
Disaster and Risk Research: GADRI Book Series

Proceedings of the 
3rd Global Summit 
of Research Institutes 
for Disaster 
Risk Reduction 

Hirokazu Tatano 
Andrew Collins Editors



Disaster and Risk Research: GADRI Book Series

Series Editors

Stefan Hochrainer-Stigler, Risk and Resilience Program, International Institute for
Applied Systems Analysis (IIASA), Laxenburg, Niederösterreich, Austria

Hirokazu Tatano, Disaster Prevention Research Institute, Kyoto University, Uji,
Kyoto, Japan

Wei-Sen Li, National Science and Technology Center for Disaster Reduction,
New Taipei City, Taiwan

Andrew Collins, Department of Geography and Environmental Sciences,
Northumbria University, Newcastle upon Tyne, UK

Khalid Mosalam, Pacific Earthquake Engineering Research Center, University of
California, Berkeley, Berkeley, CA, USA

Charles Scawthorn, SPA Risk LLC, Berkeley, CA, USA

Lori Peek, Natural Hazards Center, University of Colorado Boulder, Boulder, CO,
USA



Disaster and Risk Research: GADRI Book Series is published under the auspices
of the Global Alliance of Disaster Research Institutes (GADRI). The global status
of disaster research reflects the major strides made in the disaster sciences. These
volumes present the forefront of disaster research, including key scientific findings,
methodologies, policy recommendations and case studies. Whilst disaster risk
needs to be managed in an integrated manner, persistently isolated applications of
knowledge, practice and policy are falling short of ensuring disaster-resilient
societies. Responding to this deficit calls for measurement, tools, techniques and
institutional structures that can realistically support comprehensive risk assessment
and management across multiple hazard landscape. As such, disaster research is
now faced with a multi-disciplinary, multi-stakeholder challenge. Contributions to
this series therefore address many varied and critical opportunities to advance the
subject area. A cross-cutting vision shared across the Disaster and Risk Research
volumes is to improve the future of scientific and technological guidance with
clearly identifiable roadmaps to ensure human safety and security. The Global
Alliance of Disaster Research Institutes was established in March 2015, directly
after the United Nations World Conference on Disaster Risk Reduction (WCDRR
2015) in Sendai, Japan, based on the belief that a multi-institutional alliance can
strengthen disaster research and its influences around the world. GADRI has a
mandate to support the implementation of the Sendai Framework for Disaster Risk
Reduction 2015-2030 and is a member of the Scientific and Technical Advisory
Group (STAG) of the United Nations Office for Disaster Risk Reduction
(UNISDR). In addition, GADRI provides a platform for scientific communities
from different disciplines, backgrounds and countries, helping them share their
knowledge, findings and views. This approach yields more holistic and
farther-reaching insights, which can contribute to further steps in effective disaster
risk management.

More information about this series at http://www.springer.com/series/16177

http://www.springer.com/series/16177


Hirokazu Tatano • Andrew Collins
Editors

Proceedings of the 3rd Global
Summit of Research
Institutes for Disaster Risk
Reduction

123



Editors
Hirokazu Tatano
Disaster Prevention Research Institute
Kyoto University
Uji, Kyoto, Japan

Andrew Collins
Department of Geography
and Environmental Sciences
Northumbria University
Newcastle upon Tyne, UK

ISSN 2524-5961 ISSN 2524-597X (electronic)
Disaster and Risk Research: GADRI Book Series
ISBN 978-981-15-8661-3 ISBN 978-981-15-8662-0 (eBook)
https://doi.org/10.1007/978-981-15-8662-0

© Springer Nature Singapore Pte Ltd. 2021
Chapter 4 is licensed under the terms of the Creative Commons Attribution 4.0 International License
(http://creativecommons.org/licenses/by/4.0/). For further details see license information in the chapter.
This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part
of the material is concerned, specifically the rights of translation, reprinting, reuse of illustrations,
recitation, broadcasting, reproduction on microfilms or in any other physical way, and transmission
or information storage and retrieval, electronic adaptation, computer software, or by similar or dis-
similar methodology now known or hereafter developed.
The use of general descriptive names, registered names, trademarks, service marks, etc. in this pub-
lication does not imply, even in the absence of a specific statement, that such names are exempt from
the relevant protective laws and regulations and therefore free for general use.
The publisher, the authors and the editors are safe to assume that the advice and information in this
book are believed to be true and accurate at the date of publication. Neither the publisher nor the
authors or the editors give a warranty, expressed or implied, with respect to the material contained
herein or for any errors or omissions that may have been made. The publisher remains neutral with
regard to jurisdictional claims in published maps and institutional affiliations.

This Springer imprint is published by the registered company Springer Nature Singapore Pte Ltd.
The registered company address is: 152 Beach Road, #21-01/04 Gateway East, Singapore 189721,
Singapore

https://doi.org/10.1007/978-981-15-8662-0
http://creativecommons.org/licenses/by/4.0/


Preface

This book is a compendium of the keynote speeches and the oral and poster
presentations of the 3rd Global Summit of Research Institutes for Disaster Risk
Reduction: Expanding the Platform for Bridging Science and Policy.

Speakers and presenters were specifically requested to focus on the sub-theme
of the conference and share activities and experiences in bridging gaps in research,
science and policy areas for disaster risk reduction and efforts to stream in science
into decision-making processes.

The following highlights a few of the outcomes of the 3rd Global Summit.
The 3rd Global Summit was held at the Disaster Prevention Research Institute

(DPRI), Kyoto University in Kyoto, Japan, from 19 to 21 March 2017. It was
attended by members representing institutions that form the Global Alliance of
Disaster Research Institutes (GADRI) together with other participants from around
the world.

By acknowledging the need for efforts, continuity and improvement among the
international community in disaster risk reduction, GADRI is committed to

• Coordinate the smooth cooperation among GADRI member research
institutions.

• Increase efforts to engage, especially young researchers and scientists, as well as
practitioners, policy-makers, educators and media in various fields of disaster
risk reduction.

• Further knowledge, priorities and directions effectively in the field of disaster
risk reduction.

• Engage networking towards improving communication among members and
other entities in the direction of collaborative international research, enhance
timely promotion of research results, open communication to share data and
other research opportunities. It was noted that integration and collection of big
data sets and its usage through advanced database systems are an integral part of
research in disaster risk reduction.
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• Prioritize dissemination of research results related to GADRI activities in the
area of disaster risk reduction; GADRI will enhance its efforts to manage
knowledge transfer through books published under the GADRI Book Series,
research journals, via online communication and other methods of educational
exchange and collaborative opportunities.

• Promote the development of research capacity; GADRI will enhance its efforts
in the area of disaster risk reduction and encourage in particular a wide range of
young scientists and researchers to actively engage in the field.

• Improve its support of the Sendai Framework Agenda for 2015–2030 and the
Science and Technology Roadmap, as mandated in the Charter of GADRI.
During the GADRI 3rd Global Summit, the Sendai Framework Priority Areas of
“Understanding, Governance, Resilience and Recovery” were discussed as core
topics through group discussion sessions covering a broad area of disciplines to
identify gaps in disaster risk reduction research. GADRI will continue to
encourage the scientific community to bolster its efforts in the areas of research,
implementation, education and policy-making and to effectively and actively
contribute towards the Sendai Framework Agenda.

The Disaster Prevention Research Institute (DPRI), Kyoto University, and other
sponsors were applauded by the participants for hosting the 3rd Global Summit
successfully. Participants also expressed their appreciation for hosting the GADRI
Secretariat at DPRI, Kyoto University, Japan.

Prof. Hirokazu Tatano
Secretary-General

Global Alliance of Disaster Research Institutes (GADRI)

Professor
Disaster Prevention Research Institutes (DPRI)

Kyoto University
Uji, Japan

e-mail: tatano.hirokazu.7s@kyoto-u.ac.jp

Prof. Andrew Collins
Chair

GADRI Board of Directors

Leader
Disaster Development Network (DDN)

Northumbria University
Newcastle upon Tyne, UK

e-mail: andrew.collins@northumbria.ac.uk
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About This Book

This book presents selected papers from the 3rd Global Summit of Research
Institutes for Disaster Risk Reduction which focused on “Expanding the Platform
for Bridging Science and Policy Making”. The conference not only provided a
platform for discussion and exchange of information on most important current and
future research projects in disaster risk reduction and management but also pro-
moted active dialogue through group discussion sessions that were held according
to the disaster research disciplines. To facilitate group discussion sessions, a prior
survey was conducted to evaluate the current research status and identify the most
important future research themes and projects.

The book will benefit a broad readership of researchers, practitioners,
policy-makers, educators and students.
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Chapter 1
Summary Report of the 3rd Global
Summit of Research Institutes
for Disaster Risk Reduction: Expanding
the Platform for Bridging Science
and Policy Making (GSRIDRR 2017)
Held at the Disaster Prevention Research
Institute (DPRI), Kyoto University,
Kyoto, Japan, from 19th to 21st of March
2017

Andrew Collins, Hirokazu Tatano, and Wilma James

Abstract The Sendai Framework forDisaster RiskReduction 2015–2030 draws our
attention to work together towards reducing damages caused disasters to livelihoods
and economies, especially in developing countries by 2030. This paper provides a
brief summary of the 3rd Global Summit of Research Institutes for Disaster Risk
Reduction under the theme of Expanding the Platform for Bridging Science and
Policy Making (GSRIDRR 2017) successfully organized by the Global Alliance of
Disaster Research Institutes (GADRI), and the Disaster Prevention Research Insti-
tutes (DPRI), Kyoto University at DPRI, Kyoto University, Uji Campus, Kyoto,
Japan, from 19th to 21st March 2017. It reflects upon the keynote speeches, group
discussion session and other activities that took place during the summit.

This chapter is a revised version of GADRI ACTIONS (2017) https://gadri.net/resources/pdf/GAN
ewsletter_3_April2017.pdf
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Keywords 3rd Global Summit · Research institutes · Disaster risk reduction ·
Bridging science and policy making · Disasters · Geohazards · Hazards ·
Earthquakes · Tsunamis · Flash floods
The Opening Ceremony of the conference was attended by Prof. Kaoru Takara,
Deputy Executive Director, Kyoto University; and Director, Disaster Prevention
Research Institute (DPRI), Kyoto University; Mr. Shuichi Yamauchi, Vice-Governor
of the Kyoto Prefecture and Mr. Tadashi Yamamoto, the Mayor of Uji City.



1 Summary Report of the 3rd Global Summit of Research Institutes … 5

Prof. Hirokazu Tatano, Secretary-General, GADRI

The establishment of GADRI dates back to November 2011 when the Disaster
Prevention Research Institute (DPRI), Kyoto University, Japan, organized First
Global Summit during the aftermath of 2011 triple disaster, Great Tohoku Earth-
quake, tsunami and the nuclear disaster. Resolution adopted during the First Global
Summit proposed an international alliance of research institutes involved in disaster
risk reduction and risk management fostered by DPRI, Kyoto University, Kyoto,
Japan.

A Second Global Summit of Research Institutes for Disaster Risk Reduction was
organized by DPRI, Kyoto University, Kyoto, Japan, in March 2015 soon after the
Third UNWorld Conference on Disaster Risk Reduction was held in Sendai, Japan.
The purpose of the SecondGlobal Summit was to take stock of progress on initiatives
recommended at the First Global Summit. As a final outcome of the conference, the
Global Alliance of Disaster Research Institutes (GADRI) was established. GADRI
supports the implementation of the Sendai Framework for Disaster Risk Reduction
2015 to 2030 (SFDRR) and the work of the Scientific and Technical Advisory Group
of the United Nations Office for Disaster Risk Reduction (UNISDR). Currently,
GADRI membership stands around 130 institutes.

The Third Global Summit brought together GADRI members and other partic-
ipants totalling an attendance of 251 members from 102 institutions in 38 states
among which were UN and governmental agencies, international organizations,
private section, academia and other areas and disciplines involved in disaster risk
management and prevention.

Starting with the opening ceremony, the conference moved on to feature 11
keynote speakers from the UN, Japanese Government, academia and others, various
group discussions and plenary sessions. Sufficient time was allocation for oral and
poster presentations too. Third Global Summit closed with a wrap-up session, field
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visits and a closing banquet which was complimented by a cultural performance
from the Kyoto Prefecture.

GADRI Secretariat appreciated and valued the support and participation by its
member institutes.

1.1 Third Global Summit

The Third Global Summit focused focusing on the four Priority Areas of the Sendai
Framework for Action 2015–2030, targeted an audience from the academia, inter-
national organizations, private sector and governmental agencies directly related in
the area of disaster risk reduction and research with the following objectives:

• To serve as an advocate for key research policy statements that are in line with
real, evidence-based disaster research needs.

• To carry out a more detailed assessment of key research challenges and to identify
priority research areas.

• To identify pioneering scientific initiatives to effectively reduce the gaps between
science and practice in disaster risk reduction activities.

• To share and build on achievements, and outcomes of past and ongoing GADRI
activities addressing research gaps; and

• To foster links between local and international organizations and their programmes
through the GADRI network.

Foreword from Kyoto University President, Prof. Juichi Yamagiwa was read by
Prof. Kaoru Takara, Deputy Executive Director, Kyoto University; and Director,
Disaster Prevention Research Institute (DPRI), Kyoto University. Prof. Yamagiwa
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stressed the importance of alliance in embarking upon disaster risk reduction and
spreading the word on raising awareness across borders to achieve optimum results
in disaster risk reduction and resilience to disasters.

While welcoming everyone to Uji City, Mr. Tadashi Yamamoto, Mayor, Uji City,
Kyoto, Japan, extended his congratulations to organizers of the ThirdGlobal Summit.
He also expressed his deep appreciation to the Disaster Prevention Research Institute
(DPRI), Kyoto University for their continued support to the Uji City and appreciated
the work conducted by DPRI and all other participating institutes on the area of
disaster risk reduction and their continuous use of results to support areas affected
by disasters and the effective implementation of administrative disaster prevention
policies by governments.

From left: Prof. Andrew Collins, Prof. Kaoru Takara, Uji City Mayor Tadashi 
Yamamoto and Kyoto Prefecture Vice-Governor Shuichi Yamauchi 

In the welcome message delivered by the Vice-Governor of Kyoto City, Mr.
Shuichi Yamauchi, he stressed that Japan is prone to suffer disasters more than
any other country with many earthquakes, torrential rains and other natural disasters.
The 2011 Great Eastern Japan Earthquake caused enormous damage to the region.
After six years, recovery operation is still underway. Considering the fact of large-
scale disasters frequently occurring around theworld, ThirdGlobal Summit is paving
a foundation to contribute promotion of disaster risk reduction and disaster coun-
termeasures worldwide. This in turn will encourage other research programmes on
disaster prevention andmitigation to join together to build safe and resilient societies.
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Mr. Tadashi Yamamoto, Mayor of Uji City, referred to the heavy rain fall in 2012
southern parts of Kyoto where more than 2000 buildings were damaged and roads,
agriculture, forestry, tea planting and rice fields inundated by floods and landslides.
He referred to the invaluable assistance received from DPRI in assisting with the
disaster prevention plans. The summit, he believed, is a positive forum to share
research results through various interchanges with people from all over the world to
deepen disaster prevention research and policies.

Each day of the conference started with an impressive array of keynote speakers
who shared their experiences and shed light on policy issues and stimulated a platform
for dialogue between various stakeholders.

1.1.1 Theme Day One—19 March 2017: Connecting
with the International Community and Initiatives
for Collaborative Activities: Listening to the Opinion
of the International Organizations and Other
Stakeholders

First-day keynote speeches by a few of the UN agencies and the Cabinet Office of
the Japanese Government focussed on contributions to reduce disasters and increase
community awareness programmes. They shared their experiences and view points
where more efforts could be invested in the future on collaborative activities.

Ms. Setsuko Saya, Director, Disaster Management Bureau, the Cabinet Office of the
Government of Japan

Ms. Setsuko Saya, Director, Disaster Management Bureau, the Cabinet Office of
the Government of Japan, is also the Head of the Japanese Delegation to UNDRR.
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Her topic was on “Collaboration between Science and Policy Making in Japan”. She
shared information on best practices used in Japan to communicate with the science
and technology community and how the Government of Japan integrates these inputs
into policy making processes. Science and technology plays an integral part in the
policy and decision makings of the Government of Japan.

Lessons learned the Kumamoto earthquakes were highlighted with examples.
She stated that situation was quite unusual due to its nature of occurring in a less
earthquake-prone area in Japan, which required much effort by the national and local
governments for emergency response when evacuating 180,000 people.

The Government of Japan considers the collaboration with the science and tech-
nology community as indispensable for policy makers. Many governments have
access to raw data and their own governmental methodology to contribute to disaster
risk reduction. Provision of data is somehow a mechanical procedure. The problem
is how to address this problem and how to interpret the data for policy making
processes.

This keynote speech concluded with two proposals on how S&T could commu-
nicate to policy makers and communities:

• by augmenting S&T in educational systems; and
• by support to assessing indicators proposed by UNDRR (UNDRR proposed 38

indicators of disaster risk reduction).

The UNISDR was represented by Dr. Chadia Wannous, Senior Advisor, United
Nations Office for Disaster Risk Reduction, Geneva, Switzerland. In her keynote
speech on “The role of Science and Technology in the Implementation of the Sendai
Framework2015–2030”, she shared informationonvarious efforts in place tomanage
future risks and reduce disaster risk. In addition, national and regional DRR plat-
forms, partners andnetworks are planning to integrateS&Tactors in their projects and
functionalities. She called toGADRI to use its position among the global stakeholders
to further facilitate the contributions from the science and technology community for
the implementation of the Sendai Framework Agenda. In concluding, she stated that
preparedness and resilience in social, economic and environmental aspects are neces-
sary and called for comprehensive and a structured contribution from the science and
technology community and further reiterated the need to collaborate for action.

Prof. Virginia Murray, Vice-Chair, Scientific and Technical Advisory Group
(STAG),UNISDR, delivered a keynote speech on “Science andTechnologyCommit-
ment to the Implementation of the Sendai Framework for Disaster Risk Reduction
2015–2030” where she discussed science and policy linkages at national levels. She
emphasized the need for a formal national disaster risk reduction science policy
council/platform or a form of national focal points for science to support DRR and
management plans to be in place to achieve these goals. Conducting periodic review
of knowledge needs, new science (including implementation science) and identifica-
tion of research gaps are some tools that could be used for the purpose. More effort
is needed to work out how to achieve this and ensure avoiding duplication of efforts.
She shared some reflections and recommendations on the incredible work of the
S&T community: This highlighted the importance of having an effective process for
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sharing knowledge and building partnerships. There was a need for clarity on outputs
that would benefit the S&T programme for the Sendai Framework and a joined-up
approach to implement its goals.

Dr. Yasusuke Tsukagoshi, Special Representative, The World Bank Office in
Tokyo, discussed about “Mainstreaming Disaster Risk Management in the World
Bank: Sharing Knowledge and Investing to Enhance Resilience in Developing Coun-
tries”. The World Bank addresses key challenges related to disaster risk reduction
in science and policy. Early warning systems combining observation and evacua-
tion systems are tools that can save many lives. Although these constitute a crucial
“missing link” for disaster resilience in many countries, disaster risk financing strate-
gies are helping countries build layers of protection against disasters. However, to
implement good governance, it is important to induce collection of data, scientific
analysis and evidence. Governance is fundamental for disaster risk management and
governments in each country should strengthen their policies.

1.1.2 Theme Day 2—20 March 2017—Discussions
on the Future Directions of Disaster Risk Reduction, 20
March 2017

Second-day theme on future directions for disaster risk reduction discussed existing
challenges along the lines of climate change and sustainable development goals
which are interrelatedwith disaster risk reduction and resilience. The session directed
towards the dimensions of evaluating indexes for future disaster risk initiatives and
identifying current research gaps. A key question was how to expand activities with
a renewed sense of perseverance to prevent future disaster risks by enhancing collab-
oration at the global scale so as to realize the targets/goals set out in the Sendai
Framework in the real world.

Prof. Shahbaz Khan, Director, UNESCO Jakarta Office, Regional Science Bureau
for Asia and the Pacific, focussed on “Science Support for Disaster Risk Reduction”.
He shared information on some of the projects undertaken by UNESCO to assist
countries strengthen their capacities in disaster risk management and climate change
issues especially in the area of education and through raising awareness in a culturally
sensitive manner. To accomplish the goals of the Sendai Framework Agenda, he
pointed out that GADRI could contribute to the efforts are most needed through
international cooperation and bridging the gap between the scientists, practitioners,
policy makers and the community.
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Prof. Shahbaz Khan, Director, UNESCO, Jakarta Office

Prof. Kimio Takeya, Distinguished Technical Advisor to the President of Japan
International Cooperation Agency (JICA) and Visiting Professor, Tohoku Univer-
sity, discussed the “Donor’s practical point of view ‘what we expect from Science
and Technology Group’ in relation to the Sendai Framework”. As the world’s finan-
cial biggest donor for DRR, JICA and Prof. Takeya has significantly contributed to
formulate the Sendai FrameworkDocument as a part of the substance of amain nego-
tiator for the Japanese Government Team from a donor’s point of view. Currently,
Japan provides 64% of the financial support for disaster risk reduction and is the
number one donor in the world. This in turn is Japan’s contribution to the Sendai
Framework. The Sendai initiatives provide knowledge and guidelines to practitioners
in the governments and how to enhance political and social research.

Dr. Gabriel Duque, Ambassador of Colombia to Japan, Embassy of Colombia,
Tokyo, delivered a speech on “Research on Management of Disasters and Risk
Reduction: The Colombian Case” which focussed on the Colombian experience
and approximation to Sendai Framework. He stressed that international cooperation
in disaster risk management are important tools for developing countries to set up
structures by linking research to policy making and in disaster management, and to
adopt a political commitment to include in their national risk management plans.
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1.1.3 Theme Day Three—21 March 2017—Sharing
Information of Research Institutions, 21 March 2017

This session looked in to current research and knowledge gaps, and the status of
sharing of information. Speakers from various backgrounds including practitioners
fromgovernment, national and academia sharedmuchneeded andvalued information
on tools, resources and portals to share knowledge on disaster risk reduction. The
session paved an opportunity for participants to learn about many efforts that are
already in place to prevent new and reduce existing disaster risks. It was noted that
networks such as GADRI could play a mega role in maximizing efforts to share and
collaborate across institutions, and policy makers, and contribute to goals set out by
various other stakeholders.

Dr. TomDe Groeve, Acting Head of Unit, Disaster RiskManagement Unit, Euro-
peanCommission, JointResearchCentre (EC-JRC), delivered an informative presen-
tation on the European Commission and the Joint Research Centre achievements in
science and technology. He stressed that without the norms of communication or
bridges among scientists and policy makers, DRR efforts cannot materialize. The
Sendai Framework possesses a good interface with science and the EU works with
the Sendai Framework and the legislationwithin the union for protectionmechanisms
for disaster management to improve the knowledge base. Science is not optimally
used at the moment as networks are fragmented. Nevertheless, it does not mean
that one system would fit all governments. In order to accomplish the targets, it
means coming out of the comfort zones and making a contribution that would help
everyone. He concluded his message by stating that networks such as GADRI are
better positioned to build on partnerships, identifying research knowledge gaps and
contributing as a whole to the global community.

Dr. Srikantha Herath, Senior Advisor, Sri Lanka Ministry of Megapolis and
Western Development and Visiting Professor at the United Nations University,
Tokyo, discussed “Knowledge to Sustainable Practices: The International Network
for Transdisciplinary Education (INATE) Experience” citing experiences and case
studies. This asked how to translate knowledge to sustainable practices to achieve
sustainability? Higher education championed translating knowledge in to practices.
He stated that one of the difficulties in adaptation is when one needs to adapt to a
future which is uncertain, and resilience is much more of a pragmatic approach when
trying to modify existing programmes by introducing new elements to improve the
resilience of the system. When the future is uncertain, it is difficult to define future
targets and objectives. Sustainability provides the framework on which sustainable
goals are agreed upon. Who translates knowledge into practices? The focus here was
on higher education and how they could be instrumental in translating this knowledge
in to sustainable practices. Implementing programmes for longer term use requires
a transdisciplinary approach. In conclusion, to adapt to challenges of rapid global
change, it is easier to take a transdisciplinary approach where all actors and stake-
holders could play a role to facilitate this process; and GADRI could encourage
higher education which can play a major role in bringing up these transformations.
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Prof. Toshio Koike, Director, International Centre for Water Hazard and Risk
Management (ICHARM), discussed conventional and modern systems of disaster
risk reduction and methodology in terms of increasing water-related disasters and
how best to address these problems in a holistic manner. Various projects on flood
and drought monitoring management and various countermeasures are in place.
Seasonal prediction of agricultural drought provides information used for early
warning systems. Future climate predicts serious seasons of drought with grave
economic impacts. In summary, by accumulating data on damage, hazard and socio-
economic processes, the data could be integrated to risk assessment. Change of
identification requires monitoring and prediction. Once this information is in place,
it could support policy makers and communities. He concluded by emphasizing the
need for strong capacity building programmes in higher education to build up leaders
and practitioners and that GADRI should take part in these efforts.

1.2 Special Session on GADRI

A special session on GADRI Achievements and Challenges was chaired by Prof.
Hirokazu Tatano, Secretary-General, GADRI and Prof. Andrew Collins, Chair,
GADRI Board of Directors. Four examples of activities were presented by GADRI
member institutions.

Prof. Hirokazu Tatano and Prof. Andrew Collins
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ABrief Introduction toGADRIwasdeliveredbyProf.HirokazuTatano.GADRI
aims to connect with institutes worldwide working in disaster risk reduction and
disaster management research and practices. GADRI envisions enhancing disaster
risk reduction and disaster resilience through exchange of ideas, research knowledge
and networks in close collaborationwith themember institutions thereby contributing
to the Sendai Framework of Action and creating resilient societies.

GADRI Linkage to theWorld Bosai Forum 2017was delivered by Prof. Yuichi
Ono, International Research Institutes of Disaster Science (IRIDeS), TohokuUniver-
sity, Japan. The World Bosai Forum1 will be held in Sendai, Japan, from 25 to 28
November 2017. The aim of the World Bosai Forum to be held in Sendai Japan
in November 2017 is bilateral and transdisciplinary approaches to discuss DRR
with multi-stakeholders beyond national boundaries. Bosai is a traditional Japanese
term indicating a holistic approach to reduce human and economic losses for disas-
ters which represents activities in all disaster phases, including prevention, recovery,
response andmitigation. Participation at the Bosai Forum is encouraged from private
sector and others beyond academic and government sectors. The sessions will be on
solution-oriented discussions on DRR with concrete examples provided by multi-
stakeholders; promote the implementation of the SFA; provide access to business
opportunities in DRR; and explore Japanese experiences on DRR and observe
recovery process of the Tohoku Region. The conference venue is in the same place as
where the World Conference on DRR was held, Sendai International Centre and the
dates are from 25 to 28 November 2017. In addition to theWorld Bosai Forum, there
will be two other back to back meetings: 2nd National Conference on Disaster Risk
Reduction, 26–27 November, and the DRR Solution Exhibition 26–28 November
which will take place at the same venue.

GADRI Capacity Development Activities were delivered by Prof. Wei-Sen Li,
Secretary-General, National Science and Technology Centre for Disaster Reduction
(NCDR).

The annual training courses cover diverse topics and look at problems from a
different angle to understand how the society is impacted by disasters and how
best to conduct successful evacuations, and communication mechanisms to contact
people during an emergency. Last year, typhoon Megi hit central Taiwan during
the training course on “natural disaster risk modelling and application”, and the
students received hands-on experience in emergency operations. The 2017 training
course is on “evidence-based post-disaster recovery”. The course will cover under-
standing process, procedures and difficulties during the recovery phase; science and
technology support to develop a safer and sustainable environment at community
level; and a field visit to the affected communities recovering from the 2009 typhoon
Morakot.

Publication of State of the Art in Natech Risk Management was presented by
Prof. Ana Maria Cruz, Head, Disaster Risk Management, DPRI, Kyoto University.
Based on the recent workshop, natural disasters have continue to increase affecting
many livelihoods in the Asian continent, while technological disasters are increasing

1World Bosai Forum 2017. https://www.worldbosaiforum.com/2017/.

https://www.worldbosaiforum.com/2017/
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too. This is due to the increase of chemical industries in Asian countries in the
last 25 years. Natural and technological disasters are on the rise globally. Disasters
triggered by technological hazards are mostly concerned with chemical accidents.
These events e have impacts on community, economic development and environ-
ment. Natech disasters are high impact and low probability events. They generally
fall outside of the proper safety management systems that are available and that are
used by the chemical industry to evaluate the risks. The challenges are to address
the interdependencies and possibilities of cascading events, such as for example as
evidenced by the Fukushima Nuclear accident; hurricane Katrina; Awanchuan earth-
quake, and there aremany other examples. ThroughGADRImembers, we can bench-
mark methods and models through the different sectors and areas, and develop inter-
national risk management standards. Natech is relatively new and capacity building
efforts are needed in all countries.

“Sustainable Wadi Basins Development in Arid Regions: Innovative Tech-
nologies for Flash Floods Forecasting, Mitigating and Water Harvesting” was
presented by Dr. Sameh Kantoush, Associate Professor, Socio and Eco Environment
Risk Management, DPRI, Kyoto University.

He introduced one of the ongoing GADRI transdisciplinary and region-specific
projects. As the world population approaches 10 billion people, drought and water
shortages increase. Water becomes one of the most critical and contested resources.
Almost 80 countries have severe droughts, and the allocated water for their popula-
tions is very limited. In the Arab Region, between 2000–2010 drought frequency, one
quarter of the total population were subjected to drought conditions for little less than
two years within the 10 years, and inundation. During the last ten years, frequency
and magnitude of flash floods have increased. Integrated flash flood management
is needed for these areas. Through established networks in many different arid
countries, the project on Flash Floods in the Wadi System continues reinforce its
efforts to reduce disaster risk reduction by formulating research groups and capacity
development activities.

1.3 Group Discussion Sessions

The group discussion focus was on four Priority Areas of the Sendai Framework
for Disaster Risk Reduction 2015–2030. Participants had adequate time to interact
and debate on their research and future activities. In order to facilitate the group
discussions, a pre-survey on “Evaluating Current and Future Research Status and
Identifying Most Important Research Themes” was conducted among the members
of GADRI and fifty-four institutes participated in the survey, and identified nearly
250 current projects and 73 future projects.
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Group discussion session – Hydrology and meteorology related group

In addition, each session chair and co-chair persons prepared a session concept
note for their respective groups. The participants of the conference were requested
to select the group they wish to participate in advance. Each of the following groups
consisted of 30–50 participants and they actively contributed to the discussions. The
results of the debates were presented during the two-panel sessions held on days two
and three.

Day 1: Group Discussion Session I: Deepening the Understanding of Disaster
Risks:

Session I—a—i: Hydrometeorology Related.
Session I—a—ii: Meteorology and Wind Related.
Session I—b: Earthquake, Volcano and Compound Disasters Related.
Session I—c: Geohazard Related.
Session I—d: Social and Human Science Related.

Day 2: Group Discussion Session II:

Session II—a: Enhancing Governance to Manage Disaster Risks.
Session II—b: Disaster Risk Reduction for Resilience.
Session II—c: Effective Response to Disaster Recover/Build Back Better.

Further details of each group discussion and conclusions can be found under the
group discussion section.
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Group discussion session – Earthquake and Volcano related group

Oral and poster presentation session provided opportunities, especially to young
researchers and scientists to share their work and planned projects with the partic-
ipants and to receive their inputs to improve the projects or move them to next
levels.
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Poster Session

1.4 Outcomes and Conclusion

The Third Global Summit concluded successfully and the following list a few of the
decisive conclusions of the conference:

• Participation by scientists, engineers, policy makers and students
• Evaluation of current research and identifying gaps inmost needed research areas.
• Participants’ commitments to the four priority areas of the Sendai Framework for

Disaster Risk Reduction 2015–2030.
• Commitment to dissemination information through the GADRI Book Series as

book manuscripts.
• Compilation of a compendium to list GADRI members and their activities in

research and capacity development activities.

The summit is a biennial event and the next summit will take place inMarch 2019.
All members were requested to actively engage in the implementation of the targets
of the Sendai Framework Agenda 2030.

GADRI Secretariat thank all participants, its members, the members of the Board
of Directors, Disaster Prevention Research Institute, DPRI, Kyoto University, the
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Kyoto University, City of Uji, Kyoto Prefecture and all those who have contributed
to make the Third Global Summit a successful, enjoyable and a fruitful event.
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Chapter 2
Evaluating Current Research Status
and Identifying Most Important Future
Research Themes

Concept Notes for the Group Discussion Sessions
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Abstract This chapter focuses on group discussion sessions targeting the Priority
Areas of the Sendai Framework for Disaster Risk Reduction 2015–2030. Day one
group discussion session efforts were on Priority AreaOne—UnderstandingDisaster
Risks; and Day two emphasis was on Priority Areas 2, 3 and 4.

Keywords Disaster risk reduction · Research gaps · Research · Disaster
resilience · Build Back Better · Disaster preparedness

2.1 Introduction

The primary purpose being to share information on current and future research
activities by the member institutes of GADRI and to share common agendas to
align academic activities related to the four Priority Areas of action of the Sendai
Framework for Disaster Risk Reduction 2015–2030 (SFDRR):

Priority 1: Understanding disaster risk.
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Priority 2: Strengthening disaster risk governance to manage disaster risk.
Priority 3: Investing in disaster risk reduction for resilience.
Priority 4: Enhancing disaster preparedness for effective response and to “Build
Back Better” in recovery, rehabilitation and reconstruction.

The aim of these discussion sessions was to explore disaster risk as a multi-
dimensional concept; to share views on the most promising existing research; to find
out about ongoing research gaps; and to find ways as how best to leverage existing
knowledge on disaster risk to more effectively respond to disasters.

Priority Area 1—“Understanding’ is related to pursuing deeper knowledge of
disaster risks from various disciplinary perspectives andmethodological approaches.
Discussion Session I was arranged to facilitate debate within selected academic
disciplines; sessions were categorized according to academic research groups.

In contrast to Discussion Session I, the Discussion Session II was arranged to
focus on important research themes across academic disciplines along the Priority
Areas of 2–4 identified in the SFDRR.

Preliminary results of the survey conducted among members of GADRI comple-
mented discussion sessions. The survey covered the following points:

• How is current research contributing to disaster risk reduction?
• How are current research initiatives contributing to bridge the gaps between

sciences, practice, and policy making?
• What are the missing areas of research that could fill the gaps?
• What are the most important research areas to be focused upon in the next 10–

15 years?

Each of the group chairs received a table summarizing the current and future
research activities and existing research gaps. The tabulation was divided among the
four Priority Areas of the SFDRR, and identified academic disciplines in relation to
the Priority Areas.

The discussion sessions helped to:

• To build a knowledge hub of disaster risk reduction and resilience to disasters
including understanding of disasters, resilience to disasters, governance tomanage
risk, and response to Build Back Better

• To periodically assess and monitor progress for various initiatives
• To promote smooth access to evidence-based research results and data
• To identify effective mechanisms to collaborate with each other
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2.2 Group Discussion Session I: Deepening
the Understanding of Disaster Risks

2.2.1 Hydrometeorology Related

Sameh Kantoush, Wei-Sen Li, Hirohiko Ishikawa, Tetsuya Sumi,
Kaoru Takara and Srikantha Herath

It is convinced worldwide that hydrometeorological extremes are the main driving
force for most of devastating majority of natural hazards and this understanding
provides a substantial rationale for deepening their understanding through detailed
studies. Rapid increase of population, urbanization and economic developments haS
pushed people for development in high disaster risk zones as floodplains and perhaps
beyond will further increase hydrometeorology related risks. Understanding the
hydrological characteristics such as spatiotemporal variability of rainfall, infiltration
process, runoff generation, and surface and subsurface water interaction along with
investigation of river basin geomorphology, topography, and geology as well as the
impacts of climate change on increasing extreme event frequency and magnitudes,
are the key components to reduce risks. This will be the optimal way to overcome
such struggles. Participants were divided into small groups and discussed social and
human aspects of disaster risks.

Topics discussed:

• Characteristics of extreme hydrometeorological events
• Reducing uncertainty of hydrological models forecasting and disaster risk

reduction
• Understanding climate change impacts and reducing uncertainty
• Hydrochronological integrated approach for paleo, recent, and future floods
• Innovative approaches for understanding weather, river and hydrological

processes and prediction
• Post-flood observation for the fragile system
• Monitoring, mapping, and indication of river basin support to take low-regret

measures for protection against floods
• Cost-efficient solution to identify and protect hot spot areas
• Innovative radar and satellite techniques for rainfall monitoring and flood

forecasting
• Coupling water and sediment monitoring and management in the river and flood

plains
• Databases and networking.

S. Kantoush · W.-S. Li · H. Ishikawa · T. Sumi · K. Takara · S. Herath
Global Alliance of Disaster Research Institutes (GADRI), Kyoto University, Kyoto, Japan

Disaster Prevention Research Institutes (DPRI), Kyoto University, Kyoto, Japan
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Key questions addressed:

• Why disaster impacts are increasing for atmospheric, and water resources
disasters?

• How climate change affects hazardous processes?
• How science, technology and research address “new normal”?
• How scientific innovations are used in disaster risk reduction?
• How can science, technology, and research be applied to facilitate DRR collab-

oration between and among economies, the private sector, and international
organizations?

• What are the research and knowledge gaps for atmospheric, hydrology, rivers,
and water-related disasters?

• What will be needed in terms of technology, data, monitoring and assessment,
modelling and analysis…etc.? (Interdisciplinary approaches)

• What are the specific study needs? (critical locations, frequencies, accuracies)
• What is the current availability, evaluation, and identification of knowledge gaps

and data gaps?
• How to improve community understanding of the effects of flood hazards?
• How to upgrade the current design guidelines, protection measures, and imple-

mentation strategies?

Results and Recommendations
Estimating the edge of uncertainty:

• The uncertainty and confidence levels to approach decision makers and general
public

• Balance between design and economics based on dialogue between researchers
and decision makers (case from Vietnam flood in Ho Chi Minh City)

• Redundancy and coverage area: Partial system failure not full dis-function of the
system

• Cascading factors of worse scenarios
• Fail-safe design
• Cost benefit analysis
• Investment on data science to reduce uncertainty of worse cases
• Public GIS Apps: to enhance risk understanding
• GADRI water forum, database cluster of communities to disseminate knowledge

and exchange data, experiences related to hydrometeorology related
• Open up a communication media to exchange future activities and action plans

on disaster reduction
• Case study “flood risk assessment project in Sri Lanka: Metro Colombo Flood

Risk Assessment Project”.
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Strategies for fund raising

• The role of professional society (senior professional to form a group) and academy
to influencing on the agendas of decision makers and big organizations (world
bank)

• Professionals and societies direct the government priorities to think about new
norm

• Private sector involvements for data set as well as financial resources
• Public awareness to increase investments
• Application program interface to manage different databases: Structural and non-

structural data.

Strategies for data and data sciences

• Gaps between developing and developed countries and necessary collaboration
to compensate each other

• Use of satellite data
• Exchange data, reliability and testing and related cost
• To set up new normal, we need evidence-based management and quality data
• International and transboundary rivers we have different languages (Standardiza-

tion is needed)
• New normal: (evidence-based management to convince the decision makers why

such normal is needed)
• New technology as unmanned aerial vehicle (UAV) as drone
• Compensate the data scarcity through satellite-based data.

Strategies for existing projects

• Identification of knowledge gaps and development of cross-discipline researches
based on the existing 21 projects at DPRI

• Information sharing and give overview for such projects
• Good practice of implemented project for the counterpart countries
• Composing the matrix and define some indices for hydrometeorology to evaluate

the existing projects
• Through the matrix, we identified gaps and suggested extensions for some of

those projects.

Future directions

• Strategies for existing projects
• Identification of knowledge gaps and development of cross-discipline researches

based on the existing 21 projects at DPRI
• Information sharing and give overview for such projects
• Good practices of implemented projects for counterpart countries
• Composing the matrix and define some indices for hydrometeorology to evaluate

the existing projects.
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Initiatives by GADRI

• GADRI water forum
• GADRI hydrodata archive/database system to share data for research on hydro-

logical related disaster
• Create a cluster of communities to disseminate knowledge and experiences sharing

related to enhancing disaster resilience
• Initiate a communication network to inform future activities and action plans on

disaster risk reduction.

Proposals for mega scale development project

• Suggestions for international collaborative efforts
• Mega-scale development projects require special expertise and technical

knowhow in multiple disaster risk reduction to overcome environmentally
sensitive issues.

• Amechanism for facilitation of transferring the advancedknowledge and expertise
in the form of direct training, forum discussions, sharing of training tools, and
collective efforts established through collaborative activities.

2.2.2 Earthquake, Volcano, and Compound Disasters Related

Khalid Mosalam, James Mori, Fumihiko Imamura and Ryokei Yoshimura

The disaster risk reduction (DRR) aims at preventing and reducing socio-economic
vulnerabilities to disasters, triggered by environmental and other hazards, e.g. earth-
quakes, tsunamis, floods, volcano-related, droughts, cyclones, etc. Therefore, DRR
strengthens resilience of the urban communities and contributes to their sustainable
development. It is now recognized that there is no such thing as a “natural disaster”,
but disasters following natural hazards.

Although the communities and nations around the globe are well aware of the
risks due to the individual hazards (such as earthquakes or volcanoes) or multi-
hazards, the socio-economic consequences of these hazards that would lead to
disaster risk are rarely quantified. This is because the disaster risk depends not only
upon the hazard(s), but also—from the built environment and its interactions with the
social institutions of the urban communities—on economic and urban development,
resilience of the buildings to multiple, cascading and interacting hazards, environ-
mental sustainability, climate change, etc. Thus, the disaster risk is an indicator of
the societal development and its management must involve multiple stakeholders,

K. Mosalam · J. Mori · F. Imamura · R. Yoshimura
Global Alliance of Disaster Research Institutes (GADRI), Kyoto University, Kyoto, Japan

Disaster Prevention Research Institutes (DPRI), Kyoto University, Kyoto, Japan
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including social institutions, government, non-governmental organization, profes-
sional and private sector. To deepen the understanding of disaster risk, it is required
to consider a multi-dimensional and people-centred approach. To this aim, several
concepts were explored and discussed in this session:

Uncertainty Quantification
There aremany sources of uncertainty in the processes that are used for determination
of the effects of hazards on the built environment. As an example, for the earthquake
hazard, these uncertainties exist in the definition of the hazard itself, in the response
of a structure or a group of structures to the hazard, in the level of damage that
can occur corresponding to the structural response and in the loss consequences of
damage. Due to the inherent existence of these uncertainties, the most fundamental
way of deepening the understanding of disaster risk is the development of robust
methods for uncertainty quantification.

During the past few decades, there has been significant progress in understanding
the occurrence and effects of damaging earthquakes. For example, there are long-
term estimates of earthquake occurrence, detailed ground motion studies, scenario
earthquake and tsunami models and probabilistic ground motion maps for many
seismically active regions around the world. Moreover, the effects of the ground
motions and tsunamis on the built environment have been studied by analyzing
the damage from recent earthquakes, numerical modelling studies, and large-scale
experiments.

Forecasting large volcanic eruptions has greatly progressed over the last 30 years
through improvements of monitoring systems. These efforts have significantly
reduced the loss of lives during recent large eruptions through timely warnings and
evacuations.

As our understanding improves of the hazards and risks from earthquakes and
volcanoes, there are needs for further efforts in implementing effective mitigation
and education efforts. To this aim, some actions can be land use planning, informing
people about risks, policy making and legislation, implementation of building codes.

Although such methods have been developed in the last two decades, e.g. the
Performance-Based Earthquake Engineering (PBEE) methodology developed by
the Pacific Earthquake Engineering Research (PEER) Centre, these methods are
generally used by the academic community and not commonly used by professional
engineers for solutions of real-life problems. Furthermore, such methods do not exist
for other hazards such as volcanoes, extreme winds or for the case of multi-hazards
or compound disasters. For the development and enhancement of such methods and
for facilitating their wider spread usage, exchange of information and collaboration
between GADRI member institutions is essential.

Build Back Better
In different parts of the world, consequences of hazards, e.g. earthquakes, are
interpreted differently. In developing countries, the methods to avoid hazards from
becoming disasters aim only at preventing the loss of lives, while the corresponding
methods in developed countries aim at providing resiliency and post-earthquake
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functionality, which is one of the lessons from recent disasters such as 2011 Tohoku
earthquake and tsunami. As the infrastructure in developing countries needs to be
retrofitted to bring their performance to acceptable levels, in this upgrading process,
the philosophy of only saving lives can be transformed to resiliency such that the
planned infrastructure enhancements can have an updated resiliency objective. Such
an objective transformation is only possible if sufficient economical resources are
available. In this session, methods were sought to convince the decision makers of
developing countries about the advantages of resiliency objectives in terms of envi-
ronmental, social, and economic sustainable development, togetherwith the necessity
of corresponding policies. Furthermore, economical methods, such as low-cost base
isolation systems, can be explored to make the resiliency objectives a realistic target
in such countries. The use of stochastic financial methods to determine the feasibility
of the use of low-cost protective systems and other methods was also discussed.

Community and City Scale Assessment
Deepening the understanding of disaster risk for a region or city is only possible
considering the city or region as a whole instead of the sum of its components.
Such city- or regional-scale disaster risk evaluation methods are very rare. In this
session, we discussed collaboration opportunities and cross-institutional work that
explore the development of regional scale disaster risk evaluation methods with
robust uncertainty quantification incorporating holistically human systems, energy
systems, environmental systems and urban systems.

Key topics discussed:

• Progress in seismic hazard maps and scenario earthquake and tsunami models
• Tsunami and earthquake early warning systems
• Improvement in seismic performance for buildings and infrastructure
• Intentions and changes of building codes and seismic regulations
• Improved prediction of volcanic eruptions and hazard maps
• Effects of volcanic ash on aviation
• Emergency response to earthquakes, tsunamis, and volcanoes
• Associated disasters (Landslides, fires, health and food security, and economic).

