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Endorsements

“Measuring Vulnerability to Natural Hazards quickly established itself as
essential reading for all who study or manage disaster risk. Birkmann and
his colleagues have made sense of a complex and subtle problem, and
one that is central to the promotion of resilience.”

David Alexander, Professor of Risk and Disaster Reduction, Institute for
Risk and Disaster Reduction, University College London, and Editor of
Disasters and International Journal of Disaster Risk Reduction

“Jorn Birkmann is to be congratulated: he has assembled a coherent vol-
ume that does much more than report on the state of thinking and imple-
menting vulnerability assessments worldwide — it goes inside assessment
tools to critically examine their frames, methods, language and assump-
tions. This book should be the regular companion for all those whose
work demands knowledge of vulnerability.”

John Handmer, Geographer, Professor and Director of the Centre for
Risk and Community Safety, RMIT University, Melbourne

“This completely revised book on measuring vulnerability to natural
hazards, edited by Jorn Birkmann who has brought together more than
30 authors working in this field, is an excellent and very positive addition
to the scientific literature on disaster risk reduction. The strategic connec-
tions with climate change adaptation are very timely and comprehensive.



The focus on vulnerability and its assessment makes it highly relevant to
scholars and also towards the development of strategic policy.”

Gordon McBean, President Elect of the International Council for Science
(ICSU) and Professor of Political Science and Geography, Institute for
Catastrophic Loss Reduction, University of Western Ontario
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Foreword
David M. Malone

The links between poverty, environmental degradation, disaster risk and
socio-economic development pathways have been a subject of discus-
sion since the 1970s. However, scientific as well as political discourse
often progressed independently in each of the topics. Understanding dis-
aster risks and disaster impacts due to natural hazards and extreme
events has come a long way since the first major initiative, the United
Nations International Decade for Natural Disaster Reduction (IDNDR)
in the 1990s.

While the first phase of the discourse around disaster risk reduction
focused heavily on management of the physical phenomena (floods,
droughts, storms, earthquakes), the second and ongoing phase has em-
phasized the social context of disaster risk in order to understand why
similar hazards can lead to very different impacts and human harm, loss
and destruction. Particularly after the World Conference for Disaster
Risk Reduction in Kobe 2005 more attention is being paid to understand-
ing the complexity of disaster risk — including the phenomena of expo-
sure and vulnerability.

Research shows that disaster risks will have a considerable impact on
sustainable development options, particularly for the most vulnerable
groups and countries. This nexus is increasingly receiving attention in
international politics and by decision-makers at various levels. As a con-
sequence, Disaster Risk Reduction (DRR) is being integrated in other
policy discourses, such as sustainable development and climate change.

XX
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For example, DRR became one of the emerging issues at the Rio+ 20
Conference on Sustainable Development in 2012.

In the ongoing climate change negotiations — particularly after the
Cancun Climate Change Conference of the Parties (COP 16) in 2010 —
scientists and policymakers are developing mechanisms and institutional
arrangements for addressing loss and damage in the context of climate
change. The work programme of UNFCCC - the United Nations Frame-
work Convention on Climate Change — is an indication that current, and
particularly future, risks of loss and damage due to climate change have
to be addressed more systematically and rigorously.

Furthermore, the Hyogo Framework for Action 2005-2015 underscores
the need for countries to improve their response capacity and prepared-
ness for disaster risks. A comparison of international funding in the area
of DRR shows that some countries and donors still focus predominantly
on improving response capacities and emergency management, giving in-
sufficient attention to reducing the underlying factors of disaster risk and
vulnerability in particular. Identifying, measuring and assessing vulnera-
bility in a comprehensive sense is therefore a core challenge for policy
relevant research and a prerequisite for effective risk reduction and cli-
mate change adaptation strategies.

I am pleased to see that this second edition of Measuring Vulnerability
to Natural Hazards, includes contributions from more than 30 experts
from around the world who discuss a range of approaches, methods and
concrete case studies for assessing vulnerability to natural hazards and
climate change. The volume presents an important step forward in the
advancement and dissemination of knowledge regarding the assessment
of vulnerability, risk and resilience related to natural hazards and ex-
treme events.

This edition — with many new chapters and new findings — is very
timely and provides important contributions to the scientific discourse,
but is equally valuable for decision-makers and policy processes. As such,
the volume can support the discussions around the Post-Hyogo Frame-
work, the Rio+20 process and post-Kyoto Protocol.

The present volume is an output of the ongoing work of the Expert
Working Group on Measuring Vulnerability established and organized
by UNU-EHS. Several of the approaches discussed in the book, such as
the WorldRiskIndex, the Indicator System in the Americas or the Social
Vulnerability Index, have achieved a high recognition in the media as
well as with policymakers.

I wish to thank the contributing authors, the editor — Jorn Birkmann —
and the team at UNU-EHS for putting together and publishing such
an important volume. I am confident the book will serve students and
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scholars, as well as visionary practitioners and policymakers, in ad-
dressing not just the symptoms but also the determinants and drivers of
risk.

David M. Malone
Rector of the United Nations University (UNU)
Under-Secretary-General of the United Nations



Preface
R. K. Pachauri

Measuring and assessing vulnerability to climate change and extreme
events is essential for promoting risk reduction and sustainable adapta-
tion strategies. The 2012 Special Report, Managing the Risk of Extreme
Events and Disasters to Advance Climate Change Adaptation (SREX) by
the Intergovernmental Panel on Climate Change (IPCC) maintains that a
changing climate leads to changes in the frequency, intensity, spatial ex-
tent, duration and timing of extreme weather and climate events and can
result in unprecedented extremes of the latter. It also assesses how socio-
economic development, natural climate variations and human caused
climate changes influence climate- and weather-related disaster risk. Ex-
treme weather and climate events contribute to risk and may even result
in disasters possibly similar to the floods in Pakistan in 2010 or the Euro-
pean heat wave in 2003. However, the character and severity of impacts
from climate extremes depend not only on the extremes themselves but
also on exposure and vulnerability. That means risks and impacts on
human, ecological or physical systems can result from the interaction be-
tween weather or climate events and different levels of exposure and vul-
nerability, as the IPCC SREX report correctly points out.

For example, in India drought risk is increasing significantly in certain
regions: Maharashtra, for instance, will be experiencing the impacts of
a series of recurring droughts. Whether these will cause disasters or will
pose major risks to the people can only be determined after the vulnera-
bility of the communities exposed to the droughts has been assessed.
Hence, there is no one-size-fits-all relationship between extreme events
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and disaster risk. A prerequisite for sustainability in the context of cli-
mate change is the need to address the underlying causes of vulnerability,
including the structural inequalities that create and sustain poverty and
constrain access to resources. Where vulnerability is high and adaptive
capacity is low, changes in climate extremes can make it difficult for sys-
tems to adapt without transformational changes. Actions ranging from
incremental steps to transformational changes are essential for reducing
risk from climate extremes.

Farmers in India have developed a variety of different strategies for
coping with and adapting to droughts. Consequently, assessing vulnerabil-
ity does not solely imply capturing the people’s vulnerability but also as-
sessing their resources and the knowledge they have developed to deal
with such phenomena. Hence, integration of local knowledge with addi-
tional scientific and technical knowledge, as provided by the IPCC reports
and academic books such as this one, can improve disaster risk reduction
and climate change adaptation.

Interestingly, non-extreme as well as extreme events can create crisis
situations if people are not prepared or have limited means for coping
and adapting. In India non-extreme weather events such as recurrent
small or medium-scale droughts or floods can lead to severe disruptions
or erosion of livelihoods and hence often increased vulnerability. In addi-
tion, economic, social, geographic, demographic, cultural, institutional,
governance and environmental factors can all be implicated in deter-
mining whether extreme or non-extreme climate events will trigger crises
or disasters. When assessing the vulnerability, coping and adaptative cap-
acity of societies and communities, a holistic approach is therefore neces-
sary for understanding and managing such risks.

This book provides important insights into ways to measure and assess
vulnerability. Examples provided by different authors also suggest that
crises may actually trigger learning processes. Indeed, post-disaster recov-
ery and reconstruction provide an opportunity for reducing weather- and
climate-related disaster risk and for improving adaptive capacity. While,
for example, tropical cyclones caused major damage in Bangladesh in the
past, the development of early warning systems and the construction of
special shelters and evacuation sites have significantly increased human
security and reduced vulnerability, even though the cyclones have not
necessarily become less intensive or severe, and even considering that
they are likely to affect more people as a result of growing coastal popu-
lations. Understanding vulnerability, therefore, is not merely for aca-
demics but is an important element for improving the management of
risks due to extreme events in a rapidly changing world.

The United Nations University Institute for Environment and Human
Security took the initiative to invite leading scholars and practitioners to
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discuss the state of measuring vulnerability in order to devise new re-
search into capturing vulnerability at different aggregate levels of society.
This volume is an essential summary of this work. It presents various
methodologies — from global indexing projects to local participatory self-
assessment approaches. Through a review of existing approaches, the
book demonstrates that “measuring the unmeasurable” (vulnerability) is
needed, leaving no doubt that there is still a long way to go from con-
cepts, criteria and indicators to a full practical implimentation of antici-
pative vulnerability assessment and its application in policy processes.
However, the book also reveals the progress and the various approaches
to measuring vulnerability that have been developed in the last few years.
Providing important insights into different concepts and methods, it is
timely and essential reading for students and academics, and for practi-
tioners as well as decision-makers who aim to reduce the vulnerability of
people and societies exposed to extreme and non-extreme events.

R. K. Pachauri
Chairman of the Intergovernmental Panel on Climate Change (IPCC)
and Director-General of the Energy and Resources Institute (TERI)



Preface

Sdlvano Bricerio

The disaster in Haiti in 2010 triggered by an earthquake causing more
than 230,000 deaths, the floods in Pakistan that devastated a whole coun-
try the same year, the complex crises in Somalia also linked to droughts
and the impacts of Hurricane Katrina in 2005 and Hurricane Sandy in
2012 in the United States are shattering reminders of how people’s lives
and property can be swept away in a matter of minutes. The colossal loss
of livelihoods and infrastructure are not, however, primarily the result of
the physical event (for example, flood, earthquake, storm) but are deter-
mined by the various vulnerabilities of people, communities or coun-
tries exposed to such phenomena. The different vulnerabilities revealed
through such crises and disasters are also an expression of the long-term
failure of development processes and specific modernization pathways in
countries that make it more likely that extreme events and other natural
hazards can turn into disasters. The combined impact of the earthquake
and tsunami in Japan in March 2011 that triggered a cascade of addi-
tional threats, particularly due to the failure within a nuclear power plant,
underscored again the linkages between specific modernization pathways
and development processes and disaster risk — even in so-called highly
developed countries.

Overall, the human losses due to vulnerability to natural hazards are
still much higher in developing and, particularly, in least-developed
countries than in developed countries. While in January 2010 an earth-
quake in Haiti with a moment magnitude of 7 caused approximately
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230,000 fatalities, a nearly similar event — in February 2011 an earthquake
in New Zealand with a moment magnitude of 6,3 — caused approximately
187 fatalities. Even in Chile, also a developing country but with greater
risk awareness, only 525 people died after a magnitude 8.8 earthquake.
These differences cannot be explained sufficiently by the physical event
(earthquake); rather, the different levels of vulnerability are key factors
that account for the different levels of impact. Consequently, assessing
vulnerability and adaptive capacities of people and countries at risk be-
fore and after disasters remains a key task and a prerequisite for effec-
tive risk reduction and adaptation.

The IPCC Special Report on Managing the Risks of Extreme Events
and Disasters to Advance Climate Change Adaptation (SREX) points in a
similar direction. Although it recognizes that climate-related extreme
events contribute to a disaster, it also clearly shows that the magnitude
and impact of the disaster depends mainly on specific human, social, eco-
nomic, institutional and environmental factors and conditions that make
exposed communities vulnerable to natural hazards and therefore at risk
(see IPCC 2012).

The current widespread disregard for disaster risks, in particular the
vulnerabilities to natural hazards and climate change, presents an ex-
traordinary challenge to communities and nations in their efforts to
move closer to Millennium Development Goals and to further sustain-
able development. Now is the time to realize that we are far from power-
less: communities and nations can build their resilience to disasters by
investing in proactive measures to reduce risk and vulnerability. Dis-
aster risk reduction is essential to meet global challenges, in particular
to eradicate poverty and achieve sustainable development. Disaster risk
concerns every person, every community and every nation. Indeed, dis-
aster impacts are slowing development, and in an increasingly glo-
balized world, disasters in one region have an impact on risks in another,
as may be seen in the case of the long-distance repercussions of the
floods in Bangkok or the Fukushima disaster. Without addressing the
urgent need to reduce disaster risk and particularly vulnerability in
an appropriate manner, the world simply cannot hope to move for-
ward in its quest for eliminating poverty and achieving sustainable devel-
opment.

The Hyogo Framework for Action (2005-2015): Building the Resilience
of Nations and Communities to Disasters carries a strong commitment
for governments and regional, international and non-governmental or-
ganizations. The Hyogo Framework will soon expire and discussions
are underway for a successor agreement which will need to go be-
yond the original. It will need to provide more specific guidance to
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ensure greater effectiveness in translating the hopeful expectations of
the Hyogo Framework into practical measures at international, regional,
national and community levels — and into tangible activities to reduce
risk and vulnerability to natural hazards. The new agreement should
also provide specific benchmarks or targets and indicators by which
progress in disaster reduction can be measured and their effectiveness
assessed.

In particular, collaboration and team work within and between dif-
ferent scientific communities needs to be strengthened in order to en-
sure that both people at risk and decision-makers can base their actions
on sound information. Most crises and disasters in the context of nat-
ural hazards and climate change manifest themselves at the local level.
However, many aspects of vulnerability and the respective drivers of
disaster risk go far beyond the local level and therefore also require
international approaches. In this regard, a more systematic approach
towards the identification of vulnerability and the root causes of dis-
aster risk, as well as the evaluation of appropriate strategies to reduce
risk, is needed. This development has to be facilitated by academic net-
works such as the network on “Integrated Research on Disaster Risk”
(IRDR). Linking different experts and developing methodologies, such as
FORIN, for investigating disaster risks and examining the various root
causes and factors that contributed to past disasters are core goals of
IRDR.

