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This paper describes interdisciplinary and transdisci-
plinary approaches inevitably necessary for effective
disaster risk management, introducing examples in-
volving the tsunami hazard map in Sendai, volcanic
eruption in Iceland, and river flooding in Thailand.
On the basis of the conversations conducted at the
Global Forum on Science and Technology for Disaster
Resilience 2017 held at the Science Council of Japan
in Tokyo on November 23–25, 2017, this paper sum-
marizes the results of the discussion for further devel-
opment of these approaches. Some international ini-
tiatives are also briefly introduced.
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1. Introduction

During the Global Forum on Science and Technology
for Disaster Resilience held in Tokyo on November 23–
25, 2017, one of the working groups focused on promo-
tion of interdisciplinary collaboration. This article sum-
marizes the discussion and recommendations proposed by
the working group (WG5) at the Forum [1].

While interdisciplinary collaboration is critical to in-
form robust actions for disaster risk reduction (DRR), it
faces multiple barriers and obstacles. These include con-
ceptual, definitional, methodological, institutional, and
resourcing constraints, in addition to shortcomings in ed-
ucation systems that introduce interdisciplinary thinking
too late.

Moreover, as DRR is an integrated domain that cuts
across a wide range of disciplines and fields to advance
sustainable development, it embraces numerous disci-
plines as well as policy and practice domains. When op-
timized through inter- and transdisciplinary engagement,
these characteristics can also contribute to progress be-
yond the Sendai Framework towards the aspirations of the
Sustainable Development Goals (SDGs), the Paris Agree-
ment, the New Urban Agenda, and the World Humanitar-
ian Summit.

(Source: Geospatial Information Authority of Japan)

Fig. 1. The tsunami hazard map for Sendai City before the
disaster on March 11, 2011.

2. Needs for Interdisciplinary and Transdisci-
plinary Collaboration

DRR cannot be achieved by a single academic disci-
pline or sector – it requires inter- and transdisciplinary
collaboration. The national academies of science (or sim-
ilar groupings) are expected to promote inter- and trans-
disciplinary engagement and research to implement the
Sendai Framework for Disaster Risk Reduction (SFDRR
2015–2030) [2].

Sendai is the largest city in the Tohoku region of Japan
and the capital city of Miyagi Prefecture. A tsunami haz-
ard map in the Sendai City area (786 km2 with 1.04 mil-
lion population), as seen in Fig. 1, shows the areas where
tsunami waves had been expected to occur (the map’s
purple-colored portion). Essentially, “hazard maps” in-
dicate a hazard’s danger by showing the extent of the haz-
ard and how deep the inundation (from tsunami or flood-
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(Source: Sendai City homepage)

Fig. 2. Tsunami hazard map for Sendai City (in part) revised after the tsunami disaster.

ing) is. Earthquake hazard maps indicate how strong the
seismic motion at each location is. The actual tsunami
waves caused by the Great East Japan Earthquake and
Tsunami (GEJET) on March 11, 2011 reached the orange-
colored portion as indicated in Fig. 1 and killed many
people there. This suggests a danger stemming from
the limitation of hazard maps. People who lived in the
orange-colored areas might have misunderstood that there
was no risk of tsunami. Hazard maps for floods and
tsunamis are usually based on simulation results obtained
from assumed 100-year events. In March 2011, however,
the tsunami event was much larger than the envisioned
tsunami. The actual 2011 tsunami came up to areas be-
yond the boundaries indicated by the red-colored portions
on the map. This indicates the danger of limitation of such
a tsunami hazard map, which shows hazardous areas es-
timated and identified under conditions set for estimating
inundation areas.