Key questions addressed:

• What are the research gaps that still need to be filled to improve our understanding
of earthquake, tsunami and volcano hazards and risks?

• What should be the high priority efforts for current earthquake, tsunami and
volcano disaster reduction efforts?

• What are the important groups that scientists and engineers need to communicate
with for implementation strategies?

• What are the important tasks for scientists and engineers for public awareness and
education efforts?

• What are the roles of scientists and engineers for improving laws and regulations
related to these hazards and risks?
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• What improvements are needed for response and recovery efforts following large
disasters?

Results and Recommendations

1. Research Gaps

• In Indonesia (and several other countries), there is a need for more basic
information about locations of faults and magnitude of earthquakes.

• Combination of earthquake and tsunami is important as a multi-hazard effect.
If a structure is weakened by ground motion shaking, how will it be affected
by a consequent tsunami?

• There is generally a long time between large destructive tsunamis. Society
changes during that time. Thus, there is a need to address changes of society
during this long intervals between events (Group in PEER and USGS are
currently working on Performance-based Tsunami Engineering).

• Volcanic (even small phreatic) eruptions threaten tourists for popular volca-
noes, e.g. in Indonesia or Japan.

• There is a need for better monitoring of volcanoes, especially explosive ones.
• Ash in atmosphere due to huge eruptions affect global climate and may lead

to food crisis.

2. High Priority Efforts

• Huge amount of modern data are becoming available.
• Need to address uncertainties in the data.
• Need to benefit from new methods and technologies, e.g. machine/deep

learning or artificial intelligence, to quickly analyze data, even on a cell phone,
to be able to make quick and informed decisions.

• There is a need for improving the tsunamiwarnings for very large earthquakes.
(Warning for 2011 Tohoku earthquake was underestimated).

• There is a need to understand the distribution pattern of volcanic ash due to
large eruptions, since this may result in large economic losses to the aviation
industry.

3. Important Groups for Communication

• Varies from country to country.
• Need for better communication with the media. Currently, there may not be

good communication, because of the differences in time scales and perspec-
tives.Media wants quick informationwith some preconception. Scientists and
engineers provide more long-term information along with the corresponding
uncertainty.

• Need for more technical skill capacity development (e.g. in numerical
modelling or interpretation of results) in developing countries.

• Education/training efforts are very important.
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• Need for communicating with the construction industry (i.e. people
performing the actual construction).

• Include information for general public.

4. Important Tasks for Public Awareness and Education

• In Haiti, social and political factors outweigh engineering problems. How to
do engineering in such situations?

• In Morocco, there are many old and dangerous buildings in seismically
hazardous areas. Where can funding come from to remedy this problem?
Economic issues outweigh engineering problems.

• In Japan, how to convince people about extreme rare events?
• In Japan, scientists have largely given up on earthquake prediction; however,

the public and policy-makers expect scientists to find prediction methods.
There is no consensus on the expectations.

• The 2011 Tohoku earthquake was an important event and tsunami informa-
tion was discussed during the session. First estimates of tsunami heights
were underestimated in warnings, causing some people not to take action.
However, some local people could evacuate before the warning following
local traditional knowledge.

5. Roles for Scientists and Engineers in Improving Regulation

• There is a need to effectively communicate the meaning of risk.
• There is a need to show that prevention has economic advantage over recovery.
• Education efforts are important in all countries.
• There is a need to engage more with educators and policy-makers.
• People that scientist communicate with (government officials, policy-makers)

often change very quickly (in a few years), so it is difficult to implement
sustainable programs.

• In Africa, there are few earthquakes, so it is difficult to conveymessages about
earthquakes and volcanoes where there is little personal experience with such
events. Students are a good starting point for education efforts.

• Building codes are often significantly advanced and adequate all around the
world. Efforts are needed more on the enforcement aspect. In many countries,
actual codes are quite good but not followed.Also, there exist problems related
to corruption and compliance with building practices.

6. Improvements Needed for Response and Recovery

• Reminder: Prevention is better than recovery economically and socially.
• The World Bank helped recovery efforts in Haiti, Turkey, Pakistan.
• HowcanTheWorldBank and international organizations help improve hazard

mitigation in developing countries?
• There is a need to communication with policy-makers at many levels.

– What are we trying to achieve?
– How to state the problem appropriately?
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– Improve seismic safety of schools.
– Establish early warnings systems for storms (Tsunamis may be difficult).

2.2.3 Geohazards/Landslides and Surface Processes Related

Kelvin Berryman, Masahiro Chigira and Yuki Matsushi

This session addressed Priority Area 1 in the Sendai Framework for Disaster Risk
Reduction that is deepening the understanding of disaster risk. This workshop was
complementary to others in Session I and emphasized landslide and landscape change
processes that imposehazards to downstreamanddownslope communities and infras-
tructure. In this session, we summarized current status of researches and identified
future tasks in the fields of landslides, debris flow, and other types of geohazards (land
surface erosion, liquefaction, settlement, rockfall, rockslide-induced dam/tsunami,
etc.).

Geohazards exhibit various aspects with varying earth surface processes,
depending on spatial distribution of topographic, hydrologic and geologic conditions.
Geo-disaster potential is also time varying with the long-term phenomena such as
regional tectonics and climate change, and by short-term processes, especially by
heavy rainfall, snow melting, and earthquake shaking. A characteristic of this class
of hazard is that the impact can sometimes be felt far from the initiating events, and
thus, all of the temporal and spatial processes related to transport of debris also need
to be understood. The session addressed general issues of defining maximum cred-
ible events, frequency–magnitude relationships in natural hazard perils, equivalent
risk as a basis of prioritising risk reduction activities, and notions of acceptable risk.

Although spatial and temporal prediction of geohazards requires collaborative
approaches across various scientific or engineering disciplines, there remain signifi-
cant gaps between research outputs and present strategy for geo-disaster mitigation.
We need interdisciplinary discussion for better understanding and modelling of earth
surface processes related to geohazards with feedbacks by its application in social
implementation.

Key topics discussed:
Inputs were sought from participants on the following topics:

• Characteristics of landslides—from rock avalanche to mud flow;
• Mechanisms of hill slope mass movements: current understanding and unsolved

issues;
• Considering unique and compound drivers of landslide risk—earthquake, rain-

storm, mountain instability, volcanic activity;
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• Prediction for location, size, and timing of landslides and connection to debris
flow mitigation;

• Case studies illustrating the types of impacts on communities and infrastructure;
• Assessing magnitude frequency distributions to quantify hazard and assess

acceptable risk;
• Consideration of the effect of deglaciation on mountain region stability;
• Consideration of climate change modelling and how to model future land-

slide/landscape events so as to plan safely for urbanisation and infrastructure
development;

• How to construct frequency–magnitude relationships for various perils and define
maximum credible events;

• What constitutes acceptable risk;
• Geohazards in the changing world: strategy for the next decade.

Key questions addressed:

• What do we need to get better estimate of subsurface materials and structure?
• How can we identify and connect long-term and short-term factors?
• Do present-day technics change our views of geohazards? If yes, which one, how,

and what will be the next steps?
• Can we evaluate real risk of geo-disaster in terms of hazards, exposure, and

vulnerability?
• How can we achieve social implementation of geo-disaster mitigation?

Results and recommendations:

1. How is current research contributing to disaster risk reduction?

• Progress is being made in understanding cascading geohazards
• (e.g. Landslides to landslide dam formation to barrier lake breaching, or

earthquake to debris sedimentation to scouring by subsequent rainfall);
• Extensive use of new technologies–Lidar, InSAR, UAV’s, geophysics,

photogrammetry (e.g. structure for motion);
• Landslide monitoring is advancing rapidly using these new techniques;
• There are advances in interpretation and detection of pre-failure mechanisms,

particularly rock avalanches and earthquake-induced failures;
• Early warning for landslides based on displacements and rainfall monitoring

is advancing;
• Upscaling from individual landslides to catchment, and regional scale, using

new technologies such as satellite observation (e.g. InSAR) is advancing;
• Science input to policy is extremely variable. At present, this is more in post-

disaster recovery but usually weak in risk reduction;
• There are some good examples of evidence-based policy in some countries

and in some sectors (e.g. building codes), but overall this is weak with a
distinct lack of risk-based approaches to land use planning, infrastructure
development, environmentally sustainable agriculture.
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2. How are current research initiatives contributing to bridge the gaps between
sciences and policy making?

• Field interaction between researchers and local stakeholders is valuable;
• Complex modelling of geohazard scenarios is now tractable with increasing

computer capability—imaging in 3D, GIS, online data;
• Working with stakeholders is improving along with ‘translation’ of research

results with communities;
• Increasing use of scenarios, risk rather than hazard assessment, and visual-

ization and economic modelling are improving opportunities for inclusion of
science in policy decisions;

• Established laws and regulations have often been developedwithout a research
basis and are therefore inhibiting rapid uptake of new data;

• Sendai Framework has excellent potential for evidence-based policy devel-
opment but there are many impediments.

3. What are the missing areas of research to fill these gaps?

• Need to consider history of land use and landscape evolution in research
projects;

• Accounting for subsurface heterogeneity in landslide science
• Coupling soil mechanics with hillslope hydrology and bio-activity to assess

landslide potential;
• Connecting long-term and short-term factors that leads to landsliding;
• Temporal and spatial high-resolution monitoring of landslides;
• There is a need for more scenario assessment and understanding of impacts;
• Improved visualization as a means of communicating with stakeholders is

needed;
• Communication of risk and life risk/economic impacts is crucial to adoption

of research results;
• Globally, there remains a lack of consistent regional and local mapping at

appropriate scales and of community-based mapping;
• Hazard and risk education of all stakeholders is needed;
• Early warning systems need to be reliable and appropriate for local needs;
• Stakeholders must be involved in the establishment of early warning systems;
• With exceptions (e.g. insurance, remote sensing), there is a lack of engagement

by the private sector, but there are many opportunities especially for new
technology and ICT partners;

• ICT opportunities (e.g. cell broadcast can connect national level warnings
directly with communities) but the ‘audience’ is not well understood and
poor communication may cause additional stress;

• Development of ‘apps’ enables optional engagement with information;
• In general, scientists are not thinking enough about the ‘audience’ they

are delivering to—there is a need for a tailored approach for all science
communication;
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• Communication of hazard and risk must include uncertainties/confidence
measures;

• There is still work to do on effective use of social media.

4. What are the most important research questions to be addressed in the next
10–15 years?

• Better understanding of the processes (e.g. seismic, rainfall), mechanisms,
and thresholds of landslides: from rockfall to slides to flows;

• Need to use probabilistic methods to acknowledge uncertainties—for
example, for volumes and runout distance of landslides;

• An improved ability to process and analyze ‘big data’;
• In every nation, there is a need for a ‘whole of society’ discussion on

acceptable levels of risk;
• In many topic areas, there is a need to acknowledge that future states of the

environment and hazards are different from the past—our data alone cannot
forecast the future with confidence;

• Policy development is a messy compromise between science, politics,
economy, politics, and society—how to blend with transparency;

• Need to re-assess laws and regulations to make sure they are enablers of DRR
and not impediments;

• Need urgent agreement between communities and regulators about whether
to ‘retreat or defend’, especially on the coast.

2.2.4 Social and Human Science Related

Andrew Collins, Lori Peek, Subhajyoti Samaddar and Masamitsu Onishi

Hazards are considered to become disasters only when the people and communities
are adversely impacted by them. Socio-economic characteristics of the people and
communities, local political systems, group dynamics, cultural practices and land
use patterns influence community disaster vulnerability and risk perception. Under-
standing social dimensions of disaster risk is therefore the cornerstone in deciding
when, how andwhat preventive initiatives should be initiated. The concept of disaster
risk has been variedly defined by different disciplines including for example soci-
ology, psychology, anthropology, management and planning. It broadly covers the
areas of risk perception, critical awareness, social vulnerability, household risk
preparedness behaviours, social resiliency, livelihood risks, health risks and more.
This points to the importance of identifying key areas of present research, poten-
tial research gaps or future research needs for disaster risk research from social and
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human perspectives to better design and implement DRR strategies. The participants
were divided into small groups to discuss the following social and human aspects of
disaster risks.

Key topics discussed:

• Risk perception—social and cognitive aspects.
• Social vulnerability and resiliency—theories, indicators, and methodologies.
• Land use, city resiliency, and community planning.
• System networks and network dynamics.
• Early warning and evacuation.
• Health and livelihood risks in disaster.
• Social capital and the sense of community.

Key questions addressed:

• How are existing studies able to deliver knowledge in designing strategic actions
for disaster risk reduction?

• What are the strengths and weaknesses of present studies in defining disaster risks
for better disaster risk management?

• What are the roles of social scientists and planners in defining and managing
disaster risks?

• What should be the future agenda and direction of study on disaster risk from
social and human perspectives?

Results and recommendations:

1. How current research is contributing to disaster risk reduction?

• There has been good work undertaken to start to plug what has been a major
gap, particularly through ‘human centred’ research.

• However, research emphasizing the social aspects of disaster risk reduction
needs to be stronger to influence policy.

• Focus has often been on building capacity.

1a. Key points for consideration in progressing future research

• There is a need to break the boundaries of boundary disciplines and turn
DRR into ‘new science’.

• There is a need to determine an appropriate framework to bring in various
disciplines together, frame the DRR problem, then bring in the ‘cavalry’.
This can perhaps address the problem of fragmentation, disciplinary silos,
duplication, etc.

• There is a need for feasibility studies to help mainstream research findings
and recommendations into policy.

• There has been a lot done on the recovery phase, like BBB, but not much on
planning
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• How do you bring/apply DRR to real-life situations; link DRR to businesses?
There is a need to get ‘local’ data, to better adapt ‘solution’ models to suit
local needs and conditions.

• There is a need to understand local needs, for example, communica-
tion/mobile apps that best help people stay connected on disaster risk
reduction needs.

• There is still a ‘divide’ where approaches/methods/practice are concerned,
be it at various scales (national, regional etc.); perspectives (ontological
domains) and concerns/goals/priorities.

• Prioritise research that is demand led.
• There is a need to provide and deeper understanding of the language of new

forms of DRR.

2. How current research initiatives are contributing to bridge the gaps
between science and policy making?

• There have been various scientificmodels and evaluationmethods developed
in the last decade.

• There has been a move to encourage grass root level applications, from DRR
know how to application, BUT there is still a long way to go to developing
a ‘holistic’ DRR.

• The gap between science and policy making is in part an issue of communi-
cation.

2a. Key points for consideration

• How do we measure ‘contribution’? How do we know we have contributed?
How are the research findings verified and who verifies them? Hazards are
evolutionary in nature, and success is relative, e.g. time frame for recovery
may not necessarily serve as a measure for success or effective contribution.

• There is a communication gap which has led to issues in:

– Bridging studies of multiple scales;
– Bridging perspectives/concerns/goals/priorities/know how/practices; and
– Developing an interface between the scientific communities/think tanks

with policy-makers, to help mainstream science.

• Avoid introducing complex techniques; hands-on practical approaches
should be given focus.

• Break down government policy into practical approaches suited for civil
society ‘consumption’.

• There is a need to look at the relationship between research institutions
and the government, e.g. in many developing countries, DRR may not be a
priority and this will affect funding.

3. What are the missing areas of research to fill in the gaps?

• DRRand education—it is understudied.Need to reviewmodules/curriculum.
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• DRR speak—there is a need to translate and put into context DRR to various
groups, experts to ‘non-experts’, to better communicate and make DRR
speak effective and accessible. Take a close look at terms and terminology,
understanding that cultures play a great influence on shaping understanding.

• Engagement—generational to professional.
• Wisdom and traditional knowledge which can add value if mainstreamed

into research and policy making.
• Matching local data to help adapt solution models/approaches, tailoring it

to suit a particular area/need/priority/capacity rather than a one-size-fits-all
approach.

• Lack of understanding of how to underwrite risks.

4. What are the most important research areas to be conducted in the next
10–15 years?

• Understanding local community livelihoods, in order to ensure their
resilience.

• Understanding the tangible and intangible aspect of disasters and DRR,
particularly the terms associated which can be very subjective, taking into
account the need to read in terms with human behaviour also, so that we can
better underwrite the risks.

• Linking risks and vulnerability with inequality.
• Foster adaptive planning, to allow for innovation and flexibility and encour-

ages inclusion of various stakeholder groups and understanding of commu-
nication issues.

• Providing and understanding of how self-governance systems may function.
• How best to respect values and follow ethical procedures in our socially

oriented DRR research.

5. Wrap-up points

• DRR research in theory can help tackle societal issues and problems.
• Socially oriented research is crucial to enabling people centred approaches

to DRR
• There is a need to sort out theDRRhouse before it can be properly ‘expanded’

or ‘operationalised’.
• Some better established aspects of people centred DRR could broaden out

to contribute to neighbouring areas.
• Inclusion is key.
• Upload papers for us to know each other and provide a platform for better

communication among us.
• Encourage easy access to GADRI network to catalogue knowledge, but

members need to contribute papers.
• Share the missing links and gaps to be filled by research, particularly areas

to promote engagement/cooperation.
• Mainstream wisdom
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• Policies differ state to state; perhaps this can be catalogued and made
available to promote understanding.

• Need to see whether our laws today are based on science.
• Time to reflect the voice of the local people and volunteers and give a platform

to the ‘voice of the survivors’.
• Time to consider self-governing systems that follow legal and ethical

procedures in the use of technology.
• Always ask how our research matters to people.

2.3 Managing and Planning Disaster Risk Reduction

2.3.1 Enhancing Risk Governance to Manage Disaster Risks

Tom De Groeve, Masamitsu Onishi and Yuichi Ono

This session addresses priority 2 in the Sendai Framework, i.e. strengthening disaster
risk governance to manage disaster risk. For the Sendai Framework, governance
refers to defining roles and responsibilities, guide, encourage and incentivize the
public and private sectors to take action and address disaster risk. According to the
International Risk Governance Council (IRGC) white paper published in 2006, the
concept of governance looks at risk-related decision-making when a range of actors
is involved, requiring coordination and possibly reconciliation between profusion of
roles, perspectives, goals, and activities. Of particular importance is the increasing
role of the scientific community in disaster risk management. In reality, a variety of
governance patterns DRR is observed in different contexts of hazards, geographical
conditions and social norms. It implies the advantage of pursuing a governance
pattern for DRR fitting for the hazard-specific and local-specific context rather
than one-size-fits-all approach. To understand the variety in governance patterns,
explicit knowledge on the compatibility between governance pattern and contexts is
necessary.

Key questions discussed:

• What kinds of knowledge are necessary to understand the variety in governance
patterns?

• How should we organize or coordinate activities of academic scientists to produce
the necessary knowledge?

• How should hazard and local context be considered to strengthen governance?
• How to develop a better system to integrate scientific knowledge into the disaster

risk reduction policy making process by each GADRI member country?
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Participants were allocated into sub-groups which consisted of about ten persons
from different countries/regions and different research areas to identify impor-
tant themes for DRR related to governance and possible platforms for promoting
identified themes.

Results and recommendations:
Researches in disaster risk management (DRM) has contributed to;

• Development of national and local policy frameworks
• Establishment of agencies for disaster management
• Understand mechanisms of hazards –observation technologies, simulation tech-

nologies
• Technologies for making hazard map
• Real-time forecasting and early warning system
• Research in local engagement for implementation

Key points for consideration in future researches in DRM

• Research on science-policy interfaces in DRM
• Connecting science with decision-making
• Research inmetrics for effectiveness of risk governance; evidence-based approach
• Sharing best practice and seeking affordable best practice
• Collaboration for collecting and sharing data
• Understanding of dynamic system of governance forms
• Adaptive management
• Need experts with different disciplines in hazards and academics backgrounds
• Management of relation to build trust and effective communication
• Scientific communicator, medias, education.

2.3.2 Disaster Risk Reduction for Resilience

Charles Scawthorn, Stefan Hochrainer-Stigler and Muneta Yokomatsu

There are currently a number of significant knowledge gaps and methodological
issues that still impede effective disaster risk reduction (DRR) for resilience. A few
examples suffice to demonstrate this point:

Key topics discussed:

A detailed comprehensive taxonomy of loss. Most DRR effectiveness is measured
against the ‘3Ds’ of “death, dollars and downtime”, but many losses remain unac-
counted for. HAZUS, the 2005Mitigation Saves and other studies account for some
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indirect losses, but many other types of losses are omitted. An exhaustive taxonomy
of loss would provide a standard for loss estimation, identify important research gaps
and assure vulnerable groups are adequately addressed.

GADRI Disaster Effects Portal (GDEP). The scientific method requires good data
for model development and validation, which is currently lacking for disaster effects,
the collection of which is ad hoc and inconsistent. GADRI supports development of
a Disaster Effects Portal (GDEP) and is in an excellent position to foster disaster data
collection on a globally consistent basis, via a network of disaster research institutes.
However, no progress has been made on this front.

Measures of DRR effectiveness. The effectiveness of most DRR projects is inad-
equately assessed. Typical measures of effectiveness have all been borrowed from
finance and include estimates of potential loss reduction irrespective of cost (simple
gain), return on investment (ROI aka ROR), benefit-cost ratio (BCR) or internal rate
of return (IRR). In all of these, the human dimension (when included) is typically
translated into value of human life, and may or may not be temporally discounted.
In this, the disaster field lags far behind the medical field, which has employed
disability-adjusted life years (DALYs) for decades. Economic Adjusted Life Years
(EALY) has been proposed to fill this gap, but has not gained traction. Research is
needed into how to holistically measure DRR effectiveness.

Multi-facets of DRR and resilience. Global evidence repeatedly points out that
risk is intricately connected to ‘resilience’ which is essentially a multi-faceted
concept that is closely linked to the many aspirations of the sustainable develop-
ment goals, including achieving food security, poverty alleviation, universal educa-
tion and improved health and wellbeing. However, current DRR research focuses
on resilience on only one or a few dimensions. There is the question how DRR can
better be embedded within the multi-dimensional nature of resilience and overall
development processes and goals. An interdisciplinary approach is certainly needed;
however, how can this be actually achieved.

Models of Evaluating Long-Term Impacts of Disaster and Disaster Risk
Reduction Policies
There exists a divergence in views regarding the impact of natural disasters on
macroeconomic growth. There seems to be some consensus that natural disasters
have a negative impact on short-term economic growth. On the other hand, the liter-
ature on the long-run effects of natural disasters is scant and inconclusive; some
describe the expansionary disaster effects caused by, for example, Schumpeterian
“creative destruction” while others note that the effect of creative destruction is
limited. A contrasting conclusion is also found, stating that natural disasters have
a negative long-term impact. It is indicated that compared to advanced societies,
developing societies suffer from a greater magnitude of disaster damage in the long
term. Moreover, the long-term effect of disaster mitigation or disaster risk reduction
investments is a question that only a few economic growth models dealt with. It is
also important to figure out conditions for “Build Back Better” in formalized way. It
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seems meaningful to categorize models (statistical model or simulation model, cate-
gorization with respect to assumptions on market conditions, variables, etc.), and
link each type of models to appropriate objective of analyses and policy discussion.

Key questions discussed:

• How concepts of “resilience” are defined from various viewpoints in many
academic and practical areas? What are relationships among those existing
definition?

• What can be (a set of) proxies that reflects “resilience” of society? How can we
measure and stock them to compose databases?

• Which kinds of models have been proposed to evaluate “disaster risk reduction
for resilience”? Which kinds of approach are now required to be developed?

• What are the roles of infrastructure to enhance resilience in society?
• How do we facilitate cross-institutional work to fill in knowledge gaps and

methodological issues that still impede effective disaster risk reduction (DRR)
for resilience?

Results and recommendations:
The definition and concept of “resilience” varies depending on the problems faced:

• Different in hazard: flood, earthquake, landslide, as well as climate change
• Different in scales: communities, regions, and nations
• Different in society: developing ones or developed ones
• Different between engineering (functionality owing to smaller destruction) and

social science (adaptability, flexibility, autonomous changes for survival)
• Risk (frequency)-based or consequence-based?

A commonly accepted, widely applicable terminology/taxonomy for resilience is
needed and could be a cross-cutting project for GADRI. In this regard, some common
factors and directions constraining “resilience” were identified:

• Related with critical infrastructure
• Must be defined with time span
• Must be linked with risk analysis
• Resiliency is a part of process, which changes in time when plans are updated by

taking new factors into account.
• Social adaptability that depends on social governance structure matters.
• Local contexts matter to determine priority: development, needs, knowledge, etc.
• Should consider resetting of eco-system and community
• Resilience as a development dimension
• How to combine with other goals (Sendai Framework, sustainable development

goals).

Other aspects of this discussion included:

• It is required to categorize three cases: (1) coming back to status quo, (2) reaching
to something more (Build Back Better) or less, (3) repeating a stable cycle.
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• It is demanded to define indicators that are operational and comparable, such as
“resilience matrix”. Indicators can be multi-dimensional while concept should be
kept coherent to avoid overlapping.

• Ex-ante plan and ex-post plan should be different; the latter includes new factors
such as changes of mind.

• Destruction and malfunction should be small in contexts of developing countries.
• Development that is associated with agglomeration may cause higher exposure

of assets against disasters.
• It is important to better connect to local people (including school children) to find

best solution.
• Society should be fast in action.
• A problem of implementation of mitigation investment is important to discuss.
• It is important to consider about the culture of community.
• It is a problem that improvement of building code in engineering is not linked

with science.
• Especially in developing countries, transfer of knowledge is difficult. Moreover,

life-cycle cost matters because some society cannot invest a lot in mitigation.

Based on this discussion, the following key needs were identified during the group
discussion:

1. Technical needs

• Need for modelling of recovery.
• Introduce better hazard maps in developing countries.
• Improve interdisciplinary community.
• Develop system approach especially to cope with multiple hazards.
• Formulate new matrices: more quantifiable treatment of resilience.
• Develop new technologies to evaluate vulnerability.
• Discuss on governance issues.
• Learn traditional knowledge.
• Classify properties of recovery of different stages.
• Develop interoperability.
• Understand dynamic nature of problems.
• Involve local people in risk assessment.
• Need for modelling the relations between resilience and development.
• Need for broadening resilience to other development goals.

2. Risk communication-related needs

• Risk communication should be developed to communicate vulnerability and
capability of society.

• Scenarios should be developed and shared to understand “what could
happen?”

• Researchers should communicate with policy-makers and local communities.
For that purpose, “middle men” are necessary in between, such as NGO,
in-house engineers.
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• Politicians take an important role of institutionalization.
• Knowledge and participation
• Public should educate but also should learn from local experience.
• Use analogies, for example, illness.
• Show examples of past disasters what could happen.
• Public and local knowledge should be conveyed to researchers.
• Common language should be developed.
• Roles of local community leaders under limited resources should be identified.

2.3.3 Effective Response to Disaster Recovery/Build Back
Better

Subhajyoti Samaddar, Koji Suzuki, Irasema Alcántara Ayala, Norio Maki
and Michinori Hatayama

After the initial post-disaster response activities during the emergency and restora-
tion periods, it is important to move quickly to the reconstruction and long-term
recovery phase in order to restore a sense of normality in affected communities
as soon as possible. Despite the increasing number of disaster experiences, post-
disaster activities remain inefficient and poorly managed and need to be improved.
Restoration of the damaged physical, social, economic, and environmental impacts
of disasters is a complicated and drawn-out process. Reconstruction and recovery
projects often focus on quick restoration of affected communities which can replicate
and worsen existing vulnerabilities faced by the community. The built environment
and infrastructure exactly as they were prior to a disaster often re-creates the same
vulnerabilities that existed earlier. The reconstruction and recovery period following
a disaster poses an opportunity to address and rectify vulnerability issues found
in communities. Complete recovery requires attention to many different elements
and effective coordination among the wide variety of stakeholders. Therefore, what
the concept of Build Back Better (BBB) proposes is a broad holistic approach to
post-disaster reconstruction in order to address the wide range of prevalent issues
and ensure that the affected community is regenerated in a resilient manner for the
future. To understand the fundamentals of BBB, it is valuable to analyze the complete
list of propositions from all prominent studies and guidelines which depict effective
post-disaster reconstruction and recovery. It is important to identify key areas of
present research on and potential research gaps or future research needs for BBB.

The main objective of this session is to explore how the experiences on build
back better by governments, communities, and organizations can strengthen the four
elements of disaster recovery framework
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i. Policies and strategies,
ii. Institutional arrangements,
iii. Financing mechanisms, and
iv. Implementation arrangements and recovery management.

Key topics discussed:
The session discussion was guided by the following questions:

• How can past experiences better inform future implementation?
• How can reconstruction be linked to broader development goals and strategies?
• How can reconstruction bemademore socially inclusive and non-discriminatory?

Key questions addressed:

• Risk reduction: reducing vulnerability and exposure
• Disaster recovery plan and resiliency
• Community planning and implementation science
• Decision support system for emergency preparedness
• Science and technology advisory boards
• Consensus building system and priority setting methodology among the stake-

holders.

Results and recommendations:

1. “BuildBack” is a critical step towards realizing disaster resiliency but the concept
“Better” is value laden. Stakeholders vary in opinion about “Better” or successful
Build Back options and policies. Because the risk perception and policy option
are always contested.

2. There is no certain “risk” and uncontested or complete knowledge how to tackle
the risks. Building Back “Better” is considered as relative, virtual, and compar-
ative. Because of the value laden, subjective aspect of BBB, often stakeholders
involve in conflict in the rehabilitation and reconstruction process.

3. To realize BBB, the critical question is to whose perspective of “Better” to be
considered in the post-disaster reconstruction and rehabilitation process. It is the
local community, especially the marginalized section, who remain unsolicited
and isolated in the planning process.

4. For the successful implementation of BBB, following measures are suggested:

i. A pro-active planning approach is necessary. The disaster riskmanagement
perspective should be incorporated from the designing stages of the recon-
struction and rehabilitation. Often the disaster risk issues are considered in
the end of the planning process or after disaster strikes.

ii. The general objective Building Back Better is to achieve community’s
resiliency against future disaster. BBB therefore is an opportunity for
local communities to rectify their past vulnerabilities and make a progress
towards resiliency. Resiliency is conceptualized as bounced back to normal
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life. But bounce back in the development process is a relative and contex-
tual term. The standard of bounce back or resiliency that is applicable for
Japan, maybe not applicable for Indonesia.What extent and how a commu-
nity could bounce back depends on economic condition, social factors, and
cultural beliefs of a particular community.

iii. Rehabilitation and reconstruction is a costly affair. Therefore, a commu-
nity’s capacity to bounce back should be based on local economy. Often
the developing countries fail to bounce back because their BBB strategies
do not focus on encouraging local economy but depend on foreign fund
and aids. The regeneration of local economy is the key to ensure Build
Back Better.

iv. Building Back Better is a long process. There should be different devel-
opmental goals and objectives in different phases of the BBB. We can
divide the objectivesBBB in three distinctive but sequential phases—NOW,
SOON and sustainable.

v. In the developing country context, the BBB strategies should include
reducing the livelihood risks. Without improving the livelihood security,
Building Back Better will remain an illusion.

vi. The social-cultural factors play a critical role in disaster management. So
the rehabilitation and reconstruction strategies should include social and
cultural conditions of the local community. The model of building and
planning strategies borrowed from the foreign countries did not work well
because they do not satisfy the local social-cultural demands. Therefore,
it is not uncommon that reconstructed buildings meet all the building
standards of disaster resilient, but people refused to live in the recon-
structed buildings as their cultural aspects are not included in designing
the buildings.

vii. The local land use planning should be linked or integrated with the disaster
risk reduction (DRR) strategies.

viii. The new development should be in-situate or relocation remains contro-
versial. Some argued In situ development welcomes the prevailing risks
in the area (e.g. settlement close to flood prone low-lying areas). Whereas
some argued that people often refuse to move into relocated places because
of livelihood insecurities, cultural and personal bonding and attachments
with the area and so on.

ix. The cutting-edge technologies should be used and exploited to ensure
steady and quick disaster recovery. But on the other hand, the technologies
to be used in BBB should be pro-poor or affordable and energy efficient.

x. Building Back Better should be an integrated approach including different
aspects of planning.

xi. Social networks of the communities should beused as a social infrastructure
in the BBB process.

xii. There exist no groups or platform that advocates the integration of DRR
strategies in the local planning process. For a successful implementation
of BBB, it is important to have a group or platform like GADRI who can
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influence polices and planning strategies of the government. The advisory
board should be formed at local, regional, and national level to promote
integrated disaster risk management.
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Chapter 3
Regional Science Engineering,
Technology and Innovation (SETI)
Support for Disaster Risk Reduction

Shahbaz Khan

Abstract Two important agreements, the 2030 Agenda for Sustainable Develop-
ment Goals and Sendai Framework for Disaster Risk Reduction, are setting the stage
for sustainable development leaving no one behind and actively pursuing strategies
for disaster risk reduction at all levels. UNESCORegional ScienceBureau isworking
on pre-disaster actions especially by strengthening early warning systems, better
building codes, capacity building and multi-hazard approaches for national policies.
In this process, UNESCO is actively collaborating with other UN agencies and scien-
tific entities to help underpin disaster risk reduction (DRR) with credible scientific
data and analysis. At the regional level in Asia and the Pacific Region, UNESCO
has developed a support strategy for international, interdisciplinary cooperation at
community, national and regional levels. UNESCO actions bring together transdisci-
plinary actions between natural and social sciences, education, culture and commu-
nication areas. At the community level, the focus is on capacity building of resilient
communities by utilising local and indigenous knowledgewith smart communication
technologies. The DRR capacities of UNESCO designated and affiliated sites (such
as the World Heritage Sites, educational facilities, biosphere reserves and Global
Geoparks) are being strengthened by contextualising DRR for sound integrated site
management by fully complying with the principles of related programmes. In close
cooperationwithUNESCO’s category-2 centres and chairs, the data gathering, scien-
tific analysis and dissemination capacity in earlywarning systems are being improved
in key affected countries such as Indonesia, Philippines and Pakistan. The Regional
Science Bureau will continue to work in collaboration with its regional and global
partners on the use of science and technology to support the member states’ needs in
disaster risk reduction and building sustainable resilience. This paper will focus on
describing the regional support strategies in Asia and the Pacific Region and related
key activities.
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3.1 Introduction

Since 2015, global stakeholders including UNESCO are working on two important
UN agreements the 2030 Agenda for Sustainable Development Goals and the Sendai
Framework for Disaster Risk Reduction (SFDRR), 2015–2030. The SFDRR was
signed in March 2015 by 187 countries in Sendai, Japan; the key aim of SFDRR is to
reduce disaster-related losses of lives, livelihoods and health. The 2030 Agenda was
signed in September 2015 outlining 17 goals with 169 targets covering a broad range
of sustainable development issues such as ending poverty and hunger, improving
health and education, making cities more sustainable, combating climate change and
protecting oceans and forests while leaving no one behind.

Since the adoption of the Sendai Framework for Disaster Risk Reduction, 2015–
2030, theUN system and related organisations have shown commitment to the imple-
mentation of the framework at all levels including formulation of regional support
strategies such as by the UNESCO Regional Science Bureau for Asia and the Pacific
(RSBASP 2017). The work of the UN General Assembly established an open-ended
intergovernmental expert-working group, comprised experts nominated by states and
is supported by the United Nations Office for Disaster Risk Reduction (UNISDR)
now called UNDRR. This has helped involve relevant stakeholders, for the develop-
ment of a set of possible indicators and terminology to measure global progress in
the implementation of the Sendai Framework. In January 2016, UNISDR organised
the Science and Technology Conference with a key outcome of the conference which
was an updated Science and Technology RoadMap 2030 to support the implementa-
tion of the Sendai Framework. A key further development in April 2016 was the UN
Chief’s Executive Board for Coordination endorsement of the revision of the UN
Plan of Action on Disaster Risk Reduction for Resilience: Towards a Risk-informed
and Integrated Approach to Sustainable Development.

UNESCO is an active collaborator of UNDRR (previously UNISDR) as part of
the Global Alliance on Disaster Risk Reduction and Resilience in the Education
Sector and the Resilient Cities Campaign at global and regional levels. A key aspect
of the work is on bridging gaps science and society through promotion of Science,
Engineering, Technology and Innovation (SETI) at the regional and global levels.
The activities are shaped by the interface between the natural and social sciences,
education, culture and communication, playing a vital role in constructing a global
culture of resilient communities in a multidisciplinary manner.

The Regional Science Support Strategy for DRR for Asia and the Pacific Region
focusses on building community resilience to natural hazards through early warning,
capacity building, knowledge sharing and networking, and policy recommenda-
tions with the help and support for governments/local governments, civil society,
research institutions, other UN agencies and international organisations, and all key
stakeholders.
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3.2 DRR and UNESCO Medium-Term Strategy, 2014–21

The UNESCO medium-term strategy (UNESCO 37C/4, 2014–21) maintained a
major focus on disaster risk reduction (DRR) for most cost-effective means to
mitigate the effects of disasters and save lives, heritage and infrastructure.

Emerging areas of DRR competence for UNESCO include:

• Remote sensing of emergency groundwater resources in drought-affected coun-
tries, national floods forecasting system and integrated flood management at the
river basin level

• DRR education including through radio and other media
• Global expansion of tsunami early warning systems.

3.3 Regional Support Strategy on Science, Engineering,
Technology and Innovation for Disaster Risk Reduction
for Asia and the Pacific Region

Guided by the UNESCO 37 C/4), the Regional Science Bureau for Asia and the
Pacific based at Jakarta developed regional support strategy on Science, Engi-
neering, Technology and Innovation for Disaster Risk Reduction for Asia and the
Pacific Region. The overarching mission of this strategy is “to advance the use of
Science, Engineering, Technology and Innovation (SETI) to mitigate disaster risks
and strengthen the resilience of societies through better understanding the hazard
and risk, prevention and risk reduction, preparedness and early warning”. As part of
this strategy, mapping of SDGs and DRR was attempted, as shown in Fig. 3.1. This
provides contextualisation of overall regional SETI programmes with DRR.

The key elements of the regional SETI DRR strategy are:

• Understanding disaster risk through evidence-based modelling and decision-
making based on scientific data and local and indigenous knowledge as well
as developing a database of DRR expertise in the region

• Strengthening DRR governance through institutional support
• Economic considerations for investments in DRR resilience
• Enhancing disaster preparedness for effective response, and to “build back better”

in recovery, rehabilitation and reconstruction, this draws upon cooperation with
architectural and engineering bodies in the region.

This strategy has guided several DRR activities integrating different disciplines;
e.g. the natural sciences, education and communication/information sectors collab-
orate on the issue of safe schools as articulated in the Comprehensive Safe School
Framework and UNISDR’sWorldwide Initiative on Safe Schools. The Jakarta office
in collaboration with UNESCO HQ has been working on provision of simple to use,
science-based decision-making methodologies, like VISUS method (Visual Inspec-
tion for defining the Safety Upgrading Strategies) to ensure the structural safety of
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Fig. 3.1 Mapping DRR in SDG targets in Asia and the Pacific Region

educational facilities for multi-hazards including earthquakes, floods, landslides and
fires. This has also provided an opportunity for South–South cooperation as more
than one hundred schools have been assessed in El Salvador and more assessments
are currently being implemented in Laos, Indonesia, Peru and Haiti. Intergovern-
mental Oceanographic Commission (IOC) of UNESCO has established the Indian
Ocean Tsunami Information Centre (IOTIC) in Jakarta supported by Government
of Indonesia through the Agency for Meteorology, Climatology and Geophysics
(BMKG).

3.4 Examples of Transdisciplinary DRR Activities

3.4.1 Strategic Strengthening of Flood Warning
and Management Capacity in Pakistan

In response to the 2010 floods in Pakistan, UNESCO with financial support of the
Government of Japan has developed a comprehensive strategy, to help the country
develop and manage its responses to floods while upgrading the flood forecasting
and early warning systems in the country. UNESCO offices in Jakarta and Islam-
abad have been working closely with Pakistan Meteorological Department (PMD),
Pakistan Council of Research in Water Resources (PCRWR) and a number of other
Pakistan partners and Japan organisations, UNESCO Category II Centre ICHARM
(The International Centre forWater Hazard andRiskManagement under the auspices
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of UNESCO) and Japan Aerospace Exploration Agency (JAXA) on the following
aspects:

• Establishment of a technical foundation for sustainable capacity development on
the flood management, forecasting, early warning and flood hazard analysis in
Pakistan

• Technical studies to promote strengthening of cooperation with Indus river basin
countries for transboundary flood management and transboundary data sharing

• Capacity building and education of communities on flood management for proper
utilisation of flood hazard information and tools.

Further information on this project is available at: https://www.unesco.org/new/
en/jakarta/natural-sciences/water-sciences/key-projects/pakistan-flood-project/.

3.5 Emergency Psychosocial Support for Secondary
School-Aged Students Affected by Typhoon Yolanda
in the Philippines

UNESCO Jakarta Office, in cooperationwith the Philippines’ Department of Educat-
tion (DepED) developed a training manual and conducted a series of stakeholder
trainings for theProject "EmergencePsychological Support for School-agedStudents
Affected byTyphoonYolanda in the Philippines". The project yielded various lessons
and best practices in implementing initiatives related to education in emergencies.
The key learnings include active engagement of stakeholders in revision of teachers’
manuals, wider engagement with local communities and ensuring post-project
sustainability through mainstreaming in national curricula.

Project video can be accessed at https://www.youtube.com/watch?v=yILES1
SJQ60.

3.5.1 Mobile Application for Preparedness

UNESCO in collaboration with donors (Government of Japan and USAID) and local
stakeholders has developed IndusWaterManager, TANAHandSAIFAHas examples
of educational gamification for disaster risk reduction in English and local languages.
The cardboard-based and mobile apps provide integral lessons on, and reinforce
the importance of, disaster preparedness, by exploring potential situations that may
occur. Offered as platform-based games with various levels, users are provided with
key survival lessons for all phases of disasters in an interactive manner.

https://www.unesco.org/new/en/jakarta/natural-sciences/water-sciences/key-projects/pakistan-flood-project/
https://www.youtube.com/watch?v=yILES1SJQ60
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3.6 Conclusions

The regional experiences show that DRR support and response strategies should be
underpinned by sound SETI for ensuring access to freshwater, to education, to DRR
information, to hazard assessments as well as to capacity building for multi-hazard
disaster early warning systems and resource management at all levels. Multilevel
stakeholder and policy engagement are critical for success of DRR actions. SETI
support is critical for evidence-based multi-hazard DRR policy-making and timely
implementation.
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Chapter 4
Science and Technology Commitment
to the Implementation of the Sendai
Framework for Disaster Risk Reduction
2015–2030

Virginia Murray

Abstract The Sendai Framework for Disaster Risk Reduction 2015–2030 was
adopted by United Nations (UN) member states on 18 March 2015, at the World
Conference on Disaster Risk Reduction held in Japan. The Sendai Framework went
on to be endorsed by the UN General Assembly in June 2015. The Sendai Frame-
work is wide in scope. This paper uses many resources of already published material
to enable the reader to access a more complete summary of the science and tech-
nology commitment to the implementation of the Sendai Framework for Disaster
Risk Reduction 2015–2030. In this paper on the role of science and technology
engagement to provide evidence to inform policy and practice where possible, the
author considered it important to emphasis the partnerships and learning she has
been a part of and all significant statements that are included in this paper are in
italicized quotes. The author is grateful for the many opportunities to engage at many
levels with colleagues who also contributed so much to these opportunities for joint
working and shared learning.

Keywords Sendai Framework · Disaster risk reduction · Scientific and technical ·
Science-policy · National level · Local level · Humanitarian emergencies

4.1 Introduction

The Sendai Framework for Disaster Risk Reduction 2015–2030 was adopted by
United Nations (UN) member states on 18 March 2015, at the World Conference
on Disaster Risk Reduction held in Japan. The Sendai Framework went on to be
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endorsed by the UN General Assembly in June 2015.1 The Sendai Framework is
wide in scope. It applies to the ‘risk of small-scale and large-scale, frequent and
infrequent, sudden and slow-onset disasters, caused by natural or man-made hazards
as well as related environmental, technological and biological hazards and risks.’
(UNDRR 2015) The Sendai Framework promotes the shifting of the focus from
managing disasters to managing risks. This requires a better understanding of risk
‘in all its dimensions of vulnerability, exposure’ and hazards (UNDRR 2015). The
Sendai Framework aims in principle to ensure that the multi-hazard management of
disaster risk is factored into the implementation of the Framework at all levels as
well as within and across all sectors.

