and financial considerations be modeled.

Unfortunately, time is not on the side of public education and disaster prepared-
ness, which makes such tasks increasingly crucial. Given the heightened risk for
society to experience chronic stress as economic and climatic instability grow, it is
possible that moderately funded, and even somewhat well-coordinated, risk com-
munications outreach—backed up by promising EWS methods, tools, and technol-
ogies—would be heard by a relatively small proportion of decision makers and
citizens. In addition, during this time of relative economic and climatic stability,
effective risk communications outside of mass communications and social media
may require institutions, organizations, and community groups to do essential and
painstaking community-based work, which may necessitate the time-honored tactic
of breaking through cognitive barriers by reaching individuals one by one, or in
small groups, thereby influencing social norms and politics. In part, this would be
accomplished by heeding the clarion call of EWS; in part, it would be accomplished
by helping people learn, build trust, and foster social cohesion both before AND
after disasters strike and as part of the ongoing rhythm of their daily lives. For its
part, the public will need to learn to understand EWS in a context of society’s need
to adapt to a world in which socioeconomic and climatic conditions will be even
more difficult than they are today. In parts of the world where extreme hardship and/
or endemic conflict endures, the prospect of even further suffering may elicit despair
among affected populations and the early warning community alike. Recent studies,
for example, in Shyamnagar, Bangladesh; Punakha, Bhutan; North Bank Region,
The Gambia; Budalangi Division, Kenya; and Kosrae, Micronesia, document limits
to coping and adaptation (Warner et al. 2012). Even so, the task of maintaining
hope, perhaps even hope against all hope, remains vital.

During this period of human-caused environmental change of an unprece-
dented scale—and in the face of increasing human and systemic vulnerability—
how credibly the story of adaptation and preparedness is told will influence how
well EWS contribute to protecting human populations and numerous societies’
economic underpinnings (for example, through insurance programs better suited
to extreme weather and climate change-related phenomena) as well as natural
systems’ bio-cultural diversity and resilience. We must move with urgency to
identify appropriate ways to promote flexible and forward-looking decision making
and thus empower individuals, communities, institutions, and organizations to
enhance “their capabilities and level of agency to deal with climate change and
uncertainty” (Jones et al. 2013). The credible sentinel, allied with EWS, will help
limit the loss of life caused by extreme weather and climate change and, where
possible, will support smarter and wiser adaptation to these now-inexorable plan-
etary phenomena.
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