In March 2015, Sendai City revised the tsunami haz-
ard map (Fig. 2), which showed the Level 1 tsunami area
(the orange-colored portion) and the Level 2 tsunami area
(the yellow-colored portion). Two major roads have been
reconstructed to protect against tsunamis. One is called
the Shiogama-Watari Line (the 42.1 km-long Prefectural
Road No. 10 between Shiogama City and Watari Town),
managed by Miyagi Prefecture. The other is the Sendai-
Tobu Road (the 24.8 km-long highway that is a part of
National Road No. 6), managed by the Japanese Central

Government. It is interesting to note that these two roads
are located on the borders of assumed tsunami events. The
Shiogama-Watari Line (the thick, orange-colored solid
line) forms a border between the Level 1 and Level 2 ar-
eas, on a 6-m bank, which can be a tsunami barrier for
Level 2 areas. The Sendai-Tobu Highway (the thick, blue-
colored solid line) forms a part of the upper border of the
Level 2 area. Combined with these two roads, Sendai
City has newly revised its tsunami hazard map. These
road banks can also be used for evacuation during tsunami
events.

Figure 1 was made by using a topographic map as a
boundary condition and computer simulation techniques
estimating and mapping the tsunami. This was not an in-
terdisciplinary approach but simply a hydrodynamic anal-
ysis effectively simulating the tsunami and its inundation
areas.

However, the revised version (Fig. 2) was made by an
interdisciplinary approach. It employed not only hydro-
dynamic tsunami simulation but also other considerations
including roads as tsunami barriers and escape routes, as
well as tsunami evacuation facilities and shelters in green-
colored locations. Making such hazard maps requires in-
terdisciplinary approaches, which should include collab-
orations among different sectors such as departments of
road construction, coastal engineers, transportation, city
planning, and disaster management.
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3. Examples of Interdisciplinary Collabora-
tions

The Sendai Framework provides an opportunity
to strategically promote the value of interdisci-
plinary/transdisciplinary research and collaboration
in academic and scientific arenas, especially integrated
research on disaster risks. Already, interdisciplinary
scientific cooperation at the national level has shown
encouraging development, signaled by the experience of
Japan through the Japan Academic Network for Disaster
Reduction (JANET-DR) [3], the United Kingdom Al-
liance for Disaster Research (UKADR) [4], the efforts of
the National Committees of the Integrated Research on
Disaster Risk (IRDR) [5], and numerous other initiatives.
For instance, the JANET-DR was established in January
2016 with support from the Science Council of Japan
(SCJ) to network 56 academic societies (including their
associations and unions) in the field of disaster and DRR.

Although the JANET-DR has been unable to take con-
crete actions to implement the Sendai Framework since
its establishment, the UN and other international organi-
zations should assist countries in creating a mechanism
that aids the academic sector in playing a leading role in
facilitating interdisciplinary collaboration.

Similarly, in March 2015, the Global Summit of
Research Institutes for Disaster Risk Reduction and
the Global Alliance of Disaster Research Institutes
(GADRI) were established, consisting of 160 research in-
stitutes/centers in DRR from 35 countries [6].

The GADRI functions as an international network
linking different disciplines and is joined by the UN
and other international organizations, including UNISDR,
UNESCO, and the European Commission Joint Research
Centre (EC-JRC), and thus has potential to serve as a
foundation to foster practical collaboration. Initiatives
such as these strengthen communication and collabora-
tion between the scientific communities and other actors
as indicated in the Sendai Framework.

4. Linkages with Both the Public and Private
Sectors

To promote science and technology for DRR, it is criti-
cally important to consider the Sendai Framework, recog-
nizing that both the quality and robustness of the synthesis
reports will be informed by the level and depth of interdis-
ciplinary and transdisciplinary collaboration in relation to
the four Sendai priorities.

Additionally, the successful implementation of science
and technology for DRR assumes the co-production of
scientific knowledge to guide governance and invest-
ment. Its prospects for success also advance through
flexibility to accommodate diverse perspectives, espe-
cially the applied need for DRR actions (i.e., evidence-
based policy implementation, interdisciplinary collabo-
ration among different disciplines, and transdisciplinary

collaboration among different sectors). Similarly, effec-
tive application of science and technology is enhanced
through greater investment in human capacity develop-
ment and sustainability science related to DRR in ed-
ucation, especially in higher education systems extend-
ing from post-graduate to under-graduate and secondary
school levels. Such measures advance an enabling institu-
tional environment for interdisciplinary collaboration and
research.