The call has been made to enhance the scientific and technical work on disaster
risk reduction in the Sendai Frameworks as follows:

• To enhance the scientific and technical work on disaster risk reduction and its
mobilization through the coordination of existing networks and scientific research
institutions at all levels and in all regions, with the support of the United Nations
Office for Disaster Risk Reduction Scientific and Technical Advisory Group, in
order to strengthen the evidence base in support of the implementation of the
present Framework; promote scientific research on disaster risk patterns, causes
and effects; disseminate risk information with the best use of geospatial infor-
mation technology; provide guidance on methodologies and standards for risk
assessments, disaster risk modelling and the use of data; identify research and
technology gaps and set recommendations for research priority areas in disaster
risk reduction; promote and support the availability and application of science and
technology to decision-making; contribute to the update of the publication enti-
tled ‘2009 UNISDR Terminology on Disaster Risk Reduction’; use post-disaster
reviews as opportunities to enhance learning and public policy; and disseminate
studies; (UNDRR 2017—Sendai Framework Paragraph 25 g).2

Stronger focus on science and building evidence (in its own right and to support
scientific advice during preparedness, emergencies and recovery stages) invited
engagement of the scientific community in the implementation of the Sendai Frame-
work via the UNISDR Science and Technology Conference on the implementation
of the Sendai Framework for Disaster Risk Reduction 2015–2030 held in January
2016, in Geneva Switzerland.3 Over 600 organizations and institutions were listed by
organization type, region and country as participants at the conference.4 A UNISDR

1United Nations International Strategy for Disaster Reduction (UNISDR), Sendai Framework for
Disaster RiskReduction 2015–2030, available at https://www.unisdr.org/files/43291_sendaiframew
orkfordrren.pdf. Accessed 02 August 2017.
2See Footnote 1.
3UNISDR Science and Technology Conference on the implementation of the Sendai Framework
for Disaster Risk Reduction 2015–2030, January 2016. Available at http://www.unisdr.org/partners/
academia-research/conference/2016/. Accessed on 31 July 2017.
4UNISDR Science and Technology Conference 27–29 January 2016, List of Organization Partic-
ipants by organization type, region and country. Available at http://www.preventionweb.net/files/
45270_listoforganizationsparticipatedinth.pdf. Accessed on 31 July 2017.

https://www.unisdr.org/files/43291_sendaiframeworkfordrren.pdf
http://www.unisdr.org/partners/academia-research/conference/2016/
http://www.preventionweb.net/files/45270_listoforganizationsparticipatedinth.pdf


4 Science and Technology Commitment to the Implementation … 57

Science and Technology Road Map was undertaken to define the aspirations and
concrete commitments of the science and technology community over the 2015–
2030 period to support the delivery of the science needed under each of the four
Sendai Framework priority areas of action which are:

• Priority 1: Understanding disaster risk.
• Priority 2: Strengthening disaster risk governance to manage disaster risk.
• Priority 3: Investing in disaster risk reduction for resilience.
• Priority 4: Enhancing disaster preparedness for effective response and to ‘Build

Back Better’ in recovery, rehabilitation and reconstruction’. (UNDRR 2015
Sendai Framework Paragraph 20)

It was also identified that there was a need to develop ways to monitor progress
and review needs.5 Recognizing this, it was agreed that there was a need for peer
review publications to report on the conference (Aitsi-Selmi et al. 2016; Dickinson
et al. 2016). Following many detailed reflections on the way forward from the
UNISDR Science and Technology Conference, Aitsi-Selmi et al. (2016) identified
twelve key points with the following two points being of particular relevance to the
Global Alliance of Disaster Research Institutes (GADRI) Second Global Summit of
Research Institutes for Disaster Risk Reduction6:

• ‘Need for formal ‘national DRR science-policy councils/platforms’ or a form of
national focal points for science to support disaster risk reduction and manage-
ment plans identified. Focal points could include platforms or chief scientific
advisors function.

• ‘Conducting a periodic review of knowledge needs, new science (including imple-
mentation science), and research gaps. More effort is needed to work out how to
achieve this and ensure avoiding duplication of effort’. (Aitsi-Selmi et al. 2016)

In summary, there is now an opportunity for the scientific community and its
institutions to meet the needs of an increasingly complex environmental and societal
landscape to support the breadth of the aspirations to implement the Sendai Frame-
work. This paper therefore reports on a selection of the actions taken by scientists
at national, regional and global levels since the UNISDR Science and Technology
Conference 2016 conference for the implementation of the Sendai Framework.

5UNISDR The Science and Technology Roadmap to Support the Implementation of the Sendai
Framework for Disaster Risk Reduction 2015–2030. Available at http://www.preventionweb.net/
files/45270_unisdrscienceandtechnologyroadmap.pdf. Accessed on 31 July 2017.
6GlobalAlliance ofDisaster Research Institutes (GADRI) SecondGlobal Summit ofResearch Insti-
tutes for Disaster RiskReductionAvailable at http://gadri.net/events/2015/12/2015-2nd-global-sum
mit-of-research-institutes-for-disaster-risk-reduction-development-of-a-research-.html. Accessed
on 31 July 2017.

http://www.preventionweb.net/files/45270_unisdrscienceandtechnologyroadmap.pdf
http://gadri.net/events/2015/12/2015-2nd-global-summit-of-research-institutes-for-disaster-risk-reduction-development-of-a-research-.html
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4.2 National Level Examples of Science and Technology
Activities

Recognizing the identified call from the UNISDR Science and Technology Confer-
ence from the implementation of the Sendai Framework way forward of ‘need for
formal ‘national DRR science-policy councils/platforms’ or a form of national focal
points for science to support disaster risk reduction and management plans identi-
fied’ a series of actions at national levels have developed. Examples at such work at
national level include:

4.2.1 Christchurch, New Zealand

The People in Disasters conference was held in Christchurch on 24–26 February
2016, to coincide with the 5th anniversary of the major Christchurch earthquake
of 2011, during which 185 people died and thousands were injured. As reported in
the Concluding Statement of the conference ‘Christchurch remains a city strongly
affected by disaster with ongoing stressors many of them related to the prolonged
recovery process’.7 Some of the keymessages from the conference included the need
for an all hazard, multidimensional approach for emergency planning for disaster
risk reduction, response, recovery, rehabilitation and reconstruction strengthens the
alignment with the global disaster risk reduction community and that mental health
impacts were both immediate and latent—a longer term approach to mental health
is needed.8

A Special Issue of the Australasian Journal of Disaster and Trauma Studies
published a series of papers on: caring for companion animals; compassion fatigue
among nurses; promoting Māori psychosocial recovery; family violence; managing
diabetes post-disaster; comparing community recovery projects in Aotearoa/New
Zealand and Japan; wellbeing of older people; and post-traumatic growth (Deely
and Ardagh 2017). A report on the Christchurch earthquake mental health impacts
and psychosocial recovery demonstrated that it was important to recognize the better
understanding of the psychosocial health of the affected public, care providers and
early responders, through the diverse voices heard (Hedlund 2016). In addition the
Ministry of Health in New Zealand published a Framework for Psychosocial Support
in Emergencies reflecting that distress is considerably more prevalent than mental
health disorders and, formost people, the distress is tolerable, short-lived and depends
on the duration of acute and secondary stressors and that psychosocial recovery is
about positively adapting to a changed reality (Ministry of Health 2016). Finally, it

7Canterbury Clinical Network Transforming Health Care, Whanau Ora ki Waitaha.
Concluding statement of the People In Disasters Conference, Christchurch, 2016 Avail-
able at http://ccn.health.nz/CCNMembersArea/tabid/1275/ArticleID/912/Concluding-statement-
of-the-People-in-Disasters-Conference-Christchurch-2016.aspx. Accessed on 31 July 2017.
8See Footnote 7.

http://ccn.health.nz/CCNMembersArea/tabid/1275/ArticleID/912/Concluding-statement-of-the-People-in-Disasters-Conference-Christchurch-2016.aspx
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was determined that ‘there was a need for another conference in 5 years to make
sure the important work to recovery goes on and is properly documented for the
Christchurch and the New Zealand communities but also for shared learning across
the world’ (Aitsi-Selmi et al. 2016).

4.2.2 The Philippines

The 2016 Philippine National Health Research System (PNHRS) Week Celebration
conference highlighted their growing commitment to disaster risk reduction (DRR).
The event was led by the Philippine Council for Health Research and Develop-
ment of the Department of Science and Technology (DoST) and the Department
of Health and saw the participation of numerous research consortia from all over
the Philippines. With a central focus on the Sendai Framework, the conference
recognized the significant disaster risks faced in the Philippines while illustrating
the strengths and experience in DRR. For example, key innovations in science and
technology that were showcased include the web-based hazard mapping applica-
tions ‘Project NOAH’ (Lagmay 2012) and ‘FaultFinder’ (PHIVOLCS 2016), with
another innovation being ‘Surveillance in Post Extreme Emergencies and Disasters’
(SPEED) (Department of Health 2011) which monitors potential outbreaks through
a syndromic reporting system. Three areas noted for further development in DRR
science and technology included: integrated national hazard assessment, strength-
ened collaboration and improved documentation. The combination of the risk profile
of the Philippines, established national structures and experience in DRR, as well as
scientific and technological innovation in this field are potential factors that could
position the Philippines as a future global leader in DRR. The PNHRS conference
saw the proposal to develop the Philippines into a global hub for DRR which was
published in peer review paper entitled ‘Developing the Philippines as a Global
Hub for Disaster Risk Reduction—A Health Research Initiative as Presented at the
10th Philippine National Health Research System Week Celebration’ (Banwell et al.
2016).

4.2.3 UK

4.2.3.1 The UK Alliance for Disaster Research (UKADR)

In 2016, it was agreed that the UK Alliance for Disaster Research9 would be devel-
oped. The primary motivation for this is to bring together the UK’s rich and diverse

9UK Alliance for Disaster Research Available at http://www.ukadr.org/. Accessed on 1 August
2017.

http://www.ukadr.org/
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disaster research community. The aim of the UKADR is that it ‘will facilitate collab-
oration and partnership to aid representation of the research community at govern-
ment level in the UK, and, where appropriate, help with the implementation of the
Sendai Framework for Disaster Risk Reduction’.10 The Alliance is independent and
managedbyvoluntary contributions from theUKresearch community and the current
co-chairs are based at the University of Northumbria and King’s College, London.
TheKing’sCollegeCentre for IntegratedResearchonRisk andResilience (CIRRR)11

is an Integrated Research on Disaster Research (IRDR) Centre of Excellence12 and
the UKADR is part of their commitment to IRDR. The ‘UKADR membership is
open to staff and Ph.D. students of any research-and-capacity-building institute
based in the UK that is active in researching disaster risk and its management. This
includes universities and other educational institutions, charitable trusts, think tanks
and research departments within government agencies, private businesses or civil
society organizations’ (Banwell et al. 2016). For UKADR, it is agreed that disaster
risk reduction, prevention and preparedness, disaster response, reconstruction and
recovery are all areas of research interest that are applicable for membership. The
first UK Alliance for Disaster Research Annual Conference was held on 9 January
2017 and 10 January 2017 at King’s College London, with support from, Durham
University and the Cabot Institute, University of Bristol, to help build the UK disaster
science community and facilitate networking between all science traditions.

4.2.3.2 Natural Environment Research Council Science
for Humanitarian Emergencies and Resilience (SHEAR)

Research funding is critical to support the acquisition of new knowledge. For
example, the Natural Environment Research Council (NERC) is one of the UK’s
leading funders of independent research, training and innovation in environmental
science. They invest public money in world-leading science, designed to help sustain
and benefit from natural resources, predict and respond to natural hazards and under-
stand environmental change. They work closely with policy-makers and industry to
make sure that knowledge can support sustainable economic growth and wellbeing
in the UK and around the world. They are supported mainly by the UK Department
for Business, Energy and Industrial Strategy (BEIS), but their activities and funding
decisions are independent of government. NERC works in partnership with other
funders of research, for example, for the Science for Humanitarian Emergencies and
Resilience (SHEAR),13 a new international research programme jointly funded by

10See Footnote 9.
11King’s College LondonCentre for Integrated Research onRisk andResilienceAvailable at https://
www.kcl.ac.uk/sspp/research/cirrr/index.aspx. Accessed on 1 August 2017.
12Integrated Research on Disaster Research (IRDR) Centre of Excellence Available at http://www.
irdrinternational.org/about/structure/icoes/. Accessed on 1 August 2017.
13Natural Environment Research Council. Science for Humanitarian Emergencies and Resilience
(SHEAR) available at http://www.nerc.ac.uk/research/funded/programmes/shear/. Accessed on 31
July 2017.

https://www.kcl.ac.uk/sspp/research/cirrr/index.aspx
http://www.irdrinternational.org/about/structure/icoes/
http://www.nerc.ac.uk/research/funded/programmes/shear/
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the UK’s Department for International Development, NERC and the Economic and
Social Research Council. The overall SHEAR programme focuses on four areas:
disaster risk assessment (mapping and analyses), sub-seasonal to seasonal fore-
casting, disaster risk monitoring and the integration of these into practical decision-
making. The programme is targeting lower-to-middle income countries across sub-
Saharan Africa and south Asia, focusing on the co-production of knowledge using
a multi-disciplinary and problem-centred approach. The call for proposals closed
in January 2016 and the four proposals have been funded until 2020 including two
where I am on the advisory boards:

• Forecasts for AnTicipatory HUManitarian action (FATHUM).14

• Landslide Multi-Hazard Risk Assessment, Preparedness and Early Warning in
South Asia: Integrating Meteorology, Landscape and Society (LANDSLIP).15,16

4.3 Regional-Level Examples of Science and Technology
Activities

Regional-level science and technology has been inspiring in its commitments to
developing implementation tools for the Sendai Framework for Disaster Risk Reduc-
tion. By using examples from the European Commission, the Pacific Community and
from the Belt and Road Initiative led by China, it is possible to show case emerging
developments.

4.3.1 European Commission

The European Commission has a range of important activities on disaster risk
reduction and some of these are summarized below

14Research Councils UK FATHUM: Forecasts for AnTicipatory HUManitarian action 2016–2020
Lead Research Organisation: University of Oxford Available at http://gtr.rcuk.ac.uk/projects?ref=
NE%2FP00041X%2F1. Accessed on 1 August 2017.
15Research Councils UK Landslide Multi-Hazard Risk Assessment, Preparedness and Early
Warning in SouthAsia: IntegratingMeteorology, Landscape and Society 2016–2020 Lead Research
Organisation: Available at NERC British Geological Survey Available at http://gtr.rcuk.ac.uk/pro
jects?ref=NE%2FP000649%2F1. Accessed on 31 July 2017.
16ResearchCouncilsUKTowards Forecast-basedPreparednessAction (ForPAc): Probabilistic fore-
cast information for defensible preparedness decision-making and action2016–2020.LeadResearch
Organisation: King’s College London Available at http://gtr.rcuk.ac.uk/projects?ref=NE%2FP000
444%2F1. Accessed on 31 July 2017.

http://gtr.rcuk.ac.uk/projects%3fref%3dNE%252FP00041X%252F1
http://gtr.rcuk.ac.uk/projects%3fref%3dNE%252FP000649%252F1
http://gtr.rcuk.ac.uk/projects%3fref%3dNE%252FP000444%252F1
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4.3.1.1 Disaster Risk Management Knowledge Centre, Joint Research
Centre

The Disaster RiskManagement Knowledge Centre (DRMKC) aims at enhancing
the EU andMember States resilience to disasters and their capacity to prevent prepare
and respond to emergencies through a strengthened interface between science and
policy.17 The DRMKC reflects the UN Member state call for the promotion of ‘the
use and expansion of thematic platforms of cooperation, such as global technology
pools and global systems to share know-how, innovation and research and ensure
access to technology and information on disaster risk reduction’. (Sendai Framework
paragraph 47c).18

The DRMKC, launched on 30 September 2015, is composed of several Commis-
sion services and a network of interested Member States and is part of the European
Commission’s Science Hub. It will be the focal point of reference to support the
work of EUMember States as well as all actors involved in disaster risk management
within and beyond the EU. The activities of the DRMKC are to support the trans-
lation of complex scientific data and analyses into usable information and provide
science-based advice for disaster riskmanagement policies, aswell as timely and reli-
able scientific-based analyses for emergency preparedness and coordinated response
activities. It brings together existing initiatives in which science and innovative
practices contribute to the management of disaster risks.19

In the Executive summary of the Science for Disaster Risk Management 2017:
Knowing better and losing less, led by DRMKC, it states that reinforcing the science-
policy interface should allow better exploiting and translating the complexities of
scientific results into useful and usable policy outputs, through: efficient access and
uptake of knowledge and research; a networked approach across relevant stake-
holder communities; and continuous efforts towards innovation and new technolo-
gies and tools (Poljanšek et al. 2017). The full report addresses the current status
of disaster risk management and policy frameworks, the understanding disaster risk:
risk assessmentmethodologies and examples; the need to understand specific disaster
risk hazard-related risk issues including geophysical, hydrological, meteorological,
climatological and biological risk as well as technological risk; with additional
sections on communicating disaster risk,managing disaster risk and future challenges
of disaster risk management (Poljanšek et al. 2017).

The report is an important achievement for the UNISDR Science and Technology
Conference held on January 2016 call for ‘Conducting a periodic review of knowledge
needs, new science (including implementation science) and research gaps. More
effort is needed to work out how to achieve this and ensure avoiding duplication

17European Commission Disaster Risk Management Knowledge Centre (DRMKC) Avail-
able at https://ec.europa.eu/jrc/en/network-bureau/disaster-risk-management-knowledge-centre.
Accessed 2 August 2017.
18See Footnote 1.
19Disaster Risk Management and Innovation Research Available at http://drmkc.jrc.ec.europa.eu/
overview/About-the-DRMKC. Accessed 2 August 2017.

https://ec.europa.eu/jrc/en/network-bureau/disaster-risk-management-knowledge-centre
http://drmkc.jrc.ec.europa.eu/overview/About-the-DRMKC
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of effort.’ This report is an important next step following on from the impact made
in 2013 by the Intergovernmental Panel on Climate Change report on Managing
the Risks of Extreme Events and Disasters to Advance Climate Change Adaptation
made for encouraging the need for enhanced disaster risk reduction and management
issues (IPCC 2012).

4.3.1.2 Examples of European Commission Research Programmes
of Note for Disaster Risk Reduction

Community of Users on Secure, Safe and Resilient Societies

The European Commission has led on many research and capacity building
programmes of major significance for the DRR community and developed initiatives
to support their dissemination and implementation, e.g. through the Community of
Users on secure, safe and resilient societies which is engaged inmapping EU policies
and research projects funded by different programmes (under FP7 and H2020) for
enhancing partnerships in H2020, and mapping the many programmes dealing with
research, capacity building and education/training so a more a greater understanding
of the programmes can be shared.20 In summary, this group recognizes that ‘in a
world where the risks of man-made and natural disasters are ever-growing, the key
question is how societies can enhance their resilience and become better prepared’
(European Commission Community of Users). The description of thiswork goes on to
state that ‘current threats, ranging from natural disasters to crime and terrorism, are
posing challenges to the security of citizens, infrastructure and the environment’; and
‘In recent years, this topic has hence received increased attention from the European
Union (EU)’ (European Commission Community of Users). The need to strengthen
capacities in disaster risk/crisis management and improving resilience in the fields of
CBRN-E (Chemical, Biological, Radiological, Nuclear and Explosive) and natural
andman-made disaster management, as well as in the areas of border security and the
fight against crime and terrorism, represent key EU policy and research challenges.
Regular meetings are held with this Community and are very valuable to attend with
much shared learning although the meetings are now live streamed with the outputs
are published as summary documents.21

Specific examples of research programmes funded by the European Commission
include.

20European Commission A Community of Users on Secure, Safe and Resilient Societies (CoU)
Mapping EU policies and FP7 research for enhancing partnerships in H2020date NS. Avail-
able at https://www.securityresearch-cou.eu/sites/default/files/adaptivetheme/CoU%20Brief%202
01705_05_The%20CoU%20Website.pdf. Accessed 2 August 2017.
21European Commission A Community of Users on Secure, Safe and Resilient Societies (CoU)
Past Events Available at https://www.securityresearch-cou.eu/events. Accessed 2 August 2017.

https://www.securityresearch-cou.eu/sites/default/files/adaptivetheme/CoU%20Brief%20201705_05_The%20CoU%20Website.pdf
https://www.securityresearch-cou.eu/events
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PLAtform for Climate Adaptation and Risk ReDuction (PLACARD)

PLACARD’s mission is to be the recognized platform for dialogue, knowledge
exchange and collaboration between the Climate Change Adaptation (CCA) and
Disaster Risk Reduction (DRR) communities and I am a member of their Advisory
Board. The PLACARD interchange provides, in the large and complex landscape of
stakeholder networks, research, policy initiatives and information sources, isworking
to enhance the coherence of and give direction to CCA and DRR research, policy
and practices, strengthening cooperation and countering fragmentation between the
domains. Thus, the programme is establishing a comprehensive coordination and
knowledge exchange platform for multi-stakeholder dialogue and consultation to
address gaps and fragmentation challenges, and support the development and imple-
mentation of an evidence base for research and innovation policies. The main work
streams are the PLACARD interchange, stocktaking of the decision-making context,
knowledge brokerage, institutional strengthening, evaluation, learning and legacy
and communications & online platform. The programme partners are Fundação da
Faculdade deCiências daUniversidade de Lisboa, Portugal, The StockholmEnviron-
ment Institute, Sweden and UK, Helmholtz-Zentrum Fuer Umweltforschung Gmbh,
Germany, Centro Euro-Mediterraneo sui Cambiamenti Climatici Scarl, ITALY, UK
Climate Impacts Programme,University ofOxford,UnitedKingdom,Umweltbunde-
samt Gmbh, AUSTRIA, University of Geneva, Switzerland, International Red Cross
Red Crescent Centre on Climate Change and Disaster Preparedness and Alterra,
Wageningen UR, The Netherlands. PLACARD is funded by the European Commis-
sion’s Horizon 2020 research and innovation programme with the grant agreement
No. 653255.22 I am a member of the Advisory Board for PLACARD.

ANYWHERE (EnhANcing EmergencY Management and Response
to Extreme WeatHER and Climate Events)

Extreme weather and climate events are the cause of a number of hazards affecting
our society through their impacts on assets, and when interacting with exposed and
vulnerable human and natural systems they can lead to disasters. According to the
Global Assessment Report on Disaster Risk Reduction23 Economic losses from
disasters such as earthquakes, flooding, storm surges, wind storms, cyclones and
tsunamis are now reaching an average of US$250 billion to US$300 billion each
year, and two-thirds of them are due to extreme weather hazards such as flood, storm
surges and windstorms. ANYWHERE is working to development of tools to support
real-time coordination of the emergency response operations to face challenge of the

22PLAtform for Climate Adaptation and Risk reDuction (PLACARD) 2016–2020. Available at
http://www.placard-network.eu/about-us/our-work/. Accessed 2 August 2017.
23UNISDR Global Assessment Report on Disaster Risk Reduction 2015 Making development
sustainable: The future of disaster risk management Available at http://www.preventionweb.net/
english/hyogo/gar/2015/en/home/index.html. Accessed 2 August 2017.

http://www.placard-network.eu/about-us/our-work/
http://www.preventionweb.net/english/hyogo/gar/2015/en/home/index.html
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extreme weather and climate events. It employs cutting edge innovative technologies
to develop systems to build a pan-European multi-hazard platform for faster analysis
and anticipation of the risk prior the vent occurrence, improved coordination of the
emergency actions and assist to raise the self-preparedness. The output is aimed at
more effective early warning systems and decision support systems, accompanied
by tailored online services developed to support self-preparedness, self-protection
and self-response of citizens. The project has a wide range of project partners who
are led from the coordination of Universitat Politècnica de Catalunya, Spain. I am a
member of the Advisory Board. ANYWHERE is a EC-HORIZON2020-PR700099
programme.24

4.3.2 Pacific Community

The Pacific Community has shown major leadership in taking forward the science
agenda for the implementation of Sendia Framework. For example, the Pacific Plat-
form for Disaster Risk Management 2016 Outcome Statement identified health,
science and technology particularly in the following paragraphs25:

‘RECOMMEND that Pacific Island countries and territories and partners take
relevant steps to improve their understanding of climate and disaster risk, including
through ….

3.2 Sound science and technology, including through capacity building and
research, with the support of UNISDR Science and Technology Advisory
Group (STAG) and explore the development of a Pacific Science and Tech-
nology Advisory Group to coordinate science and evidence base sharing for
implementation.

3.3 Documentation and application of traditional and local knowledge systems

‘SUPPORT the professionalization of the resilience sector through capacity
building and the establishment of Pacific Regional Federation for Resilience
Professionals (PRFRP).

‘ACKNOWLEDGE the need for the region to follow International Health Regula-
tions and support the WHO Safe Hospital Programmes’ (UNISDR Pacific Platform
for Disaster Risk Management 2016 Outcome Statement)

By attending the Platform in Suva, Fiji and related meetings the need for a Pacific
Science and Technology Advisory Group was clearly identified in the meetings
around the Platform and the fact this was included in the Outcome Statement as a
way ahead to regional disaster risk reduction and management health science and
technology engagement across the region is invaluable.

24ANYWHERE (EnhANcing emergencY management and response to extreme WeatHER and
climate Events) 2016–2020. Available at http://anywhere-h2020.eu/. Accessed 2 August 2017.
25UNISDR Pacific Platform for Disaster Risk Management 2016 Outcome Statement Available at
http://www.unisdr.org/files/50790_ppdrm2016outcomestatement.pdf. Accessed 2 August 2017.

http://anywhere-h2020.eu/
http://www.unisdr.org/files/50790_ppdrm2016outcomestatement.pdf
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Documenting and applying traditional and local knowledge systems is also critical
and when I was invited to the University of the South Pacific for a round table with
the students, many reported on projects reflecting these topics.

Inclusion in the Outcome Statement of the professionalization of the resilience
sector through capacity building and the establishment of PacificRegional Federation
for Resilience Professionals (PRFRP) is an invaluable achievement as well. The
Pacific Community and the University of the South Pacific have worked on this
topic for some time. By partnering with them and colleagues around the world, a
supporting paper on accredited qualifications for capacity development in disaster
risk reduction and climate change adaptation was published (Hemstock et al. 2016).

In summary, it was identified that increasingly practitioners and policy-makers
working across the globe are recognizing the importance of bringing together disaster
risk reduction and climate change adaptation (CCA). It was noted that from studies
across 15 Pacific island nations, a key barrier to improving national resilience to
disaster risks and climate change impacts has been identified as a lack of capacity
and expertise resulting from the absence of sustainable accredited and quality assured
formal training programmes in the disaster risk reduction and climate change adap-
tation sectors. From the work undertaken at the UNISDR Science and Technology
Conference in 2016 on the Implementation of the Sendai Framework for Disaster
Risk Reduction 2015–2030, it was that much of the trainingmaterial available are not
reviewed either through a peer-to-peermechanismor by the scientific community and
are, thus, not following quality assurance standards. In response to these identified
barriers, this paper focused on a call for accredited formal qualifications for capacity
development identified in the 2015United Nations landmark agreements in DRR and
CCA and uses the Pacific Islands Region of where this is now being implemented
with the launch of the Pacific Regional Federation of Resilience Professionals, for
DRR and CCA.

A key issue is providing an accreditation and quality assurance mechanism that
is shared across boundaries. By using the United Nations landmark agreements of
2015, support for a regionally accredited capacity development that ensures all coun-
tries can produce, access and effectively use scientific information for disaster risk
reduction and climate change adaptation is needed and the newly launched Pacific
Regional Federation of Resilience Professionals who work in disaster risk reduction
and climate change adaptation may offer a model that can be used more widely.26

26Fiji News. Pacific Regional Federation for Resilience Professionals launched 17:05 Sun
Oct 30, 2016 Available at http://trauma.massey.ac.nz/issues/2016-1/AJDTS_20_1_Hemstock.pdf.
Accessed 2 August 2017.

http://trauma.massey.ac.nz/issues/2016-1/AJDTS_20_1_Hemstock.pdf
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4.3.3 Belt and Road Initiative, China

China’s Belt and Road Initiative (BRI) is a call for an open and inclusive (mutually
beneficial) model of cooperative economic, political and cultural exchange (glob-
alization) that draws on the deep-seated meanings of the ancient Silk Roads (Liu
and Dunford 2016). The BRI involves the establishment of a framework for open
cooperation and new multilateral financial and scientific instruments designed to lay
the infrastructural and industrial foundations to secure and solidify China’s relations
with countries along the Silk Roads.

In November 2016, I attended the First International Science Forum of National
ScientificOrganizations on theBelt andRoad Initiativewith 20 national scientific and
research organizations from countries and regions along the Belt and Road Initiative.
A declaration was made after a two-day forum attended by more than 350 scientists
from 40 countries and regions.27 The Beijing declaration, establishing an alliance of
international scientists to promote cross-border cooperation highlights three areas of
consensus

1. ‘Strengthen cooperation in science, technology and innovation (STI) for the
promotion of shared development’,

2. ‘Build a platform of co-innovation and a long-term mechanism for STI cooper-
ation’,

3. ‘Focus on major challenges and organize related international programs’.28

The Framework for the envisionedBelt andRoad Initiative is illustrated in Fig. 4.1
and two examples of programmes that started in 2016 are summarized below.

4.3.3.1 Silk Road Disaster Risk Reduction (SiDRR)

As part of the scientific commitment to disaster risk reduction under the BRI, a
5-year international programme, Silk Road Disaster Risk Reduction (SiDRR), was
launched to address issues related to hazards assessment and disaster risk reduction
(DRR) was launched at a first workshop in November 2016. The workshop involved
contributors from China and other countries including Pakistan, Nepal, Russian,
Italy, UK, Sri Lanka and Tajikistan. Risk conditions on Belt and Road Countries
(BRCs) were shared and science and technology advancements on DRR have been
disseminated during the workshop. The programme agreed to adopt the objectives of
Sendai Framework for Disaster Risk Reduction and Sustainable Development Goals
and plans to assess disaster risk in BRCs and to propose measures for disaster risk

27Chinese Academy of Science. Scientists from Belt and Road Countries Gather in Beijing
November 2016 Available at http://english.cas.cn/Special_Reports/CAS_in_the_Belt_and_Road_I
nitiative/News/201611/t20161118_170714.shtml. Accessed 2 August 2017.
28‘Beijing Declaration’ Issued at the First International Science Forum of National Scientific Orga-
nizations on the Belt and Road Initiative (Nov. 7–8, 2016) Bulletin of the Chinese Academy of
Sciences CAS Vol.30 No.4 2016. Available at http://english.cas.cn/bcas/2016_4/201703/P02017
0310587505348444.pdf. Accessed 3 August 2017.

http://english.cas.cn/Special_Reports/CAS_in_the_Belt_and_Road_Initiative/News/201611/t20161118_170714.shtml
http://english.cas.cn/bcas/2016_4/201703/P020170310587505348444.pdf
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Fig. 4.1 Framework of the envisioned Digital Belt and Road (DBAR) Initiative

reduction which can be appropriate both for specific sites in individual countries and
more widely.

4.3.3.2 Digital Belt and Road (DBAR)

Belt and Road region represents the majority of the world’s disaster deaths and
losses. Given the rapid urbanization and continued population growth trend, the
challenges faced by the region are only due to increase in the future. ‘Digital Belt
and Road’ (DBAR) is an initiative that was started in 2016. As with the DRR initia-
tive above the DBAR programme is in agreement with and in support of agreed
global frameworks that include the Sendai Framework for Disaster Risk Reduction,
the Sustainable Development Goals and the Paris Agreement on climate change. The
aim is that under the DBAR framework, DBAR, jointly with Integrated Research on
Disaster Risk (IRDR) International Programme Office (IPO), IRDR China National
Committee (IRDR CHINA), Institute of Remote Sensing and Digital Earth (RADI),
International Society for Digital Earth (ISDE) and CAS-TWAS Centre of Excel-
lence on Space Technology for Disaster Mitigation (SDIM) conduct an international
research programme. To do this, a DBAR Disaster Risk Reduction Working Group
(DBARDISASTER) was formed to strengthen science capacities for sustainable
development and disaster risk reduction, starting from year 2016. The First Consulta-
tiveWorkshop of theDBARRegional Research Platform forDisaster RiskReduction
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took place in December 1–2, 2016 in Sanya and a summary of this work is published
as the Challenges of Disaster Risk Reduction in the Belt and Road: Contribution of
DBAR (Fang et al. 2017).

Much ongoing work continues with the BRI for health, science and technology

4.4 Global Level Examples of Science and Technology
Activities

Global-level science and technology developments have been inspiring in their
commitments to developing implementation approaches for the Sendai Framework
for Disaster Risk Reduction. By using examples from the many global organiza-
tions, institutions and research programmes such as the International Network for
Government Science Advice (INGSA) and associated links including the InterA-
cademy Partnership (IAP), the International Association for Public Health Insti-
tutes (IANPHI), the WMO HIWeather programme, the COST Disaster Bioethics
programme and Evidence Aid and their outputs, it is possible to see a few of the
exciting developments in science, technology and health for the implementation of
the Sendai Framework commitments that are now emerging.

4.4.1 The International Network for Government Science
Advice (INGSA) and Its Links

The theory, practice and politics of scientific advice that build on the conclusions
of an International Council of Science and its partners conference that was held in
Auckland in 2014, led to the creation of the International Network for Government
Science Advice (INGSA).29 It is recognized that scientific advice to governments, as
reported by INGSA, has never been in greater demand; nor has it beenmore contested.
From climate change to cybersecurity, poverty to pandemics, food technologies to
fracking, the questions being asked of scientists, engineers and other experts by
policy-makers, the media and the wider public continue to multiply and increase in
complexity. It is of note that at the same time, the authority and legitimacy of experts
are under increasing scrutiny, particularly on controversial topics, such as climate
change and genetically modified crops. It has been identified that the role of scientific
advice and evidence features prominently in recent UN initiatives, such as the Sendai
Framework on Disaster Risk Reduction, as identified in a peer review paper entitled
‘Ensuring science is useful, usable and used in global disaster risk reduction and
sustainable development: a view through the Sendai framework lens’ (Aitsi Selmi
et al. 2016).

29International Network for Government Science Advice (INGSA). Available at http://www.ingsa.
org/. Accessed 3 August 2017.

http://www.ingsa.org/
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Indeed, partnership working for global agendas, through new collaborations like
INGSA, the InterAcademyPartnership (Hassan et al. 2015) and theEuropeanScience
Advice for Policy by European Academies (SAPEA) platform (Reillon 2016) are
seen to be increasingly essential. Thus, in the international arena, there are now
more regular and intense interactions between science advice, foreign policy and
science diplomacy (Gluckman 2016). Several governments, including Japan, New
Zealand, USA and theUK, have appointed science advisers tomany of their domestic
ministries and departments, but now increasingly it is seen as important that they also
appoint science advisers to their foreign ministries.

In addition there has been debate about how to strengthen expert advice across
the United Nations system, particularly in support of the sustainable development
goals (SDGs), agreed by the UN General Assembly in 2015 (ICSU/ISSC 2015). As
a result, a new UN Scientific Advisory Board was established in 2014, and a recent
review calls for its remit to be expanded by the incoming UN Secretary General (UN
SAB 2016).

INGSA’s second international summit in Belgium in September 2016 was orga-
nized in partnership with the European Commission and addressed Science and
Policy-Making: towards a new dialogue. This meeting brought together around 450
experts from seventy countries to debate the state of the art in scientific advice and
evidence informed decision-making, across a variety of national and international
policy. In the assessment of the Cool heads in crises: How to provide timely advice
in emergencies where oil spills, epidemics, earthquakes, nuclear disasters, finan-
cial crises and food safety scares were discussed. it was noted that experts may be
called upon to explain and respond to emergencies in real time (European Commis-
sion 2017). It was agreed that science advice is often viewed as a slow, deliberative
process feeding into a complex political system, but, when disaster strikes, the ‘rules
of the game’ change in an instant. It was considered that the timeframe for analysis
and advice shortens dramatically and experts are sometimes thrust into the limelight
to make public statements or predictions. These pressures can reveal and exacerbate
stresses and deficits at the science–policy interface and require the development of
robust risk management structures. Suggested solutions included consideration that
crisis response: requires stronger science advice systems and to maintain trust when
dealing with crises, national authorities should develop, as recommended by OECD
in 2015:

• Permanent structures or mechanisms
• A central clearing house and contact point
• Clear reporting processes
• A predefined public communication strategy
• International coordination.30

30Scientific Advice for Policy Making, OECD (2105) Available at http://www.oecd-ilibrary.org/sci
ence-and-technology/scientific-advice-for-policy-making_5js33l-1jcpwb-en. Accessed 3 August
2017.

http://www.oecd-ilibrary.org/science-and-technology/scientific-advice-for-policy-making_5js33l-1jcpwb-en


4 Science and Technology Commitment to the Implementation … 71

Ongoing meetings on evidence informed policy-making continue, including a
recent one organized recently byOrganisation for EconomicCo-operation andDevel-
opment (OECD) Directorate for Public Governance in cooperation with the Euro-
pean Commission’s Joint Research Centre (JRC), the Campbell Collaboration and
the International Network for Government Science Advice (INGSA) in June 2017.31

4.4.2 International Association of National Public Health
Institutes

The International Association of National Public Health Institutes (IANPHI) links
and strengthens the government agencies responsible for public health, an essential
science and organizational resource inmany countries for the delivery of theBangkok
Principles for the implementation of the health aspects of the Sendai Framework for
Disaster Risk Reduction 2015–2030 that were recommended at the International
Conference on the Implementation of the Health Aspect of the Sendai Framework
for Disaster Risk Reduction 2015–2030, held on 10–11 March 2016.32 In summary,
IANPHI improves the world’s health by leveraging the experience and expertise
of its member institutes to build robust public health systems with 108 members
from93countries (andgrowing), benefitingmore than5billionpeople on4 continents
(International Association of National Public Health Institutes (IANPHI) 2017).

At the IANPHI’s 2016AnnualMeeting inShanghai,October 17-21 awarenesswas
raised new of global policy and action towards disaster risk reduction and possible
engagement opportunities for NPHI following a technical session titled ‘Engaging
NPHIs and IANPHI in Disaster Risk Reduction’.33 The session was moderated by
DuncanSelbie,Chief Executive of PublicHealthEngland, and it focused on advocacy
and implementation of the Sendai Framework for Disaster Risk Reduction 2015–
2030. As discussed, the framework evolved from the need to ensure that disaster
risk reduction policy reflects an understanding of the complexity of disaster risk
in the twenty-first century and includes health as a key outcome. Implementation
calls for a multi-sectoral, transdisciplinary and collaborative all-hazards approach to
prevent, prepare for, respond to and recover from disasters. It provides an opportunity
to align with twenty-first century global public health strategies through evidence-
based policy and action—a key point of synergy with IANPHI and the mission of

31Organisation for Economic Co-operation and Development (OECD) Governing Better Through
Evidence-Informed Policy Making June 2017 Available at http://www.oecd.org/gov/evidence-inf
ormed-policy-making.htm. Accessed 3 August 2017.
32UNISDR/World Health Organization. Bangkok Principles for the implementation of the health
aspects of the Sendai Framework for Disaster Risk Reduction 2015–2030 available at: http://www.
who.int/hac/events/2016/Bangkok_Principles.pdf. Accessed 3 August 2017.
33International Association of National Public Health Institutes (IANPHI). IANPHI Forms New
Disaster RiskManagement Group 2016. Available at http://www.ianphi.org/news/2016/disasterrisk
management.html. Accessed 3 August 2017.

http://www.oecd.org/gov/evidence-informed-policy-making.htm
http://www.who.int/hac/events/2016/Bangkok_Principles.pdf
http://www.ianphi.org/news/2016/disasterriskmanagement.html
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the member NPHIs (Aitsi-Selmi and Murray 2015; Aitsi-Selmi and Murray 2016).
The session resulted in a call to encourage IANPHI and member NPHIs to:

• Advocate on the centrality of health to emergency and disaster risk management
• Incorporate the health aspects of theSendai Frameworkwithin national emergency

and disaster risk management policies and measures
• Strengthen collaboration with ministries of health and other stakeholders to

address emergency and disaster risk management
• Strengthen the evidence base for health emergency and disaster risk management.

4.4.3 WMO HIWeather Programme

With the agreement of the Global Targets and the related indicators the science
community is called to respond to the Sendai Framework for Disaster Risk Reduc-
tion’s target g) to ‘substantially increase the availability of and access to multi-hazard
early warning systems’ in the context of weather-related hazards. The World Meteo-
rological Organization has responded to this call with its partners to develop the High
Impact Weather (HIWeather) project, a ten-year programme starting in 2016, with
its mission to ‘Promote cooperative international research to achieve a dramatic
increase in resilience to high impact weather, worldwide, through improving fore-
casts for timescales of minutes to two weeks and enhancing their communication
and utility in social, economic and environmental application’.34

Recent developments in weather forecasting have transformed our ability to
predict weather-related hazards, while mobile communication is radically changing
the way that people receive information. At the same time, vulnerability to weather-
related hazards is growing through urban expansion, population growth and climate
change. HIWeather has identified and is promoting research in key multidisci-
plinary gaps in our knowledge, including in basic meteorology, risk prediction,
communication and decision-making that affect our ability to provide effective
warnings.

The results showcase leading edge capability aiming to build developing country
capacity. In summary, a community that knows the hazards it faces is warned when
a hazard approaches, and knows what to do when warned, and is a more resilient
community. Thus, HIWeather aims to:

• Improve weather forecasts through advanced observing, data assimilation,
modelling and ensembles

• Improve hazard forecasts by closer coupling of weather and hazard models
• Develop impact forecasts, based on each community’s vulnerabilities
• Develop improved ways of communicating warning information
• Demonstrate the value of better warnings.

34World Meteorological Organization. High Impact Weather Project (HIWeather) 2016. Available
at https://www.wmo.int/pages/prog/arep/wwrp/new/high_impact_weather_project.html. Accessed
3 August 2017.

https://www.wmo.int/pages/prog/arep/wwrp/new/high_impact_weather_project.html
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4.4.4 COST Disaster Bioethics Programme—2012–2016

Disasters raise many ethical dilemmas. Decisions must be made about who receives
the limited resources, sometimeswith life-and-death consequences. Restrictionsmay
be required to limit the spread of disease or maintain security, but may also interfere
with people’s rights. Conflict and violence add further complexities, as does taking
care of displaced persons and refugees. Yet responders are often provided little or no
training to help address such ethical dilemmas, which can lead to moral distress. To
address these and other ethical issues, the Disaster Bioethics Action was funded from
2012 to 2016 by the COST IS 1201 Association and supported by the EU Framework
Programme Horizon 2020. The network has 28 COST countries participating with
over 120members fromacademia, non-governmental organizations and international
organizations.35

In January 2016, at the request of UNISDR and UNESCO, the Action helped to
organize an ethics event in Geneva at the implementation conference for the Sendai
Framework for Disaster Risk Reduction 2015–2030. The Geneva event identified the
need for explicit, ongoing ethics reflection and guidance in many areas of disaster
risk reduction. Thus, while the Action has contributed to developing the new field
of disaster bioethics, much remains to be done to promote human rights and ethical
action during disaster planning, responding and research,

Many publications from the COST Disaster Bioethics programme resulted from
the project and of note these include a UNISDR case study (O’Mathúna and Von
Schreeb 2015), contributions to the World Health Organization 2016 Guidance for
managing ethical issues in infectious disease outbreaks (WHO 2016) and a recent
article on research ethics and evidence for humanitarian health (O’Mathúna and
Siriwardhana 2017).

4.4.5 Evidence Aid

EvidenceAidwas established following the tsunami in the IndianOcean inDecember
2004. It uses knowledge from systematic reviews to provide reliable, up-to-date
evidence on interventions that might be considered in the context of natural disasters
and other major healthcare emergencies. Evidence Aid seeks to highlight which
interventions work, which does not work, which need more research, and which,
no matter how well meaning, might be harmful; and to provide this information to
agencies and people planning for, or responding to, disasters. TheMission Statement
of Evidence Aid is ‘To inspire and enable those guiding the humanitarian sector
to apply an evidence-based approach in their activities and decisions’.36 Evidence
Aid links to the Cochrane Library (ISSN 1465-1858) which is a collection of six

35Disaster Bioethics COSTAction IS1201 2012–2016: Disaster Bioethics: addressing ethical issues
triggered by disasters. Available at http://disasterbioethics.eu/. Accessed 3 August 2017.
36Evidence Aid Available at http://www.evidenceaid.org/who-we-are/. Accessed 4 August.

http://disasterbioethics.eu/
http://www.evidenceaid.org/who-we-are/
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databases that contain different types of high-quality, independent evidence to inform
healthcare decision-making, and a seventh database that provides information about
Cochrane groups.37

Evidence Aid resources are split into four categories: health issues, emergency
type, humanitarian cluster and person groups. In addition to the resources, there
are also five disaster-specific collections. Three are available through the Cochrane
Library for the topics—burns; post-traumatic stress disorder; and flooding and poor
water sanitation). Four special collections are available directly from the evidence
aid website—Windstorms, Earthquakes, Ebola, The Health of Refugees and Asylum
Seekers in Europe and Zika.38

4.5 National Targets and Indicators of the Sendai
Framework

Adoption of the Sendai Framework by the UNMember States includes agreement on
seven global targets to assess global progress in disaster risk reduction. The Sendai
Framework states that: ‘these targets will be measured at the global level and will
be complemented by work to develop appropriate indicators. National targets and
indicators will contribute to the achievement of the outcome and goal of the present
Framework’. (Sendai Framework Paragraph 18).39

The need to support UN member states is also identified in their delivery of UN
General Assembly Resolution A/71/644, ‘Report of the open-ended intergovern-
mental expert working group on indicators and terminology relating to disaster risk
reduction’ (adopted on February 2 2017) (United Nations 2017). This resolution
describes the set of indicators to measure global progress in the implementation of
the Sendai Framework (Annex 1) and provides the agreed update of the publication
entitled ‘2009 UNISDR Terminology on Disaster Risk Reduction’. Currently tech-
nical guidance for countries on indicators, methods and data required for is being
prepared for the Global Targets.

The Sendai Framework addresses the need for a shared understanding of disaster
risk through its global targets and indicators, which also provide a focus for attention
on concerns that are universal to all countries (WHO (World Health Organization)
2015). These targets can act as a catalyst to accelerate change within countries as
their high public profile attracts political commitment and financial resources. The
benchmarking of targets as a global process can also provide a strong motivating
factor for countries. Nevertheless, indicators are not without their limitations. Their
measurement often relies on robust and complete data, which may not be available
across all countries, resulting in comparability issues. Moreover, indicators have the

37Cochrane Library Trusted evidence, Informed decisions, Better health. Available at: http://www.
cochranelibrary.com/about/about-the-cochrane-library.html. Accessed 4 August 2017.
38Evidence Aid Resources, available at http://www.evidenceaid.org/resources/. Accessed 4August.
39See Footnote 1.

http://www.cochranelibrary.com/about/about-the-cochrane-library.html
http://www.evidenceaid.org/resources/
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potential to be misleading, if the data, assumptions, or analyses behind them are
incorrect. Aggregated data, for example, may mask inequalities within vulnerable
groups that, unless disaggregated, will remain hidden to policy-makers (Maini et al.
2017).