In this context, I am very pleased to support the work of the UNU-
EHS through its Expert Working Group on Measuring Vulnerability. This
second edition of Measuring Vulnerability to Natural Hazards — Towards
Disaster Resilient Societies is an indicator of the need to provide a sys-
tematic overview of different concepts and assessment approaches that
allow for translating abstract terms such as “vulnerability” and “resil-
ience” into practical policy and technical applications. Understanding dis-
aster risks induced by vulnerability to natural hazards is a precondition
for the implementation of effective disaster reduction strategies and pro-
grammes at all levels. The scientific exchange of different concepts and
methods on how to assess the dynamic and multifaceted nature of vul-
nerability is a pressing challenge. Hence, the UNU-EHS Expert Working
Group with its annual meetings that bring together experts on this topic
from around the globe is a valuable contribution to the implementation
of the Hyogo Framework, itself an essential requirement for sustainable
development. A closer collaboration between the UNU-EHS Expert
Working Group on Measuring Vulnerability and the Integrated Research
on Disaster Risk programme would greatly facilitate more effective sup-
port and advice to governments and other actors pursuing risk reduction
objectives.
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I look forward to increased collaboration between UNU-EHS and the
IRDR.

Salvano Bricefio
Former Chair and current Vice-Chair, Science Committee, Integrated
Research on Disaster Risk (IRDR) programme of ICSU/ISSC/UNISDR
and former Director, Secretariat of the UN International Strategy for
Disaster Reduction (UNISDR)



Acknowledgements

Of course, putting this book together would not have been possible with-
out the immense amount of behind-the-scenes and often unnoticed work
done by the production team. Therefore, I am extremely grateful to the
Rector of the United Nations University (UNU), David M. Malone, and
the Vice Rector in Europe of UNU and Director of the Institute for En-
vironment and Human Security (UNU-EHS), Jakob Rhyner, for their
continued support for the production of this second edition of Measuring
Vulnerability to Natural Hazards.

Moreover, I would like to express my deep gratitude to all the contrib-
uting authors from Africa, Asia, Latin America, North America, South
East Asia and Europe who often had to respond to many remarks and
requests under the constraints of tight deadlines.

My very special thanks and appreciation go to my research assistants —
Michael van Laak, Katharina Bosl and Tobias Bldtgen — for their
enormous commitment in bringing together relevant literature and in
supporting the review work of the different papers and their revised ver-
sions.

My sincere words of thanks also go to Prof. Jakob Rhyner for his com-
pelling introduction and to Prof. Rajendra K. Pachauri, Chairman of the
Intergovernmental Panel on Climate Change (IPCC) and Director-
General of the Energy and Resources Institute (TERI), and last but not
least especially Sdlvano Bricefio, former Director of the Secretariat of the
UN International Strategy for Disaster Reduction (UNISDR) for their
remarkably fitting prefaces.

XXX



ACKNOWLEDGEMENTS  xxxi

Many thanks also to the staff of UNU Press in Tokyo, particularly to
Vesselin Popovski and Kae Sugawara for their excellent support during
the publication process. In this regard, also many thanks to the copy edi-
tors, particularly Adele Linderholm, who did a major job in checking all
the references and the correctness of the numbers that we authors
brought together in the various chapters of the book.

I am also very grateful for the positive and critical feedback received
by readers of the first edition — particularly scholars and practitioners
around the world — which provided important incentives to produce a
second edition. In this regard I wish to also thank again those who helped
me to develop the first edition of Measuring Vulnerability, particularly
Prof. Janos Bogardi, who continuously supported the book project and
the UNU-EHS Expert Working Group on Measuring Vulnerability.

Finally, I would like to thank my wife and my two daughters for their
continuous support.

Jorn Birkmann
Bonn/Aachen, Germany
3 April 2013



Abbreviations

BBC

BGR

BMZ

CATSIM
CBDM
CBDRM
CCA

CFMS

CRA
CRED

DDI
DesInventar

DFID
DPSIR
DRI
DRM
DRR
ECLAC

XXXil

approach to vulnerability analysis that goes beyond assess-
ment of deficiencies and impacts, and views vulnerability
in the context of a dynamic process. See discussion by Birk-
mann, Chapter 1, section on “the BBC conceptual frame-
work”.

Bundesanstalt fiir Geowissenschaften und Rohstoffe [German
Federal Institute for Geosciences and Natural Resources]
Bundesministerium fiir wirtschaftliche Zusammenarbeit und
Entwicklung [German Federal Ministry for Economic Coop-
eration and Development]

ITASA catastrophe simulator

community-based disaster management

community-based disaster risk management

climate change adaptation

community-based flood management strategy

community risk assessment

Centre for Research on Epidemiology of Disasters

Disaster Deficit Index

Sistema de Inventario de Desastres [Disaster Inventory
System]

Department for International Development

driving forces — pressure — state — impact — response

Disaster Risk Index

disaster risk management

disaster risk reduction

Economic Commission for Latin America and the Caribbean



ABBREVIATIONS  xxxiii

EEA
EM-DAT
ESPON
EWS
FEMA
FEWS NET
GAR

GDP
GEO
GHG
GIS
GN

GNDR
GRA
GRIP
GSHAP
GTZ

GWES

GWP

HFA

HIPCI

HSI

HVRI

TADB or IDB
IDEA

IDNDR

ITASA
IPCC
LA RED

LDI
MA
MCE
MEA
MODIS
MOVE

NAPA
NatCatSERVICE

European Environmental Agency

Emergency Events Data Base

European Spatial Planning Observation Network

early warning systems

Federal Emergency Management Agency

Famine Early Warning Systems Network

Global Assessment Report on Disaster Risk Reduction (of
UN/ISDR)

gross domestic product

Global Environmental Outlook (of UNEP)

greenhouse gas

geographical information system

“Grama Niladari” subdivision of city, etc., smallest statistical
unit in Sri Lanka

Global Network of Civil Society for Disaster Reduction
Global Risk Analysis

Global Risk Identification Programme

Global Seismic Hazard Assessment Program

Deutsche Gesellschaft fiir Technische Zusammenarbeit
[German Technical Cooperation Agency]

Groundwater for Emergency Situations programme (of
UNESCO)

IPCC Global Warming Potential

Hyogo Framework for Action

Highly Indebted Poor Countries Initiative

Human Security Index

Hazards and Vulnerability Research Institute

Inter-American Development Bank

Instituto De Estudios Ambientales [Institute of Environmen-
tal Studies]

International Decade for Natural Disaster Reduction
(1990-1999)

International Institute for Applied Systems Analysis
Intergovernmental Panel on Climate Change

Red de Estudios Sociales en Prevenciéon de Desastres en
América Latina [Network of Social Studies in the Prevention
of Disasters in Latin America]

Local Disaster Index

Millennium Ecosystem Assessment

maximum considered event

Multilateral Environmental Agreement

Moderate Resolution Imaging Spectroradiometer

Methods for the Improvement of Vulnerability Assessment in
Europe

National Adaptation Program of Action

Munich Re database for natural catastrophes



xxxiv ABBREVIATIONS

NCCK
NGI
NGO
NIDIS
NOAA
NUTS

NSGRP

OECD
PAL
PGRDP
PLA

PML
PREVIEW

PVI
RMI
RRA
SDI
SoVI
SRES
SREX

SRTM
UN/ISDR
UNDP
UNDP/BCPR

UNDRO
UNEP
UNEP-GRID

UNESCO

UNFCCC
UNU
UNU-EHS

USAID
WCDR
WCED
WEFP
WHO
WRI
WWDR

National Christian Council of Kenya

Norwegian Geotechnical Institute

non-governmental organization

US National Integrated Drought Information System
National Oceanic and Atmospheric Administration
nomenclature of territorial units for statistics in the European
Union

National Strategy for Growth and Reduction of Poverty
(Tanzania)

Organisation for Economic Co-operation and Development
probable annual losses

PREVIEW Global Risk Data Platform

participatory learning activities

probable maximum losses

Project for Risk Evaluation, Vulnerability, Information and
Early Warning

Prevalent Vulnerability Index

Risk Management Index

rapid rural assessment

Spatial Data Infrastructure

Social Vulnerability Index

Special Report on Emissions Scenarios

IPCC Special Report on Managing the Risks of Extreme
Events and Disasters to Advance Climate Change Adaptation
Shuttle Radar Topography Mission

United Nations International Strategy for Disaster Reduction
United Nations Development Programme

United Nations Development Programme/Bureau for Crisis
Prevention and Recovery

United Nations Disaster Relief Co-ordinator

United Nations Environment Programme

United Nations Environment Programme-Global Resource
Information Database Resource Information Database
United Nations Educational, Scientific and Cultural Organ-
ization

United Nations Framework Convention on Climate Change
United Nations University

United Nations University-Institute for Environment and
Human Security

US Agency for International Development

World Conference on Disaster Reduction

World Commission on Environment and Development
World Food Programme

World Health Organization

World Risk Index

World Water Development Report



Introduction

Jakob Rhyner

The nexus between disaster risk due to natural hazards and development
has been discussed since the 1980s, but important debates are still ap-
pearing in scattered places. The Rio+20 Conference in Rio de Janeiro
in 2012 emphasized that disaster risk and sustainable socio-economic de-
velopment are clearly closely interlinked. To recognize the link between
risks involving natural hazards, particularly climate related, and develop-
ment requires in-depth knowledge about the concept(s) of vulnerability
and the different ways to assess it.

The Hyogo Framework for Action, for example, states that the devel-
opment of indicator systems for disaster risk and vulnerability is required
to enable decision-makers to assess the possible impacts of disasters and
to strengthen proactive actions for disaster risk reduction. Also within cli-
mate change research and climate change adaptation policies, strategies
for reducing potential loss and damage are seen as a core topic. In this
regard the identification of priority areas for intervention and adaptation
strategies requires an improved knowledge base about those regions and
people that are likely to face severe harm, loss and disruption of liveli-
hoods when exposed to such hazards and stressors. For all these reasons
understanding vulnerability is essential.

While after a disaster, such as Hurricane Katrina, or the major earth-
quake in Haiti as well as the Tohoku-Fukushima crises, we can retroac-
tively analyse the factors that led to a disaster, we have to critically
review the options for proactively assessing the disaster risk; and we need
to know whether this knowledge and the methods of assessing such risks

Measuring vulnerability to natural hazards: Towards disaster resilient societies (2" edn),
Birkmann (ed.), United Nations University Press, 2013, ISBN 978-92-808-1202-2
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and vulnerabilities are sufficient for advising parliaments and govern-
ments as well as local stakeholders and non-governmental actors.

Although further research and application of vulnerability assessments
has advanced significantly during the past two decades, a systematic over-
view of different methods is still lacking. In addition, scientific discus-
sion about the concept itself is evolving. Initially vulnerability, in the
context of natural hazards, was mainly viewed and assessed in terms of
loss of life and economic loss, while today environmental or institutional
aspects have become increasingly important. Thus, approaches for assess-
ing and measuring vulnerability also have to address these new chal-
lenges and the broader understanding of the concept. It is important to
join forces to map the scientific issues and challenges involved, to de-
velop, debate and test methods, without losing sight of the mandate and
requirements set by the Hyogo Framework of Action or the recent
Rio+20 Conference.

This volume, edited by Jorn Birkmann, aims to move the whole agenda
forward. It provides an overview of different methods for assessing vul-
nerability, documenting the efforts being made by the scientific commu-
nity to address issues well beyond these terminological concerns about
what vulnerability means. This volume summarizes the state of the art of
measuring vulnerability. Compared to the first edition, this edition also
addresses vulnerability to natural hazards and to climate change, building
on the new cooperation which has been established, for example, in the
context of the IPCC Special Report “Managing the Risk of Extreme
Events and Disasters to Advance Climate Change Adaptation”. The
IPCC SREX report that was jointly developed by experts on natural haz-
ards, the risk research community and experts from the field of climate
change and adaptation research emphasized the need to improve the
understanding of place-specific patterns of vulnerability and the dynamic
changes occurring in vulnerability and risk. This second edition provides
various examples of how actual quantitative or qualitative assessments
can help to capture the complex phenomena of vulnerability. The meth-
ods and selected examples provided by various experts in the different
chapters highlight the policy relevance of such methods and findings.

Understanding and communicating

Although vulnerability is already being used in various contexts, broadly
understood as a predisposition to be harmed should an extreme event or
hazard occur, it is still not sufficiently assessed in a holistic way by vari-
ous countries or communities. Many policymakers and governments still
seem to prioritize the assessment of physical changes and hazards when
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disasters are likely to occur. However, in the last two decades the inter-
national community and various researchers have demonstrated that the
concept of vulnerability provides important insights for understanding
differential impacts and consequences of societies exposed to natural
hazards and climate change.

Hence, vulnerability, once it is properly assessed and preferably quanti-
fied, is the crucial feature which could serve to estimate the potential
consequences of both rapid onset and/or creeping (natural) hazard events
upon the affected entities. Moreover, the assessment of vulnerability and
the visualization of certain indicators that represent characteristics of the
complex phenomena in maps and figures are also crucial tools for com-
munication. As experience for example, from early warning shows, it is
important not only to identify vulnerability and risk but also to develop
methods that allow the visualization and communication of such complex
phenomena in a way that can be understood by policymakers, non-
experts and the general public. The so-called World Risk Index (WRI)
serves this purpose, describing the complex interplay between exposition
and physical as well as social vulnerability in a simplified indicator-based
way. The considerable media attention generated by the WRI and other
global indices described in the present volume shows the need for for-
mats suitable for reaching out to policymakers and the general public.

In this context I am confident that vulnerability assessments will
become the crucial component of disaster preparedness and adaptation
strategies. Assessing and monitoring vulnerability may also be used to
identify specific targets for vulnerability and risk reduction. It is not suf-
ficient to declare after a disaster that preventive measures are needed;
rather, it will be important to also engage at various governance levels in
an in-depth discussion on how to use assessments in a proactive manner.
These assessments should become a core element of a “political early-
warning” system. Indicators and criteria that can help to translate the
abstract concept of vulnerability into information that can be visualized
and communicated are an important step towards improving policy and
decision-making processes.

Challenges ahead and remaining questions

It seems to be evident that vulnerability assessments are needed. How-
ever, can we really capture the multifaceted and dynamic nature of vul-
nerability? Compared to fatalities and material losses that are clearly
visible after a disaster, vulnerability, as the potential to be adversely
affected, is a more abstract concept. Capturing it is especially difficult
in social contexts, because vulnerabilities of people and their coping or
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adaptive capacities are to some extent a moving target that is shaped and

influenced by various driving forces.