These interventions should be further strengthened by
involving all disciplines and sectors in mutually provid-
ing technical support, cooperatively developing training
materials, and creating a platform together that allows all
actors full access to various types of practical information
on DRR, including good practices. Each country should
take necessary action to promote interdisciplinary collab-
oration in its academic sector and intersectional collabo-
ration among the academic, public, and private sectors for
them to work effectively for common purposes.

5. Disaster Risk Reduction by Interdisci-
plinary and Transdisciplinary Approaches

To assess the full spectrum of disaster risks, including
those associated with natural hazards and vulnerability as
well as anthropogenic and technological risks, we should
develop innovative, integrated approaches and technolo-
gies for risk assessment that embrace all sciences as well
as other relevant stakeholder groups. For instance, to in-
crease understanding of risks of natural, man-made, tech-
nological, and complex disasters and apply appropriate
measures to reduce such risks, lessons from past disasters
such as the Great East Japan Earthquake should be stud-
ied and interdisciplinary collaboration should be encour-
aged across a wide range of sciences, including engineer-
ing, natural sciences, social, and health sciences. In the
midst of an era in which technology is evolving quickly
and the environment is changing day by day both locally
and globally, new approaches and technologies that can
adapt to these changes should be developed and practiced.

Initiatives such as the IRDR, Future Earth [7], and other
alliances and programs around the world are increasingly
promoting the generation of knowledge in partnership
with society and users of science by revisiting participa-
tory approaches to disaster-related problems, including,
for example, co-design, co-production, and co-delivery.

Efforts to enhance understanding of increasingly com-
plex disaster risks can be strengthened through new
knowledge systems for DRR that integrate scientific as
well as local and indigenous knowledge.

The following equation is often used to conceptually
explain disaster risk:

DR = H ×E ×V

where DR: disaster risk, H: hazard, E: exposure, and
V : vulnerability. Hazard (H) is a natural phenomenon
such as an earthquake, volcano eruption, landslide, storm,
flood, or heatwave. Exposure (E) is defined as something
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to be affected by natural disasters, such as people and
property. Vulnerability (V ) is defined as a condition re-
sulting from physical, environmental, social, or economic
factors or processes that increase the susceptibility of peo-
ple or a community to the impact of a hazard.

Imagine a rock island in an ocean with a tsunami ap-
proaching it. If the rock island has no population or prop-
erty, there will be no disaster risk because exposure (peo-
ple and property) E is zero. Generally, disaster risk is
defined as an expectation value of losses (such as deaths,
injuries, and damaged property) that would be caused by
a hazard. Growing exposure and vulnerability increases
the number of natural disasters and greater levels of loss.

Living land is a place where people can live and prop-
erties can exist, and they are exposed to natural hazards.
It should be protected from hazards by countermeasures
such as infrastructures, specifically flood control facili-
ties and anti-earthquake buildings. These countermea-
sures can reduce the vulnerability of the society or living
land to natural hazards or reduce exposure by adopting a
policy of land use restriction.

Countermeasures C reduce DR:

DR =
H ×E ×V

C
Considering C as C1, C2, and C3 for each term:

DR =
H
C1

× E
C2

× V
C3

We can then consider infrastructures for reducing disas-
ter risks caused by hazard H as C1. Possible infrastruc-
tures are buildings/structures strengthened against earth-
quakes; dams and levees strengthened against floods and
debris flows; shelters strengthened against volcano erup-
tion, high tides, and tsunamis; etc. Such infrastructures
are realized by public investment, which is stressed in
the SFDRR Priority Action No. 3, “Investing in disas-
ter risk reduction for resilience.” A possible countermea-
sure C2 for exposure E is relocation of people and prop-
erties from hazardous areas to safer palaces. This is a
kind of “risk avoidance” measure done by city planning
or land use change. Insurance (or compensation by the
government) is another “risk transfer” measure available
for people. Such measures also cost money, depending
on the population living in the hazardous areas. Public
and private investments are necessary. To reduce human
vulnerability V , an effective countermeasure C3 includes
raising awareness and preparedness of people through dis-
aster prevention education. Hazard maps can raise aware-
ness and preparedness, but people should be careful about
what the maps indicate, as mentioned above regarding the
previous tsunami hazard map in Sendai City (Fig. 1).