A UNISDR/Integrated Research on Risk and Resilience/Public Health England
workshop on Disaster Loss Data took place in February 2017 at the Royal Society
in London, convened following the work completed by the OIEWG on Terminology
and Indicators Relating to Disaster Risk Reduction and sought to further develop the
loss data technical guidance notes concerning the Global Targets. The discussions
at the workshop resulted in a number of proposals for changes and revisions within
the technical guidance notes. The UNISDR Secretariat is to review all proposals and
will ensure that all changes made to these notes are fully aligned with the discussions
of the OIEWG, and in full compliance with General Assembly Resolution A/71/644
(Fakhruddin B, Murray V, Maini R. Disaster loss data in monitoring the implemen-
tation of the Sendai Framework ICSU and IRDR. Available at https://www.icsu.org/
cms/ 2017).

Examples of other resources that contribute to supporting the work to deliver the
indicators include:

• IntegratedResearch onDisaster Risk (IRDR)40 and its Disaster LossData (DATA)
project41 which are part of a decade-long research programme co-sponsored by
the International Council for Science (ICSU), the International Social Science
Council (ISSC) and the United Nations Office for Disaster Risk Reduction
(UNISDR). It is a global, multi-disciplinary approach to dealing with the chal-
lenges brought by natural disasters,mitigating their impacts and improving related
policy-making mechanisms. Core funding for IRDR is provided by the China
Association for Science and Technology. IRDR International Programme Office
is hosted by Institute of Remote Sensing and Digital Earth (RADI) Chinese
Academy of Sciences. By working with the International Council for Science:
Committee on Data for Science and Technology (CODATA)42 and its Linked
Open Data for Global Disaster Risk Research43 which aims to provide guidance
that is of value to national policy for disaster data needs to follow the agreements
by the UN Member States after they have determined how they will provide the
agreed indicators for the global. A report entitled Gap Analysis on Open Data
Interconnectivity for Disaster Risk Research is being completed.

40Integrated Research on Disaster Risk (IRDR). Available at http://www.irdrinternational.org/.
Accessed on 4 August 2015.
41Integrated Research on Disaster Risk (IRDR) Disaster Loss Data (DATA) project. Available at
http://www.irdrinternational.org/projects/data/. Accessed on 4 August 2015.
42International Council for Science: Committee on Data for Science and Technology (CODATA)
http://www.codata.org/. Accessed on 4 August 2015.
43International Council for Science: Committee on Data for Science and Technology (CODATA)
Linked Open Data for Global Disaster Risk Research. Available at http://www.codata.org/task-gro
ups/linked-open-data-for-global-disaster-risk-research. Accessed on 4 August 2015.

http://www.irdrinternational.org/
http://www.irdrinternational.org/projects/data/
http://www.codata.org/
http://www.codata.org/task-groups/linked-open-data-for-global-disaster-risk-research
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• The UN Sustainable Development Solutions Network—Data for Sustainable
Development—is part of the data revolution which is poised to transform the
way governments, citizens and companies do business.44 The revolution is being
defined by the explosion in availability of data resources and rapidly evolving
technologies, which are changing theway data is collected, processed and dissem-
inated. A report entitled ‘A World that Counts’45 provided a link from data for
development to data for disasters. The United Nations E/CN.3/2016/2 Economic
and Social Council Report of the Inter-agency and Expert Group on Sustainable
Development Goal Indicators has now brought together commonalities between
the Sendai Framework and the SDG indicators46 ongoing work to collaborate
continues with many opportunities for continuing joint partnership working and
activities to take forward the implementation of the global targets of the Sendai
Framework

4.6 In Summary

Since the UNISDR Science and Technology Conference on the implementation of
the Sendai Framework for Disaster Risk Reduction 2015–2030 held in January 2016,
in Geneva Switzerland47 extensive and a wide variety of commitment to deliver the
Sendai Framework by the science and technology community but it is fragmented.
The engagement of the emerging regional Science and Technology Advisory Groups
and partners in Africa, Asia, Europe and the Pacific Community will be key to
effective partnership building and delivery of the Sendai Framework.

It will be Important to have an effective process for sharing knowledge, building
partnerships and clarity on outputs would benefit the S&T programme for Sendai—
implementation is critical for the Sendai process, requiring amore joined up approach
as science and technology evidence for the Sendai indicators will be important for
this process.

44UN Sustainable Development Solutions Network—Data for Sustainable Development. Available
at http://unsdsn.org/what-we-do/thematic-networks/data-for-sustainable-development/. Accessed
on 4 August 2015.
45Independent Expert Advisory Group on a Data Revolution for Sustainable Development AWorld
that Counts Mobilising the Data Revolution for Sustainable Development Report prepared at the
request of the United Nations Secretary-General. 2014. Available at http://www.undatarevolution.
org/wp-content/uploads/2014/11/A-World-That-Counts.pdf. Accessed on 4 August 2015.
46United Nations E/CN.3/2016/2 Economic and Social Council Report of the Inter-agency and
Expert Group on Sustainable Development Goal Indicators. Available at https://unstats.un.org/
unsd/statcom/47th-session/documents/2016-2-IAEG-SDGs-E.pdf. Accessed on 4 August 2015.
47See Footnote 3.

http://unsdsn.org/what-we-do/thematic-networks/data-for-sustainable-development/
http://www.undatarevolution.org/wp-content/uploads/2014/11/A-World-That-Counts.pdf
https://unstats.un.org/unsd/statcom/47th-session/documents/2016-2-IAEG-SDGs-E.pdf
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Annex 1: Global Targets and Indicators of the Sendai
Framework Quoted in Full as Adopted by the UN General
Assembly in February 2017 (United Nations General
Assembly 2017)

Target A

A-1 Number of deaths and missing persons due to hazardous events per 100,000 populations

A-2 Number of deaths due to hazardous events.

A-3 Number of missing persons due to hazardous events

Target B

B-1 Degree of direct affectedness by hazardous events per 100,000 population.

B-2 or B-2. alt Number of injured or ill people due to hazardous events
Number of people suffering from physical injuries, trauma or cases of disease
requiring medical assistance as a direct result of a hazardous events

B-3a Number of evacuated people following hazardous events

B-3b Number of relocated people following hazardous events

B-4 Number of people whose houses were damaged due to hazardous events

B-5 Number of people whose houses were destroyed due to hazardous events

B-6 Number of people who received aid including food and non-food aid due to
hazardous events

B-7 Number of people whose livelihoods were disrupted, destroyed or lost due to
hazardous events

Target C

C-1 Direct economic loss due to hazardous events in relation to global gross domestic
product

C-2 Direct agricultural loss due to hazardous events

C-3 Direct economic loss due to industrial facilities damaged or destroyed by hazardous
events

C-4 Direct economic loss due to commercial facilities damaged or destroyed by hazardous
events

C-5 Direct economic loss due to houses damaged by hazardous events

C-5b Damage and loss of administrative buildings

C-6 Direct economic loss due to houses destroyed by hazardous events

C-7 Direct economic loss due to damage to critical infrastructure caused by hazardous events

C-8 Direct economic loss due to cultural heritage damaged or destroyed by hazardous events

C-9 Direct economic loss due to environment degraded by hazardous events

C-10 Total insured direct losses due to hazardous events
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Target D

D-1 Damage to critical infrastructure due to hazardous events

D-2 Number of health facilities destroyed or damaged by hazardous events

D-3 Number of educational facilities destroyed or damaged by hazardous events

D-4 Number of transportation units and infrastructures destroyed or damaged by hazardous
events

D-4b Kilometres of road destroyed or damaged per hazardous event

D-4c Number of bridges destroyed/damaged by hazardous event

D-4d Kilometres of railway destroyed/damaged by hazardous event

D-4 k Number of airports destroyed/damaged by hazardous event

D-4 l Number of ports destroyed/damaged by hazardous event

D-1 bis Number of electricity plants/transmission lines destroyed or damaged by hazardous
events

D-5 Number of times basic services have been disrupted due to hazardous events: education
(D-5a linked to D-2); water (D-5b linked to D-10)); health (D-5c linked to D-3);
sewerage (D-5d); transport (D-5e linked to D-4); government services (D-5f); energy
(D-5g); emergency services (D5-h); communications/ICT (D-5i); solid waste (D5-j)

D-14 Number of water and sanitation infrastructures destroyed or damaged by hazardous
events

Target E

E-1 Number of countries that adopt and implement national disaster risk reduction strategies in
line with the Sendai Framework for Disaster Risk Reduction 2015–2030

E-2 Percentage of local governments that adopt and implement local disaster risk reduction
strategies in line with national strategies

Target F

Category (a) Financial resources

Headline indicator for Target F—F-6alt
Two formulations
The 10 + 10 suggests that a single indicator is selected considering the following 2 options
It is expected that methodology and data will be further developed over time for ODA and
ultimately OOF

Option 1

F-6 alt Total official international support (ODA plus other official flows) for national DRR
actions that is part of government expenditure

Option 2

F-6 alt Total official international support (ODA plus other official flows) for national DRR
actions that is part of a government-coordinated spending plan

Supplementary indicators

F-6a Total amount of national DRR expenditure

(continued)
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(continued)

Target F

F-6b Total official international support (ODA plus other official flows) for national DRR
actions provided by multilateral institutions

F-6c Total official international support (ODA plus other official flows) for national DRR
actions provided by bilateral entities

Target G

G-1 Number of countries that have multi-hazard early warning systems

G-2 Number of countries that have a multi-hazard monitoring and forecasting system

G-3 Number of people who have access to early warning information per 100,000 population

G-4 Percentage of local governments having a contingency or emergency plan to act on early
warnings

G-6 Percentage of local governments that have multi-hazard risk assessment/risk information,
with results in an accessible, understandable and usable format for the people

G-5 Number of countries that have multi-hazard national risk assessment/information, with
results in an accessible, understandable and usable format for the people

G-7 Number of people protected per 100,000 population through pre-emptive evacuation
following early warnings
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Chapter 5
Practical Point of View from Donors:
“What We Expect from Science &
Technology Group”

Application to Developing Countries

Kimio Takeya and Miki Inaoka

Abstract The Japan International Cooperation Agency supports vulnerable coun-
tries affected by natural disasters through disaster risk reduction efforts while
contributing to Sendai Framework for Disaster Risk Reduction 2015–2030. At the
UNISDR Science and Technology Conference on the Implementation of the Sendai
Framework for Disaster Risk Reduction 2015 held at the UN, Geneva in January
2016, Takeya made a presentation at the plenary session on “JICA’s Expectations to
the Science community.” Implementation of the Sendai Framework in most vulner-
able areas has always been a problem and Takeya will explore this from a donor’s
practitioner point of view.

Keywords JICA · DRR · Sendai Framework · Donor · Vulnerable areas ·
Resilent · Society · Safety level

One of the primary efforts of Japan International Cooperation Agency (JICA) is
to support natural disaster prone countries by encouraging disaster risk reduction
efforts, and by using the experiences of Japan in line with the Sendai Framework
for Disaster Risk Reduction 2015–2030. From a donor’s practitioner point of view,
Prof. Takeya presented the reality on how to implement the Sendai Framework in the
most vulnerable areas, especially in developing countries, and the role disaster risk
reduction research to support the activities of donor agencies.
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1. JICA’s support for disaster risk reduction

1.1 DRR as a development issue

• Poor people live in vulnerable areas, due to their restrictions such as
affordable land prices than in the high-end areas. The poorest people
often live illegally along the river bankswhich are originally prohibited as
living areas. These communities are more vulnerable to natural hazards.
In most cases, they lose their assets, homes and livelihoods, be pushed
down to the poorest layer of the society.

• Disaster risk reduction (DRR) is one of the most fundamental responsi-
bilities for the states to secure human lives. The economic development
plan that each state tends to be obstructed by natural disasters.

• From these perspectives, DRR must be realized not only as a humani-
tarian issue but also as a development issue.

1.2 Global DRR support and Japanese position in the Global DRR support

• According to the GFDRR & ODI report: “20 Year Story of Interna-
tionalAid. FinancingDisasterRiskDeduction1”, donorfinancingheavily
depends on Japan and the World Bank. These two entities contribute to
more than 55% of the total amount.

• Among the bilateral donors, Japan supports 64% of total assistance,
followed by EU with 8%.

• JICA as the implementing agency of Official Development Assistance
of Japan has mainly supported “Priority 4: Reduce Risks” of the Hyogo
Framework for Action.

• However, according to the above-mentioned report, most of the other
financial supportwas for emergency response& recovery andnot towards
disaster risk reduction.

• This situation was a big issue. JICA believes that the Global DRR
support should shift from reactive support to proactive support, from
the humanitarian perspective to development perspective.

1.3 Discussion points at the Post-Hyogo Framework negotiation
JICA as amainmember of the negotiation team of the JapaneseGovernment
and the Japanese Government proposed and stressed on three important
points at the Post-HFA negotiation:
➀ enhancement of disaster prevention pre-investment.

• DRR is not a cost but investment, an asset for future development

➁ empowerment of central governments

• mainstream DRR into government policies
• legal, institutional, and budgetary reforming are a must
• by the leadership of central government, DRR can be mainstreamed

into the whole country level

1https://www.odi.org/sites/odi.org.uk/files/odi-assets/publications-opinion-files/8574.pdf

https://www.odi.org/sites/odi.org.uk/files/odi-assets/publications-opinion-files/8574.pdf
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Fig. 5.1 Logical structure of Sendai Framework Priority for Action

➂ Build Back Better

• “Build Back Better” concept is to utilize disasters as an opportu-
nity to create more resilient nations and societies than before them
through the implementation of well-balanced disaster risk reduction
measures, including physical restoration of infrastructure, revitaliza-
tion of livelihood and economy/industry and the restoration of local
culture and environment.

• To prevent future risks, it is indispensable to prevent re-emergence
of similar vulnerabilities in the reconstruction processes.

• Support each country’s policies, for example, Philippines, Nepal, etc.

2. Logical structure of Sendai Framework Priority for Action (Fig. 5.1).

2.1 Logical sequences of the Priority Actions

• Priority 3 and 4 covers disaster management cycle which is led by gover-
nance—Priority 2—and supported by scientific and evidence—Priority
1.

• The structure is shown by the figure below.

2.2 The logical sequences of the seven targets

• Hyogo Framework forAction did not have specific targets, but the Sendai
Framework for DRR identifies seven targets.

• The targets consist of three input targets and four outcome targets.
• The four outcome targets show a very important inclusive relationship

(Fig. 5.2). Countermeasures to reduce economic losses can also cover
the other three targets, whereas countermeasures such as early warning
systems that only targets mortality will not be able to reduce other losses.
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Fig. 5.2 Outcome targets–relation between seven targets

Fig. 5.3 DRR outcome to reduce economic loss

• JICA prioritizes DRR outcome to reduce the economic loss (Fig. 5.3).

2.3 Definition and use of the word “resilient”

• The term “resilient” started to be widely used since HFA, but sometimes
developing countries use the word as an excuse to their responsibilities.
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• Resilience is defined as “the ability of a system, community or society
exposed to hazards to resist, absorb, accommodate to and recover from
the effects of a hazard in a timely and efficient manner, including through
the preservation and restoration of its essential basic structures and
functions” by UNISDR Terminology 2009

• In the case of “School Safety for Earthquake”:

➀ if the school is vulnerable, catastrophic collapse will happen imme-
diately:

• evacuation plan has no sense
• the students hiding under the desk will not save their lives

This situation is far away from “resilient”.
➁ if the schools are strong and only partially collapsed:

• evacuation plan makes sense
• the students hiding under the desk will be effective
• cushion helmets will be effective
• but where is the temporary shelter, after survival?

In this situation, society may be partially (or closer to) “resilient”
➂ if the schools, hospitals and government buildings are strong enough

• The facility can function as emergency operation centres
• The facility can be shelters for refugee

In this situation, the whole social system may be “resilient”

• Governments must strengthen school structures. Once this is
completed, then they may start with evacuation drills and other
post-earthquake training. Many developing country governments
tend to put too much focus on evacuation drills when their school
is not resilient. This, at the end, causes catastrophic damage and
will not allow the children the chance to even evacuate from the
school in time.

3. Tailoring to the conditions of each country

• Figure 5.4 shows the required civil minimum of safety as a function of devel-
opment phase. The threshold of protected risk and unprotected risk rises as
the economy of a country develops.

• Requirements on civil minimum depend on the matureness of society or level
of development. Protection design must be based on the civil minimum and
economic conditions of each country (Fig. 5.5).

• In order to prepare for the uncovered risks, the government will need to mobi-
lize thewhole society and all communities to develop capacity and to establish
an integrated disaster risk management system.

• Most of the developing countries still require structural measures and basic
infrastructure. Only after they reach to a certain level of investment, then they
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Fig. 5.4 Required civil minimum of safety as a function of development phase

Fig. 5.5 Civil minimum depends on the matureness of society or level of development

will be able to shift to enhancement of mutual-support or self-support portions
to respond to residual risks.

4. Gaps to achieve Sendai Framework

• Target (e) of Sendai Framework is to “substantially increase the number of
countries with national and local disaster risk reduction strategies by 2020”.
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Fig. 5.6 Table Presented by Prof. Takeya at S&T Conference in Geneva in January 2016

The target year is 2020, ten years earlier than the other targets, to allow
time for implementation of the plans and strategies by 2025. Many national
strategies have already been prepared based on the Hyogo Framework for
Action. However many local strategies still lack reduction of existing risks or
prevention of future risks in developing processes.

• Hazardmappings need to be primitive but practical in order to be applicable by
local governments. Hazard mappings are critical in enabling local strategies
to include appropriate land use plans. Unfortunately, the academia and donors
including JICA tend to propose most advanced or sometimes too precise, also
too expensive methodologies for hazard mapping.Many developing countries
cannot afford to extend these methods.

• Convincing political leaders and economists to invest for DRR remains a
challenge. There are very few practical knowledge, evidence or research for
political dynamics or economic efficiency of investing not after the disaster
but prior to disaster as preventive measures.

• Reducing the uncertainty of future climate change effects is another important
issue. Still there are tremendous efforts needed in this area to finalize climate
change effect—from global perspective to downscaling to river basin levels
for each countries to be able to incorporate the effect in future plans.

• Following table (Fig. 5.6) was presented by Prof. Takeya at the plenary session
of the Science&Technology Conference on the Implementation of the Sendai
Framework for Disaster Risk Reduction 2015–2030 UNISDR held in Geneva
from 27 to 29 January 2016.
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Abstract During the past few decades, we have seen great advances in science,
technology, information and communications. Yet, real progress is still to be seen
in our ability to solve pressing societal problems. The highly complex problems of
today spawned by rapid global changes evolve too fast for us to adapt to such changes
effectively.
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6.1 Introduction

“During the past few decades, we have seen great advances in science, technology,
information and communications. Yet, real progress is still to be seen in our ability
to solve pressing societal problems. The highly complex problems of today spawned
by rapid global changes evolve too fast for us to adapt to such changes effectively.
Their inter-connectedness requires a holistic transdisciplinary approach that brings
all stakeholders together, including the academe, local government units, private
sector, NGOs and communities, to foster rapid feed backs and effective exchange
of knowledge and experiences that will enable efficient formulation of sustainable
solutions. Transforming conventional project planning to transdisciplinary project
design and implementation requires new research on collective solution identifica-
tion, program design and implementation. This calls for a new type of education
and training that promotes transdisciplinary actions. The experiences of a network
of leading universities in the region demonstrated that postgraduate sector networks
can develop and deliver effective educational and capacity development programs
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to promote such transdisciplinary approaches” (Herath et al. 2015a). This has led to
the establishment of International Network for Advancing Transdisciplinary Educa-
tion (INATE) in 2015 at the World Conference on Disaster Risk Reduction held in
Sendai, Japan. INATE promotes transdisciplinary research that act as incubators for
development projects. This is done through the concept of Living Laboratories that
can provide opportunities for incubator research projects implemented in national
development programmes that are linked with INATE network. This paper discusses
the INATE approach and specific programmes being implemented under in INATE
framework.

6.2 Sustainability Challenge

The recent adverse impacts of global environmental change such as climate change,
biodiversity loss, global water scarcity has renewed global interest on the need to
address human development and global sustainability linkages in a systematic man-
ner. Global environmental concerns grew since late 1960s with the realization of the
difficulties associated in trying to meet needs of rapidly growing population with
ever increasing demands from earth’s limited resources. The UN Earth Summit in
Stockholm in 1972 was instrumental in channeling these concerns towards a global
movement that demanded regulation and control of impacts of human development
activities on nature. “The UN report on development issued by World Commis-
sion on Environment and Development, Our Common Future (1987) also known
as “Brundtland Report” provided a common platform for different stakeholders and
interest groups to discuss ways to address this common goal within each discipline”
(Herath et al. 2014a).

6.2.1 Designing Sustainable Systems

“While the definition of sustainable development does not provide a precise mecha-
nism for quantifying sustainability, the flexibility it provided allowed different disci-
plines to explore its meaning and to communicate across disciplines (Dally Herman
1990). The discussions within each discipline have been converging towards inter-
disciplinary approaches on the basis of ’sustainable development objectives. The
major achievement of sustainable development concept is to bring close natural and
social sciences (Dally Herman 1990) and its ability to serve as a grand compromise
between those who are principally concerned with nature and environment, those
who value economic development and those who are dedicated to improving the
human condition (Kates et al. 2005). Thus, a sustainable system should be viable
and acceptable from environmental, economic and social perspectives. In addition,
natural resources base also has ecological functions that keep the earth system as
a living organism. This implies maintenance of cyclicity or equilibrium status of



6 Knowledge to Sustainable Practices: International … 93

major biogeochemical cycles such as carbon cycle, nitrogen cycle and water cycle as
well as energy balance of the earth system. Disruptions to these cycles or balances
may lead to environmental conditions that are significantly different from the present
environment in which the current society has adapted to” (Herath et al. 2014a). Thus
it is necessary to consider the complexity, irreversibility, uncertainty associated with
earth system processes and ensure that our activities would not threaten the underly-
ing ecological balance. The current approach in designing sustainable development
goals, which is based on this approach of ensuring triple bottom line of sustainable
development and the sustainability of earth systems processes is a model that can be
adopted in designing sustainable systems.

6.2.2 Ensuring Sustainability of Existing Systems

Through out history, societies have adapted to changes in environments, govern-
ing systems and production methodology changes. Adaptation occurs autonomously
when the rate of change is slow. However current rapid global changes such as cli-
mate change, urbanization and population increase makes such adaptation difficult.
Further, their interconnectedness make them extremely complex to understand and
respond, threatening the sustainability of existing systems.

While sustainability is both a desired outcome and a process, the specific actions
one need to take has not been clear. In recent times, adapting to change emerged
as Sustainability in Action. However, forecasting the future we need to adapt is
an extremely difficult task. Large uncertainties associated with predictions related
to future state of global changes such as climate, makes planned adaptation to an
uncertain future a difficult task. Resilience, on the other hand provides us with a
positive and pragmatic approach that can be incorporated in regular development
activities as well as in adaptation strategies. It allows one to add additional strengths
by either catering to multiple sectors or providing diversity. Thus, building resilience
is rapidly emerging as the key process to support achieving sustainability.

These concepts are summarised in Fig. 6.1 where subfigure (A) summarises the
triple bottom line to sustainable development and sub figure (B) denotes the planetary
boundaries. Together they signify the importance of designing systems with sustain-
able development framework within the bounds of earth system process sustainabil-
ity. Enhancing resilience will help in ensuring sustainability of existing systems.

6.2.3 Role of Higher Education and
Challenges—UNCECAR

Adaptation and resilience building to global change is very much a localized activ-
ity. It depends on the local hydro-meteorological, geo-physical and socio-economic
conditions. Solutions have to be developed locally supported by global knowledge
and experiences. For these strategies to evolve locally, local capacity development is
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Fig. 6.1 Ensuring sustainability

essential, especially in the developing countries, to customize available global knowl-
edge for local conditions (Herath et al. 2010). This needs to be done in postgraduate
education where necessary research can be conducted in applied research projects in
partnership with implementing agencies and local communities. Higher education
segment of the society has an important role to play in giving direction and leadership
in assessing climate change impacts and establishing appropriate frameworks where
affected communities can work with specialists in developing appropriate strategies.
UNU-ISP organized a regional conference on “The Role of Higher Education in
Adapting to Climate Change” in June 2009 at United Nations University headquar-
ters, Tokyo, Japan to discuss ways to take up this challenge. Leading universities in
the Asia-Pacific region who gathered at the meeting agreed to establish a University
Network for Climate and Ecosystems ChangeAdaptation Research (UN-CECAR) to
collectively develop educational and research programmes (Herath and Surjan 2009).

Research and education are the main focus of the UN-CECAR and the network
brings together all available resources and expertise across disciplinary lines to work
collaboratively to enhance understanding on climate change impacts and advance
adaptation research for the design of appropriate policy and development strate-
gies. Since its inception the universities have jointly developed courses on Building
resilience to climate change, Renewable Energy and Leadership for sustainability
by pooling resource and expertise available at 20 leading universities in the Asia
Pacific region. Students in all partner universities are eligible to take these courses
and transfer credits to their respective postgraduate programs. This approach not only
help to share expertise across educational institutions, but also help develop research
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Fig. 6.2 Sample activities from the university network for climate and ecosystems adaptation
research

teams and researcher networks of both students and faculty on sustainability issues
(Herath and Teh 2013). A sample of activities is shown in Fig. 6.2.
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6.3 International Network for Transdisciplinary Education
(INATE) Approach

At the 3rd World Conference on Disaster Risk Reduction held in 2015 at Sendai,
Japan, the University Network for Climate and Ecosystems Change Adaptation
Research (UNCECAR)proposed to establish an InternationalNetwork forAdvanc-
ing Transdisciplinary Education (INATE) to promote transdisciplinary approach
to knowledge generation and project implementation by inviting academia, profes-
sionals, local governments, private sector and communities to work together to share
expertise and experiences. Only through such a network can we secure the best avail-
able knowledge, reconcile values and preferences and create ownership of problems
aswell as solution options,which are all seen as necessary both to solve our real-world
problems and tomeet our sustainable development objectives. INATE is envisioned to
serve as a platform for joint knowledge creation and as an incubator for the translation
and implementation of this knowledge to transdisciplinary practices in addressing
global change challenges. INATE will conduct a series of research/demonstration
projects on a few selected themes to achieve these objectives. Such projects can
serve as a catalyst for the development of new interdisciplinary courses and training
programmes based on the needs arising from their implementation. In addition, these
research/demonstration projects will also address some of the important elements of
design and implementation of transdisciplinary projects, such as;

• Identification of critical societal needs to be addressed within the scope of the
project.

• Customising global knowledge to local conditions.
• Avoiding conflicts in a multi-disciplinary and multi-stakeholder setting.
• Encouraging active and continuous participation of stakeholders throughout the
project duration.

• Maintaining sustainability of transdisciplinary projects.
• Leadership and accountability for implementation of transdisciplinary projects.
• Disseminating and creating adequate awareness among decision takers and plan-
ners at local level.

At the end of these research/demonstration projects, it is expected that all stake-
holders will have a clear understanding of the challenges, complexities of project
implementation and each other’s expectations from the outcomes.

The research required for customizing available knowledge and methods to local
conditions and confirmation of methodological approaches also can be carried out
during this pilot project phase. At the end of the research/demonstration project, this
common understanding and the outcomes can be upscaled into development projects
by local or national governments. Figure 6.3 describes schematically this concept.
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Fig. 6.3 INATE concept of
upscaling pilot to
development projects

6.4 Case Study 1: Rice Terrace Systems

Rice terrace systemshave beendeveloped inmanyparts of in themountainous regions
of Asia and the Pacific over thousands of years by carving out paddy fields in steep
slopes. The Rice Terraces of the Philippine Cordilleras was declared as a UNESCO
World Heritage List in 1995 in recognition of its Outstanding Universal Value based
on its sustainability, communal management, and its testimony to the harmonious
relationship between people and their environment.

The Hani rice terraces located in the Yuanyang County of the Yunnan province
in China have been known for their sustainable resource utilization methodologies
for over 1000years. This system also contains the cultural landscape of the Honghe
Hani Rice terraces, and was declared as a UNESCO world cultural heritage site in
2013 (Herath et al. 2015b, c).

These systems have evolved through the interactions between society and nature.
Their sustained existence is a proof of the fact that development is more robust
when the measures taken are in harmony with the natural surroundings. However the
special ecological functions of rice terraces are very much dependent on complex
water management and are vulnerable to climate and environment change, as well
as development pressures which threatens their sustainability.

A comparative research study was undertaken to assess sustainable development
strategies for Hani Rice terraces Ifugao rice terraces in the Philippines under the
framework of INATE as a research project of UNU-IAS postgraduate programme
with funding fromAsia Pacific Network for Global Change Research (APN) (Herath
et al. 2015d).
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Fig. 6.4 Rice terraces in
Hani, Yunan province, China

Fig. 6.5 Rice terraces in
Hani, dried up conditions in
2010

Hani rice terraces, are shown in Fig. 6.4 while the dried up conditions which led
to this research is shown in Fig. 6.5.

The rice terrace systems research project initially focused on the analysis of sta-
bility of rice terrace systems under future climate change impacts. The objective was
to analyze vulnerability due to increase of both flood and drought extremes under
future climate scenarios and propose ecosystems based approaches, especially aug-
mentation of water retention structures in the head waters of the study sites located
in the Ifugao rice terrace systems in the Philippines and the Hani rice terrace system
in China. However consultation with local stakeholders revealed the need for a much
broader holistic approach for the sustainable development of the rice terrace systems
considering not only ecological resilience but also societal and economic resilience.

A framework was developed to address the diverse drivers and understand their
interconnectedness by the author. This framework was used to address building
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Fig. 6.6 Framework adopted to address resilience

resilience from Ecological, Economic and Social perspectives. The framework is
shown in Fig. 6.6.

Thus, the research expanded to provide a rich venue for the development of trans-
disciplinary research case studies for the post graduate programme of UNU-IAS.
Four groups of students conducted field studies over two years to develop research
proposals in consultation with local communities, academics, NGO and government
agencies. At the end of the project a public forum was organized in Manila, Philip-
pines to share experiences and exchange views on future development pathways for
the two rice terrace systems.

Sustained and sustainable existence requires a thorough understanding and assess-
ment of the entire system, the existing linkages and associated complexities, partic-
ularly in relation to the natural resources, water being one of them. In designing
development strategies, it become necessary to focus on an overarching objective
that is of common interest to all sectors of the community and broad enough to link
with different development issues to analyze and resolve trade-off issues.

For the Hani rice terraces in China, a development strategy centered around water
security was proposed for integrating development programmes to promote equitable
and sustainable development. Some of the key findings of the study related to Hani
Rice Terraces in China are,
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1. Groundwater is a critical component of the water system in the area and its inter-
play with the surface flow and storage determines the water availability for the
downstream region.

2. The River-ditches network in the upstream area provides stable irrigation water
but there arewater scarcity during certain periods in the upstream areas. The effect
of scarcity is being felt more in the downstream reaches of the system.

3. Climate change will impact the water availability, with dry and wet seasons set
to become more pronounced.

Water Scarcity Index (Rws) which is the ratio of water withdrawal to availability
was selected as the index to characterise water security in three upstream and two
downstream villages selected for the study. As reliable water withdrawal data were
not available, water use estimated from field survey and consumption patterns was
used in the calculation of Rws. Rws � 0.1 means no stress, where as a Mild to
moderate stress corresponds to Rws of 0.2–0.3. Bias corrected CORDEX (EC-Earth
model) climate projections were used to analyse water availability under future cli-
matic conditions. Future demands were estimated for expected tourism demand, crop
diversification and population change. Change of present and future Water Scarcity
index shows increased stress in Feb and March, more pronounced for downstream
than upstream.

As a counter measure doubling of water retention capacity of upstream ponds was
considered. Figure 6.7 shows a snapshot of ponds located upstream and the Fig. 6.8
shows seasonal variation of Rws at present, for future changed climate conditions
and future state with doubling of upstream retention ponds as a counter measure
(shown in orange colour).

Some of the main recommendations made were

1. Development of a holistic, basin level strategy should be done for collective
decision making.

2. Establishment of a nodal authority for improving inter-agency coordination along
with development of local platforms for engaging, involving and consulting local
stakeholders has to be done.

3. The water scarcity index is useful in showcasing the system threats and deter-
mining the timing and effect of on-ground interventions to aid effective decision
making.

In the Ifugao terraces in the Philippines, a pilot study site has been established
in Bayninan, Kiangan with an automatic rain gauge, surface flow measurement and
ground water level observation. The Ifugao rice terraces and the threats due to high
discharges are shown in Fig. 6.9a, b.

Projections for future climate were obtained from bias-corrected outputs of the
MRI-GCM and HadGEM3-RA RCM. Of the simulations done, results show that
the wet seasons of 2021–2030 pose high risk of excess runoff and slope instabil-
ity. Appropriate measures such as improvements in the drainage system must be
implemented to address these risks. Meanwhile, the simulations also show that the
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Fig. 6.7 Upstream Ponds in Hani Rice terraces

dry seasons at the end of the century (2091–2100) are at high risk of water deficits,
particularly in the months of April, May, and June.

To address excess runoff, the spillways in the paddies must be expanded to allow
the release of large volumes and avoid the collapse of the terrace walls. Also, these
months present an opportunity to store excess water for use during the dry months.
Construction of small reservoirs upstream in the forests is a possibility if viable
mechanism can be found to combine water storage and forest management. In the
Nagacadan rice terrace cluster of the Ifugao Rice Terraces a study was carried out to
assess the carbon stock of local forests by measuring four carbon pools of the local
forests; the forest carbon stock, non-tree vegetation, forest floor litter layer, and soil
carbon 10cm depth. Two types of forest that are native to the area were used in the
carbon study, the muyong and the bilid together with measurements in open lands
and abandoned paddy. Themuyong, refers to the private woodlotsthat are maintained
by residents of the area. The bilid is the other forest land use in the area.
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Fig. 6.8 Water Scarcity Index, present, future and with ponds

(a) Ifugao Rice Terraces, Philippines (b) Paddy field bund erosion from high discharges

Fig. 6.9 Ifugao rice terraces and threats

Field measurements were carried out to estimate carbon storage in these different
vegetation groups and are summarised in Fig. 6.10. The study showed clearly that
muyong forests with traditional farming practices has a much higher carbon seques-
tration capacity compared to other types of landuse. Therefore an integrated approach
through traditional forest management supported by REDD+ funding is proposed for
livelihood enhancement through water management. Early warning of slope stability
and rainfall forecasts systems installed in the study site can be used to continuously
enhance local capacity for climate information use and improve understanding of
the ecological functions of the terrace system (Herath et al. 2015e, f, g, h).
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6.5 Case Study 2: Mosaics in Irrigation

“There aremany traditional agricultural production systems inAsia that have resulted
not only in outstanding landscapes, maintenance of agricultural biodiversity, indige-
nous knowledge and resilient ecosystems development but also provided economic,
environmental and social goods and services over thousands of years. With growing
population and economic aspirations, many of these systems are being replaced by
modern agriculture systems that are designed for efficiency and large-scale rapid
development. However, there is also a growing realization that we should in some
form preserve these valuable repositories of indigenous knowledge for climate
change adaptation, biodiversity conservation and land management and the rich
culture they spawned. Different approaches such as Cultural Heritage Systems of
UNESCO, or the Globally Important Agriculture Heritage Systems of FAO attempt
to preserve and showcase representative production sites from these systems. How-
ever, they cannot be upscaled to cover the vast populations still engaged in them. In
this research we investigated the feasibility of fusing the traditional and the mod-
ern systems as shown in Fig. 6.11 through building mosaics of traditional and new
systems” (Herath et al. 2018a)

TheDeduruOya reservoir, whichwas commissioned in 2014, is primarily planned
to improve the livelihood of farmers in parts of the North-Western Province of Sri
Lanka by increasing the productivity of its land and water resources by regulating
and diverting water to irrigation systems through two main canals along both river
banks.

The left bank canal supplement water needs for paddy cultivations from existing
ancient rain-fed small reservoir based irrigation systems. The right bank canal is a

Fig. 6.10 Carbon storage of various forest types in Ifugao



104 S. Herath

trans-basin canal conveying excess water from the reservoir to adjacent Mee oya
basin. The project location and the system description is shown in Fig. 6.12.

TheDeduruOya irrigation project as aMosaic Systemwill supplement the ancient
irrigation tanks through the left bank feeder canal. A water allocation model using
Water Evaluation and Planning (WEAP) tool developed by the Stockholm Environ-
mental Institute was used to analyse the optimal water utilization of 134 ancient
irrigation systems fed by the main reservoir. Inflows to main reservoir as well as
each individual reservoir was simulated separately with hydrological models and
the whole system combined with irrigation demand for two season cultivation was
analysed using the WEAP model.

The simulation carried out using rainfall for past ten years reveal that most of the
ancient irrigation tanks alone cannot meet the two season irrigation water require-
ments. The newDeduruOyaReservoir storage in normal climatic year is well enough
to meet all the irrigation, hydropower and environmental flow requirements. How-
ever, the total irrigation demand cannot be accommodated by the new reservoir alone
at extremely dry weather at 20% monthly inflows. If combined with the ancient irri-
gation systems, there can be sufficient water to meet irrigation demands provided
the whole system is managed with prioritising water availability for the month of
September. These simulation results are shown in Fig. 6.13.

Fig. 6.11 Moscaics from ancient and modern systems
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Fig. 6.12 Deduru Oya system
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Fig. 6.13 Deduru Oya System performance for various configurations

The use of ancient irrigation systems is not only to provide resilience for extreme
dry conditions, but also to provide the social and cultural cohesion and harmony with
nature. The enhanced water resources provide opportunities to improve livelihoods
of the farmers in the region. Thus, a holistic approach towards empowering the farmer
communities through integrated water management practices is necessary to make
full use of the Deduru Oya irrigation project.

The challenge facing this approach is the design of an appropriate water alloca-
tion system and implementing a robust water management system. The Bulk Water
Allocation (BWA) model adopted in system H of the Mahaweli basin in the North
Central Province of Sri Lanka was studied and found to be a promising model to
be used in the Deduru Oya basin project. The assessment of implementing BWA
through a detailed survey of the Deduru Oya basin has been carried out and showed
a positive attitude by the farmer community. In implementing the BWA, it is impor-
tant to establish (a) clear and measurable water entitlement, (b) incorporate ‘risk
management’ in comprehensive capacity building that includes social, technical and
financial aspects and provide (c) transparency in decision-making and appropriate
power sharing.

The Deduru Oya project provides a unique opportunity to combine the efficient
large-scale modern systemswith resilient localized ancient systems promoting social
and harmony with nature though building mosaic systems. These mosaics should
cover both physical (structural mosaics) and social (management mosaics) aspects.
Further analysis on economic aspects, in linking micro production with macro econ-
omy through crop and livelihood diversification should be studied in future. The
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(a) Kelani River Basin and Parliament under floods in 2010
(b) Drainage system of Metro Colombo area

Fig. 6.14 Metro Colombo drainage system and urban flooding

present study clearly identify the importance of transdisciplinary approach in carry-
ing out such complex projects involving multi-stake holder engagement.

6.6 Case Study 3: Managing Urban Water: A Living
Laboratory for INATE

"Flooding in Colombo metropolitan area has for many years been hampering public
life and obstructing traffic and commercial activities on a regular basis. Figure 6.14a
shows the location of the city and the flooding of national parliament in year 2010.
Figure 6.14 shows the macro drainage system of the city which has 4 outfalls to river
and 3 outfalls to sea that has a low discharge capacity due to low surface gradients.
The flooding is due three major causes: (a) lack of outfall capacity (b) lack of storage
capacity, and (c) bottlenecks in the river and canal system (bridges, culverts, narrow
river bends, blocking bridge piers/abutments, pipeline crossings, etc.).

In 2012 the World Bank and the Government of Sri Lanka (GoSL) agreed upon
a loan for a Metro Colombo Urban Development Project (MCUDP). The overall
Project Development Objective of the Loan is to support the GoSL in:

1. reducing flooding in the catchment of the Colombo Water Basin
2. strengthening the capacity of local authorities in the Colombo Metropolitan area

to rehabilitate, improve and maintain local infrastructure and services through
selected demonstration investments.
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The flood control projects are divided in to two groups; one primarily aiming
at the macro-drainage system, including the greater Colombo catchment/basin, and
one aiming at the micro-drainage system, which primarily covers the metropolitan
area. Measures include new diversions (canals or tunnels), widening of river/canal
stretches, river-bend widening, smoothening or bend cut-offs, enlarging existing out-
falls, construction of new gate structures, upgrading street drains, enlarging culverts,
etc.

In addition, apart from structural measures a number of non-structural measures
are being considered to strengthen the flood management capacity, of which the
most important component is a Real-Time Control (RTC) System, and/or a Flood
Early Warning System (FEWS). In a related development, in 2015, the Govern-
ment of Sri Lanka announced an ambitious plan to develop the Western Province
to a large Megalopolis, and a new ministry, the Ministry of Megapolis and Western
Development (MMWD), was established to implement the programme. Sri Lanka
Land Reclamation andDevelopment corporation that implement theMetro Colombo
Development Project also comes under MMWD. For the Ministry of Megapolis and
Western Development assessing short term and long-term flood risks is important
to safeguard its investment and ensure sustainable urban development. Thus it was
decided to enhance the scope of the proposed RTC to incorporate also current and
future risk assessment. A new facility to handle Flood Control and Water Manage-
ment is currently being setup that will

Fig. 6.15 The framework for center for flood control and water management
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1. Develop an integrated flood control and water management information system
2. Provide early warning support for the Metro colombo area
3. Develop optimal operational rules for the flood control facilities such as pumps

and storage facilities considering also the potential storage and use water to make
a pleasant urban environment.

4. Assess current and evolving future risk to Megapolis from urban development as
well as climate change.

The author is at present engaged in setting up this center in Colombo, Sri Lanka.
Sustainability of the System is a major consideration that is being addressed in the
development stage. A sustained capacity development programme with the collabo-
ration of educational and research institutions in the country, support for continuous
R&D, fostering collaboration among of academia and the line agency profession-
als are some of the key concerns addressed together with the development of the
center” (Herath 2017). Figure 6.15 shows the system design and this collaborative
framework. The center currently has arrangements with two leading engineering
universities so that the work carried out by its staff can be the thesis requirement
for Master degree. The staff members in this programme spend one working day
of a week at the university as well as Saturdays and Sundays attending lectures to
complete a one year research Master degree while being employed by the center.

Maintenance of the System in the future require diversification of its activi-
ties beyond disaster management. Integrating urban water management with flood
control, Catering to Megapolis development needs; Risk Assessment, Cost benefit
analysis are some of the areas the centre the center is currently engaged with. The
Megapolis project, through the flood control and water management center will pro-
vide opportunities for postgraduate researchers of INATE network to be engaged in
real-life applied research projects as a living laboratory.

6.7 Conclusions

Implementing sustainable development programes faces many challenges due to
rapid global changes. Planning specific measures as well as Investment under uncer-
tain future conditions is extremely difficult, especially for developing countries.
Building redundancy, diversity, resistance and recovery mechanisms with multi-
stakeholder involvement is a pragmatic approach to reduce adverse impacts of global
change.

Transdisciplinary approaches provide best opportunities for implementing sus-
tainable programmes that are compatible with user needs and are localised with local
physical and social characteristics. Rather than conventional top down approaches,
we need to take an iterative bottom up approach that is designed and implemented
with the user community. INATE proposes an approach where a pilot project is first
launched that can absorb the risks and develop a robust, sustainable solution to the
problem being addressed. Higher Education Sector can play a major role in bringing
up these transformations.
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Chapter 7
Disaster Risk Management Knowledge
Centre: A New European Initiative
to Bridge Science and Policy
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Abstract As the science and knowledge service of the European Commission, the
Joint Research Centre’s mission is to support EU policies with independent evidence
throughout the whole policy cycle. Faced with the risk of increasingly severe and
frequent natural andman-made disasters, policy-makers and riskmanagers in disaster
risk management (DR).
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As the science and knowledge service of the European Commission, the Joint
Research Centre’s mission is to support EU policies with independent evidence
throughout the whole policy cycle. Faced with the risk of increasingly severe and
frequent natural andman-made disasters, policy-makers and riskmanagers in disaster
risk management (DRM) and across EU policies increasingly rely on the wealth
of existing knowledge and evidence at all levels—local, national, European and
global—and at all stages of the DRM cycle—prevention; reduction; preparedness;
response and recovery. Better knowledge, stronger evidence and a greater focus on
transformative processes and innovation are essential to improve our understanding
of disaster risk, to build resilience and risk-informed approaches to policy making,
and contribute to smart, sustainable and inclusive growth. To tackle the challenges of
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Risk Management Knowledge Centre. The Disaster Risk Management Knowledge
Centre (DRMKC) provides a networked approach to the science-policy interface in
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and networks to improve science-based services; better use and uptake of research
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7.1 Introduction

Population growth, climate change, globalisation and interconnected systems of
trade, finance and information create new risks. Policymakers and risk managers
in disaster risk management (DRM) must face the risk of increasingly severe
and frequent natural and man-made disasters, with impacts cascading through the
economy, environment and society. In this complex setting, there are increasing calls
for an evidence-based approach. The new EU legislation (Decision (EU) 2019/420)
explicitly calls to “increase the availability and use of scientific knowledge on disas-
ters” and “take action to improve the knowledge base on disaster risks, and to better
facilitate and promote cooperation and the sharing of knowledge, the results of
scientific research and innovation, best practices and information, including among
Member States that share common risks”. Acknowledging that there is a wealth
of existing knowledge and evidence at all levels—local, national, European and
global—and at all stages of the DRM cycle—prevention; reduction; preparedness;
response and recovery, the legislation calls for “a Union Civil Protection Knowledge
Network […] taking due account of the expertise available in the Member States and
the organisations active on the ground”.

At a global level, the Sendai Framework for Disaster Risk Reduction shifts the
emphasis from response-oriented disaster management to comprehensive disaster
riskmanagement, in which amore systematic and reinforced science-policy interface
strengthens the contribution of DRM to smart, sustainable and inclusive growth
globally (Murray et al. 2015).