In a broader context, approaches of assessing vulnerability might need
to answer the following questions, partly posed in the earlier edition:

e Can vulnerability be measured, and if yes, how?

e Can vulnerability be aggregated to characterize societies’ overall sus-
ceptibility towards several distinct hazards?

e Can vulnerability and coping capacity be conceived and assessed sepa-
rately?

e At what aggregation level can vulnerability be defined and measured?

e What are the data sources that allow capturing and assessing vulnera-
bility in different regions of the world?

e How can vulnerability be assessed before actual disasters or crises
occur?

e What options do exist to also assess rather qualitative dimensions of
vulnerability, such as environmental or institutional vulnerability?

e To what extent can one capture changes in vulnerability due to specific
interventions or risk reduction strategies?

e What lessons can be learned from the assessment of vulnerability for
policy-making?

e [s vulnerability the flip side of resilience and adaptive capacity or are
resilience and adaptive capacities parts of vulnerability and respective
response capacities?

Although incomplete, the set of questions above offers a first flavour
of the different aspects that need to be considered when dealing with
the development of quantitative, semi-quantitative and qualitative assess-
ment methods presented in this second edition, which brings together
more than 40 authors from all over the world to discuss a multitude of
approaches to answer some of these questions formulated above.

The book includes 5 core sections, with 23 chapters that address var-
ious aspects of, and approaches to, measuring vulnerability and resilience.
The first chapter deals with the concept of vulnerability and how it dif-
fers and overlaps with the concepts of resilience and adaptation. Birk-
mann introduces different definitions and conceptual frameworks to
systematize vulnerability development and provides an overview of the
historic development of the discourse from the early hazard research to
the newest integrated IPCC Special Report SREX. His second chapter
deals with the requirements of vulnerability indicators and also examines
the scope and limits of current global disaster databases. Both chapters
include links to various approaches presented in the book, thus providing
an important framework for the chapters that follow.

The third chapter by Renaud gives insight into the relationship be-
tween vulnerability and environmental change as well as environmental
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degradation. Renaud shows that the environment is not only the cause
of various natural hazards but can in turn also be vulnerable to such phe-
nomena. Chapter 4 is by Pulwarty and Verdin, who both work in the
USA on issues of drought warning. They stress the importance of ac-
counting for social vulnerability in the context of drought early warning
and risk management. Then in Chapter 5, Kok and Jédger examine the
linkages between human vulnerability and environmental change by pre-
senting “archetypical patterns of vulnerability to environmental change”
that are also used in the flagship publication of UNEP’s Global Environ-
mental Outlook. Chapters 6 to 14 present concrete approaches to meas-
uring vulnerability at global, national and sub-national levels. Pelling
starts in Chapter 6 with a review of global risk index projects that are
also presented in-depth in following chapters. Chapter 7 shows a global
risk analysis developed by Peduzzi and his team within the context of the
“Global Assessment Report on Disaster Risk Reduction”, followed by
the presentation of the Disaster Risk Hotpots project in Chapter 8 by
Maxx Dilley. The last global indexing approach encompasses the World-
RiskIndex that has been developed at UNU-EHS. In Chapter 9 Welle
et al. outline its structure and results as well as opportunities and con-
straints.

Regional and national approaches for assessing risk and vulnerability
are contributed by Cardona and Carrefio in Chapter 10, which deals with
the indicators for the Americas; an approach developed for Europe’s
regions by Greiving is found in Chapter 11. In addition, this edition of
Measuring Vulnerability also presents and discusses the Social Vulnerabil-
ity Index developed by Susan Cutter et al., whose methods and results
are documented in Chapter 12. These broader concepts for assessing risk
and vulnerability, often from a multihazards perspective, are followed by
two approaches that have a more specific focus. Kiunsi and Minoris ex-
amine disaster vulnerability, particularly to the droughts in Tanzania in
Chapter 13, while Schneiderbauer et al. present an approach for assessing
vulnerability to natural hazards and climate change in mountain environ-
ments with case studies from the Alps in Chapter 14.

The fourth section introduces local vulnerability assessment methods
that enhance the discussion of quantitative global and national ap-
proaches towards semi-quantitative and qualitative approaches. In Chap-
ter 15 Bollin and Hidajat describe the community-based risk index,
developed in Indonesia, followed in Chapter 16 by a participatory GIS-
based assessment of vulnerability at local and district levels in Mozam-
bique by Kienberger. Then, another approach to frame and assess
vulnerability is outlined in Chapter 17 by Villagran de Le6n, who focuses
on different sectors that can be vulnerable to natural hazards. Based on
the presentation of these rather semi-quantitative assessment approaches,
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Wisner, in Chapter 18 shows the advantages of a qualitative and partici-
patory self-assessment approach to coping capacities of communities at
risk, closing the discussion of local approaches.

The final section deals with institutional capacities, public-sector vul-
nerability and the dynamics of vulnerability. A method for assessing insti-
tutionalized capacities and drawing from intensive field research and
practices for dealing with flood risk by Lebel et al. opens this section.
Next, in Chapter 20, Hochrainer-Stigler, Mechler and Pflug outline what
is meant by public-sector fiscal vulnerability to disasters. They describe
the scope and application of the IIASA CATSIMmodel for assessing
vulnerability. In Chapter 21 Birkmann et al. present an assessment of
changes in vulnerability in the context of resettlement. The contribution
highlights the dynamic nature of vulnerability and ways to capture it.
These individual approaches demonstrate that vulnerability assessment
today encompasses a variety of different methods that can also account
for specific challenges, such as institutional vulnerability, or the public-
sector fiscal vulnerabilities as part of economic vulnerability.

Finally, against the background of the rich compilation of different
approaches for assessing vulnerability presented earlier, Birkmann for-
mulates conclusions on where vulnerability assessment methods and con-
cepts stand and which challenges need further investigations in the future.
Thereafter, a glossary of key terms compiled by Marre lists the various
definitions of the same terms by different institutions and experts.

It is my pleasure to thank the many contributors to this book, and fel-
low scientists and practitioners who joined UNU-EHS in its quest to find
answers to the question of how to measure the unmeasurable. My partic-
ular thanks are also due to Dr Jorn Birkmann, whose enthusiasm and
leadership as editor were instrumental in motivating the authors and in
bringing their contributions together.

We are at the beginning of a long road. We know, both as scientists and
concerned human beings, that we have an obligation to proceed towards
better risk preparedness. Recognizing our vulnerabilities is perhaps the
first important step. In this context the book provides important insights
and is essential reading for all of those who have an interest in translat-
ing and assessing the complex concept of vulnerability. Like the first edi-
tion, it should become essential reading for researchers, practitioners and
students dealing with vulnerability in the context of disaster risk reduc-
tion, climate change adaptation and sustainable development.
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Measuring vulnerability to promote
disaster-resilient societies and to
enhance adaptation: Discussion

of conceptual frameworks and
definitions

Jorn Birkmann

Introduction

Assessing and measuring vulnerability in the context of natural hazards
and climate change requires first and foremost a clear understanding of
the concept(s) of vulnerability. This chapter deals with the systematiza-
tion of different definitions and frameworks used to describe and define
vulnerability. In addition, concepts such as resilience, coping and adapta-
tion are revisited.

The concept of vulnerability has emerged as a key topic in develop-
ment geography, hazard and disaster risk research as well as, in recent
years, in the field of climate change science (see Watts and Bohle, 1993;
Blaikie et al., 1994; Cutter, 1994; Wisner et al., 2004, Birkmann, 2006a;
Fiissel and Klein, 2006; Fiissel, 2007; Intergovernmental Panel on Climate
Change [IPCC], 2012a). It has been discussed and continuously devel-
oped over the past four decades; however, the meaning, framing and as-
sessment of vulnerability remains contested terrain. Various scientific
communities and stakeholders define vulnerability differently. Despite
differences in the interpretation of the concept of vulnerability, it has,
however, become an essential element to underscore the importance of
social factors and societal structures in the construction of risk and
of adaptation options. Furthermore, it also has created important links
between different research communities, particularly disaster risk man-
agement (DRM), climate change adaptation (CCA), development and
resilience research. The IPCC special report “Managing the Risk of

Measuring vulnerability to natural hazards: Towards disaster resilient societies (2" edn),
Birkmann (ed.), United Nations University Press, 2013, ISBN 978-92-808-1202-2
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Extreme Events and Disasters to Advance Climate Change Adaptation”
(IPCC, 2012a) is a joint product of the disaster risk research and climate
change adaptation communities. It is a good example of how the concept
of vulnerability has served as a guiding element to address disaster risk
in the context of climate change and climate variability (see IPCC, 2012a,
p- 32). The concept of vulnerability stresses the fundamental importance
of examining the preconditions and context of societies and communities
(for example, different social groups) and elements at risk (for example,
buildings, critical infrastructures) to effectively promote risk reduction
and climate change adaptation. Hence, it shows that the consequences of
natural hazards and extreme events to communities or societies are not
merely defined by the magnitude of the event but rather that the condi-
tions within societies and socio-ecological systems strongly determine
whether these physical events (for example, floods, droughts, storms etc.)
are likely to cause major harm, loss or damage. Despite the fact that the
term “vulnerability” is being used differently by various communities and
disciplines, it has, however, allowed a strong social science perspective on
disaster, natural hazard and climate change adaptation research to be es-
tablished. Today, identifying, assessing and reducing vulnerability is seen
as a key step towards disaster risk reduction, climate change adaptation
and resilience building (Hyogo Framework for Action [HFA] in United
Nations, 2005; IPCC, 2012a).

This chapter provides a profound analysis of different definitions
and concepts of vulnerability, focusing also on the historic development
of the vulnerability concept in selected research fields. Particular atten-
tion is paid to concepts that have been developed and used in disaster
risk management, in climate change science and in development re-
search. Important typologies that help to better differentiate key factors
and dimensions of vulnerability are discussed. In this regard, the au-
thor argues that vulnerability is differential and dynamic, meaning that
vulnerability changes over time and in terms of spatial patterns. This
chapter examines linkages and differences between the concepts of
vulnerability, risk, resilience, coping and adaptation. In the final part it
deals with different frameworks to systematize vulnerability, risk and
resilience.

Vulnerability, risk and disasters

Recent disasters reveal that it is not solely the hazard and its magnitude
or frequency that determines harm, loss and damage. For example, the
tsunami disaster in Japan, in March 2011, was caused by an earthquake
with a magnitude of 9.0 Mw (moment magnitude scale) (see US Geologi-
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Box 1.1 Differences between the disaster contexts in Haiti and Japan

Overall, the scale of harm and loss in Haiti compared with Japan is
better explained by considering the wider social and economic factors
and conditions. Haiti is the poorest country in the Western hemisphere
with 76 per cent of its population living below the poverty line of $2
per day (Gauthier and Moita, 2011, p. 28). A large proportion of the
population in Haiti is highly dependent on revenues in order to be
able to afford a minimum of the social safety net. At the same time the
country is classified as a fragile and failed state (see Failed State Index,
2011; Fund for Peace, 2012). Hence, the state is unable to fulfil its
responsibilities to its citizens. At the same time, individuals are often
unwilling to accept the state and a common set of rules (see Gauthier
and Moita, 2011). These examples illustrate that people had, due to
poverty, limited financial capacities to afford, for example, earthquake
robust buildings or capital that would help them to rapidly bounce
back to normal conditions after a disaster. In addition, state institu-
tions are weak and are incapable of providing effective disaster re-
sponse and recovery support. Hence, differential consequences of such
hazard events in Haiti and Japan are particularly connected with the
development status and development pathway of the country and the
preparedness level of societies and communities.

While poverty and state failure are key drivers of vulnerability to
natural hazards in Haiti, developed countries such as Japan might also
be subject to increased vulnerability as a result of their dependency on
exposed technological structures, such as critical infrastructures. This
was particularly evident in the cascading disaster in Japan in which
an earthquake triggered a tsunami that led, among other things, to a
server accident at the Fukushima Daiichi nuclear power plant. This
event revealed the vulnerability of so-called developed societies due
to their dependency on critical infrastructures that pose additional sys-
temic risks when combined with natural hazards. Similarly, the levee
break in New Orleans, in the context of Hurricane Katrina, can be
seen as another example. These cascading and systemic risks may in-
creasingly reveal what Beck terms the “risk society” (Beck, 1992), sug-
gesting that societies in developed countries challenge their own
security through their modernization processes.

cal Survey, 2012"). This event resulted in approximately 20,000 fatalities,
widespread destruction and losses and a major failure in an atomic power
plant (Simons et al., 2011; Khazai et al., 2011). Comparing this event
to the earthquake disaster in Haiti in 2010, which had a magnitude of
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7.0 Mw (approximately 100 times weaker than the Tohoku Earthquake

in Japan) but resulting in more than 220,000 deaths (see Office for the

Coordination of Humanitarian Affairs [OCHA], 2011). These differences

raise important questions:

e Why did the earthquake in Haiti, with a significantly lower magnitude,
cause many more fatalities compared to the event in Japan?

e Which factors have significantly increased the harm and loss of life in

Haiti?

e Can we measure differences in vulnerability and response capacity be-
fore such disasters strike societies?

Overall, these examples and questions underscore the notion that dis-
aster risk cannot be sufficiently understood by focusing on the hazard
event or climate stressor alone. Instead of defining disasters primarily as
physical occurrences, requiring largely technological solutions, disasters
and risks are better viewed as a result of the complex interaction be-
tween a potentially damaging physical event (for example, floods,
droughts, fire, earthquakes) or creeping environmental changes (for ex-
ample, sea-level rise, salinization) and the vulnerability of a society, its
infrastructure, economy, environment and governance system(s), which
are determined by human behaviour (Maskrey, 1993; Lavell, 1996; Oliver-
Smith, 2004; Kasperson et al., 2005b; Birkmann, 2006a and b, UN/ISDR,
2011; IPCC, 2012a). In this regard, it is also essential to acknowledge that
(disaster) risk and disasters are different concepts. While disasters are
specific points in time when risk is revealed and harm and loss manifests
itself in specific locations, disaster risk represents a continuum and a
latent condition that can lead to severe harm and loss (ICSU-LAC, 2010a
and b; IPCC, 2012a, p. 69).

The promotion of disaster-resilient societies and of adaptation to cli-
mate change requires a paradigm shift, where the primary focus on natu-
ral hazards or physical-biogeochemical climate projections and their
quantification shifts towards the inclusion and assessment of vulnerabil-
ity. To achieve this, various vulnerabilities and capacities of societies need
to be identified, assessed and ranked.