People should also participate in the co-production
stage of hazard mapping. If they do so, hazard maps be-
come more user-friendly and effective in emergency situ-
ations when a hazard event takes place. This is actually
a transdisciplinary action in which interdisciplinary ap-
proaches are realized as a real-world practice.

Volcano

Fig. 3. Composite map of the volcanic ash cloud, with
Eyjafjallajökull Volcano in red.

6. Understanding of Catastrophic Disaster
Events and Cascading Disasters

We may recall the 2010 volcano eruption of Eyjafjal-
lajökull in Iceland and the 2011 flooding of the Chao
Phraya River in Thailand. They were local events in Ice-
land and Thailand, respectively. Both events, however,
affected wider areas globally and caused significant eco-
nomic damage in many countries for months.

Volcanic ash spread widely, covering almost all of the
European region as shown in Fig. 3, and many airports
stopped their operations. This caused air travel disrup-
tion for a couple of months after the eruption on April 14,
2010. A newspaper said that the International Air Trans-
port Association (IATA) estimated that the airline industry
worldwide would lose US $200 million a day during the
disruption [8]. This is not only a volcanology problem; in-
terdisciplinary collaboration is inevitably needed to cope
with and solve such disruption. Nobody died from the
volcanic eruption, but the Thai flood killed 815 people.
There were a number of industrial parks in the suburb of
the capital, Bangkok. Around 450 Japanese companies
were affected by the flood inundation, and the local flood
event caused global economic loss.

In the urgency of the need for inter- and transdisci-
plinary collaboration for advancing understanding of such
mega-disaster events, we also recognize the need for in-
terdisciplinary engagement on risk assessment and mon-
itoring, including emphasis on extensive risk conditions
and complex, compounding risks.

The 2011 earthquake in eastern Japan caused tsunami
disasters and nuclear power station collapse. This was
a typical cascading disaster. Another example in Japan
was in Niigata Prefecture, on the Japan Sea-side of Hon-
shu Island. A long-lasting rainy season, which include
ten typhoons, directly hit Japan in 2004, causing flood-
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ing, resulting in a number of victims (16 dead, mainly el-
derly persons) and making the soil very wet condition that
may cause extensive soil erosion and landslides. Then,
the Chuetsu Earthquake in Niigata killed 40 people and
triggered many landslides in mountain slopes. Rivers
were buried by landslides, and natural dams were formed.
Such landslide dams were very dangerous because flood-
ing might have taken place had they broken. In the follow-
ing winter, the Niigata people suffered from heavy snow-
fall. This was also a case of typical cascading disaster
events.

Countermeasures should address conceptual, method-
ological, and other barriers to implementation and in-
clude efforts to advance intergenerational collaboration.
The risks of highly complex mega or widespread small
and medium-sized disasters should be studied seamlessly
through collaboration among all stakeholders at all times.
These efforts will begin to counter shortcomings inherent
in the implementation of separate, parallel DRR measures
for floods, earthquakes, volcanic eruptions, and slope fail-
ures.

Additionally, recognizing that the distribution of DRR-
related scientific capacity is uneven within countries,
intercountry and regional cooperation are essential for
building and embedding capacity for robust, interdisci-
plinary collaboration. This is particularly relevant to po-
tential mega-disasters that are extreme in scale, area, and
duration, and where the UN, including the UNISDR and
other international organizations, can play a key role.