Two key challenges in the scientific world are increased complexity and accel-
eration (Poljansek et al. 2017). Ever more science is produced and is available at
a mouse-click. Ever more actors from different disciplines and policy areas are
involved. For practitioners, policy makers and even for scientists themselves, the
challenge now is to find the relevant science, from multiple disciplines, and make
sense of it, for multiple policies.

In the inherently interdisciplinary field of disaster risk management, this is very
evident (Poljansek et al. 2017). The science is complex due to the interaction of vast
and varied communities on Earth sciences, and their interaction with the engineering
communities, social and behavioural scientists and economists. Equally complex is
the policy side (Bower et al. 2017). Disaster risk is linked to civil protection, climate
change, environmental, health, humanitarian, and development policy, but also to
fiscal and economic policy directly. A holistic approach is necessary.

In order to improve all stages of the DRM cycle, the knowledge and evidence base
need to be further improved, advances in relevant technology extensively exploited
and research results broadly applied, while promoting enhanced interaction between
researchers and end users. Sharing knowledge across the DRM cycle and relevant
stakeholders is a key point of this process. This need is echoed in the Science
and Technology Roadmap for Sendai Framework, developed at the 2016 UNISDR
Science and Technology Conference.1

1https://www.unisdr.org/partners/academia-research/conference/2016/.

https://www.unisdr.org/partners/academia-research/conference/2016/
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7.2 Disaster Risk Management Knowledge Centre
(DRMKC)

The Disaster Risk Management Knowledge Centre2 is a collaboration of scientists,
policy makers and practitioners, and aims to be a nexus where knowledge exchange
is facilitated. It was initiated by the Joint Research Centre (JRC) of the European
Commission. The JRC is the EuropeanCommission’s science and knowledge service
which employs scientists to carry out research in order to provide independent scien-
tific advice and support to EU policy. By being both a scientific organisation and part
of the European Institutions, it is a “boundary organisation” that facilitate collabo-
ration and information flow between diverse research disciplines and between the
research and public policy community. In 2015, the JRC started to emphasise its
role as a boundary organisation more explicitly, including through the creation of
Knowledge Centres in specific, multi-disciplinary fields (JRC 2016).

The Disaster Risk Management Knowledge Centre, or DRMKC, was the natural
outcomeof an increased collaboration between scientists in JRCand policy officers in
various Directorates General of the European Commission, including in Civil Protec-
tion and Humanitarian Aid Operations, Climate Action, International Cooperation
and Development, Migration and Home Affairs, Health and Food Safety, Environ-
ment and Research and Innovation. As science provides evidence to various policy
areas, it can—if communicated and interpreted in a context-specific way—become a
common ground for cross-sectoral dialogues. In the European Commission, disaster
risk falls mainly under the Civil Protection legislation, but is clearly linked to policies
in 11Directorates General (Bower et al. 2017). Also disaster risk reduction outside of
Europe spans across individual competences and the European Commission’s Action
Plan on the Sendai Framework for Disaster Risk Reduction 2015–2030 (European
Commission 2016) groups actions across policy areas in a coherent way.

The role of science in disaster risk reduction has been recognised bypolicymakers.
The 2013 Civil Protection legislation (European Union 2013) addresses disaster
risk in both the EU and in third countries. The new legislation of 2019 (Decision
(EU) 2019/420) calls for strengthening the evidence base and sharing knowledge. A
similar emphasis on the role of science in disaster risk reduction was included in the
Sendai Framework for Disaster Risk Reduction (UNGA 2015). The DRMKC was
launched inOctober 2015 to respond to bothEuropean and global needs. In fact, at the
UNISDR Science and Technology Conference on the Implementation of the Sendai
Framework for Disaster Risk Reduction, the European Commission communicated
that the Disaster Risk Management Knowledge Centre was its contribution to the
Science and Technology Roadmap.

The DRMKC organises its work in three pillars (partnership, knowledge and
innovation) with each 2 objectives (Fig. 7.1). It revises its work plan on an annual
basiswith input from scientists and policymakers inEUMember States, participating

2https://drmkc.jrc.ec.europa.eu.

https://drmkc.jrc.ec.europa.eu
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Fig. 7.1 Pillars and objectives of the Disaster Risk Management Knowledge Centre

Directorates General and JRC scientists. Some key actions are described in the next
sections.

7.3 Partnership

To achieve the ambitious goal of fully exploiting and translating complex science
into useful policy and applications in DRM, the DRMKC reinforces the develop-
ment of disaster science partnerships and networks. In the EU, Member States have
implemented a variety of mechanisms for science-policy interfaces (De Groeve and
Casajus 2015; Marin Ferrer et al. 2016). The UK’s Natural Hazard Partnership,3

Italy’s Centres of Competence4 in the Civil Protection Department and France’s
Disaster Observatory5 are but three examples. At European level, the DRMKC
focuses on two types of partnerships: those for providing scientific advice during
emergencies, and those for providing scientific advice for policy making.

3https://www.naturalhazardspartnership.org.uk (accessed 8/8/2017).
4https://www.protezionecivile.gov.it/jcms/en/centri_competenza.wp?request_locale=en (accessed
8/8/2017).
5https://www.onrn.fr/ (accessed 8/8/2017).

https://www.naturalhazardspartnership.org.uk
https://www.protezionecivile.gov.it/jcms/en/centri_competenza.wp?request_locale=en
https://www.onrn.fr/
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First, partnerships for operational preparedness and response to major natural
disaster types in the EU are promoted to facilitate the information flow between
the different partnerships, the Emergency Response Coordination Centre (ERCC)
and Member States. The ERCC is the operational heart of the EU Civil Protection
Mechanism. It plays a key role as a coordination hub to facilitate a coherent European
response during emergencies inside and outside Europe. Scientific advice during
emergencies is provided partly by the Joint Research Centre directly and partly in a
new partnership called ARISTOTLE.

The JRC (2015) provides information through its European earlywarning systems
(European Flood Awareness System, European Forest Fire Information System, and
European Drought Observatory), which are all being expanded to global coverage.
In addition, the Global Disaster Alert and Coordination System (GDACS) provides
key scientific information for all hazards to the wider humanitarian community, the
Epidemic Intelligence from Open Sources (EIOS) system serves the World Health
Organisation, and eMars collects lessons learnt for chemical accident prevention.
The JRC also implements the Copernicus Emergency Management Service6 (Wania
et al. 2016)which providesmaps based on earth observation for response, reconstruc-
tion and risk assessment globally. Each system has its own networks of scientists,
practitioners and policy makers, and the DRMKC fostered cross-sectoral and cross-
disciplinary linkages to enable mutual learning and data sharing. The Knowledge
Centre also explores models with distributed competence centres. ARISTOTLE7

is a pilot project, implemented through a consortium of research centres from EU
Member States, that aims at providing accurate and authoritative information on
natural disaster to ERCC through three cornerstones: designing a flexible multi-
hazard scalable early warning service, comprehensive reporting of the available
information gathered by the 24/7 operational centres, providing expert analysis by
an expert panel readily available upon request through, e.g. teleconferencing.

Second, networks and activities are activated andpromoted to improve the science-
policy interface in prevention activities and to facilitate the translation of complex
science into useful policy advice. Currently, the DRMKC groups 11 networks and
ensures information exchange among them. The network topics range from multi-
hazard risk assessment methodologies to recording disaster loss data, from space
technology to critical infrastructure protection, from Natech to floods and space
weather issues. There is specific emphasis to link disaster risk and climate change
adaptation communities, e.g. through collaboration with the PLACARD8 project

6https://emergency.copernicus.eu (accessed 8/8/2017).
7https://aristotle.ingv.it/ (accessed 8/8/2017). ARISTOTLE is a pilot project that aims at providing
accurate and authoritative information on natural disaster.
8https://www.placard-network.eu/ (accessed 8/8/2017). PLACARD’s (PLAtform forClimateAdap-
tation and Risk reDuction) mission is to be the recognised platform for dialogue, knowledge
exchange and collaboration between the Climate Change Adaptation (CCA) and Disaster Risk
Reduction (DRR) communities.

https://emergency.copernicus.eu
https://aristotle.ingv.it/
https://www.placard-network.eu/
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and the Climate ADAPT9 platform. Also the nexus disaster risk and space tech-
nology is prominent, e.g. through participation in Copernicus and the Group on
Earth Observation.

The DRMKC uses various tools to stimulate information exchange among
disciplines, networks and sectors, including bi-monthly newsletters, joint events,
co-authorship in publications and an Annual Seminar.

7.4 Knowledge

Scientific research results and operational knowledge gained from lessons learnt,
exercises, training, peer reviews andother assessment tools need to be better exploited
in the DRM cycle to mitigate risks and vulnerabilities and to improve response when
disaster strikes.

To this end, the Disaster Risk Management Knowledge Centre has produced first
flagship science report “Science for disaster risk management 2017: knowing better
and losing less” (Poljansek et al. 2017). A second report is in preparation to be
published in 2021. It gathers views and contributions from nearly 300 scientists,
policy makers and practitioners. Like the first summary, it will support the integra-
tion of science into informed decision making through synthesising and translating
evidence for disaster risk management and strengthening the science-policy and
science-operation interface.

In a multi-disciplinary field like disaster risk management, it is critical to share
knowledge and practice across sectors and domains. In support of national risk assess-
ment exercises (mandatory in the EU under the Union Civil Protection Mechanism
legislation), the DRMKC is coordinating a process to develop science-based recom-
mendations for disaster risk assessments across all hazards. This fosters a holistic
understanding of both disaster risk—addressing hazards, exposure and vulnera-
bility—as well as disaster risk management—focusing on the four phases of disaster
cycle: prevention, preparedness and response, reconstruction, and risk financing—
through a systematic multi-hazard assessment overview of existing disaster risk
knowledge.

The knowledge work of the DRMKC highlights the further need of new research
avenues to address the multi-risk impacts of natural and human-induced hazards as
well as the increasingly systemic nature of risk (GAR 2019).

To exploit the results of the many research projects funded by European research
programmes, the European Commission has set up a Community of Users, where
scientists and users frequentlymeet to discuss results, gaps and future research needs.
In this context, the DRMKC curates a repository of all relevant research and oper-
ational projects and published gap analyses to inform the global and EU research
agendas (Fig. 7.2).

9https://climate-adapt.eea.europa.eu/. The European Climate Adaptation Platform (Climate-
ADAPT) aims to support Europe in adapting to climate change.

https://climate-adapt.eea.europa.eu/
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Fig. 7.2 Overview of the DRMKC project explorer, featuring 512 projects with participation of
2546 organisations. https://drmkc.jrc.ec.europa.eu

7.5 Innovation

Transferring knowledge into practice requires innovation. The participation of
industry, and particular the small and medium enterprises, is essential to modernise
disaster risk management practices. Operationalisation of research, such as in the
Copernicus Emergency Management Service (Wania et al. 2016), directly facili-
tates the work of first responders and other operational actors in crisis management
through innovative technologies and instruments.

The DRMK’s innovation pillar is the European Crisis Management Laboratory
(ECML). The ECMLacts as a research, development and test facility for ICT focused
solutions. It also is a back-up facility for the operational emergency room of the

https://drmkc.jrc.ec.europa.eu
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European Commission. This dual role creates a virtuous feedback loop between
research andoperations that drives innovation. In particular, the laboratory specialises
in the integration of devices, applications and crisis management-related informa-
tion sources to support crisis management needs, such as threats analysis, common
situation awareness and collaborative decision making.

7.6 Conclusions

In its five years of existence, the Disaster Risk Management Knowledge Centre
(DRMKC) has contributed to better disaster risk management in the EU. It has
broadened the knowledge base, built awareness across policy, scientific, sectoral
and geographic boundaries, forged new partnerships and fostered innovation. The
DRMKC underpins the work of relevant Commission services, Member States and
the wider DRM community, and represents a coherent contribution to the Sendai
Framework for Disaster Risk Reduction. The DRMKC is a regional approach for
creating an efficient science-policy interface, taking account of national specificities
and mandates. To share science solutions and policy challenges beyond the region,
the Disaster Risk Management Knowledge Centre is open to reach out to similar
initiatives in other regions and globally.
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Chapter 8
International Federation for Information
Processing and Its Domain Committee
on Information Technology in Disaster
Risk Reduction

Dimiter Velev and Plamena Zlateva

Abstract The chapter describes the origin, goals and the main figures of Domain
Committee on Information Technology in Disaster Risk Reduction (DCITDRR),
established by the International Federation for Information Processing (IFIP). Key
activity, such as international conferences organized by DCITDRR, and some of the
scientific research projects of DCITDRR members are presented.

Keywords Disaster · Risk · Reduction · Information Technology

8.1 Introduction

The effects of natural disasters are very serious and the destruction causedmay take a
very long time to recover. Related damages are severe and itmay cause relief expenses
of billions of Euros. With the increase of natural disasters that have occurred in the
past years, it is expected their frequency will continue to increase in the coming
years (UNISDR EUR 2016). In this respect, it is important to point out that on
18 March 2015 at the Third UN World Conference on Disaster Risk Reduction in
Sendai City, Miyagi Prefecture, Japan, the UNMember States adopted the so-called
Sendai Framework for Disaster Risk Reduction 2015–2030 (UNISDR 2015). It aims
for the following outcome: “The substantial reduction of disaster risk and losses
in lives, livelihoods and health and in the economic, physical, social, cultural and
environmental assets of persons, businesses, communities and countries.” At present,
at global and national levels, a wide range of multiple scientific and scientific-applied
research activity in the area of disaster risk reduction concerning individual types of
disasters is conducted (UNISDR 2017).

Modern information and communication technologies can facilitate significantly
the decision-making processes from the point of view of disaster risk reduction. Due
to disaster risk reductionsmultidisciplinary nature, people fromvarious backgrounds,
such as industry, diverse geographical and global settings, not-for-profit organization
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backgrounds, agriculture, marine life, welfare, risk management, safety engineering
and social networking services will be included.

8.2 Presentation of the International Federation
for Information Processing

One of the organizations that have recently focused its attention on the problem
of disaster risk reduction is the International Federation for Information Processing
(IFIP, https://ifip.org). Formally, IFIP is a non-governmental, non-profit umbrella
organization for national societies working in the field of information processing. It
was established in 1960 under the auspices of UNESCO as a result of the first World
Computer Congress held in Paris in 1959. IFIP is incorporated in Austria by decree
of the Austrian Foreign Ministry (20th September 1996, GZ 1055.170/120-I.2/96)
granting IFIP the legal status of a non-governmental international organization under
the Austrian Law on the Granting of Privileges to Non-Governmental International
Organizations (Federal Law Gazette 1992/174).

The International Federation for Information Processing:

• is the leading multinational, apolitical organization in information and commu-
nications technologies and sciences;

• is recognized by United Nations and other world bodies;
• has a formal consultative partnership relation with UNESCO;
• represents IT societies from 56 countries or regions, covering all five continents

with a total membership of over 500 000 members;
• sponsors 100 conferences yearly from theoretical informatics to the relationship

between informatics and society including hardware and software technologies,
and networked information systems.

• links more than 3500 scientists from academia and industry, organized in more
than 101 Working Groups (WG) reporting to 13 Technical Committees (TC):

– TC 1: Foundations of Computer Science
– TC 2: Software: Theory and Practice
– TC 3: Education
– TC 5: Information Technology Applications
– TC 6: Communication Systems
– TC 7: System Modeling and Optimization
– TC 8: Information Systems
– TC 9: ICT and Society
– TC 10: Computer Systems Technology
– TC 11: Security in Information Processing
– TC 12: Artificial Intelligence
– TC 13: Human–Computer Interaction
– TC 14: Entertainment Computing.

https://ifip.org
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Within IFIP, the IT societies’members find ameeting place for sharing experience,
and discussing challenges and opportunities, as well as the TCs and WGs contribute
to, and often lead, progress in the state-of-the-art knowledge and practice.

The IFIP scientific and technological leadership is warranted byWGmembership,
based solely on individual excellence and it is asserted by the organization of some
100 highest quality international events, and the publication of some 30 new books
annually that are distributed worldwide.

8.3 Establishment of the Domain Committee
on Information Technology in Disaster Risk Reduction

Following the increasing number of disasters worldwide and its growing ITC
potential and expertise, IFIP at its General Assembly, held on 8–9 October 2015
at the Daejeon Convention Center, Daejeon, Korea, has established the Domain
Committee on Information Technology in Disaster Risk Reduction (DCITDRR).

The main goals of the DCITDRR are to:

• promote disaster risk reduction (DRR) within the IT community;
• provide an additional opportunity for IFIP members to work with external

specialized bodies such as UN, UNISDR, ICSU, ITU and ISCRAM;
• coordinate the efforts of member societies as well as different Technical

Committees and Working Groups of IFIP in its specific disaster-related field.
• The DCITDRR activities are based on the following major pillars:
• Information acquisition and provision:

– People search: safety information: online, cell phone, offline;
– Visualizing lifeline information: road condition, transport, electricity, water

supply, etc.;
– Radioactivity, chemical pollution, etc.;
– Websites of disaster information;
– Networking for information infrastructure: Internetworking with communica-

tion links.

• Shelter information management for a local government:

– List of people in a shelter: name/age/family/address;
– Information systems for food and goods distribution;
– Volunteer support.

• Disaster Information Systems:

– Information systems which are different from a normal-time use;
– Need for a standard format—safety information; information on suffer: family,

shelter; good distribution: never be well-planned; medical information: the
disaster weak; donation: traceability;
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– Open source and global community of software developers as Sahana and
Ushahide;

– Global collaboration over the net;
– Need well-known interfaces.

• Top of the art information and communication technologies:

– Social media;
– Mobile computing;
– Internet of things;
– Big data;
– Cloud computing;
– Artificial intelligence.

The DCITDRR has the following management board:

• Chair: Prof. Dr. Yuko Murayama, IFIP Vice-President, Japan.
• Vice Chairs:

– Diane Whitehouse, IFIP TC9: ICIT and Society chair, UK;
– Assoc. Prof. Dr. Plamena Zlateva, Bulgarian Academy Sciences, Bulgaria;
– Prof.Dr. ErichNeuhold, IFIPTC5 InformationTechnologyApplication former

chair, Austria;

• Secretary: Prof. Dr. Dimiter Velev, TC5 New Activities and Interdisciplinary
Research chair, Bulgaria;

• IFIP Liaison Secretary: Eduard Dundler, Austria.

DCITDRR has presented its activity to the world for the first time at the UNISDR
Science and Technology Conference on the Implementation of the Sendai Frame-
work for Disaster Risk Reduction 2015–2030 inGeneva, Switzerland, 27–29 January
2016, followed by related activities at other workshops, conferences and events. The
latest presentation is at the Third Global Summit of Research Institutes for Disaster
Risk Reduction—Expanding the Platform for Bridging Science and Policy Making
(GSRIDRR 2017), Kyoto University, Kyoto, Japan, 19–21 March 2017. All these
presentations focus on the role, expertise and potential of the IFIP and its DCITDRR
to collaborate with researchers and scientists from all over the world to elaborate
complex and efficient ICT systems in fighting disasters.

8.4 DCITDRR Conferences

Meanwhile DCITDRR has conducted its First IFIP Conference on Information Tech-
nology in Disaster Risk Reduction (ITDRR-2016), followed by the preparation of
its second one (ITDRR-2017), https://itdrr.unwe.bg/, as an attempt not only to popu-
larize its existence, but also to provide an open forum for the dissemination of the
current research progress, innovative approaches and original research results on the

https://itdrr.unwe.bg/
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application of Information Technology in Disaster Risk Reduction. The conference
focuses on important topics, such as:

• Advanced ICT and natural disasters
• Big data and natural disasters
• Climate change and disaster risk
• Climate information management
• Climate information processing
• Cloud computing in emergency management
• Communications and natural disasters
• Crowdsourcing and emergency management
• Disaster information processing
• Disaster prevention and mitigation
• Disaster relief, resilience and research
• Disaster risk management capability assessment
• Emergency preparedness
• Hazard, vulnerability and risk mapping
• ICT challenges in emergency management
• Integrated risk governance
• IoT and natural disasters
• Mobile computing and emergency management
• Natural disaster monitoring
• Natural disaster risk assessment
• Natural disaster risk management
• Natural disaster risk reduction
• Natural disasters and security
• Natural hazard and vulnerability analysis
• Security and privacy issues in disaster management
• Social media and natural disasters
• Socio-economic impacts of natural disasters, etc.

8.5 Some R&D Projects by DCITDRR Members

Currently, Prof. D. Velev, the DCITDRR secretary, who is also the Director of the
Science Research Center for Disaster Risk Reduction at the University of National
and World Economy, Sofia, Bulgaria, manages three disaster-related projects:

1. Information System for Integrated Risk Assessment from Natural Disasters,
Grant No. DFNI-I02/15, 2014–2018, funded by the Bulgarian National Science
Fund. In accordancewith the national and European priorities for the security, the
purpose of the project is to develop a general framework of information system
for integrated risk assessment from natural disasters with the help of modern
information and communication technologies.
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The information systemwill include innovative tools for an integrated risk assess-
ment from natural disasters, which will be implemented on the basis of the developed
new and adapted existing mathematical methods.

The information system will be designed on the principle of modules, which will
implement interaction with geographical information system (GIS), and heteroge-
neous databases containing information about the objects and for potential natural
disasters on Bulgarian territory.

The information system will use cloud computing and specialized online social
network for the exchange of heterogeneous databases and expert knowledge for the
risks of natural disasters.

The information systemwill assist those interested in risk assessment for test sites
before, during or after the occurrence of natural disasters.

The information system can successfully serve professionals from different fields
of science as a single platform for interdisciplinary research regarding the risk
assessment from natural disasters.

The information system could be used as a part of the overall systems for the
prevention and management of emergency situations.

The information system will assist the responsible representatives (State, munic-
ipal, etc.) to make informed decisions regarding the efficient allocation of limited
financial resources (public and private) for the prevention and management of risk
between the investigated objects.

The following research tasks are formulated in order to achieve the project’s aim:

• A systematic study of the problem area: determination of potential sources of
risk (natural disasters, possible for Bulgarian territory) and analysis of the mutual
influence between them.

• Examination and analysis of existing approaches, methods and models to assess
the risk of a variety of natural disasters;

• Analysis and selection of appropriate modern information technologies (Cloud
computing, big data, online social networks and others, which together with
heterogeneous databases and GIS to be included in a single information system;

• Proposing approaches and mathematical models for integrated risk assessment
from natural disasters based on developed under the project new and/or adapted
existing methods;

• The development of a general framework of information system, unifying the
proposed models and selected information technologies for an integrated risk
assessment from natural disasters;

• Approbation of the general framework of the information system with examples
of specific disasters and locations, verification of the results obtained and the
formulation of requirements for the implementation of the system;

• Dissemination of the results among all interested in the topic and developing
specialized modules for training in risk assessment from natural disasters.

The project implements an innovation approach for risk management of natural
disasters based on ISO 31,000:2009 “Riskmanagement—principles and guidelines.”
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The innovation integrated risk assessment approach includes following major
activities that are designed as elements of the information system: 1. Comprehen-
sive description of the monitored objects; 2. Risk identification—description of the
possible disasters and assessment of the vulnerability of the monitored objects; 3.
Risk analysis of the monitored objects; 4. Risk evaluation of the monitored objects.

The proposed integrated information system should be regarded as a Web-based
research software platform, which includes the following individual and logically
connected components:

• Subsystem for risk source identification; risk component analysis, economic
assessment of consequences; complex risk analysis and evaluations;

• Subsystem for integrating various data sources in GIS environment through
developed models;

• Dedicated social network site (SNS) for helping the monitoring and control of
emergency situations.

The project idea is to provide software tools for modeling and analysis of the
monitored objects as a result of miscellaneous natural hazards, an assessment of
the mutual impact and negative consequences, as well as the provision of a complex
information for the facilitating the process of makingmanagerial decisions. The SNS
should solve common problems and implement features, which are needed to obtain
and store data from/to different physical locations, to verify and filter the data, to
avoid information overload, to use ready models for disaster management, to enable
collaboration, to provide for reliability and accessibility, to attract experts and users
in particular emergency managers.

2. A Conceptual Model of Cloud-Based Information System for Risk Assessment
fromNatural Disasters, Grant No. DNTS/China 01/6, 2014–2018, a Bulgarian—
Chinese R&D Project (University of National and World Economy, Sofia,
Bulgaria—Shenyang University of Chemical Technology, Shenyang, China).

The main objective of the project is to develop a conceptual model of a Cloud-
based information system (CBIS), which to implement the proposed innovative
methodology for integrated risk assessment of natural disasters inBulgaria andChina.
The CBIS should serve as a unified platform for interdisciplinary research of the risk
using cloud computing. The following aims for implementing the project’s main
objective are defined to be achieved:

• Definition and analysis of risk sources (possible disasters) and risk components
(monitored objects), aswell as their interrelationship for both countries—Bulgaria
and China;

• Economic and financial assessment of the consequences (losses) for themonitored
objects;

• Complex risk assessment by the use of classical and intelligent mathematical
methods;

• New information retrieval for the levels of extremity of the monitored objects
and presentation of the corresponding recommendations for efficient distribution
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of the financial funds, defined for preventing and reducing risk from possible
disasters;

• Integration of heterogeneous databases with chronological and expert information
for the possible disasters for both countries—Bulgaria and China;

• Development of new and adaptation of appropriate existing methods for risk
analysis and evaluation;

• Organization and conducting of thematic conferences and training seminars in
both countries—Bulgaria and China.

• Development of educational modules for the Ms.Sc. courses and special training.

The risk management of natural disasters is usually performed in conditions of
the subjectivity and incomplete certainty. This requires application of innovative
methods for risk analysis/assessment and development of sophisticated CBIS for
emergency management.

The results obtained by project will be disseminated in Bulgaria andChine. Devel-
oped website and prepared information materials about the project results in English,
Bulgarian and Chinese.

3. Research on the Applicability of Virtual Reality in Education and Business,
Grant No. 22/2017, 2017–2019, funded by the University of National and World
Economy, Bulgaria.

The main objective of the project is to analyze the specificities and make recom-
mendations for the implementation of virtual reality (VR) in disaster risk reduction
training. The idea is to justify the use of VR to simulate multiple scenarios regarding
the occurrence of different types of disasters. These scenarios are planned to be used
to train professionals with different profiles to increase their capacity for disaster risk
reduction and effective emergency response.

VR scenarios can also be used to assess the vulnerability of different sites in
specific geographic regions to specific disasters.

The proposed VR scenarios will allow changing the input parameters (different
types and severity of disasters), tracking the relevant outputs (negative effects on
different sites) and analyzing possible actions of trainees in specific emergencies.

The project’s expected results are that VR implementations will increase the
quality and effectiveness of disaster risk reduction training.

8.6 Conclusions

Currently, theDCITDRR listsmore than 20members from different interdisciplinary
areaswho activelywork and contribute to promoting disaster risk reductionwithin the
IT community and they coordinate the efforts ofmember societies as well as different
IFIP Technical Committees and Working Groups in specific disaster-related fields.
DCITDRRorganizes workshops and the ITDRR conference to establish an academic
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environment that fosters the dialogue and the exchange of ideas between different
levels of academic, research, business and public communities.

The Domain Committee on Information Technology in Disaster Risk Reduction
at the International Federation for Information Processing represents an open forum
for discussing local and world problems due to disasters, for sharing the results of
current research progress in disaster risk reduction, for working out common goals
and projects, which will ultimately help society successfully fight disasters.
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Chapter 9
Research Capacity in Disaster Risk
Reduction—An Indian Perspective

Jaya Singh and Ajay Gairola

Abstract The world is continuously experiencing natural hazards associated with
threat of loss of lives and damage to property. At a large scale, many communities
are strongly engaged in disaster risk reduction DRR activities; however, it is still a
challenge how to integrate groups of scientific and technical networks for obtaining,
sharing, and implementing collected data during the existing disasters, and based on
these results, a policy making and implementation process can be generated. The
3rd Global Summit of Research Institutes for Disaster Risk Reduction (GSRIDRR-
2017) expands the knowledge of natural or man-made disaster risks and enhances the
scientific and technical research efforts as well as the key actions for policy roadmaps
forDRR. For this, Global Alliance ofDisaster Risk Institutes (GADRI) is contributed
an important role to further facilitate the contributions of research institutes, local
bodies and organizations for disaster risk reduction for plan a sustainable future.

Keywords Research capacity · DRR · India perspective · Sustainable ·
Challenges · Flood risk

9.1 Introduction

Natural disasters are complex and collective events resulting from lack of risk
management strategies that reflect the factors of historical and current conditions
(Alexander 2000). It is noticed that in many countries there has been an increase in
the risk of natural disasters due to environmental degradation (World Bank 2002).
International strategy for disaster reduction in Geneva 2001 defines a “disaster” as a
serious disturbance to the society and widespread human, material or environmental
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losses. To achieve the target for disaster risk reduction, the contribution research insti-
tutes, organizations (central, provincial, local, and ministries), stakeholders, agen-
cies as well as local communities will need to work together and be aware of their
respective roles and responsibilities. By this effort, a policy-making process can be
established for DRR.

An effective disaster risk reduction covers the following—

(1) Risk identification—It is necessary to identify and understand the problem
which can include the current hazards maps, household’s vulnerability, risk
modeling, and capacity analysis.

(2) Prevention—It includes all possible measures to avoid the hazardous
phenomena turn into disaster for well establishment of society, its economies,
and infrastructure.

(3) Risk mitigation—It has a wide range of preparedness and pre-disaster recovery
planning which include structural design, land-use planning, construction prac-
tices, building codes, public awareness, early warning systems, and preparing
response plan.

(4) Response—It is taken immediately prior to and following the disaster impact.
It deals directly toward saving life, protecting property, search and rescue,
providing emergency food, shelter and medical assistance. The effectiveness
of responding to disaster is largely depends on the level of preparedness.

9.2 Role of Research Institutes, Organizations and Local
Bodies in Disaster Risk Reduction

DRR ismultifaceted and dynamic process that requires high potential and continuous
efforts through scientific networks and technical initiatives, adjustments, decision-
making process, and sharing and implementing the data of the existing disasters. For
this purpose, interactions at different levels like key research institutes, government
and non-government organizations, local bodies and communities should contribute
for DRR to strengthen resilience for future disaster (World Bank 2001).

In India, Disaster Risk Reduction (DRR) initiatives has been played an important
role—

(1) In institutional capacity building and risk mitigation investments at national,
state, and local level.

(2) Community hazard and vulnerability mapping.
(3) Participatory planning and technology uptake.

Gujarat earthquake (January 26, 2001) and Orissa cyclone (1999) are good exam-
ples of establishing a proactive disaster risk management policy framework and risk
mitigation efforts over the longer term. In follow-up, national cyclone risk mitiga-
tion projects covers all 13 cyclone prone costal and island/UTs. Stakeholders whose
involvement is envisaged under this mission are India Meteorological Department,
National Center forMediumRangeWeather Forecasting, Ministry of Environmental



9 Research Capacity in Disaster Risk Reduction … 135

and Forest, Central water Commission, National Institute of Disaster Management,
Indian Institutes of Technologies.

The following are the key components—

(1) Upgradation of cyclone forecasting, tracking, and warning system.
(2) Computer processing capabilities.
(3) Cyclone risk mitigation and investments (construction of cyclone resistant

shelters, shelter belt plantation, man-over regeneration.
(4) Technical assistance for Hazard Risk Management Capacity Building.
(5) Project management and monitoring.

9.3 Disaster Risk Reduction with Sustainable Future

There are many severe atmospheric mega disasters over the Himalayan region due to
severe impact on the weather and climate conditions. It has unplanned urban growth
and over exploitation of resources.

9.4 Himalayan Region

Have abundance of natural resources; contributing to hydrological cycle/geological
activities.

Hydrological Cycle            Plate tectonics 

In June 2013, Uttarakhand flash flood associated with severe rainstorm and land-
slides caused more than 4000 casualties. The atmospheric warning will increase
extreme rainstorms associatedwith landslides, flashfloods and resulting hugenumber
of glacier lakes, significantly increase the potential of natural disasters over this range.
The economic and sociodevelopment of the South Asian countries are resulting the
unplanned human intervention in nature, rising disaster risks and vulnerability in
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these areas. For DRR with sustainable future, it is necessary to the implementation
of Early Warning System for the South Himalayan extreme weather.

Himalayas – Increase in natural disaster 

Source: Uttarakhand flash flood – June 2013 report. 

9.4.1 Sustainable Development—Issues Challenges
and Opportunities

RapidUrbanization and increasing population havemultitude effect and cause threat-
ening for increased energy use and environmental damage. The index for sustain-
able development is derived from the usage of natural resources and environmental
degradation. Though it is cumbersome to discuss about all the factors affecting the
sustainable development, an attempt for a brief description is made presented in this
text.

The major threat to sustainable development is on account of growing population
on the planet and the urbanization.Ecological footprint analysis iswidely used around
the world as an indicator of sustainable development. The kyoto protocol (2005) is
to encourage the developed countries to reduce the carbon emissions and five other
greenhouse gases or engage in emission trading if they maintain or increase emission
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of such gases. There may be a difference of opinion about the rate of climatic change
but the fact remains that terms of area by 20%which is expected to cause a reduction
of available water by 50% in terms of its volume. This may lead to the crises of food
shortage and regional water conflicts, and there is a depletion of natural resources.
In India, the shortage of water is felt on account of the effects of draughts and floods.
The climatic change may shrink the Himalayan Glaciers in constrained economic
development and environmental degradation. It is therefore imperative to exploit the
available recycling options.

The smart/intelligent buildings, alternate power and fuel, and recycling options
are so of the engineering solutions for sustainable development.

9.5 Contribution by IIT-Roorkee

Indian Institute of Technology Roorkee, Uttarakhand—India is the oldest technical
institute ever since the period of British rules. The Institute started its journey
with the construction of famous Ganga Canal (1840). Since then the Institute has
made outstanding contribution in the major areas of civil engineering for national
development (e.g., large/small dams, irrigation engineering, earthquake engineering,
infrastructure engineering, wind engineering, water resources, etc.).

Having attained significant strength of civil engineering and to meet the present
need of strengthening, the safety issues against the natural andman-made hazards, the
institute established a multidisciplinary “Centre of Excellence in Disaster Mitigation
and Management” in the year 2006 and presently it runs a full time post graduate
program (M.Tech) and doctoral program (Ph.D.) since 2012.

The main aim of conduction multidisciplinary research and educational program
is to create a national database for rapid dissemination of information and knowl-
edge on technical and managerial skills to professionals to make them equipped with
innovative technologies for risk mitigation and management of disasters for overall
benefit of the society. The center aims to achieve excellence in the key areas espe-
cially geological induced risk studies and wind induced risk studies and their early
warnings.

9.6 Summary

The efforts by Disaster Prevention Research Institute Kyoto University has played
a vital role in bringing researchers and research institutes from all around the globe
on a platform to develop a fruitful alliances in an effort of Disaster Risk Reduction.

The Centre of Excellence in Disaster Mitigation and Management at Indian
Institute of Technology is expected to take a lead role in this direction.
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Chapter 10
Evaluating the Success of Participatory
Flood Risk Mapping—A Case Study
from Dharavi, Mumbai

Subhajyoti Samaddar, Hirokazu Tatano, and Ram Sateesh Pasupuleti

Abstract In recent decades, several participatory tools and techniques have been
introduced in disaster risk management. These tools vary from each other at great
extent in terms of their structure, function, scope, facilitation process, required time
and resources and so on; however, the sole objective of all of them is to ensure effec-
tive involvement of local communities in disaster risk management. If involving
community in the decision-making process is simple and unidimensional, then one
particular tool would be enough to ensure the objective. However, the multifaceted
nature of community participation, the variety of ways to operationalize them and its
numerous untested claims have created enormous confusion amongst researchers and
practitioners to put the idea into practice. There is urgent need to systematically define
the objectives of the community-based disaster risk management and examine how
and what extent the participatory tools can ascertain those objectives. To address
these issues, this study introduces a participatory flood risk mapping exercise in
Mumbai, India. In this study, we unraveled how and what extent the participatory
flood risk mapping exercise is effective to achieve the critical parameters of good
participation. Thereafter, local community themselves evaluated the success of the
participatory risk mapping to ascertain various participation yardsticks. This study
is one of the pioneering works in identifying the factors accountable for effective
public participation in disaster management and to validate them empirically.

Keywords Participatory risk mapping · Evaluation · Flood ·Mumbai

10.1 Introduction

Participatory risk mapping is considered as a powerful tool to engage local commu-
nities in disaster risk management. Participatory risk mapping entails a process that
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enables local community themselves, in collaboration with experts or researchers, to
physically locate—their disaster risks, the resources they possess and the actions they
can take to reduce vulnerabilities (Osti et al. 2008; White et al. 2010). As the promo-
tion of disaster resilient society requires a paradigm shift away from the primary
focus on natural hazards and their quantification toward identification, assessment
and ranking of various vulnerabilities, the identification of spatial risks from local
communities’ perspectives is critical and prerequisite (Gaillard andPangilinan 2010).
Spatial features or conditions of the settlement are the expression of dynamic inter-
action between natural and cultural forces in the environment (Pasupuleti 2013).
Cultural landscapes are the result of consecutive reorganization of the land in order
to adapt its use and spatial structure better to changing social demands (Pasupuleti
2012). Spatial mapping allows cross-validation from other maps like contour, land
use, etc. Local community’s deep understanding about the locality has considerable
value, as well as supplementary and cross-validating knowledge, for understanding
disaster situation and designing community-based amelioration (Tran et al. 2009;
Cadag and Gaillard 2012). Affected communities often have a comparative advan-
tage in understanding the etiology, consequences and nuance of complex problem
(Haynes et al. 2007; Reichel and Frömming 2014). This is because, undoubtedly,
it is the local community that is both the primary victim and the first to respond to
emergencies when disaster strikes (Tran et al. 2009; Samaddar et al. 2011a, b). So,
involving local community is a perquisite for effective implementation of disaster risk
reduction strategies. Participatory risk mapping fosters the participation of threat-
ened community in both the evaluation of risk and the ways to reduce it (Chingombe
et al. 2015). Also, sharing direct experiences from affected community helps to
pinpoint the problems at the grassroots level and hence ensures successful imple-
mentation of strategies (Newig et al. 2016). Participatory riskmapping plays a critical
role in risk awareness because it enables visual representation of risk faced by the
communities and the strategies they propose for disaster risk reduction (Gaillard
and Maceda 2009). Participatory risk mapping is now also being promoted by local
governments in order to strengthen the links between the official disastermanagement
plans and community-baseddisastermanagement (Newig et al. 2016).When commu-
nity participation is ensured in the process of spatial risk mapping, it enhances the
acceptability of disaster risk reduction strategies. The exercise presumably escalates
the active involvement of stakeholders through allowing them to express their ideas
and perspectives in an easily understandable visual format (Reichel and Frömming
2014; Liu et al. 2018).

The significance of participatory risk mapping has been widely recognized;
however, it remains conceptually uncertain and undefined how this tool can ensure the
meaningful engagement of local communities in disaster riskmanagement (Osti et al.
2008). There is no universal yardstick for conducting participatory risk mapping, but
different objectives, steps, facilitation process, art of conducts have been adopted by
different organizations across regions (e.g., see Samaddar et al. 2011a; b; Cadag and
Gaillard 2012; Reichel and Frömming 2014; Chingombe et al. 2015; Liu et al. 2018).
Moreover, oftentimes, one claims better results than others. However, by principle,
they all remain one, doing participatory disaster risk mapping. Being untested, this
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powerful tool raises doubts about its effectiveness (Haynes et al. 2007). Voluminous
studies have been done on disaster risk mapping; nevertheless, there is no sufficient
amount of scientific literature that suggested a comprehensive framework for partici-
patory risk mapping. Conceivably, there lies a presumption amongst researchers that
the participatory exercise is just a means to an end; therefore, introducing it would
automatically involve the community in the decision-making process. In the absence
of defined process framework, the exercise leaves practitioners remain clueless about
how, when and what extent a local community can be meaningfully involved in
disaster risk management? What are the lacunas found in previous exercises and
how they can be improved? Till date, barely any study systematically delineates
the process objectives of participatory risk mapping and the mechanism to realize
them. Consequently, it has been observed that successful community involvement
through participatory risk mapping remains localized and has never been success-
fully scaled up or replicated in other place (Samodra et al. 2018). The effectiveness
of participatory risk mapping appears to be self-proclaimed. After spending lots of
money and time, the vulnerable and marginalized sections of the community remain
unsolicited and unheard (Samaddar et al. 2019). This conundrum has the tendency
of affecting the enthusiasm of practitioners and planners in adopting participatory
disaster management tool (Samaddar et al. 2015b). There is a need to objectively
define the structure and process of the participatory risk mapping and to leash out
how and what extent the adhered processes would be effective to accomplish the
objectives.

To address these issues, this studywill introduce a participatory flood riskmapping
exercise inMumbai, India, to systematically define how and what extent this tool can
potentially meet the goals of effective community-based disaster management. This
study is divided into two parts. First, we introduce a participatory risk mapping exer-
cise carried in a flood-prone informal settlement in Dharavi, Mumbai. We elucidate
how we designed and implemented the participatory flood risk mapping in order to
adhere the process criteria of effective participation. In the second part, this study
shows how the local communities evaluate the success and effectiveness of the flood
risk mapping in terms of their participation. This study in general will help us to
identify the critical processes of community participation in risk mapping.

10.2 Process Mechanism of Community Involvement
in Participatory Risk Mapping

An effective participatory mechanism has to ascertain a process that ensures the
successful community involvement in the decision-making process (Samaddar et al.
2015a; b). There exists no single definition of participation, and the concept remains
contested (Chess and Purcell 1999). Participation has been understood variedly and
given different names (Arnstein 1969; Rowe and Frewer 2000; Samaddar and Okada
2006). Similarly, carryingout participatory exercises is considered as an art,where the
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communication skill of the facilitator, the place and timing of the exercise, language
used, all matter to decide how effectively the exercise can involve participants in the
process (Cronin et al. 2004; Na et al. 2009; Okada et al. 2013). Defining effective
process for community-based disaster management could be value laden; therefore,
a rigorous and careful definition is needed. The process means the quality and char-
acteristics of the means of participation. The participation process decides what
facilitation process to adopt, whom to involve, how, when and what extent and so on
(Rowe and Frewer 2005; Chess and Purcell 1999;Webler et al. 1995). Although local
communities’ participation has been widely acknowledged in disaster risk manage-
ment, just how to involve them remains controversial (Renn et al. 1993). Therefore,
the criteria of participation process should be systematically defined in order to delin-
eate the steps, facilitation process and timing of community involvement. There exist
only a few frameworks for community participation in disaster risk management
(Bajek et al. 2008; Samaddar et al. 2015a, b). In this study, we used the participa-
tory framework for disaster risk management proposed by Samaddar et al. (2018) to
define the process criteria of community participation in risk mapping exercise as
listed out in Table 10.1.

10.3 Participatory Flood Risk Mapping in Kalaqila,
Dharavi, Mumbai

The participatory flood risk mapping exercise was carried in a small flood-prone
informal settlement, known as Kalaqila Chawl, in Dharavi area ofMumbai city, India
(see Fig. 10.1). The objective of the exercise was to identify the spatial flood risks of
the area as perceived by the local community. It was organized under the GCOE-HSE
Program (Global Center of Excellence Program on – Human Security Engineering
for Asian Megacities) carried out by the Kyoto University, Japan, in collaboration
with local city government, Municipal Corporation of Greater Mumbai (MCGM)
and other academic institutes including School of Planning and Architecture (SPA),
New Delhi, and Sir J. J. College of Architecture, Mumbai.