The emergence of vulnerability concepts in different schools
of thought

The concept of vulnerability has emerged from different schools of
thought. Most prominent were: (i) geographic development and poverty
research; (ii) hazard and disaster risk reduction research; and, more re-
cently in the last two decades, (iii) climate change science and, in particu-
lar, the research on adaptation.
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Development and poverty research

In the 1970s, research about crises and disasters in the context of droughts
in Africa — particularly the Sahel — resulted in a discussion about the root
causes of famine and hunger in terms of the “food availability decline”
thesis on the one hand and the “food entitlement decline” on the other
(see Bohle, 2009, p. 101). The extension of the focus from the availability
of food towards the understanding of entitlement rights was particularly
supported by the work of Sen (1981), who emphasized that the disrup-
tion of entitlement rights and exchange conditions of entitlements are
major drivers of food insecurity (see Sen, 1981). This research has been
influential in the development of social-science-related concepts of vul-
nerability in geographic development and poverty research. In 1989,
Chambers, who was one of the pioneers in this field, formulated that

vulnerability (here) refers to exposure to contingencies and stress, and diffi-
culty in coping with them. Vulnerability has thus two sides: an external side of
risks, shocks and stress to which an individual or household is subject; and an
internal side which is defencelessness meaning a lack of means to cope without
damaging loss. (Chambers, 1989, p. 1)

A further enhancement of the concept of vulnerability was later under-
taken by Watts and Bohle (1993, p. 46) and Bohle (2001, 2002a and b).
Their work stressed that local and historical configurations of poverty,
hunger and famine define the space of vulnerability, which is seen as a
multilayered and multidimensional social space determined by political,
economic and institutional factors. The concepts by Chambers (1989) and
by Watts and Bohle (1993) developed from research on destabiliza-
tion processes in developing countries, linked mainly to drought-induced
crises and disasters and thus focusing primarily on slow-onset hazards.

The disaster risk reduction community

The formation of a new school of research on disaster risk reduction goes
back to the 1980s. Particularly, the report of the United Nations Disaster
Relief Co-ordinator (UNDRO) commission (1980), the research work of
Burton et al. (1978) as well as Hewitt (1983), Susman et al. (1983) and
the paper in Nature by O’Keefe, et al. (1976) were important impulses for
the emerging field of social-science-related disaster risk research. The
book by Burton et al. (1978), The Environment as a Hazard, is also seen
as the starting point of so-called hazard research. However, the term
“hazard research” might be misleading from the perspective of the newer
discourse since it focuses on risks and vulnerabilities and the capacities
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of societies and communities to deal with different natural phenomena
and natural hazards. Hence, most of the research Burton et al. (1978 and
1993) conducted falls into the field of disaster risk research rather than
research on physical phenomena and natural hazards per se. Also,
Hewitt’s work, specifically the book Interpretations of Calamity (1983), al-
ready emphasized in the 1980s that disaster situations and actual losses,
crises and relief as well as rehabilitation processes, cannot be sufficiently
explained by focusing solely on the natural hazard (Hewitt, 1983, p. viii).
He argued that disaster cannot be understood primarily as extraordinary
circumstances that have mainly been brought about by external and un-
expected hazards. Rather, disasters and ineffective social responses to
risk have to be understood in the context of the “normal” socio-economic
order (see in detail Hewitt, 1983). On similar lines, the paper of O’Keefe
et al. (1976) in Nature called, “Taking the Naturalness out of Natural Dis-
asters” was an important starting point for rethinking the dominant phi-
losophy and interpretation of disasters. The formula used today, that risk
has to be seen as a function of hazard and vulnerability:

Risk = Hazard x Vulnerability

was already embedded in this early work discussed above, although the
equation was not used. Today, this equation is a powerful tool which also
helps to communicate the necessity to examine and understand vulnera-
bility in more natural science-oriented research groups.

The contributions of Hewitt and O’Keefe et al. were important triggers
for a stronger political ecology perspective compared to a rather hazard-
oriented human-environmental perspective in risk and disaster research.
Although often overlooked, in other regions, for example in Latin Amer-
ica, Europe and Asia, a discourse on the social construction of risk
emerged at the same time. For example, an important advancement of
vulnerability and disaster risk research emerged from work in Latin
America: particularly, the research network “La Red” which dealt with
risk and vulnerability to natural hazards since the early 1990s (see for
example, Wilches-Chaux, 1989; Lavell, 1992; Cardona, 1993, 2011; Lavell,
1994; Maskrey, 1993, 1998). “La Red” examined different factors and di-
mensions of vulnerability, such as physical, economic, social and cultural
aspects (Wilches-Chaux, 1989; see also overview in Cardona, 2004b).

In the early 1990s the work of Blaikie et al. (1994) — particularly the
first edition of the book At Risk — became a major reference point for
researchers dealing with risk and natural hazards. The first and second edi-
tions of At Risk underscore the need to assess the progression of vulnera-
bility and to examine dynamic pressures and root causes of vulnerability,
such as power relations and ideologies. The work of Blaikie et al. (1994)
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and Wisner et al. (2004) was particularly informed by their own research
in developing countries and research in the domain of political economy.

A further enhancement of the discourse can be seen in the improved
understanding of feedback processes between risk reduction strategies
and natural hazards, as well as the multiple dimensions of vulnerability.
This work in disaster risk reduction is linked to research on holistic and
integrative perspectives on vulnerability (see Cardona, 1999a, 2011; Birk-
mann, 2006b; Birkmann and Fernando, 2008) as well as on the social-
ecological systems perspective, with connections to resilience research
(see for example, Turner et al., 2003). A main pillar of the social-ecology
school of thought is the critique of the dichotomy of social systems on
the one hand and nature or environmental systems on the other. Instead
of treating social and natural systems as separate entities, social ecology
examines various phenomena within the conceptual frameworks of so-
called coupled human-environmental or social-ecological systems (see for
example, Bundesministerium fiir Bildung und Forschung [BMBF] 2004).
In this regard the assessment of vulnerability deals particularly with the
sensitivity of “human-environmental systems” (see for example, Turner
et al., 2003).

Compared to social ecology, political ecology pays more attention to
the political and institutional settings on how environmental resources or
conflicts over scarce resources are managed. In this sense, political ecol-
ogy often views the environment as another arena in which conflicts over
resources are dealt with, while less emphasis is given to the actual under-
standing of so-called coupling processes within social-ecological systems.

Today, the field of disaster risk reduction research spans a wide range
of contributions and different perspectives that have particularly en-
riched the research on vulnerability with regard to the identification of
different core components of vulnerability and the various dimensions in
which vulnerability might be manifested: for example, social, economic,
environmental and institutional (see for example, Birkmann et al., 2012;
IPCC, 2012a).

In addition, research on vulnerability in the context of natural hazards
has also significantly improved the systematic differentiation of key con-
cepts such as hazards, vulnerability, risks and disasters (see for example,
ICSU-LAC, 2010a and b). It has enhanced the knowledge of how dis-
asters and disaster response strategies modify the vulnerability patterns
of different social groups. Hence, vulnerability is not just a precondition
of a society before an event but might also be modified and even in-
creased through different policies or the coping strategies of individuals
after a disaster (see for example, Birkmann and Fernando, 2008; Birk-
mann et al., 2010a). Consequently, social-science-based approaches to
vulnerability often combine the analysis of the susceptibility of exposed
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people and communities with their social, economic and cultural capaci-
ties to cope and adapt to physical changes and natural hazards (Hilhorst
and Bankoff, 2004, p. 2; Birkmann, 2011a and b). The differentiation of
coping and adaptation is, however, rather new and emerged within the
cooperation between climate change adaptation science and disaster risk
reduction research.

Climate change and climate change adaptation

A third community that gained attention in the last two decades deals
with vulnerability to climate change. This research particularly evolved in
the frame of the IPCC Working Group II that deals with impacts, adapta-
tion and vulnerability to climatic change (see IPCC, 2012a; Fiissel and
Klein, 2006). Interestingly, the first reports of the IPCC have primarily
focused on the need for reducing greenhouse gas emissions, while the
question of adapting to climate change played only a minor role (IPCC,
1990). Adaptation at that time had been seen as a threat for more rigor-
ous reduction strategies of greenhouse gases; consequently, it was neither
discussed in detail nor examined in depth. In contrast, the fourth and up-
coming fifth IPCC assessment reports demonstrate the importance of ad-
aptation and vulnerability reduction as core pillars of the climate change
discourse. For example, the fifth Assessment Report of the IPCC (ARS)
encompasses four chapters that deal with different aspects of adaptation
(IPCC, 2012b). This is a clear indicator that consensus is building on the
need to shift from a pure focus on greenhouse gas mitigation to fostering
and addressing adaptation needs in parallel, particularly in countries and
for people who are highly vulnerable to climate change and climate vari-
ability.

However, the understanding of vulnerability in the climate change ad-
aptation community differs from the definition of the term in DRM or
development and poverty research (see for example, Adger, 2006). For
example, the fourth IPCC assessment report (AR4) defines vulnerability
as the degree to which a system is susceptible to, and unable to cope with,
the adverse effects of climate change — including the character, magni-
tude and rate of climate change (IPCC, 2007, p. 883). The description and
framing of vulnerability in the AR4 is strongly determined by an impact-
oriented perspective of vulnerability — i.e., focusing on the direct conse-
quences of climate change on social systems, global biological systems
and geophysical systems due to different temperature increases and even
includes the magnitude and rate of climate change (see IPCC, 2007,
pp. 787-789). A first shift and modification of the vulnerability concept
used within the IPCC can be found in the IPCC special report SREX
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that underscores that vulnerability is considered to be more or less inde-
pendent of the physical events, meaning that vulnerability should not in-
clude the magnitude and rate of climate change but should focus on the
social context that makes people and societies prone to facing harm and
loss (IPCC, 2012a, p. 33). The IPCC SREX report established an impor-
tant bridge between the DRM or DRR and the CCA communities, since
these communities had previously developed their concepts and work
mainly in parallel (see in depth, Birkmann and von Teichman, 2010). Al-
though the report has made a significant contribution to an improved
understanding and exchange between the two communities, one still
needs to acknowledge the differences between both research commu-
nities in terms of spatial, temporal and functional scales in addition to
recognizing differences regarding the meaning of similar terms, such as
mitigation (see Schipper, 2009; Birkmann and von Teichman, 2010).

Preliminary conclusions regarding different schools
of thought

Based on the different schools of thought outlined earlier, it can be con-
cluded that the development of the concept of vulnerability in different
research fields (disaster risk management/reduction, development re-
search, resilience research and climate change adaptation research) and
schools of thought (political economy, social-ecology, political ecology
etc.) has been a process with various perspectives, resulting in different
approaches on how to define and assess vulnerability. Despite the fact
that various communities still define vulnerability differently, it is impor-
tant to acknowledge that the concept has been successfully introduced
as a response to the purely hazard-oriented perception of disaster risk in
the 1970s and in disaster risk management and the natural-science-
oriented adaptation discourse in climate change research in the 1990s.
Today, a consensus emerges that strategies for risk reduction and adapta-
tion to climate change cannot be solely based on the characterization of
physical or environmental changes. Rather, the alternative paradigm of
vulnerability can serve as a starting point for identifying priorities. In this
regard, the concept of vulnerability constitutes an important pillar in all
three research communities, aiding a better understanding of destabiliza-
tion processes and societal response capacities in the light of climate
change, natural hazards and socio-economic changes. The increasing rec-
ognition of the importance of vulnerability in risk and climate change ad-
aptation is also revealed in the science-policy discourse and, hence, in
important international documents.
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The science-policy interface: key international documents
that highlight the importance of vulnerability

At the international level the concept of vulnerability has achieved a
wide recognition in international key documents of both disaster risk re-
duction and climate change adaptation. One of the first United Nations
reports that highlighted the importance of addressing vulnerability in the
context of natural hazards was the report of UNDRO in 1980. The report
contains a first guideline for a vulnerability analysis; however, the method
is focused on hazard impacts, as opposed to a forward-looking under-
standing of vulnerability. The report specifically finds that “Information
on vulnerability is less plentiful, less reliable and less clearly defined
than the information usually available on natural hazards themselves”
(UNDRO, 1980, p. 8).

In addition, the Hyogo Framework for Action 2005-2015 (HFA), a key
document within disaster risk reduction, and the work programme on
loss and damage of the United Nations Framework Convention on Cli-
mate Change (UNFCCC) as a key document in the field of climate
change and adaptation science, emphasize the importance of addressing
vulnerability.

The Hyogo Framework for Action

The disaster risk reduction community underscores in its final document
of the World Conference on Disaster Reduction, the “Hyogo Framework
for Action 2005-2015”, that:

The starting point for reducing disaster risk and for promoting a culture of dis-
aster resilience lies in the knowledge of the hazards and the physical, social,
economic and environmental vulnerabilities to disasters that most societies
face, and of the ways in which hazards and vulnerabilities are changing in the
short and long term, followed by action taken on the basis of that knowledge.
(United Nations, 2005)

The Hyogo Framework for Action emphasizes the need to examine phys-
ical, social and economic as well as environmental factors that influence
vulnerability and determine disaster risk. However, the HFA provides
little information on the key factors of vulnerability, nor does it fully an-
swer the question of how a culture of disaster resilience can be achieved.
Those countries that have submitted HFA progress reports demonstrate
that mechanisms are in place to systematically report disaster losses and
impacts. However, disaster loss and impact reports do not equal vulnera-
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bility assessments (see also Chapter 2 of this volume). While impact as-
sessments are by definition ex-post oriented (thus conducted after a
disaster), vulnerability assessments mainly aim to have a prognostic func-
tion within the broader context of risk assessment. In addition, an impact
assessment does not generally deal with the question of why these losses
and impacts have occurred and which factors determined the scale of
harm, damage and loss. Overall, there is little information on whether
those countries that signed the HFA also undertake systematic and holis-
tic assessments of vulnerability.

Disaster loss data might provide information about revealed vulnera-
bility and past disasters (see also Chapter 2), but they often fail to give a
more comprehensive picture about existing or future vulnerabilities. The
Global Assessment Report of UN/ISDR concludes that the monitoring
mechanisms still do not generate the type of comprehensive data re-
quired for disaster risk reduction (UN/ISDR 2011, p. 11). Similarly, vari-
ous country reports on the progress of the implementation of HFA show
that risk and vulnerability assessments are still in need of improvement
in order to capture the multifaceted nature of vulnerability more com-
prehensively, and make this information accessible to stakeholders and
the public.