7. Harmonization of Definitions and Terminol-
ogy among the Disciplines

There were a couple of attempts to integrate various
technical terms in book format. For instance, the Japanese
National Committee for the International Decade for Nat-
ural Disaster Reduction (IDNDR) [9] published the Multi-
language Glossary on Natural Disasters, which includes
2,900 words in Japanese, English, French, and Spanish,
as shown in Fig. 4 [10]. This was the first attempt during
the IDNDR (1990–1999) to consider terminologies com-
monly used in different languages.

As another example, the 2009 UNISDR Terminology
on Disaster Risk Reduction was published and translated
into several languages, including Japanese [11]. More re-
cently, in the 2016 United Nations General Assembly, the
open-ended intergovernmental expert working group on
indicators and terminology relating to DRR made recom-
mendations to this effect and revised the UNISDR termi-
nology with some additions. It has been available on the
UNISDR website [12] since February 2017.

The harmonization and shared understanding of DRR-
related terminology should be advanced continuously and
updated, following critical debate and reflection. Such
processes should incorporate the views of multiple stake-
holder groups as well as intergenerational dialogue to en-
sure both the current and future momentum of interdisci-
plinary and transdisciplinary collaboration.

Fig. 4. Multi-language Glossary on Natural Disasters [10].

8. Recommendations

At the conclusion of the Global Forum on Science and
Technology for Disaster Resilience in Tokyo in Novem-
ber 2017, the working group for Promotion of Interdisci-
plinary Collaboration summarized the following recom-
mendations:

1. We need to promote and implement interdisci-
plinary and transdisciplinary collaboration. DRR
cannot be achieved by a single academic discipline or
sector; it requires inter- and transdisciplinary collab-
oration. Therefore, to implement the Sendai Frame-
work, the national academies of science (or similar
groupings) should promote inter- and transdisciplinary
engagement and research.

2. As academics and scientists, we should engage col-
laboratively with both the public and private sec-
tors to provide practical evidence (scientific knowl-
edge) to enable effective investments in DRR. We
should identify avenues to advance this collaboration.

3. We underline that DRR must address disaster risks
derived from entrenched vulnerabilities, human
(in)action, and technologies, as well as those trig-
gered by natural hazards. To assess the full spectrum
of disaster risks, including those associated with natu-
ral hazards and vulnerability as well as anthropogenic
and technological risks, we should develop innovative,
integrated approaches and technologies for risk assess-
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ment that embrace all science as well as other relevant
stakeholder groups.

4. Just as we acknowledge the urgency of inter- and trans-
disciplinary collaboration for advancing understand-
ing of complex (e.g., mega) disaster events and cas-
cading disasters, we also recognize the need for inter-
disciplinary engagement on risk assessment and mon-
itoring, including emphasis on extensive risk condi-
tions and complex, compounding risks.

5. To enhance interdisciplinary collaboration, we en-
courage harmonization of definitions and terminol-
ogy among the disciplines and fields involved. In-
ternational organizations and academic communities
should play a leading role in strengthening shared un-
derstanding of DRR-related concepts and terminology,
also facilitating openness and flexibility to accom-
modate diverse perspectives in this evolving field.

Acknowledgements
The author is very grateful to the co-chairs, panelists, and dis-
cussants for their contribution to the Working Group 5 (Interdis-
ciplinary) activities before, during, and after the Global Forum
on Science and Technology for Disaster Resilience held at the
Science Council of Japan in Tokyo on November 23–25, 2017.
These contributors are as follows. Co-Chairs: Ailsa Holloway
(Professor, Stellenbosch University, South Africa) and Qunli Han
(Executive Director, IRDR, China); Panelists: Andrew Collins
(Professor, Northumbria University, UK; Disaster and Develop-
ment Network (DDN), Global Alliance of Disaster Research In-
stitutes (GADRI)); Hambani Masheleni (Senior Policy Officer,
African Union Commission); James Terry (Professor, Zayed Uni-
versity, UAE; ICSU Regional Office for Asia and the Pacific,
Steering Group on Natural Hazards and Disaster Risk); Masako
Yoneda (Professor, Keio University; Council Member of Sci-
ence Council of Japan (SCJ), Steering Committee Member, Japan
Academic Network for Disaster Reduction (JANET-DR)); Shuaib
Lwasa (Chair, Science Committee, IRDR); Discussants: Annisa
Triyanti (Focal Point-Science-Policy Interface Platform on Dis-
aster Risk Reduction / UN Major Group for Children & Youth);
Masafumi Goto (Professor and Director, DPPC, MJIIT / Univer-
sity Teknologi Malaysia (UTM)); Najla Bouden Roudhane (Pro-
fessor and Director General / Ecole Nationale D’ingenieurs De
Tunis).