Mumbai, the financial capital of India, is considered as one of the most vulner-
able coastal megacities in the world. The increasing vulnerability of Mumbai city
is attributed with huge land reclamation, vegetation clearances and abrupt land use
changes which took place in order to adjust with its rapid urbanization, industrializa-
tion and population growth over the decades (Bhagat et al. 2006; Yadav and Desai,
Year Not Mentioned; Samaddar et al. 2011b). On July, 2005, the city experienced
catastrophic flood due to heavy rainfall and high tidal waves (Gupta 2007; Samaddar
et al. 2014). The flood killed around 900 people and damaged more than 90,000
houses (Bohra et al. 2006; Government of Maharashtra 2006; Samaddar et al. 2012a,
b). The total losses rose to around $3–5 billions (Tatano and Samaddar 2010). The
poor, marginalized communities living in squatter settlements were themost severely
affected populations of Mumbai (Parthasarathy 2009).
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Table 10.1 Process criteria of participation and the account of local communities’ involvement in
flood risk mapping in Kalaqila community, Mumbai

Process criteria of participation Local community’s involvement in
participatory flood risk mapping, Kalaqila,
Mumbai

Early engagement: Local communities should
be involved from the very beginning of the
project and identify the issue

It was revealed from the pilot survey that the
Chawl or neighborhood leaders play critical
role for community mobilization and
collective decision-making process in these
communities. The research team first
communicated all Chawl leaders and informal
about the tentative purpose of the project.
Over the period of time, the rapport and trust
building with local leaders had been initiated.
For this, the research team made weekly visits
to the community and organized several
informal group meetings. The research team
gradually proposed the aim and objectives of
the flood risk mapping to local leaders

Representation of relevant stakeholders: All
groups and sections of the community should
actively participate

We considered Chawl leaders as the true
representatives of the community and engaged
them throughout the mapping exercises, like
area selection, site appraisal and field surveys
and preparing maps

Clear and agreed objectives: The project
should have a clear objective and the
community should agree to work on it

The local community had been informed that
the main purpose of the exercise was to
collect flood risk information of area to
enhance local community’s risk awareness.
The actual implementation of the project
started only after the local community agreed
to proceed further

Continued and active engagement: Local
communities should be actively engaged in all
stages of the decision-making process

Community leaders helped researchers in
identifying the area, establishing links with
community members and revise exiting base
maps. A large number of community
members actively participated in flood
mapping through identifying the vulnerable
areas, flood height and duration in different
places through town watching, observations,
group discussions and open-ended interviews.
Local leaders also provided critical inputs in
revising flood risk maps

Fairness: Local communities should enjoy the
freedom to propose any topic for discussion and
express their opinions freely

There was no reservation for active
participation of local community. The risk
mapping exercise including town watching,
group discussions and interviews was carried
out inside the community. Participants
enjoyed the freedom to express their
observations, opinions and concerns

(continued)
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Table 10.1 (continued)

Process criteria of participation Local community’s involvement in
participatory flood risk mapping, Kalaqila,
Mumbai

Power to influence decisions: Local
communities’ suggestions and observations
should be reflected in the project plan.
Community should enjoy the power to influence
the project decision

Local communities were given the highest
priority in the meetings, group discussion and
survey to locate the flood vulnerable areas and
buildings, flood damage and loss, magnitude
of flood, waterlogging areas and potential
countermeasures. Local leaders played critical
role to design the fieldwork plan

Capacity building: Local communities should
be educated and trained for knowledge and skill
upgradation. The capacity building initiative
should enable local communities to
meaningfully involve in debates and discussions
with other stakeholders in the decision-making
process

Students with architecture and planning
background helped local leaders how to read
and draw maps. It helped local people to
record the flood information on maps

Incorporating local knowledge: Indigenous
knowledge, local resources and expertise should
be used in the project

The flood risk maps were developed solely
based on the information provided by local
communities from their own experience and
day-to-day observations

Good facilitation: Often face-to-face open
discussion in local language considered to be
most effective ways to interact with the
community. Good facilitators with lots of
experience should be involved to carry out the
participatory exercise

We used town watching, group discussion,
face-to-face dialogues, oral history to collect
information for preparing flood risk maps. All
exercises were conducted in Hindi which is
the most popular language in this community
Students from architecture and planning
discipline (from School of Planning and
Architecture, New Delhi, and Sir J. J. College
of Architecture, Mumbai) helped local
communities in field surveys and recoding
information on maps

Resource availability: There should be
adequate natural and financial resources to carry
out community-led initiatives

The costs for organizing surveys, map
digitizing and printing were covered by the
research group. Community provided their
local community halls and furniture to hold
meetings and group discussions. No one was
paid for their participation or value
consultation

Time: There should be a time frame for project
implantation

The exercise was carried out on Sunday and
other holidays when working populations of
the community can participate. It took two
months to finish the risk mapping

Note The process criteria of participation were derived from the participatory framework proposed
by Samaddar et al. (2018)
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Fig. 10.1 Location map of Kalaqila Chawl, Dharavi

The study area, Kalaqila Chawl (see Fig. 10.2), is located in Dharavi which is
infamously known as the largest slum in Asia. Back in the 1930s, Dharavi was a
small fisherman village located at city’s outskirt on the bank of Mithi River. In the
1960s and 70s, during the boom of cotton industries, millions of landless rural people
migrated to Mumbai in search of jobs. The formal housing options were unafford-
able for this newly migrated labor communities. The hazardous, environmentally
fragile and abandoned settlements like Dharavi became the prime hot-spots for these
marginalized and poor populations to settle down in Mumbai (Parthasarathy 2009;
Samaddar et al. 2012b). Over the decades, more andmorewetlands had been filled up
and reclaimed by the poormigrates, and extremely dense and complex living quarters
gradually developed in Dharavi. Today, more than half a million people live in just
1.75 sq.km in Dharavi. Kalaqila Chawl is one of the oldest settlements in Dharavi. It
houses 700 inhabitants. The localmunicipal office (G-NorthWard,Municipal Corpo-
ration of Greater Mumbai) features the area as a low-lying, chronic flood-prone area.
The annual waterlogging and small-scale flooding due to heavy rain and high tight
combination are common annual phenomena throughout the rainy seasons in those
areas.
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Fig. 10.2 A ground view of Kalaqila Chawl, Dharavi

10.3.1 Steps and Process of Participatory Flood Risk
Mapping

The steps followed to carry out the flood risk mapping exercise in Kalaqila Chawl,
Dharavi, are given in Table 10.2.

10.3.2 Tools and Techniques of Flood Risk Mapping

A large range of tools were used for data collection and mapping. Some of the key
tools used in this exercise are as follows.

Town watching: Citizens joined the research team to walk through the settlement
and record the flood risk information on maps. Town watching helped to record the
flood history and its impact, to identify the linkage between housing characteristics,
settlement patterns and infrastructure facilities with the increasing flood risk in the
community (see Fig. 10.3).

Observations: Observation surveys were carried out to collect information in
regard to build environment, land use and quality of community infrastructures
including water supply, electricity, sewerage, road and so on (see Fig. 10.4).

Open-ended interviews were used for collecting data on socioeconomic impacts
of flood, property loss, duration and height of flood water in settlement clusters. It
also helped the key informants to elaborate their concerns and flood experience. In
each lane, two face-to-face open-ended interviews were conducted.
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Table 10.2 Steps and processes of participatory flood risk mapping in Kalaqila Chawl, Dharavi

Steps Brief description

Step-I: problem identification and goal
setting

The researchers (under the GCOE-HSE Program)
decided to carry out participatory mapping
exercises to identify flood risks in Kalaqila Chawl
to enhance community’s risk awareness

Step-II: site selection Based on the suggestion from Municipal
Corporation of Greater Mumbai (MCGM),
Kalaqila Chawl, one of the most flood-prone
settlements in Dharavi, was selected as case study
area

Step-III: identifying stakeholders and local
leaders

Field engineers of MCGM helped the research
team to identify local leaders of Kalaqila and
develop initial rapport with them. Afterward,
local leaders helped researchers to get acquainted
with local residents, different religious and ethnic
(linguistic) representatives in the community

Step-IV: rapport building The next step was to build relationship with local
inhabitants. Kyoto University GCOE-HSE
research team regularly visited local leaders and
conducted informal group meetings to exchange
information and concerns about waterlogging and
inundation issues in the community

Step-V: plan proposal for participatory
flood risk mapping

The research team explained the aim and
objectives of the projects to local leaders and
solicited their active participation. Local leaders
agreed to collaborate to conduct the flood risk
mapping exercise

Step-VI: base map preparation Initially, there was no layout map of the area.
After sometime, a base map was received from
MASHAL NGO that conducted a spatial survey
of the area for the project, called Dharavi
Redevelopment Plan. The base map was then
revised and updated based on the information
received from local leaders

Step-VII: orientation and training of the
local leaders for mapping exercise

While revising the baseman, it was realized that
the local leaders could not read maps. Then, with
the help of architecture and planning students
(from Sir J. J. College of Architecture), a short
workshop was conducted to help local
communities to read and record information on
maps

(continued)
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Table 10.2 (continued)

Steps Brief description

Step-VIII: finalizing time and date of the
exercise and communication with the
community

After the base map preparation, the dates and time
of the exercise were decided. Keeping in mind the
prospect of participation of all interested citizens,
it was decided that the exercise would be
conducted on only Sundays and other holidays.
The Chawl (neighborhood) leaders took the
initiative to communicate with their fellow
citizens for their participation

Step-IX: flood risk survey and mapping The flood risk mapping exercise was carried out
through the collaborative efforts made by citizens,
local leaders, researchers and students, and field
engineers. For the flood mapping, a wide range of
survey tools including town watching, group
discussion, household interviews, observations
were carried out

Step-X: map digitization Once the data recoded on maps, they were
digitized by students and research team

Step-XI: data validation by local leaders Digitized maps were given to the local leaders for
correction and filling up missing information

Step-XII: display the map to the local
leaders and revising the map

Flood risk maps were displayed in Chawls
(neighborhoods) for taking comments and
observations of all community members for
further revision

Step-XIII: completion of flood risk maps Final risk maps had been prepared covering a
wide range of flood risk aspects—flood heights,
flood duration, vulnerable areas, damage and
losses of 2005 flood, waterlogging areas and
community’s adaptation strategies

Step-XIV: information circulation Printed copies of flood risk maps were distributed
to the Chawl leaders to circulate and display it in
Chawls and community

Group Discussion: For each Chawl (neighborhood), two group discussions were
organized. Group discussions were carried out through informal groupmeetings with
local communities to exchange ideas, observations and experience about local flood
issues. Group discussions helped to identify flood-affected areas, property damage
as well as coping strategies of residents (see Fig. 10.5).

Photography: Photographs played a critical role through gathering evidence on
flood risk in the community. Photographs helped at a later stage to identify a location
and its physical conditions and aspects.

Secondary Data Collection: Maps or data were also collected from secondary
sources such as government records (e.g.,Municipal Corporation of GreaterMumbai
(MCGM)) and NGOs (e.g., MASHAL).
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Fig. 10.3 A moment of town watching in Kalaqila Chawl

Fig. 10.4 During the observation session in Kalaqila Chawl
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Fig. 10.5 Local communities discussing with researcher the flood risks in their community during
a group discussion session in Kalaqila Chawl, Dharavi

Mapping: Mapping generally includes physical aspects rather than social or
economic aspects. But in the present exercise, zones of socioeconomic vulnera-
bility were also be physically represented and demarcated on map. All maps were
digitized by the research team.

10.3.3 Data Collection and Mapping

The flood risk mapping exercise collected the following sets of data—

(i) Land use—commercial, residential, public–semipublic, playground/parks,
water bodies and land cover.

(ii) Infrastructures—water supply networks and facilities, electricity lines, road
networks and condition, community toilet, drains/nullah, waste dumping areas,
religious buildings, doctor clinics, school, etc.

(iii) Flood—frequency, duration, height of past flood events, waterlogging sites,
property damage and household loss, perceived vulnerable areas and groups.
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10.3.4 Roles and Involvement of Stakeholders

The flood risk mapping exercise was mainly community-led, but other stakeholders
had also actively participated. Table 10.3 depicts the involvement of different stake-
holders in different phases of the exercise. Table 10.1 shows the process mechanism
that was adopted in this exercise to ensure the meaningful involvement of the local
communities. The process-based criteria of community participation is adopted from
the participatory framework proposed by Samaddar et al. (2018).

Table 10.3 Roles and involvement of the stakeholders including local communities in the flood
risk mapping at Kalaqila Chawl, Dharavi

Stakeholders/participants Number of participant
and representation

Time of involvement Roles and nature of
involvement

Local community 9 local leaders from
different Chawls
(neighborhoods)
Participation of
common citizens in
different phrases of the
exercise

Local leaders—from
problem identification
and project goal
settings
Citizens—from risk
mapping and field
survey

• Plan preparation
• Revising base
maps

• Main source of
information for
flood mapping

• Helping to
finalize flood
maps

Research team 8 members from
GCOE-HSE research
team including Kyoto
University (Japan),
School of Planning
and Architecture (New
Delhi), Sir J. J. College
of Architecture
(Mumbai)

Proposal and site
identification

• Goal settings
• Site appraisal
• Stakeholder
identification and
rapport building

• Facilitating field
surveys, town
watching and
map preparation

Students Total 15–20 students’
participation
from—School of
Planning and
Architecture, New
Delhi, and Sir J. J.
College of
Architecture, Mumbai

Mapping • Revising base
maps

• Giving training of
local leaders for
reading and
recording
information on
maps

• Facilitating group
discussion and
town watching

• Map digitization

Local government Field engineers and
official of G-North
Ward, Municipal
Corporation of Greater
Mumbai (MCGM)

Town watching • Identifying local
leaders

• Site selection
• Providing critical
information
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10.3.5 Fact-Findings from Flood Risk Mapping

Kalaqila is predominately a residential area (Fig. 10.6). The civic amenities anddevel-
opment works are skeletal and totally unplanned manner. Poor drainage capacity,
inadequate solid waste management and unsafe electricity connections all are vehi-
cles of transporting risks during and after the flood to the area (see Fig. 10.7). The
capacity of the garbage bins is limited; therefore, the bin gets overfilled and the
garbage gets spread around. People are careless, and they throw the garbage in
the gutter. Due to this, the gutter gets choked and causes problem in water flow;
then, there comes nasty smell from the gutter. All these activities cause health and
environmental problems. Drinking water supply pipes and faucets are generally set
at short height from the ground, and so these facilities got inundated by flood or
waterlogging during the monsoon. People do not get potable water throughout the
monsoon season, especially during waterlogging phases. Lanes within the settlement
are narrow, rugged, zigzag and unpaved. It is even difficult to move in ordinary days
(see Fig. 10.7).

In rainy season when there are heavy rains and high tides, the drainage gets filled
very soon and starts overflowing. This water enters the houses and causes damage to
household goods. The community experience several waterlogging during monsoon
from June toAugust (see Fig. 10.8). TheMCGMis irregular in collecting the garbage.
During waterlogging when the lanes are inundated, the areas become a death trap.
Cables are open and very old. Inhabitants fear that any time a short circuit can
happen and kill people. Like any other parts of Dharavi, in Kalaqila also, there are
many industries and businesses which create waste and pollution (see Figs. 10.6
and 10.7). Gutter is kept open for the water to flow but that bring dirt and wastes.
The 2005 flood was unprecedented. Some parts of the area experienced flood height
of 3–4 feet. A vast area of the slum had flood water for 48 h (see Fig. 10.9). The
loss due to the 2005 flood was enormous. Figure 10.9 shows that more than half
of the population had 10,000–20,000 INR household loss due to the flood. Prior
to 2005, people did not have any experience of the flood of that magnitude. Most
citizen in the community did not foresee the magnitude of the flood and, therefore,
reluctant to evacuate. There was no evacuation announcement, but some resident
instantaneously moved to nearby higher places by their own. Evacuation was the key
concern for a significant portion of the participants. The absence of early warning
system, reliable information and designated evacuation shelter had been considered
main barriers for timely evacuation. There are many tall public and private buildings
around the area, which can be used for evacuation shelter if access to those shelters
can be ensured. Participants believe their own social networks including religious
groups and local clubs as well as the friendly and helpful mentality of local people
are lifeline for slum dwellers to survive during flood emergency.
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Fig. 10.6 Land use distribution at Kalaqila Chawl

10.4 Evaluation of the Effectiveness of Participatory Flood
Risk Mapping

In order to evaluate the success of the participatory flood risk mapping from the
local community’s perspective, after the exercise was over, we interviewed 19 local
community members who participated in the exercise. The participants were asked
to evaluate the achievement of the exercise in terms of community participation. The
scores were received in 10 points scale where 1 is “no achievement” and 10 “fully
achieved.” The interviews were face-to-face and taken in Hindi language few weeks
after the exercise.

Figure 10.10 shows evaluation score of the flood risk mapping for effective
community involvement. Participants reported that five process-based criteria of
participation hadbeenwell achievedby this exercise—early engagement, clear objec-
tives, fairness, power to influence decisions and incorporating local knowledge and
understanding. But, three criteria of participation including representation of relevant
stakeholders, capacity building and resource viability had been minimally achieved.
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Fig. 10.7 Social and physical infrastructure at Kalaqila Chawl

Items received moderate score are continued and active engagement of the commu-
nity and good facilitation. Community believes that the research teamwas successful
to make the objectives of the exercise very clear to the community as well as the plan
was well executed. Moreover, community reported that they enjoyed the freedom of
participation and the power to influence the decisions of the project. Local commu-
nities, however, believe that all sections of the community did not show interest in
the exercise. The leaders who actively involved in the exercise do not truly represent
the total population of the community. The project information should have diffused
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Fig. 10.8 Annual waterlogging level and duration in Kalaqila Chawl, Dharavi

Fig. 10.9 Magnitude and impact of 2005 flood in Kalaqila Chawl, Dharavi
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Fig. 10.10 Community’s evaluation of the effectiveness of participatory flood risk making for
meaningful community involvement

to larger communities, and the participation of all sections of the community was
expected. Some community members initially showed interest in the project and
attended few meetings, but afterward discontinued their participation. Therefore,
it can be concluded that the continued engagement of the community throughout
the exercise was moderately achieved. Participants reported that the exercise did
not enhance the true capacity of the community because the local community was
still not self-dependent. Prevailing illiteracy, lack of technical skill and knowledge
in addition to poor finical resources impede the local community to carry out any
community-led plans. Without the help of external agencies, the local community
would not be able to organize similar exercise again. Participants were satisfied with
the facilitation process of flood riskmapping. But they found that it is extremely chal-
lenging to record flood risk information onmaps. Overall performance of the exercise
was marked as high. Participants believed that the flood risk mapping exercise was
able to achieve the major objectives of the exercise.

10.5 Conclusions

Community participation becomes a commonplace element in disaster risk manage-
ment, yet there exists no consensus how to successfully involve the local commu-
nities in the decision-making process (Samaddar et al. 2019). In recent decades,
therefore, several participatory tools and techniques have been introduced in disaster
risk management to ensure community participation in the decision-making process.
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Each of them appears promising and claims better result (Na et al. 2009). But the
planners and practitioners in the field are confused and challenged to decide which
participatory tool to select and what basis (Cronin et al. 2004)? Moreover, in reality,
the effective participation of local communities remains elusive. The selection of
appropriate tools and techniques is a daunting task because community participation
is understood and practiced variedly.

For long, the participatory disaster risk mapping has been advocated as an effec-
tive tool for local community’s involvement in disaster risk reduction. Today, it is
considered as the most popular and widely employed participatory disaster manage-
ment tool (Osti et al. 2008; Gaillard and Pangilinan 2010). Voluminous studies have
done on participatory disaster risk mapping, but none of them have ever suggested a
comprehensive framework for participation. In the absence of defined process frame-
work, the exercise leaves practitioners remain clueless about how, when and what
extent a local community can be meaningfully involved in disaster risk management.
What are the lacunas found in previous exercises and how they can be improved?
Conceivably, there lies a presumption amongst researchers that the participatory exer-
cise is just a means to an end; therefore, introducing it would automatically involve
the community in the decision-making process. According to authors’ knowledge, till
date, barely any study systematically has delineated the process objectives of partic-
ipatory risk mapping and proposed the mechanism to realize them. Consequently,
it has been observed that successful community involvement through participatory
risk mapping remains localized and has never been successfully scaled up or repli-
cated in other place (Samodra 2018). The effectiveness of participatory risk mapping
appears to be self-proclaimed. After speeding lots of money and time, the vulner-
able and marginalized sections of the community remain unsolicited and unheard
(Samaddar et al. 2015b). This conundrum has the tendency of affecting the enthu-
siasm of practitioners and planners in adopting participatory disaster management
tool (Samaddar and Okada 2006). There is a need to objectively define the structure
and process of the participatory risk mapping and to leash out how and what extent
the adhered processes would be effective to accomplish the objectives.

Addressing this research question, we introduced a participatory flood risk
mapping exercise in Mumbai, India, to systematically define how and what extent
this tool can potentially meet the objectives of successful community-based disaster
management. Based on a proposed participatory framework by Samaddar et al. 2018,
we first identified the process criteria of participation. As the process objectives were
set, the structure and function of the exercise weremore rigorously defined to transfer
the concept into practice. The exercise wasmeant to enable the effective participation
of local communities. Therefore, in order to understand its effectiveness, this partici-
patory exercise was evaluated by the end-users or participants. The participants rated
the effectiveness of the tool in order to achieve the desired process-based criteria of
community participation. To evaluate the effectiveness of the participatory spatial risk
mapping, after the exercise, we interviewed the local community leaders who partic-
ipated throughout this exercise. The results revealed that the local community valued
very high achievement of five process criteria of participation through the exercise
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as follows: early engagement, clear objectives, fairness, power to influence deci-
sions, incorporating local knowledge and understanding. According to the respon-
dents, the participation criteria including representation of relevant stakeholders,
capacity building and resource viability had been minimally addressed in the flood
risk mapping. The exercise had the moderate-level success to achieve the following
process objectives of community participation—continued and active engagement
of the community and good facilitation. So, community believed that major process
objectives of the community-based disaster risk management were achieved by the
participatory flood riskmanagement in Kalaqila Chawl. There exists rare, perhaps no
literature in the disaster risk management studies, which systematically define how
participatory tools would enable the meaningful involvement of the community in
the decision-making process. This study is one of the pioneering works in identifying
the factors accountable for effective public participation in disaster management and
validating them empirically.
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Chapter 11
Grant for Global Sustainability Project:
Enhancing the Urban Disaster Resilience
of Kathmandu and Yangon Through
Local Participatory Platform Activities

Glenn Fernandez and Kenji Okazaki

Abstract Catastrophic disasters have been occurring frequently all over the world
in recent years, killing hundreds of thousands of people. Urban disaster risk is also on
the rise due to rapid urban growth and due to vulnerable buildings and infrastructure.
Hence, the enhancement of urban resilience against disasters is one of the urgent
and important global issues. A Grant for Global Sustainability (GGS) Project was
implemented by the Graduate School of Global Environmental Studies (GSGES) of
Kyoto University in the pilot cities of Kathmandu, Nepal, Yangon, and Myanmar,
aiming to enhance the resilience of the two cities against disasters through capacity
building of local stakeholders. Kathmandu tackled earthquake risk while Yangon
tackled earthquake, cyclone, and fire risks. The two cities established a local plat-
form where stakeholders can work together to understand and assess the disaster
risk of the city, estimate probable disaster damages, propose policies, and make
action plans. In order to facilitate these activities, local counterpart organizations
were selected from local governments, universities, and NGOs. In addition, the local
universities andNGOs andGSGES conducted several joint research on urban seismic
risk assessment; wind vulnerability; disaster education; risk perception and housing
safety; and social fairness of action plans and policies to support the enhancement
of urban disaster resilience. The goals of this project were to contribute to the 2030
Agenda for Sustainable Development, to attain effective and robust science–policy
interfaces at the local level, and to contribute to the implementation of the Sendai
Framework for Disaster Risk Reduction 2015–2030. The pilot cities are expected to
transfer their experiences to other cities in their country and in neighboring coun-
tries. In order to disseminate the findings of the project and exchange information,
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international conferences were held twice, one at the beginning and another at the
end of the three-year project.

Keywords Joint research · Science–policy interface · Sendai framework ·
Sustainable development

11.1 Introduction

Catastrophic disasters have been occurring frequently over the world in recent years,
killing hundreds of thousands of people. Urban disaster risk is also on the rise due
to rapid urban growth and vulnerable buildings and infrastructure. As the level of
disaster resilience of a city can be defined as a total of physical vulnerability and
capacity of all stakeholders, all the stakeholders should build up their capacity jointly
to improve hard and soft measures in order to enhance the resilience of the city.

A Grant for Global Sustainability (GGS) Project was implemented by the Grad-
uate School of Global Environmental Studies (GSGES) of Kyoto University. This
GGS Project aimed to enhance resilience of cities against disasters through capacity
buildings of stakeholders in a city. The pilot projects were conducted in two selected
cities from Asia, which are prone to various severe disasters, namely Kathmandu
(Nepal) and Yangon (Myanmar). Kathmandu targeted earthquake disasters, trying to
assess ongoing recovery and reconstruction activities after the 2015 Gorkha Earth-
quake and to reflect the findings of the project to these activities to “Build Back
Better.” Yangon targeted fire, earthquake, and cyclone disasters. The project was
conducted for nearly three years. It was expected that through the project activities
all the stakeholderswould be able to better understand the risks and probable damages
caused by disasters as their own problems to be tackled and would be motivated or
be willing to take appropriate actions for disaster reduction by themselves. In this
way, the resilience of the pilot cities would be enhanced.

11.2 Project Implementation Methodology

Firstly, pilot projects were conducted in Kathmandu and Yangon. The two cities
established a local platform in two pilot wards where stakeholders worked and
discussed together to understand and assess the disaster risk of the city, estimate
probable damages, propose policies, and make action plans. Some local projects for
disaster education and community-based disaster risk management were also imple-
mented. In order to facilitate these activities, local counterpart organizations were
selected from local governments, universities, and NGOs. In Kathmandu, the coun-
terpart organizations were: Lalitpur Metropolitan City (LMC); Center for Disaster
Studies (CDS), Institute of Engineering (IOE), Tribhuvan University; and National
Society for Earthquake Technology-Nepal (NSET). In Yangon, they were: Yangon
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City Development Committee (YCDC); Faculty of Engineering, Yangon Technolog-
ical University (YTU); and Myanmar Engineering Society (MES). A memorandum
of understanding (MOU) was concluded between GSGES and the local counterpart
organizations in the two cities to clarify the role and responsibilities of the partic-
ipating parties. MOU with Kathmandu was concluded on January 22, 2016 and
MOU with Yangon on February 12, 2016. The municipality managed the platform.
The university and NGO gave technical advices to the platform and were assigned
to implement projects for disaster education and community-based disaster manage-
ment projects. The local counterpart organizations received technical support from
Japanese experts and received financial assistance to cover part of actual expenses
as a seed money. An international kick-off conference was organized in Kathmandu
from January 21 to 23, 2016, and in Yangon fromMarch 16 to 19, 2016, to launch the
pilot project in the two cities and to initiate discussion on the establishment of local
participatory platforms needed for the enhancement of urban disaster resilience and to
conduct a field survey for the international participants. In addition to local platform
activities, the local universities and NGOs and Japanese researchers conducted some
joint researches to support the enhancement of urban disaster resilience. The joint
research topics were: urban seismic risk assessment; wind vulnerability; disaster
education; risk perception and housing safety; and social fairness of policies and
action plans. The project timetable and project structure are shown in Fig. 11.1 and
Fig. 11.2, respectively.

Secondly, a general model for urban resilience enhancement has been devel-
oped using a multidisciplinary approach, i.e., through a combination of engineering
approach and political/social approach, based on the experiences of the pilot projects
and the joint researches in the two cities. Themodel describes how to conduct similar
projects to enhance the resilience against various disasters. The model is freely avail-
able with archived data on the project’s dedicated Web site. The participating inter-
national organizations and experts will encourage other cities in the world to utilize

Fig. 11.1 Schedule of the activities
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Fig. 11.2 Participating organizations and the established structure (Yangon)

the model through their international network. The pilot cities are also expected to
transfer their experiences to other cities in the country and neighboring countries. In
order to disseminate the findings of the project and exchange information, interna-
tional conferences were held twice during the project, at the beginning and the end
of the three-year project.

For risk assessment and damage estimate of earthquakes and capacity develop-
ment, the Global Earthquake Model (GEM) Foundation assisted the two pilot cities
at the start of the project. The GEM Foundation is a public–private partnership that
drives a global collaborative effort to develop high-quality resources for assessment
of earthquake risk and to facilitate their application for risk management. Some of
the tools, data, and methods of GEM were applied to the pilot cities.

11.3 Project Implementation

In general, the GGS Project implementation in Kathmandu and Yangon was smooth
despite some initial delays in the establishment of the local platforms in the four
pilot wards in the two cities and in the start of the joint research activities of some
teams. Establishing and maintaining local platforms and joint research teams took
time as the members needed some interaction first in order to coalesce and work
smoothly with each other. By February 2018, all project activities were completed
as scheduled.
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11.3.1 Local Platform Activities

Between January 2016 and February 2018, a total of 28 workshops was conducted
under the GGS Project, 16 in Kathmandu, and 12 in Yangon. All the workshops were
well attended, with the number of participants ranging from 35 to 108 per workshop.
The cities made sure that different groups of stakeholders, including women, youth,
and children, were represented in the workshops. In addition to the workshops, there
were also five trainings (3 in Kathmandu and two in Yangon) conducted under the
GGS Project. A total of 132 persons were able to obtain different kinds of training,
contributing to the enhancement of their DRR-related knowledge and skills.

The Final Report of LalitpurMetropolitan City (LMC) and of Yangon City Devel-
opment Committee (YCDC) showing the details of the workshops and trainings that
they conducted can be found on the project Web site, https://ggsurbanresilience.org/.
The Urban Resilience Action Plan of the four pilot wards and the Final Report of the
two NGOs supporting the local platforms, NSET in Nepal and MES in Yangon, are
also posted on the Web site.

11.3.2 Joint Research Activities

During and after the kick-off conferences, the Japanese researchers and local experts
discussed the research topics and elaboratedonhow the research shouldbe conducted.
They also identified the local joint research participants such as professors, students,
and government officers. There were a total of eight joint research teams (five in
Myanmar and three in Nepal) covering five research topics.

11.3.2.1 Urban Seismic Risk Assessment

The joint research team on urban seismic risk assessment focused on the vulnera-
bility of existing masonry buildings in Kathmandu. The material properties of bricks
and mortar, such as density, Young’s module, Poisson’s ratio, tensile strength, bond
strength, friction angle, and compression strength, with and without the reinforce-
ment, were obtained through the experiments. The loading tests of masonry walls
with and without reinforcement were conducted for both in-plane and out-of-plane
directions. The team also did the microtremor observations to grasp the characteris-
tics of the ground in Kathmandu. The results can be used for the estimation of input
ground motion to assess the risk of the structures. After obtaining expected earth-
quake groundmotion, the collapse simulations using the obtainedmaterial properties
were done by numerical simulation. In Yangon, the team investigated the damage
patterns of local structure and characterized the damage grades to allow easy clas-
sification of damaged structures. By combining the seismic intensities with damage
degrees due to past earthquake, fragility curves for local structure were constructed.

https://ggsurbanresilience.org/
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11.3.2.2 Wind Vulnerability

The joint research team on wind vulnerability wanted to bring attention to non-
structural components of buildings such as roofing materials and fasteners. Wind-
induced damages to non-structural components can be significantly reduced by
improved construction and maintenance, such as using appropriate roofing materials
with sufficient thickness, narrowing the intervals of fasteners, and replacing corroded
roofing sheets. In their survey, team members used two methods: investigation by
drone and direct visual investigation.

11.3.2.3 Disaster Education and Action Plan

The joint research team on disaster education and action plan applied two assessment
tools, the Climate Disaster Resilience Index (CDRI) and School Disaster Resilience
Assessment (SDRA), in the pilot wards in Kathmandu and Yangon. They investi-
gated how to engage communities and schools in developing school-centered disaster
resilience action plans.

11.3.2.4 Risk Perception and Housing Safety

The joint research team on risk perception and housing safety aimed to better under-
stand the earthquake risk perception of people and their lifestyles in order to develop
policies and strategies to motivate people to construct and maintain safer buildings.
In Kathmandu, the team investigated how the houses and communities have been
reconstructed after 2015 Gorkha Earthquake.

11.3.2.5 Social Fairness of Policies and Action Plans

The joint research team on social fairness of policies and action plans conducted a
normative analysis of measurement problems concerning stakeholders’ needs and
studied justice in distributing goods and services among people who might have
conflicting.

A Final Report has been prepared for each of the five research topics. These
reports are also on the project Web site.

The Japanese researchers and international experts imparted their knowledge to
the municipalities, NGOs, and universities in Kathmandu and Yangon. For example,
Japanese researchers demonstrated to local counterparts how to properly conduct
surveys and interviews and emphasized the importance of high-quality primary data.
In the case of the joint research on risk perception and housing safety, the members
of the Japan team checked the answers to the completed pre-survey questionnaires
and provided feedback to the local university students on how to correctly record
responses and how to elicit more detailed answers from the respondents through
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the use of examples or by asking follow-up questions. In terms of preparing house
drawings, Japanese researchers showed the local university professors and students
how to use the laser measuring device. They were also provided instructions and
feedback on house drawings rendered in AutoCAD, to help them improve their
proficiency in the use of the design software. In the other joint research topics,
the local counterparts are exposed to the updated theories and methodologies being
followed by the Japanese researchers. In the case of the joint research on wind
vulnerability, a lecture on the background and theory behind the wind load modeling
in the structural design code was conducted for the public by the team leader at the
MES Building.

Briefing and debriefing meetings were frequently held by the joint research teams
to explain the tasks to be carried out and to review if the tasks had indeed been
performed properly. The local counterparts were given opportunities to share their
knowledge and opinion or to ask questions.

The local counterparts mentioned that the joint research topics were new to them
and that they were interested to be involved in the joint research because they wanted
to learn more and because they believed that the topics would be useful in their own
research and work.

The international experts also transferred knowledge to the local counterparts. By
learning from GEM, NSET was already able to conduct the Resilience Performance
Scorecard workshop by itself. What GEM may need to do next in the future is to
help the NGOs and municipalities on how to analyze data and write a report. These
skills will be helpful and useful to the NGOs and municipalities, not just for the
GGS Project but also for their other current as well as future projects. GEM had also
previously offered to provide online training to the local counterparts in Yangon on
the use of the GEM tools in earthquake risk assessment.

Both Japanese and international experts shared their experiences from previous
similar projects such as the Risk Assessment Tools for Diagnosis of Urban Areas
against Seismic Disasters (RADIUS) initiative (Okazaki 2000) and from disaster risk
management in Japan to the local counterparts during the workshops or in conversa-
tions. In return, the Japanese researchers and international experts were able to know
more about the situation in Nepal and Myanmar from the local project partners. The
GGS Project allowed all the participants to learn from each other.

At the end of the GGS Project, the local counterparts learned and understood
well how to conduct and develop transdisciplinary joint research in several topics
involving foreign and local universities, NGOs, local governments, and local resi-
dents. Their experience in the GGS Project will hopefully be useful to them when
they initiate their own or participate in similar joint research projects in the future.

An international conference was held in Yangon on January 16–17, 2018, to mark
the culmination of the three-year long GGS Project implemented in Myanmar and
Nepal (GSGES-KU 2018). The two-day conference was coorganized by Yangon
City Development Committee, Yangon Technological University, Myanmar Engi-
neering Society, and the Graduate School of Global Environmental Studies of Kyoto
University. Representatives from Lalitpur Metropolitan City, Nepal and researchers
from Japan who were part of the project attended the conference.
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On Day 1, representatives from Myanmar and Nepal presented the outcomes of
their local platform activities and joint research activities to the 200 attendees at
Yangon City Hall. Highlights included the presentation of the urban resilience action
plans of the two pilot wards in Yangon, an open forum on how to move forward
with action plan implementation, and a choreographed presentation by high school
students about the disaster risk management cycle. Posters showing the outputs of
different workshops in the past two years were displayed at the venue. The event was
attended by the Mayor of Yangon and the Mayor of Lalitpur and was covered by six
local media organizations.

On Day 2, a research symposium attended by 90 experts, practitioners, graduate
students, ward-level stakeholders, and government officers was held at the MES
Building. Representatives of the different joint research teams presented in detail
their findings and recommendations. There were presentations on urban seismic
risk assessment; wind vulnerability; disaster education; risk perception and housing
safety; and social fairness of action plans. One professor and two Ph.D. students
from YTU also gave a presentation related to urban resilience.

Based on the GGS Project implementation experience in Kathmandu andYangon,
a general model or guide for enhancing urban disaster resilience was prepared. There
are step-by-step guides on how to replicate the local platform activities and joint
research activities conducted under the GGS Project posted on the project Web site.
It is expected that other cities will try to apply the model with assistance from inter-
national organizations. The pilot cities are also expected to transfer their experiences
to other cities in their country.

11.4 Impact and Sustainability the Project

Through the collaboration among partners promoted by the GGS Project to establish
the local platforms in the two pilot cities and through the various activities of the local
platforms in the past two years, the stakeholders now have a better understanding the
disaster risk in their communities. Through the risk assessments, scenario planning,
action planning, and DRR-related training, it is expected that city and ward officials
as well as ward residents now know what will be happening in case of a disaster and
what kinds of actions should be taken to reduce disasters. Through the GGS Project,
the stakeholders were able to develop an Action Plan and some of the activities in
the Action Plan are already planned to be implemented. According to NSET, this is
the first time in Nepal for scenario planning and action planning to be implemented
at the ward level.

Impressed by the activities inWard 16 andWard 21, theMayor of Lalitpur repeat-
edly promised to continue what the GGS Project had started. The experience ofWard
16 andWard 21 will be replicated in the other 29 wards of Lalitpur using local funds.
TheMayor ofYangon likewisementioned during the international closing conference
that the momentum created by the GGS Project will be sustained by continuously
working the MES, YTU, and other stakeholders involved in the project to conduct
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similar activities in other townships. In the presentation of the YCDC focal person at
the international closing conference, they intend to conduct additional assessments of
existing vulnerable buildings in other townships similar to the rapid visual screening
(RVS) survey conducted in Pazundaung and Tamwe under the GGS Project. During
the courtesy call of the Mayor of Lalitpur to the Mayor of Yangon, both mayors
discussed possible collaboration between the two cities. Yangon can learn many
things related to disaster preparedness, emergency response, and disaster recovery
from Lalitpur, which recently experienced the 2015 Gorkha Earthquake. The Mayor
of Lalitpur extended an invitation to the Mayor of Yangon to visit Lalitpur in the
near future.

During the final conference in Lalitpur, the last local platform activity under
the GGS Project, the partner organizations in Nepal, LMC and NSET, toured the
project leader and project researcher from GSGES, Kyoto University, around Ward
21 (February 22, 2018) and Ward 16 (February 23, 2018) to present the ongoing
activities of the two pilot wards, which were part of the implementation of their
Urban Resilience Action Plan. The group observed the removal of debris in different
areas of Ward 21. Residents also showed their tools for emergency response. In the
case of Ward 21, the tools were kept inside one of the schools. In Ward 16, the
tools were on the ground floor of the ward office. The ward officials and residents
expressed enthusiasm in continuing the activities started by the GGS Project. There
are plans of procuring more equipment and supplies for their stockpile, as well as
providing training to more volunteers in the ward. Everyone was pleased that they
were involved in the GGS Project and could acquire knowledge and skills related to
DRR.

In Yangon, the active and unwavering participation of school principals, teachers,
and students was very noticeable right from the start of theGGSProject. TheDisaster
Education team was the first to conduct fieldwork in Yangon, even before the kick-
off conference in that city. All activities to which the schools were invited always
had a large number of participants. The principals and teachers in the pilot wards
are very committed to educate their students about hazards and about disaster risk
management. They also encourage their students to share what they have learned in
school and in the GGS Project activities with their family members and with their
friends and other schoolmates.

Because the principals in Yangon were themselves involved in the creation of
the school-centered disaster risk management action plans (in addition to the ward’s
urban resilience action plan), there is a high probability that some of the activities in
the action plans will be implemented. This is very important as schools are usually
designated as evacuation areas or temporary shelters in Yangon. Given the central
role of the schools in the action plans of the pilot wards in Yangon and the strong
involvement of the principals, teachers, and students, the contribution of the GGS
Project will have a long-lasting impact. The Mayor of Yangon has expressed interest
in conducting activities similar toGGSProject activities in the other downtownwards
of the city.

The outputs of the joint research teams in the form of journal articles (e.g.,
Fernandez et al. 2018; Furukawa et al. 2017); conference abstracts, presentations,
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and papers; and workshop presentations are also posted on the GGS Project Web
site. Anyone interested in learning more about the research process can refer to the
step-by-step guidance prepared by the different teams on how to conduct similar
joint research projects in other cities.

This GGS Project aimed to contribute to the realization of the Sustainable Devel-
opment Goals (SDGs), particularly Goal 4 (ensure inclusive and equitable quality
education and promote lifelong learning opportunities for all), Goal 11 (make
cities and human settlements inclusive, safe, resilient and sustainable), and Goal
17 (strengthen the means of implementation and revitalize the Global Partnership
for Sustainable Development). Some of the local platform and joint research activ-
ities involved the promotion of safe and resilient housing through the participatory
planning and management of human settlements with the aim of helping reduce the
number of deaths and injuries due to earthquakes and cyclones. Through this GGS
Project, organizations based in Japan and Italy assisted cities in Nepal and Myanmar
in preparing disaster resilience action plans.

The GGS Project also aimed to contribute to the implementation of the Sendai
Framework for Disaster Risk Reduction 2015–2030 (SFDRR) (UNISDR 2015),
particularly in Priority 1 (understanding disaster risk) and Priority 2 (strengthening
disaster risk governance to manage disaster risk). The GGS Project promoted the
collection, analysis, and use of risk data and information, as well as facilitate the
assessment of vulnerability, capacity, and exposure of the pilot wards in Kathmandu
and Yangon. Byworking with themunicipalities, the GGS Project helped to build the
disaster risk management (DRM) capacity of government officials through sharing
experiences, lessons learned, and good practices and through training and research.
Local participatory platforms were established to promote and improve dialogue and
cooperation among government officials, residents, NGOs, university researchers,
and other stakeholders in order to facilitate effective decision-making in DRM.

The GGS Project likewise aimed to contribute to the “Human Security,” which
the Japanese Government is taking lead in promoting. Protecting human lives from
disasters is one of the most important issues under “Human Security.”

11.5 Future Plans

The pilot wards in the two cities have plans of implementing some of the activities
in their urban resilience action plans. The Mayor of Lalitpur expressed his intention
to replicate the experience of Ward 16 andWard 21 to the other 29 wards of Lalitpur.
Their first step will be to hold a training on community search and rescue to be
facilitated byWard 16. Three representatives from all the wards of LMC are expected
to attend. NSET staff are expected to act as resource persons. Collaboration among
the local government and NGO, which were strengthened by the GGS Project, will
be able to promote such kind of activities even after the end of the GGS Project.

In Yangon, YCDC intends to conduct additional assessments of existing vulner-
able buildings in other townships similar to the rapid visual screening (RVS) survey
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conducted in Pazundaung and Tamwe under the GGS Project. The Mayor of Yangon
has expressed interest in conducting activities similar to GGS Project activities in
the other downtown wards of the city.

Some of the joint research teams are in the process of preparing manuscripts
for submission to scientific journals for publication and of preparing abstracts for
submission to academic conferences.
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Chapter 12
Seismic Vulnerability Assessment
of Existing RC Buildings in Ranau,
Sabah Malaysia

Mariyana Aida Ab Kadir, Mohd Zamri Ramli, Azlan Adnan,
and Mohd Nur Asmawisham Alel

Abstract Malaysia is located in a low seismicity area, thus the buildings in
Malaysia were not designed as seismic resistant structures. However, on 5 June
2015, Malaysian was been shocked by the 5.9M Ranau Earthquake which killed 18
climbers of 5 nationalities and was recorded as the largest earthquake in Malaysia
since 1976. The earthquake affected some buildings in the nearby area. The damaged
associated with these events reflected the construction practice in Malaysia. The low
awareness among the general public towards structural safety and the inability of
regulatory bodies and technical professionals in maintaining quality standards in
constructions has created an urgent need to educate the leaders, public, city planners,
architects and the engineering professionals about the consequences of earthquakes.
As a step in understanding the seismic risk to buildings inMalaysia, there is a need to
determine the vulnerability of existing buildings, particularly in Ranau, Sabah, as this
region has been identified as high seismicity area inMalaysia.When classes of build-
ings are considered for risk assessment, the vulnerability can be established in terms
of their structural characteristics, and suitable modifiers to the vulnerability function
can be established in terms of their geometrical characteristics. In this study, the
seismic capacity of the selected existing RC buildings has been evaluated through
nonlinear dynamic simulations. Seismic response has been analysed, considering
various peaks and integral intensity measures and various response parameters, such
as ductility. A structural performance and damage level for each studied type are
presented.

Keywords RC buildings · Earthquake affected buildings · Risk assessment ·
Numerical analysis
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12.1 Introduction

On Friday, 5 June 2015, a 5.9 Richter scale earthquake rocked Sabah as shown
in Fig. 1.1. The earthquake, with a depth of 10 km, occurred at 6.1°N 116.6°E,
16 km from Ranau, Sabah and the tremors were felt throughout Sabah, particularly
Kundasang, Tambunan, Pedalaman, Tuaran, Kota Kinabalu and Kota Belud (Felix
Tongkul 2016). The location and intensity of at the Ranau area has been predicted in
the Seismic Hazard Map established in 2005 (Adnan et al. 2005; Harith et al. 2015)

The earthquake also shook Mount Kinabalu, Sabah the highest mountain in
Malaysia. A total of 18 people of 5 nationalities (Singaporean, Malaysian, Chinese,
Japanese and Filipino) was confirmed dead. The victims, climbers and a moun-
tain guide died due to severe injuries caused by massive falling rocks and boul-
ders induced by the ground motion. The 5.9M Ranau Earthquake was recorded as
causing the highest number of casualties and greatest structural damage inMalaysian
history. Cracks were reported in residential buildings, commercial buildings, resorts
and hotels as well as places of worship. Even infrastructures, which are normally
employed in an emergency, such as the hospital, schools and police department were
not spared. Figure 1.2 shows the damage found on some buildings. The most serious
damage occurred in the rest house near the summit of Mount Kinabalu (Fig. 1.2b)
and buildings in Kota Belut and Tuaran were similarly affected by the earthquake.
Typical types of damage reported were brick wall shear failure cracks, cracks in
columns and beams, roof failure, failure of supporting columns or tilts, concrete
spalling and shattered windows (ATC, 1996 and American Society of Civil Engineer
2013).

Fig. 12.1 5.9M Ranau Earthquake, Sabah on 5 June 2015 (Felix Tongkul 2016)
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(a) (b)

Fig. 12.2 Damage to buildings due to Ranau Earthquake a shear failure at residential, b column
failure at rest house

There were worries about whether the continuous swaying of buildings and vibra-
tion of some parts of the non-structural elements, such as doors and windows, would
happen continuously and affect the integrity of the whole buildings. Therefore, the
objectives of this study are to simulate the earthquake loads acting on the existing
reinforced concrete buildings in the Ranau area and study their effects through finite
element modelling to develop demand–capacity curves in order to investigate the
vulnerability of the building due to earthquake motion.

12.2 Numerical Analysis

Nonlinear analysis using theETABSbuilding analysis and design program, SAP2000
Integrated Structural Analysis and Design Software, was used to conduct the study.
In addition, the model also performed the demand and capacity analyses (DCA)
(Fardis et al. 2005). Three existing reinforced concrete buildings in the Ranau area
were modelled to represent the building main frames, according to their structural
drawings andmaterial properties. These were: Building 1; Asrama Perempuan, SMK
Mat Salleh, Building 2; Asrama Lelaki, SMKMat Salleh and Building 3; Kompleks
Pentadbiran Kerajaan Persekutuan.