Climate change adaptation and the programme on loss and
damage

At the international level, the CCA community stresses the need to fur-
ther improve data and assessment methods to capture loss and damage
associated with the adverse effects of climate change, including extreme
events and slow-onset hazards (see UNFCCC, 2012). The Conference
of the Parties (COP) in Cancun in 2010 established an own work pro-
gramme on loss and damage in order to address losses and damages due
to climate change in developing countries that are particularly vulnerable
to these effects (UNFCCC, 2012). Although the discussion on how to
frame loss and damage (for example, direct and indirect economic losses,
and/or loss of trust etc.) is still ongoing (see Surminski et al., 2012), the
request for such assessments reveals the need to better understand dif-
ferent dimensions and factors that increase or reduce loss and damage.
Hence, the programme has catalysed the discussion on how to assess vul-
nerability and risk in the framework of actual and future climate change.
In addition, UNFCCC, Article 2, calls for avoiding “dangerous anthropo-
genic interferences” with the climate system. In this regard, the IPCC re-
ports assess dangerous anthropogenic interferences with the climate
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system through the use of a vulnerability lens. While the past IPCC as-
sessment reports have in general examined the impacts of gradual in-
creases in temperature due to climate change on social and biophysical
systems, recent reports — such as the IPCC special report SREX (IPCC,
2012a) — enhance this focus by extending it to sudden-onset hazards (ex-
treme events) that might cause extreme impacts. The IPCC SREX report
emphasizes the need to improve vulnerability assessment, particularly in
terms of capturing the dynamics and changes in vulnerability, rather than
assuming that vulnerability is a static phenomenon.

Discussion and review of key terms

The current literature encompasses more than 30 different definitions,
concepts and methods to systematize vulnerability (for example, UN-
DRO, 1980; Cardona, 1986, 1990; Chambers, 1989; Bohle, 2001; Wisner
et al., 2004; Downing et al., 2006; United Nations/ISDR, 2004, p. 16;
Pelling, 2003, p. 5; Luers, 2005, p. 215; Green, 2004, p. 323; United Nations-
Habitat, 2003, p. 151; Schneiderbauer and Ehrlich, 2004; van Dillen, 2004,
p- 9; Turner et al., 2003, p. 8074; Cardona, 2004b, p. 37; Fiissel and Klein,
2006; O’Brien et al., 2004, Weichselgartner, 2001; UNISDR, 2004, 2009b;
Thywissen, 2006; Manyena, 2006; IPCC, 2007; IPCC, 2012a).

Although vulnerability has to be viewed in its multifaceted nature
(Bohle, 2002a and b), the different definitions and approaches show that
we are still dealing with a paradox: we aim to measure vulnerability yet
we cannot define or assess it precisely (Birkmann, 2006a, 2006b). Com-
pared to disaster outcomes such as fatalities and different forms of harm
and damage that can directly be measured, vulnerability is rather fuzzy
and often linked to complex and dynamic inherent characteristics of soci-
eties or communities or social-ecological systems that can only be meas-
ured indirectly, such as the degree of defencelessness of a person to a
specific hazard or the strength of social networks. In addition, various dis-
ciplines have developed their own definitions and pre-analytic visions of
what vulnerability means. An overview of different definitions is given by
Marre in this volume (see glossary).

The following section examines different definitions and, in particu-
lar, the differentiation of key terms such as vulnerability, resilience,
hazard, risk, coping and adaptation, in order to provide a basis for the
systematic discussion of different frameworks used to conceptualize
vulnerability and to structure respective assessment processes. In addi-
tion, it describes different thematic dimensions and core factors of
vulnerability that might function as an important background for an as-
sessment.
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Vulnerability

One of the best-known definitions of vulnerability was formulated by
the International Strategy for Disaster Reduction (UN/ISDR). The UN/
ISDR defines vulnerability as:

The conditions determined by physical, social, economic and environmental
factors or processes, which increase the susceptibility of a community to the
impact of hazards. (United Nations/ISDR, 2004)

In addition, the United Nations Development Programme (UNDP) de-
fines vulnerability as:

a human condition or process resulting from physical, social, economic and en-
vironmental factors, which determine the likelihood and scale of damage from
the impact of a given hazard. (UNDP, 2004, p. 11)

Furthermore, IPCC characterizes vulnerability within its fourth IPCC as-
sessment report as: “the degree to which a system is susceptible to, and
unable to cope with, adverse effects of climate change, including climate
variability and extremes. Vulnerability is a function of the character, mag-
nitude, and rate of climate change and variation to which a system is ex-
posed, its sensitivity, and its adaptive capacity” (IPCC, 2007, Appendix I,
Glossary).

While the definition of vulnerability used by UN/ISDR encompasses
various conditions that have an impact on the susceptibility of a commu-
nity, the UNDP definition understands vulnerability primarily as a human
condition or process. In contrast, the IPCC fourth assessment defines vul-
nerability as relating to the susceptibility and limited coping capacity of a
system, in addition to the character, magnitude and rate of climate change
and variation (see IPCC, 2007, Appendix I, Glossary). While the first part
of the definition used in the IPCC fourth assessment report is nearly simi-
lar to the understanding of vulnerability in the DRM community (see for
example, UN/ISDR definition), major differences exist in terms of the
second part of the definition. If the definition of vulnerability also ac-
counts for characteristics of the hazard phenomena, such as the magnitude
and rate of climate change, vulnerability moves towards a risk definition
in the perspective of the DRM community. The integration of character-
istics of the physical phenomena (magnitude and rate of climate change
as physical phenomena) into the vulnerability concept is rather problem-
atic, since these assessments of vulnerability tend predominantly to focus
on impacts. In this context the analytic power of vulnerability in terms of
showing the social construction of disaster risk will be undermined.
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Overall, one can conclude that specific definitions imply different views
and thus may lead to different priorities in assessments.

Coping capacity
According to UN/ISDR, coping capacity can be defined as:

a combination of all strengths and resources available within a community or
organization that can reduce the level of risk or to reduce the effects of a dis-
aster. (UN/ISDR, 2002)

Coping capacity and adaptive capacity

McCarthy et al., 2001 define adaptive capacity as a function of wealth,
technology, education, information, skills, infrastructure etc. that describes
the ability of a system to adjust to actual or expected climatic hazards
(McCarthy et al., 2001; Smit and Wandel, 2006; Engle, 2011). While cop-
ing is often used to characterize the availability of resources and the abil-
ity to utilize these resources to deal with hazards and shocks, adaptive
capacity might also include the capacity of communities and societies to
adapt to expected future hazards and climate change. Hence these re-
sources may be developed in the future based on the existing capacities
to develop them. However, in many scientific papers and policy docu-
ments coping and adaptation are merged. In contrast to this practice, the
author argues that the differentiation of the two terms and concepts is
important and of great help for guiding decision-making and analytical
approaches.

On the other hand, it is also evident that in some real-world cases a
clear-cut differentiation between coping and adaptation is rather difficult
to achieve (see also Birkmann, 2012a and b). Interestingly, the words “ad-
aptation” and “adaptive capacity” have recently attained a prominent
role in disaster risk reduction, although the early work of Gilbert White,
Robert Kates and Ian Burton had previously dealt with types of adapta-
tions and adjustments (see Burton et al., 1978; Burton et al., 1993). For
example, observing drought crises in Africa, Burton et al. highlighted
changes in location, adjustments in land use and cropping processes or
preventive strategies that mitigate harm or losses (see in detail Burton
et al., 1993, p. 53).

Compared to the discourse of adjustment and adaptation, the more re-
cent discussions deal particularly with the question of whether coping
and adaptation are actually the same or significantly different concepts.
The IPCC SREX (IPCC, 2012a) finds that adaptive and coping capacity



CONCEPTUAL FRAMEWORKS AND DEFINITIONS 23

are different concepts. While adaptive capacity is viewed as the combina-
tion of the strength, attributes and resources available to an individual, a
community or a society to reduce impacts and harm, coping capacity in
contrast is seen as the ability to actually use available skills and resources
to manage and overcome adverse effects (see IPCC, 2012a, pp. 556-558).
In addition, the term “adaptation” is often used to emphasize that adjust-
ments of existing structures and changes are needed in order to be able
to live with changing environmental and socio-economic conditions in
the medium and long term (see Schipper and Burton, 2008; Birkmann,
2011a; Birkmann, 2011b, p. 1117). While adaptation implies a constantly
unfolding process of learning, experimentation and change (see Birk-
mann et al., 2012; Kelly and Adger, 2000; Yohe and Tol, 2002; Pelling,
2010), coping deals with the protection and conservation of the current
system and institutional settings (see Birkmann 2011b). This view is also
supported by the earlier work of Vogel and O’Brien (2004), who argue
that coping is in tendency rather short term and deals with capacities and
survival in the light of extreme events or hazards, while adaptive capaci-
ties require planned and strategic actions and involve changes in the
norms and structures that lead to such crises and disasters. Although the
discourse has significantly enhanced the understanding of different soci-
etal response capacities, a coherent and systematic differentiation of cop-
ing and adaptive capacities and its application into real-world cases
remains a challenge (see Birkmann et al., 2012).

Natural hazard

A hazard is often characterized as a potential occurrence of a natural or
human-induced socio-natural physical event that may cause harm and
loss (see for example, IPCC, 2012a and the glossary of Marre in this vol-
ume). Consequently, the definition of a hazard encompasses a broad
range of threats, ranging from rather pure natural phenomena, such as
earthquakes, to socio-natural hazards, like floods, to technological and so-
called man-made hazards, such as an accident in a chemical plant (for
example, Bophal 1984). Of particular interest in this volume are those
hazards which originate from natural sources and that are modified by
humans, and that have been known to cause considerable damage in the
past, such as floods, storms or droughts. In addition, some chapters in this
volume also consider future hazards, such as sea level rise (see for exam-
ple, Welle et al., Chapter 9).

In the climate change discourse, the wording surrounding such phe-
nomena, as described above, may differ. For example, hazards due to cli-
mate change, such as heat waves, droughts or floods, are often described
as climate stimuli or extreme events (see IPCC, 2012, p. 116), even though
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they may also be considered under the umbrella of natural hazards in the
DRM community.

Risk

Compared to the terms “hazard” and “vulnerability”, the term “risk” can
be described as the product of an interaction between hazard and vulner-
ability including the probability and magnitude of such consequences (if
measurable).

In risk sciences, the term risk encompasses the probability and the magnitude
of harmful consequences or expected losses that may result from interactions
between natural or human induced hazards and vulnerable conditions. (UN/
ISDR, 2002)

However, it might be difficult to apply probability functions for rare
events and new risks that might manifest themselves through new phe-
nomena, such as sea level rise or cascading events. For these phenomena
the general definition of risk, as the result of the interaction of a hazard
or hazards with vulnerable communities, societies or social-ecological sys-
tems, is still valid or more appropriate to apply.

Having now discussed core definitions and respective differences be-
tween vulnerability, coping, adaptation, hazard and risk, the following
section will outline core factors and key dimensions of vulnerability. This
framing is essential in order to establish an understanding of the multi-
faceted nature of vulnerability.

Core factors and key dimensions of vulnerability

Vulnerability concepts and assessment approaches in disaster risk man-
agement as well as climate change adaptation can be differentiated into
components that deal with: (a) core factors of vulnerability; and (b) dif-
ferent thematic dimensions, such as social, environmental or economic
and institutional vulnerability.

Core factors of vulnerability

Core factors of vulnerability encompass, for example, susceptibility, sensi-
tivity or fragility (which are often used synonymously) and coping or
adaptive capacities as categories to systematize societal response capaci-
ties to deal with adverse environmental conditions. Although most of the
criteria used under the heading of sensitivity or susceptibility are nearly
capturing similar aspects (Costa and Kropp, 2013), the author argues that
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the term “susceptibility” is a more appropriate term for vulnerability as-
sessments in the context of natural hazards and climate change, since it
points to deficiencies that determine the likelihood to experience severe
harm and loss due to adverse events. In contrast, the term “sensitivity” is
more neutral and could mean movements in positive and negative direc-
tions. In addition, the term “sensitivity” is used in ecology to describe the
reaction time of a system, which is not a meaningful definition for vulner-
ability research. Moreover, the term “susceptibility” is used by the author
and other scholars to highlight that vulnerability encompasses factors
that describe the deficiencies of a system, while vulnerability also has to
account for the capacities people and communities have, even though
they are exposed and susceptible.

Exposure is an additional factor that in some approaches is defined
as a part of vulnerability (see for example, Turner et al., 2003; Birk-
mann, 2006a, p. 38), while in other concepts it is seen as an own factor
next to vulnerability (see IPCC, 2012a) or as a hybrid between vulnera-
bility and the natural hazard or physical event (see for example, Cardona
and Barbat, 2000). Exposure generally refers to the extent to which a unit
or system of the assessment (for example, community, city, building) falls
within the geographical range of a hazard event. Hence, exposure de-
scribes the presence of people, livelihoods, environmental services, re-
sources or infrastructures or other valuable items in places that could
be adversely affected (IPCC, 2012a, p. 559). If people or assets or social-
ecological systems are actually or potentially not exposed to natural
hazards or consequences of climate change, it is also less important to as-
sess their susceptibility or sensitivity to such physical phenomena. Assess-
ments can qualify exposure in terms of spatial and temporal patterns (Se-
tiadi et al., 2010; Setiadi, 2011; Cutter and Finch, 2008, Birkmann et al.,
2012 and 2013).

Compared to exposure, susceptibility (sometimes also called sensitivity
or fragility) characterizes the predisposition and likelihood to suffer harm
when a hazard strikes a community or a system is exposed. Susceptibility
is revealed within physical, social, environmental, cultural and institu-
tional dimensions. Even if a community or system (for example, a city
or a social-ecological system) is exposed to a hazard or climatic stressor,
this does not necessarily mean that it is highly susceptible, since suscepti-
bility refers primarily to the conditions of the community or the system
exposed. Susceptibility or sensitivity generally describe deficits and prob-
lematic conditions that might manifest themselves through people’s de-
fencelessness due to poverty or the lack of awareness about risks.
At the same time, vulnerability research over the past few decades, for
example, underscored that so-called vulnerable groups — that are highly
susceptible — have also developed mechanisms to cope and in some cases
to adapt to these adverse consequences. Hence, many assessments of
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vulnerability do not solely account for susceptibility or sensitivity but
also consider the various capacities (for example, coping, adaptation) of
people exposed to natural hazards and climate change to deal with the
adverse consequences (see for example, Turner et al., 2003, Smit and
Wandel, 2006; Birkmann et al., 2013; IPCC, 2012a).