References:
[1] “International Conference on Science and Technology for Sustain-

ability 2017 Report,” Science Council of Japan, pp. 47-50, 2018.
[2] UNISDR (United Nations Office for Disaster Risk Reduc-

tion), “Sendai Framework for Disaster Risk Reduction 2015–
2013,” United Nations, 2015, https://www.unisdr.org/files/43291
sendaiframeworkfordrren.pdf [accessed November 16, 2018]

[3] Japan Academic Network for Disaster Reduction (JANET-DR)
homepage, https://janet-dr.com/020 abouteng/021 abouteng.html
[accessed November 16, 2018]

[4] United Kingdom Alliance for Disaster Research (UKADR) home-
page, http://www.ukadr.org [accessed November 16, 2018]

[5] Integrated Research on Disaster Risk (IRDR) homepage, http://
www.irdrinternational.org [accessed November 16, 2018]

[6] Global Alliance of Disaster Research Institutes (GADRI) home-
page, http://gadri.net [accessed November 16, 2018]

[7] Future Earth homepage, http://www.futureearth.org [accessed
November 16, 2018]

[8] The Guardian, “Ash cloud costing airlines £130m a day,”
April 18, 2010, http://www.guardian.co.uk/business/2010/apr/
16/iceland-volcano-airline-industry-iata [accessed November 16,
2018]

[9] International Decade for Natural Disaster Reduction (IDNDR)
homepage, https://www.preventionweb.net/organizations/2672 [ac-
cessed November 16, 2018]

[10] Japan National Committee for IDNDR, “Multi-language Glossary
on Natural Disasters,” K. Toki (ed.), 1996.

[11] 2009 UNISDR Terminology on Disaster Risk Reduction home-
page, http://www.preventionweb.net/publications/view/7817 [ac-
cessed November 16, 2018]

[12] UNISDR Terminology, https://www.unisdr.org/we/inform/
terminology [accessed November 16, 2018]

Name:
Kaoru Takara

Affiliation:
Dean and Professor, Graduate School of Ad-
vanced Integrated Studies in Human Survivabil-
ity, Kyoto University

Address:
1 Yoshida-Nakaadachi-cho, Sakyo-ku, Kyoto 606-8306, Japan
Brief Career:
1981 M.Sc., Instructor, Civil Engineering, Kyoto University
1990 D.Eng., Associate Professor, Gifu University
1992-1993 Visiting Scientist, Cornell University
1994 Associate Professor, Kyoto University
1998 Professor, Kyoto University
Selected Publications:
• “Encyclopedia of Natural Hazards and Disaster Risk Reduction,”
Maruzen Publishing, 2011 (in Japanese).
• “A high-resolution large-scale flood hazard and economic risk model for
the property loss insurance in Japan,” J. of Flood Risk Management, Vol.9,
pp. 136-153, 2016.
Academic Societies & Scientific Organizations:
• Japan Society of Civil Engineers (JSCE)
• Japan Society for Natural Disaster Science (JSNDS), President
• Japan Society of Hydrology and Water Resources (JSHWR), President
• International Consortium on Landslides (ICL)

1198 Journal of Disaster Research Vol.13 No.7, 2018