The earthquake loads were then statically combined with the dead and live
loads to estimate the structural adequacy of the building (Copra and Goel 1999).
Response spectrum analysis was implemented to study the performance of the
building subjected to earthquake. The model was analysed nonlinearly by applying
a series of seismic loadings to determine the failure mechanism. Nonlinear static
(pushover) analysis was carried out to estimate the strength, ductility and expected
performance of the designed buildings in finite element modelling (FEM) analysis.
The accuracy of pushover analysis depends on a number of factors including the
distribution of the lateral load and type of buildings. The procedure used to obtain
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Table 12.1 Mode shapes

No. Building name Mode shapes (sec) and directions

1 2 3 4

1 Asrama SMK Mat
Salleh—Asrama Perempuan
Ranau

0.60y 0.59t 0.39x 0.24t

2 Asrama SMK Mat
Salleh—Asrama Lelaki
Ranau

0.87y 0.86t 0.70x 0.29t

3 Kompleks Pentadbiran
Kerajaan Persekutuan, Ranau

0.84x 0.79y 0.70r 0.32t

Note x = x translational direction; y = y translational direction, r = random, t = torsional

the performance point was represented by the expected peak displacement of the
structure, the point of intersection between the capacity spectrum and demand spec-
trum. The analysis was able to observe the earthquake-resistant design and detailing
by monitoring the strength and ductility capacity of the building.

12.3 Results and Discussion

12.3.1 Free Vibration Analysis

The free vibration study concluded that the dynamic characteristics of the finite
element models are acceptable when compared with the equations in Euro Code 8
(EuroCode8) and the International Building Code (IBC). The summarized values
of the first four mode shapes are listed in Table 3.1 and are used for verifying the
dynamic behaviour of the models and their suitability for further analysis.

12.3.2 Linear Analysis

12.3.2.1 Base Shear Force of Buildings

The performance of buildings in linear capacity was analysed according to Eurocode
8: (1) static lateral force analysis method (SLA) and (2) response spectra analysis
method (RSA). The intention of these analyses at the linear stage was to verify the
adequacy of the beams’ and columns’ capacity against the internal forces developed
under both static and dynamic analyses. The percentage of buildingweights is mostly
higher from previous study due to the high recommended PGA values of 0.14 and
0.18 g.



12 Seismic Vulnerability Assessment of Existing RC Buildings … 177

Table 12.2 Demand–capacity

No. Building name Demand–capacity

2D 3D

1 Asrama SMK Mat Salleh—Asrama Perempuan Ranau OP IO

2 Asrama SMK Mat Salleh—Asrama Lelaki Ranau OP IO

3 Kompleks Pentadbiran Kerajaan Persekutuan, Ranau OP OP

Generally, the results from response spectrum analysis show higher values in
moment and axial forces for columns, in comparison with lateral load analysis. The
results for the beams also show a similar trend. These phenomena could be due to the
higher contribution of the mode shapes in the responses for complicated structures,
which is not captured in the lateral load analysis. It indicates that the structural
members may be cracked and damaged under earthquake loading.

Linear static and dynamic analyses were performed in this study. The buildings
were identified to be sufficient to take earthquake forces, based on the locations of the
buildings in Sabah. In general, columns are performed under the allowable limits of
bending and shear. Nevertheless, the beams of the buildings require stronger sections
to take bending forces from the earthquake loads.

12.3.3 Nonlinear Analysis

From the demand–capacity results shown in Table 3.2, it can be concluded that there
are no indications that major cracks will occur. However, minor cracks will occur to
almost all buildings except for Building No. 3.

12.4 Conclusion

For an earthquake intensity level in Sabah of about 0.20 g, it is predicted that buildings
will not have any problem with the seismic load from the six time-histories used for
the analyses. They are all within OP level.

12.5 Recommendations

Further analyses need to be performed, especially to study the behaviour of retrofitted
buildings and compared with the current conditions. In summary, buildings with
developed plastic hinge rotations at the bottom of columns at ground level are
proposed to be installed with bracings or dampers at the building bottom levels,
in their weak frame directions only.
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Chapter 13
Large Landslides in México in the Past
10 Years

Patricia Alarcón, José Beltrán, and Jaime Verduzco

Abstract Due to its geographical location, Mexico is influenced by considerable
natural hazards such as earthquakes, hurricanes, and landslides, among others. The
states of Guerrero and Michoacán have been scenarios of large landslides like the
ones ofCerroEl Socorro at LaHuahua,Michoacán, inOctober 2008; seven landslides
in Mineral de Angangueo, Michoacán, in February 2010; and the landslides of La
Pintada, Guerrero, in 2013—all of these linked to meteorological phenomena—
causing damage to infrastructure as well as deaths, and in particular the wiping out
of the population of La Pintada in Guerrero. This presentation outlines the evaluation
of landslides through geophysical, seismic refraction, and geotechnical techniques.
An evaluation of the economic and social vulnerability of the inhabitants of the three
affected communities will also be presented.

Keywords Landslides · Earthquake · Slides · Floods · Early warning systems

13.1 Landslide of La Huahua, Aquila, Michoacán, México

The objective of this study is to analyze the risk management in the presence of a
trigger event and the probable sequential occurrence of one or two environmental
phenomena that could magnify the risk potential. The linked environmental threat
produced in limited time and space causes severe unforeseeable damage whose peri-
odicity is almost impossible to anticipate. A case for study which occurred on the
Mexican Pacific coast is presented, in which the occurrence of an earthquake acti-
vated amovement of landmasses which in turn generated river stagnation and floods.
Finally, the development of instruments and concrete actions of intervention for the
evaluation, risk control and disaster reduction in the face of this scenario is proposed,

P. Alarcón (B)
Structures Laboratory, Civil Engineering University of Michoacán, Morelia, México
e-mail: riskplanet@gmail.com

J. Beltrán · J. Verduzco
Research Institute for Risk Management. Morelia, Michoacán, México

© Springer Nature Singapore Pte Ltd. 2021
H. Tatano and A. Collins (eds.), Proceedings of the 3rd Global Summit of Research
Institutes for Disaster Risk Reduction, Disaster and Risk Research: GADRI Book Series,
https://doi.org/10.1007/978-981-15-8662-0_13

179

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-15-8662-0_13&domain=pdf
mailto:riskplanet@gmail.com
https://doi.org/10.1007/978-981-15-8662-0_13


180 P. Alarcón et al.

with the goal to establish a conceptual and operative frame which will allow locating
and measuring the actions, and particularly the tools, for corresponding intervention.

13.1.1 Linked Threat Earthquake-Slide-Floods

According to the Institute of Geophysics at UNAM, an earthquake was registered
on September 26, 2008. On Wednesday, October 1, inhabitants of the village of La
Huaha, located on the coastal highway between Manzanillo and the port of Lázaro
Cárdenas (Fig. 13.1), reported the presence of 500-m-long cracks along the crest of
Socorro Hill on the right bank of the Huahua River, approximately 8 kms upstream of
said village. On October 4, the hillside collapsed. This hill is located far enough from
any human settlement; however, the closest one, La Ujera, is only 2 kms away, reason
why the residents were evacuated from their homes due to a potential flood risk. The
potential risks appeared after the rockslide, as the displacement of the hillside was
of extraordinary dimensions. As a result of the slide, terraced cuts on the hillside
became exposed. (The displaced land masses formed a dam (plug) on the preexistent
faults on the river over a length of 1100 m and a height of 800 m, raising the level of
the water upstream to between 35 and 40 m.

Fig. 13.1 Located of the village of la Huahua and landslide
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13.1.2 Landslide

The rockslides on the left flank of Socorro Hill are located on the right bank of the
Huahua River, approximately eight kms upstream of the village of La Huahua. The
area belongs to the so-called Guerrero—Colima Orogenic Complex Province, of the
Mesozoic with a Laramidic age of between 90 and 40 million years. Moreover, it is
located over huge batholiths of granitic composition from the Superior Cretaceous,
which presents superficial filling deposits and/or sandy soil of scant thickness.

Four layers or rock bodies were read on the cross-sections or electro-stratigraphic
profiles (Fig. 13.1), which are recorded as follows:

1. The first of them, and the most superficial, is constituted of strongly weathered
granites with a thickness of 200 m.

2. The second suddenly increased toward the SE to reach 570 m, with electric
resistances from 232 to 489 � m (blue colors), which indicate its altered state
and bad rock quality. Obviously, this package is likely to slide in the future
(Fig. 13.2).

3. Here are underlying granites partially fractured and altered, with an average
thickness of 400 m, and electric resistances from 514 to 1792 � m (green color),
which indicate good rock quality guaranteeing stability of the rocky massif.

4. Finally, underlying the previous package andwith an undefined thickness, we can
appreciate electric resistances from 3279 to 6000 � m (yellow, orange and red
colors) which correspond to the healthy granites which constitute the underlying
rock of the site.

Fig. 13.2 Cross sections or electro-stratigrafic profiles, of landslide of Socorro Hill, La Huahua,
Michoacán, México
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13.1.3 Floods

The detached material that slid into the La Huahua River formed an obstruction or
dam. According to instrumental seismic refraction exploration realized during the
following days, it was possible to determine that losses of hydraulic charge would
happen. With this precedent, it was noted that an increase of rainfall would lead to
the collapse of the dam, resulting in an avalanche of sandy material and a tsunami-
like wave that would affect the community of La Huahua (Fig. 13.3). The maximum
height of the dam holding in the water masses was approximately h = 35 m. With
these data, the following parameters were estimated; The accumulated water volume
in the reservoir was approximately; 7′832,325m3; Cumecs Q = 3.5 m3/s; Surface
flooded of S = 385,690 m2.; The volume of the detached material is 11′253,583 m3,
a value correspondent to the dam section at the base of the slope, in great part of clay
and sand-slime material which expanded over the river.

Once having identified the hazards through various geophysical and analytical
techniques, it was proposed to study the zone employing a risk management system
in order to reduce its vulnerability.

The case study above illustrates an example of how a quake with an epicenter
150 kms distant caused a landslide, flooding, and a significant change in landscape
geology.

The rural communities in the surroundings of the area are still threatened by
the active movement of El Socorro Hill, high seismic activity in the region, and

Fig. 13.3 Floods in La Ujera, upstream of the Huahua river
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the recurrent presence of hurricanes and tropical storms. Any of these threats could
produce future landslides on El Socorro Hill, and, as a result, the dimensions of the
dam formed by detached material would increase leading to flooding which would
affect the rural communities upstream.

The conditions described above have not been intervened properly; neither has
there been any installation of early warning systems due to a lack of economic
resources and a lack of action by authorities. The rural communities have adapted
to this new condition, taking advantage of the dam formed by the detached material
which created a natural scenery of exotic beauty, such as a natural water reservoir in
the middle of the jungle, with huge granite boulders and a slope in green, orange and
white colors, which at the same time presents the birth of a new natural environmental
order. The locals who used to fish now offer tourist rides on and around this reservoir.

It is urgent to intervene in this case study scenario. The high social and economic
vulnerability of these rural communities may result in a lack of conscience about the
risk levels present in the zone, as they adapt to the changes in an attempt to cope
with this new situation, thereby creating a risk cycle.

13.2 Mineral de Angangueo, Michoacán, México

During the first days of February 2010, heavy rains throughout most of the country
led to multiple threats in the town of Mineral de Angangueo, (Fig. 13.4) a mining

Fig. 13.4 Located of Mineral de Angangueo and the most import landslide
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Fig. 13.5 Example of hazard map, seismic microzoning map

community in the state of Michoacán, among which were the overflowing and the
recognition of the former bed of the main river, landslides, the blockage of the main
river, and flooding. These caused a significant loss of lives as well as severe damage
to infrastructure, homes, and public buildings.

During the evaluation of the landslides, it was observed that the saturation of the
clay and silt soils which form the surface layer of the lithology of the site, as well as
the steep slopes, deforestation and the impact of human activity (mining) led to the
loss of soil resistance in the rocky hillsides that surround the mining town, leading
to major landslides (Fig. 13.5). The proposal of the University of Michoacán (San
Nicolas deHidalgo) and theResearch Institute for RiskManagement (anNGO) to the
local government was the implementation of a public policy to manage the disaster
through the priority actions of the Hyogo Framework.

The hazard identification was carried out by initially considering the history of the
exploitation of natural resources and its effect on disastrous events in the local and
collective memory. In addition, technical and scientific exploration (in geophysics,
soil mechanics, the modeling of hazard scenarios of unstable slopes, seismic, hydro-
logical, and anthropogenic) was conducted which allowed the elaboration of hazard
maps and buffer zones for land use planning (Fig. 13.6).

Local women and youngsters have been involved in addressing the damage, and
they have positively influenced the rest of the community. Currently work is being
continued to increase community resilience. In this sense, it is important to note
that in order to perform these tasks, we have found as root vulnerabilities dynamic
pressure and unsafe latent conditions that preventDRRand riskmanagement (RM) to
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Fig. 13.6 Example of social vulnerability map

be effectively consolidated. Finally, as an University we consider that the experience
of disaster and riskmanagement inMineral de Angangueo,Michoacán is a good start
for the consolidation of the priority guidelines of the Hyogo Framework and Sendai
Framework in Mexico. However, it is important to recognize that there is much
more work to be done with the affected community which, throughout centuries,
has been economically and socially marginalized by the mining activity. On the
other hand, there must be better synchronized action between the different agents
(government, technical-scientific sector and the community in general) for effective
risk management in order to establish a new and better understand ding between
mankind and nature.

13.3 La Pintada, Atoyac de Álvarez

In September 2013, the almost simultaneous occurrence of two severe meteorolog-
ical events—tropical storms Ingrid and Manuel—triggered and even more extreme
meteorological phenomenon that ravaged the Mexican states of Guerrero, Veracruz,
Hidalgo, Oaxaca, Jalisco, Michoacán, Sinaloa, Puebla, and Tamaulipas. As a result
of these phenomena, there were reports of approximately 157 deaths, 1.2 million
affected victims, 39,000 evacuees, and 77 municipalities officially declared disaster
zones. Among these devastating effects, the village of La Pintada, located in the
Municipality of Atoyac de Álvarez in the western state of Guerrero, was completely
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Fig. 13.7 After, during, and before of landslide

buried by a huge landslide. The region’s geological context is known as Terreno
Guerrero and is located within the Zihuatanejo-Huetamo Subterranean, according
to the division proposed by Campa (1978). Researchers explored the affected area
in general and examined the surface of the landslide in order to observe and identify
its characteristics onsite (Fig. 13.7).

The region’s geological context is known as Terreno Guerrero and is located
within the Zihuatanejo-Huetamo Subterranean, according to the division proposed
by Campa (1978). Researchers explored the affected area in general and examined
the surface of the landslide in order to observe and identify its characteristics onsite.
The classification of the soil was MH (inorganic slit). The landslide was set off by
a concatenation of various natural phenomena and several kinds of natural hazards.
It also mentions some natural antecedents which acted as detonators of the massive
landslide that buried the community.

The issue of social vulnerability must be analyzed in detail in order to come up
with pragmatic solutions that will bring about public policies as well as economic
and social development in the State of Guerrero, Mexico. It is high time not only
to reflect but also to recognize that society is the foremost creator of risks in the
presence of extreme or not extreme events, due to the lack of land-use planning,
poverty, inequality, corruption, and a deficient government. In Fig. 13.8, we can see
that, it is on this, thin line, where life and societies constructing new risk are located
again in La Pintada Guerrero.
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Fig. 13.8 Thin line, where life and societies constructing new risk are located again in La Pintada
Guerrero

13.4 Conclusions

1. A great number of disasters have occurred as a result of several linked threats.
2. Chaos seems to be part of nature’s structure and is linked to self-regulating events;

in this sense, it is proposed to explore models of analysis and algorithms based
on complex systems, which may allow the development of mitigation processes
and early warning systems to reduce vulnerability.

3. For this, we would have to raise our capability of analysis and understand that
Earth is a complex system which tends to regulate itself, which is shown in
the linked threats producing new transitory states or states of entropic rest (Ilya
1977).

4. The interaction between nature and human being as a part of it tends to search for
a natural order, staying inside the tight domain oscillating between unchange-
able order and total chaos, between a rigid constancy and anarchic turbulence, a
condition on the edge of chaos (Langton 1990).

5. The interaction between nature and human being as a part of it tends to search for
a natural order, staying inside the tight domain oscillating between unchange-
able order and total chaos, between a rigid constancy and anarchic turbulence, a
condition on the edge of chaos (Langton 1990).
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Chapter 14
Disaster Risk Reduction (DRR)
and Management Under a Changing
Climate: Bridging the Divide Through
Integrated Coastal Management (ICM)
Toward Sustainable Development Goals

Johanna Diwa-Acallar

Abstract Climate change poses a grave threat in coastal areas which have already
started feeling its impacts including flooding, increasing frequency and strength
of typhoons and tropical storms, sea level rise, storm surges, etc. A clear strategy
and action program is vital as countries progress toward their respective sustainable
development objectives. Through Integrated Coastal Management (ICM) develop-
ment and implementation in the region, countries in East Asia are progressing toward
parallel Sustainable Development Goals (SDGs) especially in objectives related to
poverty, food security, economic progress and ecosystems conservation. Specific
issues brought about by climate change like flooding, storm surges, sea level rise,
disasters, pollution among others are also being addressed through management
mechanisms and action plans put in place in their respective national development
plans.

The Sustainable Development Strategy for the Seas of East Asia (SDS-SEA),
a regional framework among country and non-country partners and collaborators,
serves as a platform for regional collaboration under the framework of the Part-
nerships in Environmental Management for the Seas of East Asia (PEMSEA). A
partnership arrangement specializing in integrated coastal and ocean governance of
the Seas of East Asia, PEMSEA has 11 country and 20 non-country partners, all
committed to the implementation of the SDS-SEA plan.

In this paper, two case studies are presented to demonstrate how the Sustainable
Development of Coastal Areas (SDCA) framework can address various aspects of
Sustainable Development on Habitat Protection Restoration and Management, Food
Security and Livelihood Management, Pollution Reduction and Waste Management
and the Natural and Human Induced Hazard Prevention and Management.

Da Nang, a city in the coastal area of Vietnam, is one of PEMSEA’s ICM sites
that demonstrates how ICM projects are providing learning experiences at the local
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level, building capacities in hazard and vulnerability mapping and land and sea-
use zoning, enhancing forecasting and early warning systems, natural and man-
made defenses and emergency response and decreasing vulnerability, particularly of
marginalized and impoverished coastal communities. With the evident impacts of
climate change in the city, the implementation of ICM has provided a framework
for comprehensive planning and management that enable its government to address
disaster risk reduction through integrated governance programs. Since its adoption
of ICM in 2000, Da Nang City has successfully overcome some of the weaknesses in
its governance system and the limitations in the coordination and planning processes
through integrated action plans to address climate change.

Guimaras, which is an island province located in the middle part of the Philip-
pines, is also prone to natural disasters such as storm surges, flood, landslides, and
soil erosion due to the impacts of climate change. Following the SDCA Framework,
theGuimaras embraced ICMasmain vehicle of its many programs and projects espe-
cially for sustainable development of its coastal areas through integratedmanagement
approach in implementing Ecosystem Conservation of Critical Habitat.

Keywords Climate change · Disaster risk reduction · Integrated coastal
management · Regional ocean governance · Strategic framework · Sustainable
development goals

14.1 Introduction

Climate changeposes a grave threat in coastal areaswhichhave already started feeling
its impacts including flooding, increasing frequency and strength of typhoons and
tropical storms, sea level rise, storm surges, etc. In spite of these threats, countries are
expected to move toward their Sustainable Development Goals, making sure their
national policy, strategies, and guidelines are in place to respond to these challenges
through implementation of appropriate preventive and management measures.

Strategic action programs in climate change adaptation and disaster risk reduc-
tion are vital now than ever as countries progress toward their respective sustainable
development objectives. Through Integrated Coastal Management (ICM) develop-
ment and implementation, countries in East Asia are progressing toward parallel
Sustainable Development Goals (SDGs) especially in objectives related to poverty,
food security, economic progress and ecosystems conservation.

The existing synergies and their principles, tools, strategies as well as governance
aspects that comprise the ICM framework are very apparent between the SDGs
and the SDS-SEA, such as SDG 14: Life Below Water, SDG 6: Clean Water and
Sanitation, SDG 11: Sustainable Cities and Communities, SDG 17: Partnerships
for the Goals, and specifically SDG13: Climate Actions. Through ‘Adapt’ strategy, a
main feature in the updated SDS-SEA, CCA/DRR andmanagement are incorporated
into development policies, plans, and programs at national, provincial, and local
levels.
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14.2 Background

The threats of climate change if not addressed adequately could lead to serious draw-
backs that would affect the region and its economic growth especially from marine
sector’s contribution. Flooding, storm surge, sea rise would threaten coastal commu-
nities, infrastructures, settlements, and facilities when exacerbated. An economic
crisis leading to disordered state of the society is imminent in these conditions.
A study by the Asian Development Bank concerning four countries in the region,
namely Indonesia, Philippines, Thailand, and Viet Nam as most vulnerable from
GDP loss by 2010 (2.2%) annually, if without further mitigation or adaptation. Well
above the world’s 0.6%, it could be dramatically worse, equivalent to 5.7% of GDP
each year by 2100, if non-market impact (mainly related to health and ecosystem)
was included and 6.7% if the chance of catastrophic events was also considered, way
higher than the world’s 2.2% and 2.6%, respectively (ADB. April 2009).

The geographical features of Da Nang, a major city in Vietnam, makes it a vulner-
able city to the impacts of climate change. Making the situation worse is the limited
drainage capacity of its many rivers and streams. There are also many infrastructures
that further contribute to the deterioration of its drainage capacity, affecting current,
and water flow. Forest resources are depleted, thus reducing its natural function as
buffers, protecting the city against strong winds and flooding. The high population
density located in the urban districts also plays a role in its vulnerability. Da Nang,
which is one of themost economically progressive areas inVietnam, is being affected
by serious damages and loss in terms of socioeconomic and environmental impacts
caused by natural hazards such as typhoons and flooding that occurred in recent
years. The latest data from the Scenario of Viet Nam Climate Change also shows
increasing temperatures that will lead to sea level rise from 11.6 to 11.8 cm.

Recently, impacts of climate change are becoming increasingly evident as
increasing weather disturbances and resulting natural disasters have been observed
in the country. Based on available data and information gathered, the general trend
of changes in climate such as temperature change, rainfall, drought, and frequency
and strength of typhoon and salinity intrusion follow some of the general trend of
changes in climate. These impacts are affecting agriculture, water resources with
consequent impacts on food security, public health and safety as well as in natural
resources directly affecting the communities.

Guimaras,which is an island province located in themiddle part of the Philippines,
is also prone to natural disasters such as storm surges, flood, landslides, and soil
erosion due to the impacts of climate change. There are a number of environmental
management issues that confront Guimaras prior to the ICM program. These include
degradation of coastal resources due to various illegal activities such as cutting of
mangroves, illegal fishing, destruction of coral reefs and sea grass beds, and extinction
of endangered species; coastal erosion brought about by lack of preventive measures
against sea level rise and sand mining activities; pollution from domestic sewage
and solid waste; oil spills and operational discharges from sea vessels; and chemical
contamination of rivers and coastal areas.
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14.3 The Integrated Coastal Management (ICM)
Framework

Strategic action programs in climate change adaptation and disaster risk reduction are
vital now than ever as countries progress toward their respective sustainable develop-
ment objectives. Through Integrated Coastal Management (ICM) development and
implementation, countries in East Asia are progressing toward parallel Sustainable
Development Goals (SDGs) especially in objectives related to poverty, food security,
economic progress and ecosystems conservation.

The Sustainable Development Strategy for the Seas of East Asia (SDS-SEA)
serves as a platform for cooperation and coordinated action among country and
non-country partners and collaborators within the framework of Partnerships in
Environmental Management for the Seas of East Asia (PEMSEA).

ICM is not just about environmental management. As adopted in global agree-
ments such as the UN Conference on Environment and Development (UNCED)
in 1992 and World Summit on Sustainable Development (WSSD) in 2002, ICM
contributes to the protection of oceans and coastal areas and sustainable use of their
living resources through its integrated and sustainable approach. Mending the divide
brought about by the challenges of changing climate, ICM is a useful tool to address
specific development challenges, through decision-making process that brings in a
more integrated management approach. Through each stage in ICM cycle, a system-
atic process for each phase from planning to initiating, developing to implementing,
monitoring and evaluating strategies, programs, and services is put in place to respond
to the challenges faced by coastal communities.

According to Chua (2006), ICM’s purpose is to increase efficiency and effective-
ness of coastal governance in terms of ability to achieve the sustainable use of coastal
resources and of the services generated by the ecosystems in coastal areas. It aims to
do this by protecting the functional integrity of these natural resource systems while
allowing economic development to proceed.

What sets ICM apart from other coastal management framework are those princi-
ples such as adaptivemanagement, integration and coordination and ecosystem-based
management approaches. Through an ecosystem-based management approach, ICM
considers human activities in its management framework and their impacts on the
ecosystem, rather than merely a management of components of ecosystem. Thus, it
has become a very useful guide to build on the ground capacity of national and local
governments in promoting initiatives and programs through policy, strategies, and
action plans that are consistentwith sustainable development principles. Current ICM
practices reflect broad-based approaches and operational strategies that encourage
effective instruments and best practices in governance frameworks.

As seen in Fig. 14.1, the SDCA framework consists governance as well as several
issue-specificmanagement systems critical to achieving the SDGs, including climate
change adaptation and disaster risk reduction. It includes components on policy
reforms, strategies and action plans, institutional mechanisms such as interagency
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Fig. 14.1 Sustainable Development of Coastal Areas (SDCA) Framework, PEMSEA

and multisectoral arrangements, development and implementation of national legis-
lations and local administrative orders, public awareness, information management,
sustainable investment measures and financing, and capacity building. These gover-
nancemechanisms are coupledwith on-the-ground actions that integrate policies into
operating management systems. While it is deemed necessary to have coordination
with the national authority, ICM also intends to build the preparedness of the local
government and its stakeholders to respond to both man-made and natural disas-
ters. The ICM approach facilitates the identification early interventions and timely
response both at the operational and strategic levels.

14.4 ICM in Da Nang, Vietnam

ICMprogram inDaNang started in 2000 and since then has contributed to adaptation
and mitigation measures in addressing the challenges to responding to the impacts
of climate change in Da Nang. These include limited planning and technical skills
of local staff, limited knowledge and awareness on the integration of natural disaster
mitigation and management into social development, lack of scientific basis for
integration of climate change adaptation into the socioeconomic development plan,
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and limited assessment on livelihood development after the implementation of the
resettlement program for high risk communities (ACCCRN 2009).

Da Nang is instrumental in crafting and issuing national policies, guidelines, and
action plans in response to climate change as a proven working model for ICM
implementation in Vietnam. These documents relate to environmental protection,
energy savings and efficiency measures, reduction in greenhouse gas emissions, and
activities to support green growth. One of the key outputs of the ICM program in
Da Nang is the Coastal Strategy, that serves as an integrative framework for the
long-term management of coastal area and marine environment in Da Nang.

Guided by the principles of sustainable development and application of inte-
grated planning and management approach, the response of Da Nang to climate
change is well in line with the broad-based multistakeholder approach and socioeco-
nomic development plan and the national government’s strategy on climate change
and disaster risk reduction. The ICM program has contributed to the implementa-
tion of adaptation and mitigation measures to alleviate and respond to the impacts
through improving institutional mechanisms such as establishing a coordination
mechanism for disaster response, integrating scientificfindings from research studies,
strengthening local capacity and increasing public awareness as well as promoting
energy-efficient practices.

14.5 ICM in Guimaras, Philippines

In August 11, 2006, an oil spill incident occurred in Guimaras. This unfortunate inci-
dent turned into an opportunity to open Guimaras to the international community.
Since then Guimaras started ICM and adopted the SDCA framework and since has
been themain vehicle to implement various programs and projects in coastal areas for
sustainable use of resources and reducing conflict. Due to limited human and finan-
cial resources, there was a lack of comprehensive plan on Disaster Risk Reduction
and Management in the province. Through technical support and financial support
from various projects such as the Yeosu project in partnership with the provincial
government, a Provincial Disaster Risk Reduction and Management Framework has
been developed, which subsequently became the Guimaras DRRM Plan guided by
the principles based on the National DRRM Framework, Sustainable Development,
and ICM. The management strategies of the framework respond to specific hazards
in the province such as storm surges, flood, landslide, erosion, and oil spill.

As the results of vulnerability assessment revealed the vulnerable areas for disas-
ters, four priority projects were identified as actions to respond to disaster prepared-
ness: (1) Building Drainage System in Flood-prone Areas, (2) Training on Emer-
gency Operation for DRRM Staff, (3) Establishing Early Warning System, and (4)
Ecosystem Protection and Conservation of Critical Habitat. Due to the changing
climate and environmental degradation, the key critical habitats-coral reef, sea grass
bed and mangrove in the province need to be conserved and protected as part of
disaster prevention efforts. Other recommendations include the establishment and
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implementation of effectivemanagement ofMarine ProtectedAreas along the eastern
coast ofGuimaras Province, thus the focus of theSecond andThird phase of theYeosu
project.

As ICM cuts across various multiple issues through implementation of programs,
projects, and activities, the scope of work involves development of comprehensive
conservation and management plans for key critical habitats via mapping of three
proposed MPAs in Tumalintinan Point MPA and Nadulao Island Gakit-gakit Shoal
in San Lorenzo and Pamangkulan Fish Sanctuary in Sibunag and delineation of
management boundaries aswell as conduct of survey of people’s awareness. Through
conservation of critical habitats which act as natural coastal defense from storm
surge and tsunami as well as fisheries nursing grounds, the protection of these critical
habitats providesGuimaraswith coastal protection, enhancingfisheries and increased
eco-tourism through charismatic marine mammal conservation and protection.

14.6 Lessons Learned

There were several lessons learned from these two case studies regarding the
local government’s implementation of climate change adaptation and disaster risk
reduction.

First, institutional arrangements operationalizing interagency and multisectoral
coordinating mechanisms can effectively promote joint planning and implementa-
tion if under city leadership that can facilitate cooperation between and among line
agencies and levels of governments. Stakeholder participation is also vital in plan-
ning, implementing, evaluating, and continually improving programs as well as in
generating and mobilizing human and financial resources in the development and
implementation of action plans and programs on climate change.

Second, to effectively reduce loss and damage in lives, property, livelihood, and
local economy, there should be adequate capacity and responses that are efficiently
implemented in a timely manner. Local governments and local communities are
usually the first that can be affected by the impacts of climate change, but they can
also serve as the first responder on the ground. Building their capacity and public
awareness through trainings, workshops, and public information could increase not
only the level of consciousness about the risks but also their ability to act properly to
protect themselves and reduce exposure or loss. Translating findings from scientific
studies into policymaking and decision-making process can also enhance the capacity
of the government to effectively respond to climate change.

Lastly, ICM program has served as a broad planning and management framework
for sustainable development and laid the foundation for other national and interna-
tional partners to work together and have confidence in the climate change projects
and programs of Danang and Guimaras.
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14.7 Conclusion

Adhering to the framework of SDCA, the implementation of various ICM programs
in Danang and Guimaras has addressed various Sustainable Development Aspects
on Habitat Protection Restoration and Management, Food Security and Livelihood
Management, Pollution Reduction and Waste Management, and the Natural- and
Human-Induced Hazard Prevention and Management. In the case of Guimaras, the
efforts have resulted to improved critical habitats and fish stock and to the socioeco-
nomic development plan, and limited assessment on livelihood development in the
case of Danang.

Evident in both cases is that the scope of ICM implementation is growing while
addressing various aspects of sustainable development of the coasts andmarine areas.
Through ICM programs of the local governments, a balance is maintained between
economic development an environmental protection of both sites. Though various
interventions and adaptation have responded to climate change impacts, there is
still a need to strengthen the multiagency and multisectoral nature of coordinating
mechanisms and the establishment of regular mechanisms for monitoring.
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Chapter 15
Landslide Disaster Management in Sri
Lanka

Asiri Karunawardena

Abstract Sri Lanka experiences landslides and slope failures during the periods of
heavy rainfall, and their frequency and intensity have been observed to be increasing
because of climate change impacts. This paper describes the role ofNational Building
Research Organization (NBRO) that plays as the national focal point for landslide
risk management. NBRO started landslide investigations since 1985. Identification
of landslides, susceptibility assessment and mapping were the pioneering works of
NBRO and implementation of Landslide Hazard ZonationMapping Project (LHMP)
resulted in a valuable outcome of preparing and updating hazard zonation maps over
the past 25 years. Awareness creation, mitigation, monitoring and early warning
activities in the country are other important functions ofNBRO.Monitoring networks
have been established for earlywarning.As a proactive action tominimize the adverse
impacts of landslides, structural mitigation is being carried out by NBRO and several
technically advanced slope stabilization techniques have been introduced with the
international assistance as discussed by this paper giving some salient details.

Keywords Landslide management, landslide disaster mapping · Early warning ·
Mitigation

15.1 Introduction

Landslides in hilly or mountainous terrains are a common natural phenomenon in
many parts of the world. A landslide event is defined as “the movement of a mass
of rock, debris, or earth (soil) down a slope (under the influence of gravity)”. The
word “landslide” also refers to the geomorphic features that result from the event.
During the past few decades, landslides occurred with an increasing frequency in the
hill country of Sri Lanka. Probability for landslides in the hill country, underlain by
highly folded, fractured and weatheredmetamorphic rocks, is high. Hilly areas prone
to landslides cover an approximate extent of 10,000 sq.km, which is about 20% of the
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total area of the island and occupied by about 30%of the total population of Sri Lanka,
as shown by Fig. 15.1. These hilly areas lie within ten administrative districts, namely
Badulla, Nuwara Eliya, Kegalle, Ratnapura, Kandy, Matale, Kaluthara, Mathara,
Galle and Hambantota.

Landslide disasters cause loss of lives and severe damage to property and the envi-
ronment, and their impact to economy and the society is significant. The loss of lives
between year 2000 and 2017 is shown by Fig. 15.2. After the landslides in 1984,
the Government of Sri Lanka assigned National Building Research Organisation
(NBRO) to study landslides in the country. Since then, NBRO has taken many initia-
tives in landslide risk reduction and presently NBRO holds the mandate to manage

Fig. 15.1 Landslide distribution map
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Fig. 15.2 Number of lives lost due to landslides (2000–2017)

the landslide disaster risk in the country. NBRO conducts landslide risk assess-
ment, mapping, monitoring, early warning and mitigation activities and contributes
to related policy planning and development activities as an important stakeholder.

15.2 Landslide Investigations and (LHMP)

NBRO launched Landslide Hazard Zonation Mapping Project (LHMP) in 1986 in
view of establishing sustainable long-term and short-term mechanisms for landslide
hazard management in Sri Lanka. In this project, landslides are continually investi-
gated and then their susceptibility levels are demarcated as zones in maps. By now,
the project has covered most landslide-prone areas in the country.

The project uses Landslide Hazard Potential Evaluation Methodology, which
is a probabilistic approach based on the physical characteristics and the profes-
sional judgement. The factors Bed Rock Geology and Geological Structures, Slope
Range and Category, Hydrology and Drainage, Land Use and Management, Surface
Deposits and Landform are considered as the major causative factors of Sri Lankan
landslides (User Manual—Landslide Hazard Mapping in Sri Lanka 1995). Since the
impact of causative factors on landslide potential varies, each of the above factors is
rated by weightages according to the statistical analysis and expert knowledge. The
approach used in assigning the weightages is presented by Fig. 15.3.

The digitized coverages of geological structure, hydrology, land use, land form,
surface deposits and slope were integrated to create an inferred map of landslide
potential. For each polygon of this inferred map, the numerical hazard ratings for
each factor were added to compute the overall hazard rating. The polygons of this
inferredmap are dissolved into different hazard zones using the criteria given in Table
15.1. These criteria were arrived at by trial and error after spatially matching data of
numerous past landslides and inferred instability (User Manual—Landslide Hazard
Mapping in Sri Lanka 1995). The dissolved map of inferred landslide potential
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Factor Weights
Bedrock Geology 20
Soil Cover 10
Slope Range & 
Category

25

Hydrology & 
Drainage

20

Land Use & 
Management

15

Land Form 10

Fig. 15.3 Approach used to for assigning weights

Table 15.1 Different hazard
zones

Overall hazard rating Hazard zone Description

R < = 40% 1 Safe slopes

40 < R < = 55 2 Landslides not
likely to occur

55 < R < = 70 3 Modest level of
landslide hazard

70 < R 4 Landslides are
expected

is overlaid by the coverages, inaccessible slopes, past landslides and rivers. The
coverages, small streams, major and secondary roads, railways and locations were
also added to input as much as information possible.

Maps to the scales of 1: 50,000 and 1:10,000 are prepared and continually updated.
These maps serve NBRO in their preparedness, early warning and mitigation work.
The maps are freely available in the web and frequently referred in land use planning
and in the approval of construction and development projects. The areas covered by
the LHMP are shown in Fig. 15.4 and a sample of district-level landslide hazard
zonation maps is shown in Fig. 15.5.

15.3 Landslide Early Warning and Awareness Creation

NBRO uses computer simulation to forecast the possibility of landslides and a
network of automated rain gauges was established in vulnerable areas to acquire
real-time rainfall data. This network is being expanded to cover other vulnerable
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Fig. 15.4 Area where landslide hazard zonation mapping is implemented

areas as well. Manual rain gauges have been given to volunteers in some vulner-
able areas for monitoring rainfall and inform NBRO at times of excessive rainfall.
NBRO is in constant contact with Department of Meteorology and other institutions
gathering rainfall data. All the gathered rainfall data are analysed on a continuous
basis and when rainfall intensities reach to certain threshold values early warnings
are issued (Refer Table 15.2). Incidents are now in record how such warnings saved
many lives. There are communities living in remote villageswhere communication in
emergencies is difficult, and NBRO is establishing community-based early warning
systems to make them self-reliant. In order to fortify early warning systems, NBRO
has already ventured into ground movement monitoring at vulnerable locations like
banks of highways and slow-moving landslides.
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Fig. 15.5 Landslide hazard zonationmap of Kegalle district (A sample of district level hazardmap)

Table 15.2 Threshold values

Warning levels Colour code Description of warning

75 mm Yellow Be on alert on the possibility of landslides, rock falls, subsidence
and cut slope failure if the rainfall exceeds 75 mm and prevailing
bad weather conditions continue within next 24 h

100 mm Amber If the rainfall exceeds 100 mm and continues within next 24 h,
danger of landslides and cut slope failures exists

150 mm Red If the rainfall exceeds 150 mm and continues within next 24 h or
if the rainfall exceeds 75 mm within an hour, evacuate to a safe
place
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Fig. 15.6 Landslide early warning system

In hazardous situations, early warning is issued according to set rainfall threshold
limits through the 24/7 emergency operations center of the Disaster Management
Centre where the dissemination of early warning is carried out through themedia and
dedicated communication systems to both endangered communities and concerned
authorities for evacuation of vulnerable persons to safety (Refer Figs. 15.6 and 15.7).

School children, local authorities and communities in general are made aware of
landslide hazard in respective areas they live by conducting awareness programmes
and mock drills where they learn about the causes that trigger landslides, signs that
indicate landslide movement, methods to prevent landslide occurrence and impor-
tantly, how to evacuate swiftly and systematically in an emergency. NBRO made
many publications and also some games for school going children for effective
dissemination of landslide hazard risk.

15.4 Approval of Construction and Development Projects

Due to non-engineered construction, natural slopes are disturbed and result in land-
slides and slope failures (Refer Fig. 15.8). In order to prevent non-engineered
construction, NBRO provides guidelines for land use planning, construction and
other development activities (Refer Fig. 15.9). At present, the local government
authorities issue a building permit or a construction activity or project approving
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Fig. 15.8 A non-engineered
housing construction

Fig. 15.9 An engineered
housing construction

agencies grant approval for a development project in an area susceptible to land-
slides only after the concurrence of NBRO has been obtained by way of a Landslide
Risk Assessment Report and recommendations therein. NBRO district offices in ten
landslide-prone districts accept applications, investigate and issue these reports. This
process has effectively reduced haphazard construction and development in vulner-
able areas, curtailing unplanned and non-engineered construction to a great extent,
and thereby, lowering man-made hazards.

15.5 Structural Mitigation

The causes of landslides are usually related to instabilities in slopes and it can include
geological factors, morphological factors, physical factors and factors associated
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Fig. 15.10 Recorded rainfall before the landslide at Meeriabedda (2014-10-29) and Agalawatte in
Kalutara District (2014-06-01)

with human activity. In Sri Lanka, intense rainfall may be regarded as the main trig-
gering factor of landslides because most landslide disasters in the country occurred
in monsoon period. Figure 15.10 shows the recorded rain fall experienced before
the landslides in Meeriabedda and Kalutara area. With a clear understanding of the
causes and mechanics, landslides can be physically stabilized or controlled by the
application of structural mitigation methods.

Structural mitigation methods can be broadly categorized into three types:
geometric methods, in which the geometry of the hillside is changed (in general the
slope); hydrogeological methods, in which an attempt is made to lower the ground-
water level or to reduce the water content of the material; chemical and mechanical
methods, in which attempts are made to increase the shear strength of the unstable
mass or to introduce active external forces. All of these slope stabilization methods
have many alternatives to their shape, structure and covers. The selection of the
most appropriate structural mitigation measures to be adopted in specific situations
is based on the detailed geotechnical design using geotechnical/geological investiga-
tion andmonitoring results. The procedure thatwe are adopted in landslidemitigation
is presented in Fig. 15.11.

Initially detailed geotechnical investigation and instrumentation are carried out.
Sophisticated technology is used to collect more realistic and reliable data at both
investigation and monitoring. Different techniques are used to obtain topographical
data. Investigation data and core samples are carefully observed to identify any
indications of failure surface. After the completion of the detailed investigations,
automated monitoring instruments are installed at the site for further verifications
of test data (e.g. depth of slip surface/s) and to gather further data for the design of
countermeasures (e.g. groundwater behaviour of the site alongside rainfall and rate
of landslide movement). The automated monitoring systems are used to establish
relationship between the rainfall and groundwater level and movements of landslide
with which are essential information for design work.

Based on the results obtained from detailed investigation and descriptive idea
formulated from different landslide surveys, landslide mechanism is identified as
accurate as possible so that stability analyses are carried out to determine the scale
and quantity of landslide countermeasures required to maintain the stability of the
landslide.
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Fig. 15.11 Landslide
mitigation procedure

Selection of the suitable countermeasure work depends on the technical effective-
ness, financial viability, environmental impact and amount of maintenance required.
A wide range of countermeasures such as change of geometry, surface drainage,
subsurface drainage, counterweight embankments, piling and ground anchors is
considered.

Unlike conventional practices, several combinations of countermeasures are
considered based on the stability analysis. Each is examined to decide a couple
or more appropriate combinations of countermeasures in terms of both economic
efficiency and design requirements. From the more appropriate combinations of
counter measures, an optimum combination is selected through careful examination
and comparison. Figure 15.12 shows the procedure followed to select the appropriate
countermeasure by repetitive stability analyses.

The detailed design carried out according to above procedure for Badulusirigama
landslide near Uva Wellassa University is shown in Fig. 15.13.

15.5.1 Large-Scale Landslide Mitigation Work Carried Out
by NBRO

The first large-scale landslide structural mitigation work carried out in Sri Lanka to
stabilize unstable slope is theWatawala landslide. Beragala and Pussellawa are other
examples of structural mitigation work carried out during the period from 1990 to
2000. Then,many landslides occurred due to high rainfalls experienced in the country
in 2002, 2003 and 2007 period. As a result of that, the need for stabilization of
unstable slopes became very apparent, and therefore, NBRO stepped into mitigation
of high-riskmajor landslide and rock fall sites and stabilization of identified potential
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Fig. 15.12 Procedure used for selection the appropriate countermeasure

unstable slopes inNuwara Eliya, Kandy,Matale andBadulla districts. In all the above
sites resettlement, option was found to be not an economically viable option of risk
removal. On the contrary, option of structural landslide mitigation was found to
be more cost effective. The paper presents the details of some of major landslide
mitigation work carried out by NBRO.

15.5.1.1 Stabilization of Watawala Landslide

NBRO pioneered structural mitigation of landslides in Sri Lanka by providing tech-
nical inputs to stabilize theWatawala landslide. Watawala landslide occurred in June
1992 damaging nearly 100 m length of the Colombo–Badulla railway track between
Galboda and Watawala as shown by Fig. 15.10. The landslide was found to cover
an area of approximately 22,920 m2 and about 322,700 m3 slide volume. The inves-
tigation and design clearly showed that remedy lies in very effectively draining the
slope so as to lower the piezometric profile. Therefore, the stabilization of mitigation
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Fig. 15.13 Design of mitigation measures at Badulusirigama landslide

of Watawala landslide was carried out by constructing well-designed subsurface and
surface drainage system (Figs. 15.14 and 15.15).
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Fig. 15.14 Damage to the
railway track

Fig. 15.15 Present situation
at Watawala after mitigation

15.5.1.2 Stabilization of Peradeniya Landslide

Peradeniya landslide is located at Peradeniya town, by the Colombo–Kandy main
road. This landslide occurred in November 2006 destroying a few boutiques in the
town and interrupting road traffic for weeks. Peradeniya is the gateway to the histor-
ical city of Kandy. Since the year 2009, the Government of Sri Lanka had allocated
required funds tomitigate this landslide for the benefit of the users ofColombo-Kandy
main road and the dwellers and commuters of the Peradeniya town.

Themitigationworkwas started inDecember 2008 byNBRO.Based on investiga-
tion data, stability analysis was carried out to select the appropriate structural counter
measures to improve the stability and some results of one of the critical sections
are shown in Figs. 15.16 and 15.17. The applied structural mitigation measures
for mitigating this landslide include reshaping the slope, removing unstable rock
by blasting, rock bolting, construction of surface drainage, erosion control slope
protection measures and retaining walls. Activities of the phase 1 of the project were
completed in 2012. The appearance of site before and after the structural mitigation
is shown in Figs. 15.18 and 15.19.
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Fig. 15.16 Results of the
stability analysis for existing
slope under critical condition

FOS :0.771

Fig. 15.17 Results of
stability analysis with
proposed mitigation methods

FOS:1.509

Fig. 15.18 Peradeniya
landslide

Fig. 15.19 Peradeniya
landslide after mitigation
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15.5.1.3 Stabilization of Padiyapellella Landslide

Padiyapalella landslide is located at Padiyapalella town, by theWalapane–Hanguran-
ketha main road. This landslide activated in 2008 resulting of evacuation of injured
persons and others to safety, and proposals were made to mitigate the hazard to
make the Padiyapallale township safe. NBRO started mitigation work in 2009 and
completed to the relief and satisfaction of town dwellers in 2012. Many mitigation
methods were deployed in this work, namely land reshaping, retaining structures,
turfs, surface drains, subsurface horizontal drains and soil nailing. The plan view of
the designed structural mitigation method is shown in Fig. 15.20. The appearance of
site before and after the structural mitigation is shown in Figs. 15.21 and 15.22.