Overall, it is important to note that newer vulnerability assessments
do not solely focus on one specific aspect (for example, susceptibility) or
configuration but also try to capture processes and dynamics of vulnera-
bility: for example, by addressing different factors of vulnerability and
their interplay, such as linkages between exposure, susceptibility, coping
and adaptation.

Dimensions of vulnerability

In addition to the key factors of vulnerability, assessments deal with dif-
ferent thematic dimensions. Key dimensions of vulnerability encompass,
for example, social, environmental, economic and institutional vulnerabil-
ity. These dimensions can be further specified and enlarged by, for exam-
ple, cultural or gender dimensions.

Social dimension of vulnerability

The social dimension of vulnerability deals with aspects of justice, social
differentiation and societal organization as well as individual strength
(Adger and Kelly, 1999; Adger, 2006; Birkmann, 2006a, 2006b, 2006c;
Birkmann, 2011b; O’Brien et al., 2008; Few, 2007). In various studies the
social dimension of vulnerability includes issues such as poverty, social
marginalization and powerlessness, demography (vulnerable age groups),
social networks, education, health and well-being (for example, Cutter
et al., 2003; Cardona and Carreio, in this volume, Chapter 10); migration
and displacement, and risk perception are also increasingly considered
but still difficult to capture (see Dwyer et al., 2004). Furthermore, social
vulnerability might also deal with the influence of institutions and rule
systems that might make people more susceptible to suffer harm and loss
due to natural hazards and climate change impacts (see for example,
Wisner et al., 2004; Birkmann et al., 2011b). While past disasters such as
the Indian Ocean tsunami, which hit Indonesia and Sri Lanka hardest,
revealed that young and elderly, as well as female persons, were among
the most vulnerable demographic groups, the heat wave in 2003 in Eu-
rope showed that elderly people particularly were more vulnerable com-
pared to other age groups due to a variety of factors, such as health
conditions, social isolation, family composition and mobility, all of which
are social determinants of vulnerability (see IPCC, 2012a). Consequently,
vulnerability patterns are not universal but often depend on specific con-
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text conditions and development processes in the respective country or
region and on the respective hazard focus.

In addition, the criteria used to measure social vulnerability (for exam-
ple, the percentage of elderly people in a community) might also serve as
proxies for hinting towards more complex problems, such as the phenom-
enon of social isolation of the elderly in some developed countries, such
as Germany. The research on these differential vulnerabilities shows that,
for example, gender is not just an intrinsic feature of people who are vul-
nerable due to birth but who are made vulnerable by societal structures
and processes, such as specific societal conditions that made women more
susceptible to coastal hazards due to social norms such as factors that
discourage female persons from engaging in, for example, survival train-
ing for girls (see also IPCC, 2012a). Also, characteristics, such as socio-
economic class and caste (O’Keefe et al., 1976; Peacock et al., 1997; Ray-
Bennet, 2009), gender (Sen, 1981; Neal and Phillips, 1990; Enarson and
Morrow, 1998; Fordham 1998), age (both the elderly and children), race
and ethnicity (Bartlett, 2008; Wisner, 2006) and housing tenure (whether
renter or owner), as well as the differential access to financial resources
in post-disaster processes, have been identified as the most common so-
cial vulnerability characteristics that influence susceptibility as well as ex-
posure to hazards (Cutter and Finch, 2008; Birkmann and Fernando, 2008;
Setiadi, 2011; Elliot and Pais, 2006; Fothergill et al., 1999). However, a
universal checklist of vulnerable groups often falls short in addressing the
diversity and dynamics of people’s changing conditions and the local vul-
nerabilities. Therefore, characteristics and criteria identified in the litera-
ture have to be tested and extended through national or local research.
In this regard, it is also important to assess the context in which societies
or communities are embedded, such as aspects of governance in the spe-
cific region. For example, in terms of the drought disaster in Somalia or
the earthquake disaster in Haiti, governance failure plays a major role in
making people vulnerable (see for example Fund for Peace, 2011).

Additionally, Cannon et al. (2003, p. 5) argue that social vulnerability is
linked to a set of characteristics that includes a person’s:

e Initial well-being (nutritional status, physical and mental health);

e Livelihood and resilience (assets and capitals, income and qualifica-
tions);

e Self-protection (capability and willingness to build a safe home, use a
safe site);

e Social protection (preparedness and mitigation measures);

e Social and political networks and institutions (social capital, institu-
tional environment and the like).

In summary, vulnerability is not only determined by the type of hazard
but is driven by precarious livelihoods, the degree of self-protection or
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social protection, qualifications and institutional settings and govern-
ance structures that define the overall context in which a person or a
community experiences and responds to the adverse consequences of
such phenomena (Cannon et al., 2003, p. 5). Hence, the concept of social
vulnerability is not limited to social fragilities, such as people with physi-
cal disabilities but also includes topics such as social inequalities regard-
ing income or gender as well as characteristics of communities and the
built environment (Fordham, 1997, 1998, 2007; Cutter et al., 2003, p. 243;
Enarson et al., 2007).

Economic dimension of vulnerability

Economic vulnerability can on the one hand refer to specific occupa-
tional and livelihood patterns and economic assets of households at risk;
on the other hand a second group of approaches examines within eco-
nomic vulnerability the susceptibility of an economic system or the ina-
bility of a system, for example, an individual household or a state, to
absorb and deal with a specific magnitude of damage and economic loss
(see for example, Hochrainer-Stigler et al., in this volume, Chapter 20;
Rose, 2004; Mechler et al., 2010; Cardona et al., 2010).

While the latter deals with the capacity of a state, private company or
household to deal with loss and damage as well as business interruption
costs, another approach examines the susceptibility of different occupa-
tions and livelihoods to, for example, climatic changes and specific haz-
ards. In this context the diversity of occupations a household is engaged
in might be used as a measure of economic vulnerability at a microscale.
The underlying hypothesis is that households or communities that heav-
ily depend on one occupation only (for example, fishing or agriculture)
might face higher losses and larger difficulties to recover due to a hazard
event or disaster than those communities that are able to shift to alterna-
tive livelihoods and income-generating activities in the face of adverse
events and environmental change.

Compared to this focus on livelihoods and different occupations, the
second school assesses economic vulnerability by focusing on, for exam-
ple, macroeconomic issues, such as the economic effects of a potential
disaster on the gross domestic product (GDP), consumption and the fis-
cal position (Mechler et al., 2010). Assessments that analyse these eco-
nomic vulnerabilities at the macroeconomic level include, for example,
the CATSIM model (see Hochrainer-Stigler et al., in this volume, Chap-
ter 20) and the Disaster Deficit Index (DDI) presented by Cardona and
Carrefio in Chapter 10. The Disaster Deficit Index, for example, measures
the economic loss that a particular country could suffer when a cata-
strophic event takes place, and the implications in terms of resources
needed to address the situation, such as the financial resources needed to
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compensate and reconstruct damaged infrastructures and other goods
(see in detail Cardona and Carrefio, Chapter 10 in this volume). Drivers
of macroeconomic vulnerability include, among other issues, low levels of
income, low level of GDP, constrained tax revenue, low domestic savings
and a high indebtedness with little access to external finance (see for ex-
ample, Mechler, 2004; Seth and Ragab, 2012; Barrito, 2008; Briguglio
et al., 2009).

The environmental dimension of vulnerability

In recent years increasing attention has been given to environmental
vulnerability. Although the environment is the sphere in which natural
hazards and climate variability originated, it is at the same time an im-
portant resource for many people who are highly exposed to these haz-
ards. The GAR of UN/ISDR (2009, 2011), as well as the publications of
the Partnership for Environment and Disaster Risk Reduction (PEDRR,
2012 website?), stress the importance of ecosystem services and function
as a modifier of human vulnerability or of the vulnerability of social-
ecological systems; however, precise guidelines on how to assess the
environmental dimension of vulnerability are still lacking. While some re-
ports, such as the fourth assessment report of the IPCC, refer to the
“Greenland ice sheet” and the “West Antarctic ice” as key vulnerabilities,
due to their risk of melting, these phenomena are rather processes of the
physical impacts of climate change and can indirectly refer solely to en-
vironmental vulnerability. In contrast to these physical processes, vulner-
ability in the environmental dimension connotes the likelihood of harm
and disruption of livelihoods or other societal processes due to the deg-
radation of environmental services and functions. Land degradation and
coastal environmental degradation can have severe effects on the expo-
sure of people to natural hazards as well as their susceptibility and cop-
ing or adaptive capacities (see for example Beck and Shepard, 2012).
Scoones (1998), Renaud in this volume (Chapter 3) and the GEO reports
2007 and 2012 (see UNEP 2007, 2012) underscore the importance of en-
vironmental and natural resources for many (rural) livelihoods, human
health and the need to integrate environmental aspects and resource de-
pendencies into vulnerability and risk assessment. However, the actual
integration of the environmental dimension of vulnerability in respective
risk and vulnerability assessments is still in its preliminary phase. Evi-
dence does exist that particularly in coastal environments, ecosystems,
such as mangrove swamps and marshes (wetlands), as well as coral and
oyster reefs, provide significant resources and services to coastal com-
munities. At the same time these environmental conditions might serve
as measures to reduce exposure to coastal hazards (coastal erosion,
wave break). Assessing environmental vulnerability can thus refer to the



30 JORN BIRKMANN

identification of the susceptibility and fragility of ecosystem services that
people depend on, such as benefits of coastal wetlands in terms of water
filtration, fisheries, cultural benefits and shoreline stabilization, to name
just a few (see in detail Beck and Sheppard, 2012; WorldRiskReport,
2012). These services (see for example, Barbier et al., 2011) might be par-
ticularly relevant for vulnerable communities that are highly exposed to
coastal hazards. Assessments can examine the dependency of commu-
nities and different social groups on these environmental services and
functions as well as the susceptibility of these ecosystem services and
functions to specific hazards.

Moreover, the degree and process of the environmental degradation
of, for example, coastal reefs, might also provide important insights about
an increasing potential exposure of these communities to coastal hazards,
such as the accelerated wave energy people might face due to coral de-
struction (see Sheppard et al., 2005) or mangrove deforestation (Osti
et al., 2008). Reports, such as the Reef at Risk report, provide first indica-
tions about the destruction of coral reefs, for example, due to fishing,
coastal development and pollution (see World Resource Institute, 1998,
2011). Overall, the environmental dimension of vulnerability deals with
the role of regulating ecosystem services and ecosystem functions for
people exposed to natural hazards and climate change which directly im-
pact human well-being (see MEA, 2005) and in most cases also liveli-
hoods and coping, as well as adaptive capacities.

The institutional dimension of vulnerability

The institutional dimension of vulnerability often refers to modes and
constraints in governance, underlying rules and norm systems that govern
society and also to the capacity or incapacity of (formal) organizations to
deal with risks and adaptation challenges (see for example, Adger, 1999,
2000; Lebel et al. in this volume (Chapter 19); Fund for Peace, 2011). In
addition, some approaches of institutional vulnerability also emphasize
the importance of the political economy, and hence refer to modes of
production or economic regulation (see for example, Wisner, 1978). Also,
limits and constraints of interactions between formal (governmental)
and informal (non-governmental) institutions involved in, for exam-
ple, disaster risk reduction, climate change adaptation and development
can hamper effective and integrative policy responses and thus refer
to institutional vulnerability (see, for example, Schipper and Pelling,
2006; Mitchell and van Aalst, 2008; Mitchell et al., 2010; Birkmann et al.,
2010).

An example, such as a mismatch between governmental and non-
governmental adaptation strategies can be observed in the development
of structural flood protection measures in some delta regions (for exam-
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ple, Mekong Delta). While local people might apply specific strategies —
for example, to deal with increasing flood events (such as adapting their
livelihoods to changing flood regimes) — governmental adaptation strate-
gies might prioritize structural measures, such as dyke systems or reloca-
tion strategies, that have severe consequences for the households
dependent on local ecosystem services (for example, fishing and farming
systems) (see in detail Birkmann, 2011a and b). These mismatches can
also be observed in the context of resettlement (see Chapter 20 in this
volume), when governments aim to reduce people’s spatial exposure to
hazards but at the same time do not sufficiently consider their depend-
ency on specific locations and environmental services.

At a macroscale of national states, institutional vulnerability can also
be linked to the lack of provision of basic human security by states. So-
called failed and fragile states often do not provide basic needs and so-
cial security to their members. Past disasters, such as the drought disaster
in Somalia, and the recovery problems in the aftermath of the earthquake
in Haiti (in 2010), underscore the importance of governance on local
people’s vulnerability and capacity to recover. The assessment of institu-
tional vulnerability at the national level is, for example, illustrated within
the WorldRiskIndex approach presented by Welle et al. in this volume
(Chapter 9).

Finally, one can also argue whether or not the institutional dimension
of vulnerability should be framed as an own dimension or whether the
aspects described above are mainly institutional conditions and rules that
regulate the other three dimensions discussed earlier. Although most of
the issues addressed within institutional vulnerability might also influ-
ence and regulate, for example social vulnerability or economic vulnera-
bility, the argument for treating it as an own dimension is rather practical.
Most assessments do not sufficiently capture issues of governance as core
aspects in their assessment. Hence, treating institutional issues as an own
vulnerability dimension might help to improve assessment methods for
actually assessing different qualities of governance and their impact on
the vulnerability of people or social-ecological systems.

Preliminary conclusions: vulnerability

Understanding and assessing the multifaceted nature of vulnerability
to natural hazards and climate change is still a challenge, since not only
are hazard and exposure patterns changing but also the social, economic
and institutional conditions people are living in are dynamic. The lens
proposed within the structure of this chapter differentiates core factors
of vulnerability, such as susceptibility and coping etc., and thematic
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dimensions (social, economic, environmental, institutional) in which ex-
posure, susceptibility, coping and adaptation patterns become manifest.

Today, vulnerability is viewed as a particularly multidimensional, dif-
ferential and dynamic phenomenon that often manifests itself at different
scales simultaneously. However, the real challenge lies in the respective
scientific assessment of these issues (for example, dynamics and scale in-
teractions), without trying to assess all processes, dynamics and interlink-
ages at all scales simultaneously.

In addition, the differentiation made regarding the dimensions of vul-
nerability does not mean that all these dimensions can be clearly sepa-
rated. Nevertheless, the various thematic dimensions introduced in this
chapter might help scholars to review their approach and to clearly dif-
ferentiate what is meant by vulnerability compared to physical impacts,
hazards or risks.

Particularly in the light of an improved understanding of the dynamic
nature of vulnerability and a multidimensional assessment, it is useful to
differentiate susceptibilities (or deficiencies, sensitivities etc.) from re-
sources that enhance the capacities of communities or social-ecological
systems to deal with shocks and changes, such as coping and adaptive
capacities. A clear-cut differentiation of coping or adaptation might in
some cases be impossible; however, from a conceptual point of view, it is
useful to distinguish the differing nature of response processes.

Another key challenge for defining and assessing vulnerability lies
in developing a balanced approach between the assessment of hazard-
independent vulnerabilities, such as poverty, and the assessment of vul-
nerability characteristics that might be hazard and context specific, such
as aspects of exposure or specific coping and adaptation processes. For
example, local and indigenous knowledge that informs coping and adap-
tation processes of indigenous people is context specific (see Nakashima
et al., 2012). Overall, thinking along two lines — (a) different dimensions
and (b) core factors of vulnerability — can help to move from a static to a
more process- and holistic-oriented understanding of vulnerability to nat-
ural hazards and climate change.

Based on the in-depth discussion of different factors and dimensions of
vulnerability, the following section will deal more precisely with resil-
ience, coping and adaptation.

Resilience
Resilience describes the capacities of societies, communities and individ-

uals or a social-ecological system to deal with adverse consequences and
the impacts of hazard events (Holling, 2003; Berkes et al., 2003; Folke,
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2006; IPCC, 2007; Birkmann, 2011b; Garschagen, 2011). Building resil-
ience is seen as the key strategy to allow societies, communities, individu-
als or social-ecological systems to transform in order to be able to live
with changing environmental and socio-economic conditions. In order to
unpack the different meanings of the term, the author examines the de-
velopment of the concept and different schools of thought.

Resilience as a concept brings together various empirical concepts that
have long been the focus of social and human-environmental analysis.
The novelty of resilience is, however, linked to the reprioritization and
new conceptualization of social and natural systems that are often treated
as separate systems, being embedded in different regimes and logics,
while resilience research underscores that most systems in reality are
coupled social-ecological systems (see for example, Berkes et al., 2003).
Hence, a separation of these domains is often arbitrary. In addition, resil-
ience research — particularly in the domain of social-ecological systems —
introduced two important theoretical concepts: panarchy and adaptive
capacity (see for example, Gunderson, 2000; Walker et al., 2004; Folke,
2006).

In contrast to vulnerability, resilience emphasizes that stressors and
crises (phases of weak control) in social-ecological systems also provide
windows of opportunity for change and innovation. Hence, crises and
destabilization processes are seen as important triggers for renewal and
learning. Also, anthropological research on community studies has fo-
cused on the apparent contradiction of continuity and change. However,
what should be maintained and what has to change in the context of risk
reduction to natural hazards and climate change adaptation is still a sub-
ject of discussion since, particularly in disaster risk research and climate
change adaptation, it is still difficult to define precisely what structures
and relationships need to remain and which should change or disappear.

Overall, resilience theory maintains that crises can be an important
basis for reorganization and renewal, clearly differentiating this concept
from other approaches in crises and disaster management, such as resist-
ance. In the next paragraphs, three different schools of resilience thinking
will be introduced.

From ecological to social-ecological resilience

The term “resilience” emerged particularly from research in ecology and
social-ecology and goes back to work of C.S. Holling in 1973 regarding
the robustness of ecological systems. A core pillar of Holling’s resilience
concept was linked to his research observation that the survival of a
fish population (in the Great Lakes in the United States) is not prima-
rily linked to the size of the population but rather to its flexibility and
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adaptability to changing conditions and the opportunity to sustain major
relationships within ecosystems during times of shocks and disturbance
(see Holling, 1973, p. 18). He proposed that “resilience determines the
persistence of relationships within a system and is a measure of the abil-
ity of these systems to absorb changes of state variables, driving variables,
and parameters, and still persist” (Holling, 1973, p. 18). Key terms in this
research field were “surprise” (sudden change in a system), “multiple
equilibria”, “tipping points”, “adaptive renewal cycle” and “panarchy”. In
this context, the notion of resilience is also linked to the concept of self-
regulation of systems (see Vester, 2002) and was used as a critique against
a static stability thinking.

The operationalization of the concept of resilience for disaster risk
management or reduction and climate change adaptation is a challenge
(see also Cutter et al., 2008; Klein et al., 2003), since one needs to define
which functions of a society are key and need to be maintained. In addi-
tion, the transfer of this concept to social-ecological crises and disasters
in the context of natural hazards might also be problematic. The idea that
in disasters a reduction in human population might not be significant if
major functions of the system can be sustained is questionable. Similarly,
it would be problematic to translate resilience as robustness or resistance,
since, in that case, the notions of reorganization and renewal are neglected.

The innovative potential of the concept of social-ecological resilience
is linked to the concept of panarchy, the adaptive cycle and cross-scale
interactions. The panarchy approach underscores that social-ecological
systems operate in continued and adaptive cycles of growth, accumula-
tion, restructuring and renewal and these phases are closely interlinked.
In addition, the concept of resilience emphasizes the importance of the
capacity of a system for self-organization, learning and transformation,
which are core capacities that improve the system’s ability to deal with
shocks and surprises (see Holling, 2003, S. 393, 403; Abel et al., 2006;
Walker et al., 2004; and Walker et al., 2006). Folke (2006) analysed and
systematized different resilience concepts according to their core charac-
teristics, focus and context. His overview also shows the further enhance-
ment of ecological resilience into areas of engineering and social-ecology
(see Table 1.1).

While the resilience concept for ecological systems is translated with
characteristics of buffer capacities and the maintenance of key functions,
the application of resilience in engineering focuses on recovery and con-
tinuity (see Folke, 2006). Today, it is used by many scholars in the sense
of social-ecological systems, particularly by researchers of the resilience
alliance (see website: www.resalliance.org). In this context, particular at-
tention is given to feedback processes and cross-scale dynamics, as well
as institutions that govern the management of social-ecological systems,
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Table 1.1 Resilience concepts after Folke, 2006

Resilience

Concept Characteristics Focus On Context

Engineering  Return time, Recovery, Vicinity of stable
resilience efficiency constancy equilibrium

Ecological/ Buffer capacity, Persistence, Multiple
ecosystem withstand shock, robustness equilibria,
resilience maintain function stability
and social landscape
resilience

Social- Interplay disturbance = Adaptive capacity, Integrated system
ecological and reorganization, transformability, feedback, cross-
resilience sustaining and learning, scale dynamic

developing innovation interactions

such as framing systems or fishery practices (Folke, 2006; Turner, et al.,
2003; Berkes et al., 2003).

Resilience in psychology

Psychological resilience has a longer research history. Compared to
social-ecological resilience research that was heavily influenced by ecol-
ogy, the focus in psychological resilience is on the analysis of individual
recovery processes and the ability of individuals to deal with traumatic
experiences and avoid negative trajectories associated with risks (Bon-
anno et al., 2004; Ong et al., 2006). In this regard, analysis of the capacity
to choose a vital and authentic life is also part of psychological resilience
research. In contrast to the idea of renewal and change, resilience in psy-
chology is rather conservative and guided by the understanding of miti-
gating change and returning to a pre-impact status of psychological health.
One area of this resilience research focused, for example, on the role of
positive individual emotions that help to promote flexibility in thinking
and problem solving (Fredrickson and Branigan, 2005; Folkman and
Moskowitz, 2004), and these individual emotions play an important role
in recovery processes after crises or disasters (Fredrickson and Levenson,
1998; Fredrickson and Branigan, 2001). Moreover, recent developments
in psychological resilience show a certain shift from the analysis of indi-
vidual internal capacities and factors of resilience towards a multilevel
perspective that also includes protective factors rather than focusing on
post-disaster recovery (see for example, Zautra et al., 2010; Bonnano et
al., 2006; Meredith et al., 2011). Today, psychological resilience research
focuses particularly on two domains with regard to disaster risk research:
(a) on the mental health and development processes of individuals after
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crises (psychology); and (b) on factors at the individual and community
levels that are related to disaster preparedness/mitigation.

Infrastructure resilience

Resilience of (critical) infrastructures is rather new and has been intensi-
fied, particularly in the light of an increasing dependency of societies on
these critical infrastructure services and in terms of recent disasters, such
as the Fukushima disaster. In general, critical infrastructures span a broad
field of infrastructures that, according to Lauwe and Riegel, can be clus-
tered in, for example, basic infrastructures, (such as electricity and water
supply etc.), socio-economic infrastructures (such as crises management
institutions, health care etc.) and socio-cultural infrastructures (such as
media, research etc.) (see Lauwe and Riegel, 2008, p. 113). Bruneau et al.
(2003) suggest that these infrastructures would be resilient if they were
characterized by systems that are: (1) robust; (2) redundant; (3) resource-
ful; and (4) capable of rapid response. In this regard, assessment of the
resilience of infrastructure can deal with four interrelated dimensions:
(1) technical, (2) organizational, (3) social and (4) economic issues of
critical infrastructure (Bruneau et al., 2003) that influence the robustness
or capability of rapid responses within these infrastructures and their
functioning. Furthermore, Boin and McConnell (2007) stress the need for
a paradigm shift from the analysis of the critical infrastructure and con-
tingency planning to the broader understanding of critical infrastructures
as part of societal resilience. In addition, the discourses about the “Fuku-
shima crisis” in Japan in 2010 after a major tsunami hit the atomic power
plant, and the critical infrastructure failures in Europe during the heat
wave in 2003, have stimulated new discussions about the mismatches
between private and public sector risk management strategies and the
effects of privatization, liberalization and deregulation on such infrastruc-
tures and their resilience.

Preliminary conclusions: resilience

The concept(s) of resilience originated from ecology and also psychology.
The concepts, however, have been continuously discussed and further
enhanced in the last three decades into other application areas with re-
gard to new research fields, as illustrated beforehand from a rather nar-
row ecological system to complex and coupled social-ecological systems.
Consequently, the concept has undergone a substantial shift with respect
to its ontology and meaning as well as its area of application and know-
ledge domain (from basic knowledge to knowledge for decision-making).
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While the original resilience concept in ecology focused primarily on the
understanding of the survival of populations in times of shocks and
perturbations, the newer work on social-ecological resilience also deals
with institutions that regulate social-ecological systems and questions of
decision-making (see for example, Berkes et al., 2003, Cumming et al.,
2006). Furthermore, recent work by Pelling (2010) calls for a critical
review of the resilience concept as a guiding vision. He argues that risk
reduction and adaptation need to be transformative and hence have to
provide the scope for the revision or even replacement of existing struc-
tures and social contracts (Pelling 2010). In this regard, a new discourse
about transformative change is emerging.

In psychological resilience, that research has undergone an enhance-
ment of the concept from individual capacities to deal with shocks and
traumatization towards a multilevel perspective is observable. The inter-
action between ecological or social-ecological resilience, psychological
resilience and infrastructure resilience research is still rather limited. In-
frastructure resilience research in particular has been receiving more at-
tention in the last decade due to failures of critical infrastructures and
the increasing dependency of various societal processes on the function-
ing of these critical infrastructures both in so-called developed countries
and countries in transition.

Opverall, the discussion above indicates that the translation of the con-
cept of resilience and its various characteristics into the context of risk
and disaster recovery remains a major challenge. Many scientific contri-
butions still remain abstract in terms of the question of what resilience
actually means for disaster risk and adaptation research. For example, the
contribution of Allenby and Fink (2005) in Science, maintains that resil-
ience is not a global characteristic of a system but that it has to be trans-
lated for a specific system and regarding a specific challenge (see Allenby
and Fink, 2005, S. 1034). Although one can agree with this observation, it
shows that the term and its translation remain vague with respect to an
improved understanding and assessment of resilience. Nevertheless, the
concept highlights that a shift in thinking is needed in disaster risk reduc-
tion, in the sense that disaster and crises cannot always be avoided but
have to be seen and used as windows of opportunity for change, reorgani-
zation and transformation towards improving learning and adaptive ca-
pacities, while at the same time increasing the degree of self-organization
and capacities to manage shocks and perturbations. Interestingly, many of
the characteristics that are actually used to describe subcomponents of
such resilience concepts might call into question current development
trends. For example, for critical infrastructures, redundancy is seen as a
subcomponent of resilience; at the same time many agencies and private
companies who run such critical infrastructures might prefer to avoid
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redundancies from a microeconomic and private business perspective.
Hence, resilience concepts can also function as lenses to critically review
current development processes and our understanding of disaster man-
agement and the goal of a world free of disasters.

Finally, Cutter et al. (2008) have developed a first framework (drop
model) for assessing disaster resilience at community level that particu-
larly stresses that low adaptive resilience in terms of social learning and
improvisation after a disaster will also lead to low levels of recovery (see
in detail Cutter et al., 2008, p. 602). Although the DROP model and the
indicators selected for community resilience (see in detail Cutter et al.,
2008, p. 604) provide a first, well-developed entry point, it is still a major
research challenge to actually capture cross-scale interactions and inter-
dependencies that in the original ecological and social-ecological resil-
ience framing are discussed under the term “panarchy”.

What have we learned so far? Preliminary observations

The overview and discussion of key terms have revealed that although
concepts such as vulnerability and resilience have achieved a high degree
of recognition in different fields, such as disaster management, climate
change adaptation, environmental management and development studies,
the concepts are often used with differing connotations. In this context, it
might be misleading to try to establish a universal definition of vulnera-
bility. Therefore, the author provides an overview of the different spheres
of the concept of vulnerability (Figure 1.1), without intending to be
comprehensive.