Fig. 15.20 Details of the structural mitigation measures for Padiyapelella landslide stabilization
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Fig. 15.21 Padiyapallale
landslide

Fig. 15.22 Padiyapallale
landslide after mitigation

15.5.1.4 Stabilization of Garandiella

Garandiella landslide is located by the 41st km post on Nuwara Eliya–Gampola main
road in Kothmale Division. Mitigation of this landslide was commenced on August
2011 for reducing the landslide risk on the users of the Nuwara Eliya–Gampola main
road, Kothmale reservoir, 230 families living in the Ramboda Grama Seva Wasama
in Kothmale Division and the built environment in the Kothmale town. Investigation
reveals that the unstable slope areas consist of thick overburden and the ground
water rise to almost up to the surface level in the rainy period. The results of the
stability analysis indicate that both upper and lower part of the slope will become
unstable under the critical condition. The results of stability analysis of the upper
slope under the assumed critical condition are shown in Fig. 15.23. The results of
stability analysis for the same slope with proposed mitigation measures are shown
in Fig. 15.24.
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Fig. 15.23 Results of the stability analysis for upper slope for assumed critical condition

Fig. 15.24 Results of the stability analysis with proposed mitigation measures

15.5.2 Landslide Mitigation Projects in Progress

NBRO has assessed severity of landslides in the country and developed plans to
mitigate them in a prioritized manner creating resilience to landslides. Mitigation of
deep seated landslide in Punchi Raththota in Matale district, stabilization of unstable
slopes near the Diyatalawa main bus stand and slope stabilization in Passenwatta,
a residential area in Gampaha, are projects nearing completion. Landslide Disaster
Protection Project of the National Road Network with the support of Japan will be
implementedwhere the Japanese technologywill be applied tomitigate landslide risk
along the major roads in central highland in the country. Also, four major landslides
in the districts of Kandy, Matale, NuwaraEliya and Badulla will be mitigated under
Japanese Technical Cooperation Project.

Under the Climate Resilience Improvement Programme of theWorld Bank, stabi-
lization of unstable slopes in and around 18 identified schools in Kandy District and
stabilization of unstable slopes inmajor roads network are in progress. Figures 15.25,
15.26 and 15.27 show the details of the mitigation work carried out at the failed slope
at Southern Express Way.
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Fig. 15.25 Failed slope at
southern expressway

Fig. 15.26 Design of
mitigation measures at failed
slope at southern expressway

Fig. 15.27 Slope at southern expressway after mitigation
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15.6 Conclusion

NBRO played the main role to lower adverse impacts of landslide disasters in Sri
Lanka. It is appreciable that many international organizations are coming forward
with assistance and JICA and World Bank assistance have been very significant.
NBRO should pursue learning advanced and more effective mitigation technologies
in view of achieving resilience countrywide, making Sri Lanka safer.
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Chapter 16
Framework to Promote
Multi-disciplinary Culture of Landslide
Studies and Management

A. A. Virajh Dias, N. N. Katuwala, and P. V. I. P. Perera

Summary A multi-aspects and policy framework are a tool with numerous varia-
tions and contexts which are used to make conceptual distinctions and organize ideas
toward the focusing subjects. One way, it is a simple tool for practicing approach.
Other way it looks as a supportive arm of establishing various important strategies to
practice in a society. The most important fact is that the validity of these frameworks
has not been tested through interaction with the community and the policy makers.
Secondly, these methods generally have their uses, but are unable to be implemented
if the relative probability of the particular risk appears to be too low to be consid-
ered. Other reasons are usually combinations of above which facilitate sustainable
development under disaster risk. Framework to promotemulti-disciplinary culture of
mitigation of landslides needs various understandings of scientific proven approach
on investigation, planning, and execution work. Understanding of overall needs and
requirements of a community at risk due to landslides broadly explains sustain-
ability, social adoptability, and uniqueness. Mountain development policies ensure
that population does not exceed carrying capacities of an area and will serve with
low probabilities of being affected by landslides. Community-centered monitoring
and early warning systems are highly adaptive mechanisms for a community living
with landslides proven zones, so that the local people and village officers are capable
of disaster preparedness and also operating the system in an emergency. Therefore,
multi-disciplinary culture of the landslide disaster studies and management is giving
an opportunity to facilitate various technical and social considerations erected in a
common framework which addresses planned resilient human habitat in areas that
are prone to landslides.

World Center of Excellence on Landslide Disaster Reduction (Model Policy Framework Standards
and Guidelines), International Program of Landslides (IPL-ICL), 2014–2020.

A. A. Virajh Dias (B)
Natural Resources Management and Laboratory Services (NRM & LS), Central Engineering
Consultancy Bureau (CECB), Colombo, Sri Lanka
e-mail: aavirajhd@yahoo.com

N. N. Katuwala · P. V. I. P. Perera
Environmental Studies (NRM & LS, CECB), Colombo, Sri Lanka
e-mail: nkatuwala@gmail.com

© Springer Nature Singapore Pte Ltd. 2021
H. Tatano and A. Collins (eds.), Proceedings of the 3rd Global Summit of Research
Institutes for Disaster Risk Reduction, Disaster and Risk Research: GADRI Book Series,
https://doi.org/10.1007/978-981-15-8662-0_16

217

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-15-8662-0_16&domain=pdf
mailto:aavirajhd@yahoo.com
mailto:nkatuwala@gmail.com
https://doi.org/10.1007/978-981-15-8662-0_16


218 A. Virajh Dias et al.

Fig. 16.1 Sustainable
geography of community
living

Keywords Policy framework · Sustainability · Landslides · Disaster management

16.1 Introduction

Landslides are frequently occurring disasters during heavy rains in various parts of
the world. To a layman exposed to a landslide, it could be a rapid event but for those
who are specialized in landslides, such a statement would be a mere excuse. Indeed,
it is someone’s business to investigate, instrument, monitor, and analyze the slopes
so as to capture the signals of instability well in advance. We, however, mostly deal
with events in stable slopes gifted to us by nature which were earlier considered safe
zones on our judgments are getting transformed into danger zones because of human
violence against our mountain systems. It is important to underscore this point in
the present day context because most people including media often unfairly blame
society for landslides occurrences. Beforemoving in to understanding the importance
of multi-disciplinary culture of the landslides, it is wise to study the unique nature
and patterns of de-stability begging in nature. The scientific concept of stable and
natural slope segments is defined as Fig. 16.1.

16.2 Scientist Interactions of Slopes

Geoscientists are the foremost group who understand the mechanisms of landslide
behavior and the process of degradation of natural slope. They continuously do
research to study the mechanisms, behavior, stability, and the potential hazards
in various continents of the world with the use of advanced and multi-spectral
approaches of sciences. Use of geographical information systems and remote sensing
technique largely contribute for landslide disaster prone zone identification, predic-
tion, and management. Although, large number of unforeseen factors of nature will
indicate the ground deformities and in-situ stress, but are limited to foresee factors
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Fig. 16.2 Stability of hill
country slopes. No recharge
or artificial water infiltration
due to lack of infrastructure
development; more safe
zones of slopes

Fig. 16.3 The stage
approach of moving upward
toward the slope; initiated
preliminary due to land
encroachers; or lack of
strategic approaches on new
settlement planning in hill
slope management against
landslide risk

responsible for ground instability. Understanding the nature and stability are primary
concerns in community living in hill slopes as shown in Figs. 16.2 and 16.3.

Number of intrinsic and extrinsic factors (Hutchinson 1988) are responsible for
ground instability including unplanned or non-engineered construction or aggressive
human interventions on slopes.However, geoscientists are capable of recognizing and
demarcating causes and effects of ground for numerous occurrences of landslides and
record the same according to scientific discipline (Rupasinghe et al. 2014). Change
in slope or geomorphology (from naturally or man-made) may causes disequilibrium
between earthmass and transportingmaterial (flow debris and sediments). Therefore,
various classifications of landslide are made considering physical phenomena and
evidences of nature. There are no clear evidences of quantification of probability
of reoccurrence of landslides due to various unforeseen factors inherent to natural
slope. It is noted that large number of landslides prone areas are initiated due to
human interventions on natural slope or inability to work with nature’s stability as
shown in Fig. 16.4.
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Fig. 16.4 Move from the
stable ground to aggravating
slope instability; unavoidable
situation or mismatching of
the principles of disaster
management against
landslides

16.3 Slope Instability and Degradation

Landslides or slope instability deal with natural resources such as soil, water, flora,
and fauna. It deals with all natural and man-made stresses from the grass root level
upto the slope failure event. Natural slope usually contains more vegetation, grass,
soil, water, gases, stones, boulders and exposed rock outcrops. Predominant behavior
of a slope is standing without any disturbing of stress history. Stress history of a
ground means the ground subjected to various stresses due to climatic and geolog-
ical deformities. Therefore, ground may or may not contain any form of residual
stresses to move soils from hill slopes due to extrinsic variables. Gravitational stress
is decreased as an unstable stress due to known history of weathering of soil. There-
fore, slopes are usually categorized into three major slope segments, namely crown,
middle, and toe as shown in Fig. 16.5. The top part of the slope may have dip or
escarpment slope which always tends to destabilize with minimum potential energy.
Usually, natural slopes are more likely to be concave and showing these three major
slope segments until reaching the flat surface to attain natural stability. The middle
slope usually contains secondary deposits of upper most section of the slope. The
toe or the lower section of the slope shows long history of stability with low or non
of residual stress.

16.4 Observations and Inventories

Observations and inventories are themost important datasets in every natural disaster
mitigation and management. The geoscientists are experts of understanding the
requirement of inventories of landslides and use such inventories to predict and
safeguard the community against re-occurrences of landslides (Rupasinghe et al.
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Fig. 16.5 Principles of
natural degradation of slopes
and demarcating of landslide
hazard potential zones

2014). The historic information on landslide events is a fundamental requirement
as it provides an insight into the frequency of the phenomena, the types of land-
slides, the volumes of materials involved, and the damage caused. Therefore, it is
required to built-up amechanism to collect disaster-related databases and studies and
disseminate among the community who are living in vulnerable areas. In most cases,
communities have forgotten the past events and re-occurrence possibilities. Some are
ignorant due to long return period of the disaster event. The historic information on
landslides requires data on topography, geological settings, geomorphology, geom-
etry, soil type, soil depth, geotechnical characterization of soil materials, vegetation,
hydrology, hydrogeology, land use, and landform (Lakmali et al. 2014).

16.5 Long Travel Landslides

Recently, rain-induced long travel complex form of landslides were recorded in high
numbers with casualties from Sri Lanka, Philippines, and Nepal. Rapid landslides
mean debris flows, debris avalanches, and rock falls and rock avalanches (Hungr
and Evans 2004a). Slow, ductile toppling of rock masses commonly creates large-
scale mountain slope deformations (Hungr and Evans 2004a). The occurrence and
classification of massive rock slope failure. Felsbau, Vienna, Austria 22:16–23. Such
cases suddenly develop into a catastrophic failure which is extremely rapid flow
slides consists with soils and rocks/boulders (Hungr et al. 2001). Typical examples
are Mulahalkele Landslide (Fig. 16.6), Ragala, Nuwara Eliya district in 1986 and the
Aranayake landslide (See Fig. 16.7) in 2016 inKegolle district, Sri Lanka. The failure
behavior of landslide in clay soil and residual soil is very different from above. Some
continues to exhibit intermittent, relatively slow deformations with limited mobility.
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Fig. 16.6 Mulhalkele
Landslide in 1986. Zero
victims and damage to the
general hospital premises at
the Mulahalkele, Nuwara
Eliya district in Sri Lanka
(NBRO 1988)

It is also noted that toppling or deep weathered rock strata can initiate a brittle
catastrophic rockslide with the residual soil under fully saturated conditions (Hungr
and Evans 2004a).

Another inventory of devastated and long-travel landslide has been reported on
May 17th, 2003, killing seven people and destroying eight houses in Pothupitiya,
Kalawana, Sri Lanka. According to the observations, it could be concluded that the
fundamental causative factors for occurrence of the PothupitiyaKanda landslidewere
continuous excessive precipitation within a short period of the day, existence of the
faults, and prominent rectangular joint pattern, deeply weathered thick overburden
and the change of land use from forest to tea cultivation. The landslide covered
approximately one square kilometers area and occurred as a debris flow, taking
two paths along the existing valleys and ultimately causing temporary damming a
Delgodaganga river (Dias et al. 2011). A few minutes after failure caused inland
flooding below the low ground areas in Ratnapura district. That was the first record
in Sri Lankan disaster history on a landslide dam disaster and unexpected number of
causalities due to low-land inland flooding (Fig. 16.8).
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Fig. 16.7 Landslide event
captured more than 127
victims in Aranayake,
Kegolle district in Sri Lanka
(JICA 2016)

Fig. 16.8 May 17th, 2003,
killing seven people and
destroying eight houses in
Pothupitiya, Kalawana and
caused temporary damming
at the Delgodaganga River

16.6 Rainfall as a Key Parameter

The slopes generally fail at some point following a high level of rainfall precipitation
over a prolonged period of time. It has been indicated that the Naketiya Earthslide
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which was initiated in the nineteenth decade, and reactivation is continued until to
date and recorded as the longest earthslide in Sri Lanka.

Similarly,most of the landslides investigated to date are known to be rain triggered,
seismic triggered, or both. Analysis of rainfall records of very large number of Sri
Lankan landslides conveys that 24 h rainfall associated with a landslide event was
generally 2–23 times higher than the average daily rainfall of that location (Bhandari
andDias 1996). Themonth in which a particular landslide event fell attracted 2.4–3.5
times the average monthly rainfall, and the annual rainfall in the year of a landslide
event was found to be 1.2–1.4 times higher than the annual rainfall average (Bhandari
and Dias 1996). Studies on the past occurrence of landslides in the hill districts of Sri
Lanka study suggest that if the cumulative rainfall on three consecutive days exceeds
200 mm, and if the rains are found to be continue, then the probability of landslides
occurrence should be considered high (Bhandari 1992).

16.7 Viewing Landslide Studies in the Larger Context
of Disaster Risk Reduction

The landslide disaster mitigation adoptive policies should drive the agenda of inte-
grating landslide risk reduction with development planning (Rupasinghe et al. 2014).
Landslide disaster risk reduction strategy itself should be based on integration of the
essential inputs from all related disciplines and sub-disciplines which are critical to
understand the interplay of various causative and influencing factors.

It is also important to understand the social acceptability of risk means (Dias et al.
2003) that the society is convinced that landslide risk does not exceed an acceptable
risk level when planning future land use. Similarly, residual risk or tolerable risk is
a level of risk that a society prepared to live with because there are net benefits in
doing so as long as that risk is monitored and controlled, and action is taken in to
reduce the risk (EMSA/OP/10/(2013). Once the policy framework is clearly defined
for a particular task, the applicable risk minimization standards and guidelines can
be implemented accordingly (E-conference 2015–1).

Major criterion that governs on promoting the multi-disciplinary culture of land-
slide studies which is none other than the landslide professionals. It is essential
to create a structure from a large well-branched network of professionals to acts
as a tremendous supportive system of sharing information and services among the
individuals and groups until information reaches the grass root level (E-conference
2015–3 and 3, 2017-1 2017-2 2017-3, Dias et al. 2017).
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16.8 Community-Centered Early Warning Approach
as an Essential Tool

People living in the landslide prone areas may be physically, economically, socially,
ecologically, politically, and organizationally vulnerable. Though disaster manage-
ment agencies have taken tremendous efforts to improve preparedness for landslides,
certain gaps, shortfalls, or unattended underlying challenges hamper effectiveness
of these efforts. People are impressed by the magical power of modern technology
but in the context of developing world, it would be inappropriate to overlook the
advantages of ease, economy, accessibility, and time-tested benefits of traditional
technologies (Dias et al. 2017). It is also the time to think in terms of community-
centric early warning systems. Some of the key observation on affected person in a
landslide disaster situation is indicated in Fig. 16.9.

Community-centered awareness is a more practical approach which safeguards
people (Dias and Wijewardana 2002). There could also be attitudinal and commu-
nicational vulnerability. It is therefore imperative to investigate not only the nature
of the hazard but also the underlying characteristics of the environment and society
that make community prone to risks. Identifying landslide prone areas and vulner-
able communities, setting up an awareness raising mechanism, establishing effective
early warning systems, developing a shared response plan ensuring timely support
for the vulnerable people will minimize loss of lives, injuries, and property damages
including some consideration as listed below.

Fig. 16.9 Affected person in
a landslide disaster risk
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• In most situations, landslide and floods both together create tremendous effects
to the vulnerability of ground specially community living in lower catchment of
slopes.

• In large landslides, the reoccurrence period usually exceeds more than 100 years
and therefore no signatures of old landslides at the time of settlements

• Community can understand the rainfall sensitivity but are unknown about the
sensitivity of extent of damage.

• Technology on early warning systems to be filed with timely alarming technology
and proper networking facility.

• Probability of an alarming event should be on wide spectrum of data, sound
judgments and coupled with experiences.

• Society of not more than 25 years old but much aware the vulnerability issues
related to the climate change and ready to accommodate more principals and less
negligence.

• Settlers of more than 25 but less than 75 years old; such community usually
respect the scientific declarations butwill not totally accommodatewithout having
knowledge on same experiences before.

• Settlers of more than 75 years old having less attention on new alarming systems
and therefore need more public awareness.

• More advanced setups of early warning technologies will help to safeguard the
community and people living in sloping terrains.

• Sending the correctmessage at the right times to the correct audiences, andwith the
proper terminology is essential. Reducing vocabulary sophistication, and volume
of words is another aspect (World Bosai Forum IDRC 2017).

• Identify a social safety-net mechanism to assist poor and at-risk groups, such
as older persons, persons with disabilities, displaced persons, migrants and other
populations exposed to disaster risk and affected by disasters (IDRCReport 2017).

• Therefore, it is essential that the communities are empowered to promote simple
and economical instrumentation and training to foresee the danger of landslides
for themselves (Dias et al. 2017). The community-centered early warning system
for mitigating landslide disasters is the development of a highly adaptive moni-
toring and early warning system (Dias and Dias 2002, 2003), so that the local
people and governmental officers are capable of preparing and operating the
system. Moreover, the updated schematic diagram for the community-centered
approach in disaster risk reduction and emergency planning in landslides is shown
in Fig. 16.10 and expected to be able to reproduce the system independently so
that it can be applied in other disaster situation as well.

16.9 Acquring Indegenious Knowledge on Slope Stability
Measures

The human settlements are more likely recommended in almost flat terrains and
maximum slope not exceeding 17 degrees slope to the horizontal. It does not
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Doors or windows stick or jam for the first time. 
New cracks appear in plaster, tile, brick, or 
foundations, road wearing surface etc.  
Outside walls, walks, or stairs begin pulling away 
from the building.  
Slowly developing, widening cracks appear on the 
ground or on paved areas such as streets or 
driveways.  
Underground utility lines break.  
Bulging ground appears at the base of a slope.  
Water breaks through the ground surface in new 
locations.  
Fences, retaining walls, utility poles, or trees tilt or 
move.  
You hear a faint rumbling sound that increases in 
volume as the landslide nears. The ground slopes 
downward in one specific direction and may begin 
shifting in that direction under your feet. 

Plan at least two 
evacuation routes 
since roads may 
become blocked 

or closed. 

In case of any failure 
make sure any sign board 
should contain the name, 
address, phone numbers 
of the nearest Police,  
Voluntary Rescue 
operational Groups, Red 
Cross, Representatives, 
etc. 

Stay away from the slide area. There may be danger of additional slides.  
Check for injured and trapped persons near the slide area. Give first aid if 
trained.  
Remember to help your neighbors who may require special assistance--
infants, elderly people, and people with disabilities.  
Listen to a battery-operated radio or television for the latest emergency 
information.  
Remember that flooding may occur after a mudflow or a landslide.  
Check for damaged utility lines and report any damage to the utility 
company.  
Check the building foundation, chimney, and surrounding land for damage.  
Replant damaged ground as soon as possible since erosion caused by loss of 
ground cover can lead to flash flooding.  
Seek the advice of geotechnical expert for evaluating landslide hazards or 
designing corrective techniques to reduce landslide risk.  

 1. Slope profile 
 2. Geology 
 3. Hydrology 
 4. Overburden  
 5. Vegetation 
 6. Seepage 
 7. Landuse 

Use hazard zonal 
map and integrated 

with updated 
landslide events / 

instability

Early
Steps to 
Stability

Ground
Assessment

Landslide 
Warnings

After any Failure

Fig. 16.10 Updated community-centered approach in disaster risk reduction and emergency
planning in landslides (Dias et al. TIEMS 2001 and www.fema.gov./library/landslif.htm)
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mean up slopes are always unsafe to occupy. Geology and locality will educate
community to understand the stable ground with various precaution steps for
development with zero risk on instability. It is interesting to note that large number
of indigenous slope protective development is characterized by a combination of
anti-erosion and soil fertility maintenance techniques pits and ridges on steep
slope similar to Fig. 16.11 practicing in old farming techniques in Sri Lanka.
Such process was first noticed even in farming of paddy in steep terrains known
as “helmalu” method which safeguard fully saturated zone for paddy cultivation.
The areas are highly protective by the means of fertility and stability both. The
process is lasting from the King’s period of the country and continues even today.

Vegetative slopes that had high root density (due to dense vegetation on the
surface) are noticed in hill county slope management techniques, and those are
less likely to undergo slope failure. This is because a high root length density
results in more absorbed water and standing low soil water content which in
turn results in an increase in shear strength and decrease soil permeability. It is
suggested that root length density and soil water level could be used as indica-
tors of slope stability and possibly could be used to predict future slope failure.
Number of locations was observed in road-side bank stability with native plants
and standing more than 50–60 years in record. It is interesting to note that annual
average annual rainfall in such localities are more than 4000–5000 mm per year
and standing without showing unexpected instabilities or extensive erosions as
shown in Figs. 16.12, 16.13, 16.14.

Plant roots act in several ways to increase slope stability:

1. Roots bond unstable soil structure and absorbed excess water which leads to
stable subsoil,

2. They provide a cover of complex net form structure and speeding over a laterally
strong fine root systems close to the surface, and

Fig. 16.11 Paddy fields in
Walapana; Indigenous
approach of paddy
cultivation in Sri Lanka
— “Helmalu” method
(mountains terrain; https://
walapane.com/media/
paddy)

https://walapane.com
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Fig. 16.12 Standing of
almost straight earth cut in
completely weathered rock
with vegetative growth

Fig. 16.13 Typical native
multi-culture vegetative
spices on a saturated rock
soil composite roadside;
stable cut slope (standing
more than 40 years)

Fig. 16.14 Native
mono-culture vegetation on
overburdened soil standing
above the completely
weathered rock in
Avissawella — Nawalapitiya
road

3. In addition, deep rooted trees will provide embedded stems act like a buttress
pile or arch-abutment on a slope.
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16.10 Conclusion and Recommendation

The development of a policy framework can be done for a diversified extent
including promote disaster risk awareness, scientific background of causes and
effect, and relationship between the social and professional inputs of landslide
disastermanagement. However, many of the feasible concepts developed for land-
slide disaster mitigation have not reached the implementation stage successfully
due to various reasons (Dias et al. 2017). Thus, each and every individual should
build up their own moral strength of acting upon a landslide occurrence with a
sensible approach in taking off from such localities and settling down in safer
surroundings by focusing on technical and social aspects as shown in Fig. 16.15.

• The landslide risk could not be any longer considered in isolation. The other
hazardous events such as flood and earthquakes are also entangled with landslide
to a certain extent. It can be further introduced as landslide-triggered earthquake-
induced landslides and flood-induced landslides. Since a landslide prone area
could also be flood and earthquake prone, it is only by the production of multi-
hazard maps that the scientists can connect the universe of landslides with the
galaxy of other disasters and encourage holistic approach to hazard investigation
anddisaster risk reduction includingnetwork and strategic approaches as indicated
in Fig. 16.16.

• Networking and strategic planning approaches requirements.
• People arewell aware about climate issues, climate adaptation principles, or public

awareness on climate change adoption issues, etc.
• Early warning systems need to strengthen through new technologies with

community-centered early warning system for emergency management of land-
slides

• Use specially designed community awareness activities considering age groups,
educational group, and gender

• Strengthen the implementation of social safety-net mechanisms to assist the poor
and at-risk groups, such as older persons, persons with disabilities, displaced

Fig. 16.15 Technical and
social issues on conceptual
model policy approach in
landslide disaster mitigation
works
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Fig. 16.16 Logical
approach of framework to
promote multi-disciplinary
culture of landslide studies
and risk management

persons, migrants and other populations exposed to disaster risk and affected by
disasters; (Fact Sheet 2015; www.fema.gov./library/landslif.htm)

• Strengthen the sustainable use and management of ecosystems and implement
integrated environmental and natural resource management approaches that
incorporate disaster risk reduction.

Such moral strength should be built-up bit by bit until they identify to avoid the
vulnerability including cultivation in slope areas, establishing domestic surroundings
in mountainous regions and occupying in landslide prone regions for developments
(Dias et al. 2017).

Such attempt can only be succeeded by lasting a greater interaction between
professionals pursuing landslide studies, and those considering at other types of
hazards, in pursuit of the common cause of advancement of knowledge and human
safety. The ancient cities in mountain terrain are always standing in lower or the third
segment of slope and educate us to understand the engineering and environmental
sustainability of the nature.
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Chapter 17
Disaster Resilient Infrastructure

Bhumika Gupta and Salil K. Sen

Abstract Inducting the sustainable infrastructure rating systems enable assess-
ment of the degree to Sustainable Development Goals (SDGs) compliance (Diaz-
Sarachagaa et al. 2016). Day-to-day revenue and profit pressures relegate disaster
preparedness to lower priorities. Policy-makers, processors, and community are
taking serious note of disaster risk management targets and indicators. (Mitchell
et al. 2013). Integrated assessments put in parenthesis disaster-proofing, technology
innovation, SDG compliance and overarchingly, good governance (Lotze−Campen
2015) Integratedmodels: integrated assessment). Infrastructure sustainability assess-
ment commenced with societal, environmental and economic costs, and value added
spanning their life cycles. This was boosted to the next level with disaster prepared-
ness and resilience charted by Hyogo and Sendai frameworks that focused on reduc-
tion of global disaster damage to critical infrastructure, access to multi-hazard early
warning, strengthen resilience of aging and new critical infrastructure, spanning,
water, transportation, telecommunications, education, health care, and sanitation
(UNISDR 2015).
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17.1 Financing for Disaster Resilient Infrastructure

The sector-specific allocation of funding has a significant correlation with disaster
development (Table 17.1).

Disaster Risk Reduction and Management (DRR & M) had potential to provide
immunity to themetabolism of sustainable growth pivoted disaster knowledge access,
safety nets and resilience to disaster-led risks, and learning design solutions (Wamsler
2009).

17.1.1 Key Objectives

(i) Enhance the effectiveness on disaster preparedness
(ii) Link the vast repositories of wisdom at locales in ASEAN/Asia Pacific and

beyond
(iii) Create community of practice on Disaster Risk Reduction and Management
(iv) Road map for systematic disaster mitigation–adaptation–rehabilitation–

sharing steps
(v) Incorporate DRRM as an integral part of development management with

private–public–community linked architecture that breaks away from silo like
existence of Disaster Management.

17.2 Literature Review

Disaster resilience disaster risk reduction and management aims to foster content
and empathy, skills for proactivity, creativity and innovativeness, initiative and self-
direction, social and cross-cultural adaptivity (Gosper and Ifenthaler 2014). Prepared-
ness to copewith the progression of vulnerability to disasters by embedding resilience

Table 17.1 Sector-specific
allocations (approx.)

Sector clusters Allocations (%)

Water supply, sanitation, and waste
management

Over 30

Transport and communications About 28

Multi-sector About 10

Energy, health, education About 20
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to cope. Quality, knowledge, and innovation practices in DRR & M are tabulated
(Table 17.2).

In East Asia and Pacific, weighted mainly by PRC, infrastructure investments,
estimated by bottom-up methodology, surpasses demand, determined by top-down
process. This anomaly necessitates reviewofmethodology to create the infrastructure
financing bankable to private sector.

17.3 Issue Map of Disaster Risk Reduction
and Management with Respect to Infrastructure

Related to disaster risk reduction and management are reliability of energy–water–
waste assurance at pre-stages, during post-stages of disasters. There is a broad-band
of issues, spanning infrastructure, agriculture, education among others with soft
issues on governance, empathy, preparedness that encapsulated the scope of DRR &
M (Table 17.3).

17.4 Community of Practice Approach for DRR &M

Energy infrastructure financing to address the deficit of about 7 to 8% (Table 17.4).
In a related study, infrastructure investment demand in EmergingMarkets andDevel-
oping Economies (EMDE) for in top-down methodology is USD 356 bi while
bottom-up need is USD 212 bi (Ruiz-Nunez and Wei 2015) (Table 17.5).

References: RSDD sector and thematic priorities; long-term strategic framework
2000–2015; supporting finance at ADB; knowledge management directions and
action plan 2013–2015, supporting finance + +

Table 17.2 Quality, knowledge, and innovation practices in DRR & M

Disaster rebuilding clusters Interfaces with other development management
fields of study

Agriculture, rural development, and food
security:

Encompass sector reviews, financing practices,
and instruments and support for agricultural
productivity and improvements

Climate change mitigation and adaptation Include mitigation and adaptation strategies,
climate change implementation plans, climate
change fund operations, external consultations

Disaster risk management Comprise disaster risk management, disaster
and emergency assistance, risk and
vulnerability assessment, policy reviews, good
practices, external consultations

(continued)
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Table 17.2 (continued)

Disaster rebuilding clusters Interfaces with other development management
fields of study

Education Coordinating education sector policy and
strategies, monitoring the education sector plan
of action, advisory support to education sector
operations, good practices, partnerships and
innovation (UNCRD 1996), extreme event
analysis (Smith 1996)

Environmental services Develop proactive environmental programs,
mainstreamed environmental considerations

Environmental and social safeguards Introducing safeguards policy compliance,
policy reviews, advisory services

Poverty reduction, social development, gender
and development, and health

Poverty reduction and social development:
millennium development goals, regional
poverty networks, country poverty analysis,
impact assessments, community-driven
development, good practices, social protection,
promoting labor standards
Gender and Dev: monitoring gender and
development policy, operational advisory
support, good practices, partnerships,
participatory approaches
Health: fostering better health outcomes,
helping monitor health impacts of related ADB
projects, promoting health as a regional public
good (HIV and AIDS, communicable diseases),
sharing knowledge and experiences

Public management, governance, capacity
development

Institutional diagnosis, governance and
capacity development, public financial
management, service delivery mechanisms,
anti-corruption initiatives, consultations with
civil society and non-government organizations

Knowledge management Weaving knowledge management in operations,
communities of practice, knowledge hubs,
learning and development, technology

Table 17.3 Issue map of DRR & M

Key stakeholders Level of engagement

Policy, public–private partnerships Board, management, staff, country, and
sector teams

(continued)
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Table 17.3 (continued)

Key stakeholders Level of engagement

Local stakeholders Civil society, non-governmental
organizations

Umbrella organizations Development agencies, academia and
research institutions

Sector assessments and road maps Agricultural and natural resources sector,
transport, information and communication
technology

Country partnerships strategy assessments Energy, finance, education

Governance risk assessments Health and social protection

Economic analysis and financial retrospectives Industry and trade, public sector
management

Safeguards and mitigation Climate change

aPost-completion sustainability assessment studyhas a database of 548 sustainability ratings criteria.

Table 17.4 The community of practice (CoP) approach disaster risk reduction and management
course content

Disaster preparedness linked CoP keywords: Key characteristics:

Rationale for communities of practice (CoPs)
on DRR & M:

CoPs are groups of like-minded: shares
know-how; creates thematic–sectoral "linked"
domains of knowledge;
continual anticipate—know—build—adopt
cycles

Finance for disaster risk reduction Models of financing rehab, preparedness,
private–public partnerships

Education/capacity building for disaster
preparedness

Four key attributes (i) empowerment of local
inhabitants, (ii) capacity building of local
businesses, (iii) livelihood continuity, (iv)
professional/vocational training

Trans-boundary collaborations/consortiums to
cope with disasters

Key CoP needs: (i) sharing knowledge that
conforms to local typicality, (ii) amplify
little-understood, little known ideas on disaster
prevention wisdom, (iii) provides resources to
enable carrying out idea, (iv) convenes different
groups may be online, (v) continuity issues of
community of practice

Disaster database Database needs filtering on disaster relevance;
necessary amalgamations, knowledge
management action plans
For instance, ADB community of practice has
19 committees, 9 networks with respect to
sectors, 10 themes

Four pillars of disaster preparedness (a) knowledge to action focus, (b) empowering,
(c)trans-boundary partnerships, (d)
enhancing multi-livelihood learning and
re-skilling in face of disasters
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Table 17.5 Key output measures of DRR & M effectiveness

Catalyzing investment Monitoring quality and
compliance

Promoting regional cooperation
and integration

Strengthening inclusiveness Preventing corruption Managing the environment

Improving governance Assess and monitor risk
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Chapter 18
Drought Disaster in the Central
Highlands of Vietnam: Relationship
Between Land-Use Change and Drought
Impact

Nguyen Thi Thu Ha, Mai Trong Nhuan, Dinh Ngo-Thi,
and Nguyen Thien Phuong Thao

Abstract Over the past decades, drought becomes a global hazard with nearly half
of the world’s countries suffered from drought, and it is arguably the biggest single
threat from climate change. However, human activities which are reflected through
land-use conversion are also inducing drought impact. This study aims at quanti-
fying the effect of changes in land use to drought impact by the case of drought in
the Central Highland of Vietnam. In this study, drought impact was modeled using
Normal Different Drought Index (NDDI) retrieved from Landsat data, and it was
multivariate regression analyzed with local statistical data on land-use pattern areas.
Result confirms the dependency of drought impact on land-use change, whereas the
reduction of local forest land and excessively expansion of industrial cropland are
two main factors those lead to the increase of total drought-affected area in the high-
land (Pearson correlation coefficient, R = 1.00 and 0.98, respectively). Modification
of agricultural crop plan, particularly modification of cultivated mechanism and crop
structure, is an adaptation strategy to drought in the highland.

Keywords Dought disaster · The Central Highlands of Vietnam · NDDI · Crop
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18.1 Introduction

Drought is one of themostwidespread andprolonged environmental hazards linked to
climate change, especially in less-developed countrieswith economies that are highly
dependent on agriculture such as Vietnam. In recent decades, drought is considered
as a severe disaster causing negative impacts on the environment, ecosystems, as well
as the economy of the Central Highlands in Vietnam (2016; Huy et al. 2016; Ha et al.
2016; Quyen et al. 2016). As for 2015, the Vietnamese Government has provided
5221 tons of food and allocated 1008 billion VND (~45 million USD) worth of relief
and disaster support services for people in the Central Highland’s drought-affected
regions. According to drought risk records, light drought often reduces 20–30%crop-
yields, while severe drought reduces approximately 50% crop-yields, and extremely
severe drought may lead to a complete loss of crops (Quyen et al. 2016). In the
highland, rice and coffee are the most sensitive crops, while ethnic minorities and
small householders are the most vulnerable groups to the impact of drought (CGIAR
Research Centers in Southeast Asia 2016). Confrontedwith increasing drought stress
and water scarcity in the region, adaptation to droughts in a changing climate has
been a key scientific focus.

According to the United Nations’ Millennium Ecosystem Assessment, modifica-
tion of land use by several anthropogenic activities affects social-ecological systems
and therefore, loss of biodiversity (Sarukhán and Whyte 2005). Over time, changes
in land use and land degradation can affect the magnitude and frequency of droughts
(Sentis 2003). Adjustments in land-use patterns are effective adaptation strategy to
drought risk (Lei et al. 2014). National statistical data of Vietnam during 1995–2015
indicated a significant conversion of land use in the highland: from forest land into
industrial cropland, particularly coffee cropland (Anh 2015). Therefore, quantifying
the relationship between land-use change and drought impact may help mitigate
drought risk in the highland by means of future reasonable adjustments in land use.

This study aims at quantifying the relationship between drought disaster impact
and change in local land use. In the study, drought disaster impact has been mapped
and assessed using Normal Difference Drought Index (NDDI) retrieved from multi-
generational Landsat images acquired in Marches (common last month of the local
dry season) of years those droughts happened severely: 1993, 1998, 2005, 2015, and
2016. National statistical data on local land-use factors were empirically analyzed
with obtained NDDI to quantify the relationship. Multivariate regression of depen-
dency between NDDI and local land-use data on areas of local residential land, forest
land, industrial cropland, rice cultivated land, etc. help identify driven factors leading
to increasing of drought magnitude and drought-affected region expansion for future
adjustment.
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18.2 Materials and Methods

18.2.1 Study Area

The Central Highlands is one of eight agro-ecological regions of Vietnam (Fig. 18.1).
The region consists of various plateaus surrounded by mountain ranges. The eleva-
tions of plateaus range from 500–1500 m above sea level. The Central Highlands has
a total land area of 5,454,500 ha (17% of the national area), covering five provinces:
Kon Tum, Gia Lai, Dak Lak, Dak Nong, and Lam Dong.

The Central Highlands of Vietnam is well-known as an area of industrial crops
with the average GDP growth rate in a period from 2001 until now is 11.9% per year.
Because of locating in the upper basin of three large rivers (Sesan River, Serepok
River, Dong Nai River), the highland has a great hydro-power reserve where 1560
reservoirs were constructed to provide about 60% of regional irrigation needs (Thanh
2015) and more than 30% of national hydroelectricity potential.

Drought occurs in the highland in yearly dry season, but severely impacted in
years El Nino phenomenon dominated such as 1993, 1998, 2002, 2005, 2010, 2015,
and 2016 (Ha et al. 2016) with total impact area reach to 40% of the entire land area.

18.2.2 Image Processing Method

Landsat satellites acquire images over the Central Highland of Vietnam from 2:40
to 3:12 GMT (corresponding 9:40 to 10:12 local time) every 16 days following path
124 rows 50, 51, 52 and path 125 row 50. 24 Landsat scenes acquired in March of
the years 1993, 1998, 2005, 2010, 2015, and 2016 were used in this study.

With the exception of cloud-masking, all preprocessing of the Landsat images,
including radiometric calibration and atmospheric correction, was completed using
ENVI 5.3 image processing software. Surface reflectance data from Landsat images
were then calculated Normal Difference Vegetation Index (NDVI) and Normal
Difference Water Index NDWI based on Tucker (1979) and Gao’s methods (1996).
NDDI thenwas calculated using amethod proposed byGu et al. (2007)which defined
by the difference between NDVI and NDWI at each image pixel. Accordingly, areas
with the NDDI value less than 0.1 are non-drought area; areas with NDDI > 0.1 are
under drought-affected region, whereas areas with NDDI > 0.3 are severely impacted
by drought.
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Fig. 18.1 Location of the Central Highlands of Vietnam (pink area) modified from the simple
administrative map of Vietnam
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18.3 Results and Discussion

18.3.1 Changes in Land-Use and Drought Impact

Resultant NDDI mapping from Landsat data in Marches 1993, 1998, 2005, 2010,
2015, 2016 (Fig. 18.2) showed the most severe drought recorded in March 2005
with total area under severe drought level (NDDI > 0.3) reached to 1,170 thousand
hectares corresponding to 21.4% of the highlands’ total land area. Drought-affected
areas (NDDI > 0.1) have increased dramatically from 34% (in 1993) to 45% of the
highlands’ total land area (in 2015). The largest drought-affected area was recorded
in dry season 2015 with 2486 thousand hectares, corresponding to 45.5% of the
highlands’ total land area and being larger than itself recorded in 1993more than 638
thousand hectares although total area under severe drought level was approximately
20% of the highlands’ total land area similarly to 1993′s record (Fig. 18.2).

Fig. 18.2 Maps of drought in the central highland of Vietnam in marches of 1993, 1998, 2005,
2010, 2015, 2016
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Fig. 18.3 a Changes in land-use patterns and drought impact areas, and b change in industrial
cropland patterns in the Central Highland of Vietnam (Source Vietnam General Statistics Office
2016)

According to data from General Statistic Office of Vietnam, during last 25 years,
land use in the Central Highlands of Vietnam is changed following the trend of
conversion from the natural ecosystem (forest land) into human-made ecosystems
(residential land and agricultural lands). Forest land has been significantly decreasing
over the last three decades, particularly decreasing of forest bioenergy from 50%
of rich bioenergy forest land in 1990 into 22% in 2017 (MARD 2017). Contrast
to this trend, residential land and agricultural lands such as industrial cropland, rice
cultivated land, and annual cropland have been expanding rapidly for the last 25 years
(Fig. 18.3a). Among these land uses, industrial cropland got the highest increasing
trend with an R-squared coefficient of trend line reaches to approximately 0.65.

Five industrial plants have been mainly cultivated in the Central Highlands of
Vietnam are tea, coffee, rubber, pepper, and cashew. According to statistical data,
lands used for cultivating these plants have been increasing dramatically in recent
years, particularly land used for cultivating coffee with an R-squared coefficient of
trend line reaches to approximately 0.68 (Fig. 18.3b). Loss of forest land means
loss of water-retention potential, while the increase of industrial cropland and other
agricultural lands refers to the increase of water demand in the region in the dry
season. Besides, increase in residential land means an increase of impervious surface
such as concrete roads and pavements which prevents water exchange between air
and soil environment that may lead to more severely impact of drought.
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18.3.2 Relationship of Land-Use Change and Drought
Impact

Table 18.1 showed the Pearson correlation coefficients (R) of several local climate
and land-use factors versus areas under different drought-level impacts. Accord-
ingly, both areas under severe drought impact and total drought-affected area have
a negatively strong correlation with dry season average rainfall (R = −0.86 and −
0.75, respectively) that confirm the most dependency of drought on a reduction of
seasonal rainfall than other climate factors such as temperature and length of the
dry season. If the area under severe drought impact has no correlation to land-use
factors, then the total drought-affected area has strong correlations to the increase of
residential land and industrial cropland (R= 0.70 and 0.78) which similar to the area
under moderate drought impact. These correlations may imply that the expansion of
residential land and industrial cropland is the root cause of the expansion of the total
drought-affected area.

Table 18.2 showed the Pearson’s correlation coefficients between differences in
changes of drought-impacted areas versus changes in the land-use pattern. Accord-
ingly, the change in area under severe drought impact was strongly depended on
a change in areas of annual cropland and residential land, but the total drought-
affected area was strongly correlated to the reduction of forest land (R = −1.00) and
increasing of industrial cropland (R = 0.94).

To check the dependency of the total drought-affected area on local industrial
cropland, five common crop types in the highland, including cashew, pepper, coffee,
tea, rubber were regression analyzed using their areal data series over time, in 1993,
1998, 2005, 2010, 2015, 2016. Result in Table 18.3 showed the highest dependency
of total drought-affected area on coffee cropland, then pepper and cashew croplands.

Because area under severe drought impact has been not changed much during last
three decades and mostly depended on seasonal rainfall which human can hardly
adjust, the expansion of total drought affected should be focused to mitigate drought
impact. Therefore, the reduction of forest land and the increase of industrial cropland
trends in the highland should be paid attention in future land-use planning. Among
five industrial crop types in the highland, excessively expansion coffee cropland
most induces the drought impact over time. This assumption is in accordance with
a practical requirement in coffee tree cultivation mechanism: After harvested in
November, the coffee tree should be leaves and branches cut for the new generation
in spring. And, during spring (corresponding to the dry season in the highland),
coffee tree needs more and more water to grow new leaves. This characteristic in
coffee cultivation mechanism makes the highland into the severe deficiency of water
due to higher water demand for the large area of coffee cropland in a dry season.
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Table 18.2 Pearson’s correlation coefficient (N = 6) between difference in drought impact areas
versus local difference in land-use factors over time (1993–2016)

DIFF
(Residential
land,1)

DIFF
(Forest
land,1)

DIFF
(Industrial
cropland,1)

DIFF
(Annual
cropland,1)

DIFF
(Rice
cultivated
land,1)

DIFF
(Severe drought
area,1)

0.95 −0.13 0.47 0.98 0.71

DIFF
(Total
drought-affected
area,1)

0.42 −1.00 0.94 −0.09 0.78

DIFF
(Moderate drought
area,1)

0.25 0.98 0.86 0.27 0.66

Table 18.3 Dependency analysis result of total drought-affected areas on local industrial crop types
over time (1993–2016)

R2 Const Beta (dependency coefficient)

cashew pepper coffee tea rubber

Total drought-affected
area = f (cashew,
pepper, coffee, tea,
rubber)

1.00 528.93 2.66 2.67 5.29 0.00 0.00

18.4 Conclusion

Quantifying the effect of local land-use change and drought impact provides mean-
ingful for future reasonable adjustments in land-use patterns, and it could be a
preferred approach in drought risk adaptation. Our findings suggest that reduction
of forest land is a key considered issue in the Central Highlands of Vietnam that
induces drought disaster. Additionally, an increase of industrial cropland, particu-
larly increase of coffee cropland should be considered as one of the factors that
leads to expansion of drought impact in the high land. Modification of agricultural
crop plan, particularly modification of cultivated mechanism and crop structure is
an adaptation strategy to drought that helps to reduce the physical vulnerability of
agriculture to drought (i.e., to reduce drought loss), but also to mitigate the “social
vulnerability” of farmers (that is, to improve the farmers’ livelihoods).
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