Nearly all concepts of vulnerability in disaster risk research and cli-
mate change adaptation view it as an “internal side of risk”, closely
linked with the discussion of vulnerability as an intrinsic characteristic of
a system or element at risk. That means the conditions of the exposed
subject or object (its susceptibility) at risk are seen as core characteristics
of vulnerability (UN/ISDR, 2004; Cardona, 2004a, 2004b; Wisner, 2002,
pp- 12-17; Marre, in this volume), the inner circle in Figure 1.1. Interest-
ingly, the understanding that vulnerability is seen as an internal side of
risk and as an intrinsic characteristic of an element at risk can be applied
to very different elements, such as communities and social groups (socio-
economic conditions, institutional framework), physical structures and
characteristics of buildings and lifelines (physical structure), as well as
ecosystems and their services. The notion of vulnerability as an internal
side to risk is a clear contrast with frameworks that assume that disaster
risk is mainly an outcome of the natural hazard or environmental phe-
nomenon.
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Multi-dimensional vulnerability
encompassing physical, social,
economic, environmental and
institutional features

Vulnerability as a multiple
structure: susceptibility, coping
capacity, exposure, adaptive
capacity

Vulnerability as a dualistic
approach of susceptibility and
coping capacity

Vulnerability as the
likelihood to
experience harm
(human centred)

Vulnerability as an

internal risk factor
(intrinsic U

vulnerability)

Figure 1.1 Key spheres of the concept of vulnerability
Source: Birkmann 2005.

An extension of this definition can be seen in definitions — such as
Wisner’s (2002) — that define vulnerability as the likelihood of injury,
death, loss and disruption of livelihood in an extreme event and/or un-
usual difficulties in recovering from the negative impacts of hazardous
events — primarily related to people (Wisner, 2002, pp. 12-17). This defini-
tion underlines the fact that the main elements of vulnerability are those
conditions that increase and determine the likelihood of injury, death,
loss and disruption of livelihood of human beings. Hence, the second
sphere of vulnerability can be associated with this human-centred defini-
tion of the likelihood of death, injury and loss (Figure 1.1).

Furthermore, the “likelihood of injury” is extended by the focus of a
dualistic structure of vulnerability, which can be observed in the defini-
tions by Wisner (2002, pp. 12-17) and also partially by Chambers (1989)
and Bohle (2001). Wisner clearly identifies the “unusual difficulties in
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recovering” from such events as part of vulnerability. Hence, coping and
recovery capacities are part of a broader understanding of vulnerability.
Many conceptualizations of vulnerability, particularly in the area of de-
velopment geography and geographic risk research, suggest that societies,
and poor people especially, are not just susceptible or fragile with respect
to natural hazards or climate change impacts but have also developed
capacities to cope with and adapt to these treats. Therefore, a third sphere
can be associated with the “dualistic structure of vulnerability”, focusing
on susceptibility or fragility and the coping and response capacities of
individuals or communities exposed to adverse consequences.

An additional extension of the concept of vulnerability can be seen in
the shift from a double structure to a multistructure. Particularly, the
newer frameworks, such as the Turner et al. (2003) framework or the
BBC and MOVE frameworks, which will be introduced in the next sec-
tion, focus on multiple factors and a diverse causal structure of vulnera-
bility, including exposure, susceptibility, coping capacities and adaptive
capacities (see for example, Turner et al., 2003; Cardona and Barbat, 2000;
Birkmann, 2006a; Birkmann et al., 2013).

A fifth sphere and extension of the discussion can be seen in the analy-
sis of multiple thematic dimensions of vulnerability. While the traditional
engineering perspective of vulnerability focused primarily on physical as-
pects, the current debate regarding vulnerability clearly underlines the
necessity to take into account various dimensions that shape and drive
vulnerability (UN/ISDR, 2004), such as physical, economic, social, envir-
onmental and institutional characteristics. Some approaches also empha-
size that additional global drivers that have an impact on vulnerability,
such as globalization and climate change, should be integrated in such
multidimensional assessment approaches (Vogel and O’Brien, 2004, p. 3;
O’Brien and Leichenko, 2000). In summary, the focus of attention has
shifted from the analysis of an individual unit or a narrow physical struc-
ture (the likelihood that buildings will collapse during an earthquake) to
a broad interdisciplinary analysis of the multidimensional concept of vul-
nerability (for example, Cardona, 2004b, pp. 39-49). The widening of the
concept of vulnerability is illustrated in Figure 1.1. It shows that, start-
ing from a basic and in many cases common understanding (first inner
sphere), a process of broadening took place that provided the back-
ground for the emergence of quite different frameworks and their the-
matic or causal focus.

Overall, the broadening of the concepts and the different spheres are
also an expression of an improved understanding of vulnerability: for
example, with regard to different response processes and interlinkages
between different thematic dimensions, such as social, economic, environ-
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mental and institutional vulnerability. Recent work shows that different
spheres of the concept of vulnerability are considered in the various con-
ceptual frameworks to systematize vulnerability. This is a clear advance-
ment compared to the research landscape when the first edition of
measuring vulnerability was published in 2006.

Based on the discussion of the different terms and thematic dimen-
sions of vulnerability, the following section presents selected conceptual
frameworks of vulnerability used in disaster risk research, development
research and climate change adaptation.

Conceptual frameworks of vulnerability

The different views on vulnerability are displayed in various analytical
concepts and frameworks on how to systematize it. Since these con-
ceptual frameworks are an essential step towards the development of
approaches and methods measuring vulnerability and the systematic
identification of relevant indicators, the following paragraphs give an in-
sight into different conceptual frameworks developed in disaster risk
research and development geography, climate change science and adap-
tation research, as well as concepts developed by the United Nations
University-Institute for Environment and Human Security (UNU-EHS)
and partners.

The approaches and frameworks presented in the following — based on
different schools of thought — are not necessarily contradictory but ap-
proach vulnerability from a specific viewpoint. This section provides an
overview of different approaches to help illustrate the key differences
and similarities behind these ways of conceptualizing and measuring vul-
nerability and its components. Overall, the approaches presented can be
classified into at least four different schools of thought: (a) political econ-
omy, (b) social-ecology, (c) vulnerability and disaster risk assessment
from a holistic view and (d) climate change systems science. While the
political economy approach can be illustrated by, for example, the pres-
sure and release (PAR) model published in Blaikie et al. (1994) and
Wisner et al. (2004), the social-ecology perspective is represented by the
framework developed and published by Turner et al. (2003). Compared
to political economy, the perspective of social-ecology puts the coupled
human-environmental system at the centre of the vulnerability analysis
and stresses the transformative qualities of society with regard to nature.
So-called holistic concepts of vulnerability and disaster risk assessment
have tried to develop an integrated explanation of risk. These approaches
particularly differentiate exposure, susceptibility and societal response



42 JORN BIRKMANN

capacities (see Cardona, 1999a, 1999b, 2001; IDEA, 2005; Birkmann,
2006a; Carrefio, 2006; Carrefio et al., 2007; Birkmann and Fernando, 2008;
Carrefo et al., 2010; Birkmann et al. 2013). A core element of these
approaches is a feedback-loop system that claims that vulnerability is
dynamic and that vulnerability assessment cannot be limited to the iden-
tification of deficiencies. Furthermore, a fourth school of vulnerability
concepts emerged within the context of climate change science and ad-
aptation research (see for example, Fiissel and Klein, 2006). These ap-
proaches define vulnerability as a function of exposure, sensitivity and
adaptive capacities while at the same time suggesting that exposure also
accounts for aspects of the physical phenomenon of climate change (Fiis-
sel, 2007; IPCC, 2007). The IPCC special report SREX (IPCC, 2012a),
however, stresses the need to differentiate the physical event from
vulnerability in order to maintain the analytic power of the concept of
vulnerability as a way to show and examine the social construction of
risk.

In the following section, selected frameworks of the different schools
of thought will be discussed more in depth.

The double structure of vulnerability

According to Bohle (2001), vulnerability can be seen as having an exter-
nal and an internal side. The internal side, coping, relates to the capacity
to anticipate, cope with, resist and recover from the impact of a hazard; in
contrast, the external side involves exposure to risks and shocks. In social
sciences, the distinction between the exposure to external threats and the
ability to cope with them is often used to underline the double structure
of vulnerability (van Dillen, 2004). Based on the perspective of social ge-
ography and the intensive famine research carried out by Bohle (2001,
p. 119), the pre-analytic vision of the double structure underscores the
fact that vulnerability is the result of interaction between exposure to ex-
ternal stressors and the coping capacity of the affected household, group
or society. Interestingly, Bohle’s conceptual framework describes expo-
sure to hazards and shocks as a component of vulnerability itself.
However, in this way, the term “exposure” goes beyond mere spatial
exposure since it also encompasses features related to the entitlement
theory and human ecology perspective. Within the debate over the dou-
ble structure of vulnerability, the term “exposure” also deals with social
and institutional features, meaning processes that increase defenceless-
ness and lead to greater danger, such as exclusion from social networks.
These alter the exposure of a person or a household to risk (Cannon
et al., 2003). Moreover, the conceptual framework of the double structure
indicates that vulnerability cannot adequately be characterized without
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Figure 1.2 Bohle’s conceptual framework for vulnerability analysis
Source: Bohle, 2001.

simultaneously considering coping and response capacity, defined here as
the internal side of vulnerability.

The sustainable livelihood framework

The “sustainable livelihood framework” can be seen as a framework or
vade mecum for vulnerability assessment. Key elements of this approach
are the five livelihood assets or capitals (human, natural, financial, social
and physical capital), the “vulnerability context” viewed as shocks, trends
and seasonality, and the influence of transforming structures for the live-
lihood strategies and their outcomes (see in detail Department for Inter-
national Development (DFID, 1999) and Figure 1.3).

The sustainable livelihood framework encompasses two major terms,
“sustainability” and “livelihoods”. The original concept, developed by
Chambers and Conway (1992), viewed livelihoods as the means of gain-
ing a living, encompassing livelihood capabilities and tangible and intan-
gible assets. Within the livelihood framework, the term “sustainability” is
often linked to the ability to cope with and recover from stresses and
shocks as well as to maintain the natural resource base (DFID, 1999;
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Chambers and Conway, 1992). The framework emphasizes that trans-
forming structures in the governmental system or private sector and re-
spective processes (laws, culture) influence the vulnerability context, and
determine both the access to and major influences on livelihood assets of
people. The approach underlines the necessity of empowering local mar-
ginalized groups in order to reduce vulnerability effectively (see in detail
DFID, 1999; Schmidt et al., 2005). A central objective of the approach is
to provide a method that views people and communities on the basis of
their daily needs, instead of implementing ready-made, general interven-
tions and solutions without acknowledging the various capabilities that
poor people offer (de Haan and Zoomers, 2005).

Although the sustainable livelihood approach underlines the multiple
interactions that determine the ability of a person, social group or house-
hold to cope with and recover from stresses and shocks, it remains
abstract. The transforming structures and processes in particular, includ-
ing influences and access aspects, remain very general. De Haan and
Zoomers (2005, p. 33 and p. 45) emphasize that access and the role of
transforming structures are key issues which have not been sufficiently
examined so far. In particular, the flexibility of the interchanges of differ-
ent capitals and assets (human capital, financial capital, social capital) has
to be more closely considered, meaning that the configuration of power
around these assets and capitals, as well as the power and processes of
transforming structures, needs to be explored in greater depth. They ar-
gue that access as a key element in the sustainable livelihood framework
heavily depends on the performance of social relations, and therefore
more emphasis in sustainable livelihood research should be given to the
role of power relations. De Haan and Zoomers conclude that the frame-
work has the tendency to focus on relatively static capitals and activities
within different livelihoods and livelihood strategies (de Haan and
Zoomers, 2005).

Furthermore, it is interesting to note that the concept of livelihoods ac-
counts solely for positive outcomes (livelihood outcomes). Additionally,
the feedback processes significantly underestimate the role of livelihood
outcomes in the environmental sphere and hazard context. For example,
a “more sustainable use of natural resources” can be seen as an impor-
tant tool to reduce the magnitude and frequency of some natural hazards
such as droughts, floods or landslides. These linkages between the human-
environmental system play a major role in the resilience discourse (see
for example, Allenby and Fink, 2005; Folke et al., 2002; Berkes et al. 2003;
Adger et al., 2005; Folke 2006). Nevertheless, this approach, especially the
five livelihood assets, can serve as an important source and checklist for
other approaches aimed at identifying susceptibility and coping capacity
for hazards of natural origin.
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Figure 1.4 The conceptual framework to identify disaster risk
Source: Davidson, 1997: 5; Bollin et al., 2003: 67.

Vulnerability within the framework of hazard and risk

A second group of concepts used in disaster risk research defines vul-
nerability as a component within the context of hazard and risk. Vul-
nerability, coping capacity and exposure are defined as separate features.
To illustrate these approaches, the definition of risk within the disaster
risk framework by Davidson (1997), adopted by Bollin et al. (2003), the
triangle of risk of Villagran de Ledén (2004), which reflects the “risk
triangle” developed by Crichton (1999) and the UN/ISDR framework for
disaster risk reduction (2004) are shown and discussed in the following.
Davidson’s (1997) conceptual framework, adopted by Bollin et al. (2003),
is shown in Figure 1.4. It views vulnerability as one component of dis-
aster risk. The conceptual framework distinguishes four categories of dis-
aster risk: hazard, exposure, vulnerability and capacity measures (Figure
1.4).

Hence, risk is seen as the sum of hazard, exposure, vulnerability and
capacity measures. While hazard is defined through its probability and se-
verity, exposure is characterized by structures, population and economy.
In contrast, vulnerability has a physical, social, economic and environ-
mental dimension. Capacity and measures — which seem to be closely re-
lated to issues of what we would describe today as coping and adaptive
capacities — encompass physical planning, social capacity, economic cap-
acity and management. In contrast to the framework of the double struc-
ture of vulnerability developed by Bohle (2001), this approach defines
vulnerability as one component of disaster risk and differentiates be-
tween exposure, vulnerability and coping capacity (Davidson, 1997; Bollin
et al., 2003). Villagran de Ledén defines vulnerability within a triangle of
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Hazard

Deficiencies in
Preparedness

Figure 1.5 Risk as a result of vulnerability, hazard and deficiencies in prepared-
ness
Source: Villagran de Ledn, 2001/2004.

risk, which consists of the three components of vulnerability, hazard and
deficiencies in preparedness (Villagran de Leon, 2004, p. 10). His figure
reflects the “risk triangle” developed earlier by Crichton (1999).
Vulnerability in this framework is seen as one of the pre-existing con-
ditions that make infrastructure, processes, services and productivity
more prone to be affected by an external hazard. In contrast to the posi-
tive definition of coping capacities, Villagran de Leén uses the term “defi-
ciencies in preparedness” to capture the lack of coping capacities of a
society or a specific element at risk (Villagran de Ledn, 2001,