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Abstract

United Nations (UN) declared 1990-2000 as the International Decade for Natural Disaster Reduc-
tion (IDNDR). The International Center for Disaster-Mitigation Engineering (INCEDE) was estab-
lished in April 1991, within a year after the UN declaration, as a national contribution of Japan
towards UN initiative of natural disaster reduction. The center was established in a university envi-
ronment at Institute of Industrial Science (11S) of the University of Tokyo with the objectives of doing
fundamental research on various aspects of disaster reduction and tackling problems in disaster
mitigation through synthesizing information and methodologies from different fields, mainly from
earthquake, water induced disasters, remote sensing and GIS fields. Now, IDNDR is almost at the
end of its official period, less than a year to go. Reaching the final stage of this disaster reduction
decade, we review overall activities of INCEDE, what had been done so far, how much have been
achieved and what will be the goals for the future, through this report. This report summarizes the
last 8-year activities of INCEDE and its prospective in the new millenium after the IDNDR.

1. INTRODUCTION

Due to the permanent increase of natural disasters in the last few decades, a resolution of the United Nations
(UN) in December 22, 1989 declared the 90’s as “The International Decade for Natural Disaster Reduction
(IDNDR)”. The main goal of the IDNDR was the use of specialists and technical equipment to count the losses
of human lives, properties and destruction of socio-economic bases, which frequently result from natural catas-
trophes. Along with many other activities of Japanese Government to support UN initiatives for natural disaster
reduction, the International Center for Disaster-Mitigation Engineering (INCEDE) was formed in April 1991 at
the Institute of Industrial Science (1IS) of the University of Tokyo, as a national contribution of Japan towards
IDNDR for promoting fundamental research on disaster mitigation and information dissemination from an
international and university researchers' view point. In general, as a country most vulnerable to various types of
natural disaster, importance of disaster mitigation is always realized in Japan. However, Kobe earthquake of
1995 made this realization much stronger among the various levels of society from researchers to decision
makers by shattering the general perception that Japan possessed the required technology for disaster mitiga-
tion. For INCEDE, it was realized that establishment of the center was timely to carry out fundamental research

and increase awareness of public for disaster mitigation issues at national as well as international levels.
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Now, IDNDR has reached almost its final stage, only a year to go before it would officially end. This year,
many workshops and meetings are taking place in different continents to evaluate IDNDR activities and achieve-
ments and to device strategies for the next decade. Reaching the end of this decade for disaster reduction, we
have realized that we need to review our almost a decade long activities. In this report, we summarize various
activities of INCEDE during the last 8-year period and possible directions of INCEDE for the post-IDNDR
decade.

2. OBJECTIVES OF INCEDE”

Objectives of the INCEDE are to promote fundamental researches for disaster mitigation and information
dissemination from an international and university researchers' point of view. INCEDE synthesizes informa-
tion and methodologies from different fields, mainly from earthquake, water induced disasters, RS/GIS fields,
to tackle the problems in disaster mitigation. At present, INCEDE specializes mainly in the disciplines of
urban earthquake disaster-mitigation engineering, hydrology/water resources, and RS/GIS.

When the INCEDE was established, the following proposals were presented:

1) Recent changes surrounding a city such as increase population, expansion of the city, and concentration of
industries and social capitals in the disaster prorie areas, are making the city weak against natural hazards. As
for the kinds of disasters, they are shifting from the structural oriented to information or system oriented,
with an increase of potential risk of damage to city functions. Fundamental research to reduce the vulner-
ability to disasters is necessary for minimizing the damage.

2) If a large natural hazard like an earthquake or a flood occurs, damage would be huge and might cover many
countries. Without international cooperation, a country struck by such a disaster finds it difficult to respond
on its own. This fact highlights the importance of international cooperation in minimizing the effects of a
disaster.

3) From these view points, promotion of the fundamental research for developing new technology to make the
effects of natural disasters clear and mitigating them becomes very important.

4) For this purpose, we need to establish a research center, which promotes fundamental research as well as
develop new technology in order to contribute to international cooperation through joint research with over-
seas organizations.

5) In addition, establishment of such a center can be Japan's national contribution for the activities of IDNDR.

3. DISASTER MITIGATION RESEACH IN THE UNIVERSITY AND INCEDE

3-1 University Institutes in Disaster Reduction

The special role of the university institutes is the promotion of both fundamental and applied research that
should be carried out in a long time span. University institutes have the advantage to continue the research from
a neutral position spending a long time. This point is very important in the field of disaster mitigation, as it
requires long term research.

Research with results not so valuable in near future but which will be of great value in years to come, and
research which is of great importance but no visible solutions or time limitations are also problems which



should be tackled by the university institutes. Applied research by university institutes should be ones whose
fields cover several academic societies. The research for standardization of earthquake resistant design code,
and returning the results of their fundamental research to the society can be pointed out as examples. Another
important role of university researchers may be to act as good public translators of the knowledge on disasters
using easy terms.

In addition to these, university has a very important role as an educational organization. Universities are

expected to provide human resources and to conduct research. University institutes, therefore, should actively
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educate practitioners and officials based on the fact that cooperation between researches and practitioners, and
that between institutes and governmental disaster related organizations are very important for disaster mitiga-
tion. In addition, university institutes have to play a role as an information dissemination center for interna-

tional societies.

3-2 Other Institutes in Disaster Reduction

Ministry of Construction, Ministry of Transportation and Science and Technology Agency also have insti-
tutes for disaster mitigation. Most institutes listed above, however, are requested to respond to the current
problems in a very short time and/or to carry out research only along the guideline of the government. Institutes
under governmental organizations cannot carry out research on the topics whose fields cover several academic
societies as they sometimes have very strict sectionalism. It is very difficult to expect the institutes belonging

to governments to train the people in order to make them specialists in the field.
4. INCEDE ACTIVITIES DURING LAST 8 YEARS?:Y

INCEDE was established with four full time staff, a professor, a visiting foreign professor, an associate
professor and a research associate. During the last 8-year period, INCEDE has extended its strength from four
full time staff to a total of 13 members, which includes 9 part-time research assistants. Also, time to time,
INCEDE has been accommodating visiting researchers from different organizations within Japan and abroad.
INCEDE has established three research laboratories,

which function under the supervision of three fac-
ulty members of the center. In addition, eight labora-
tories of IIS act as cooperative members of INCEDE.
With this limited but dedicated work force,

INCEDE has covered a wide range of activities from
fundamental research to international cooperation in
disaster mitigation. At present, INCEDE activities can
be broadly divided into four groups as follows;

1) Research for disaster mitigation technology,

2) Reinforcing disaster related community network,

3) Disaster information dissemination, and

4) Reconnaissance surveys on natural disasters.

The main contents of different activities of these

four groups are listed in the righthand side table.

4-1 Research for Disaster Mitigation Technology

INCEDE Activities

1) Research for Disaster Mitigation Technology
- Fundamental Research
- Collaborative Research

2) Reinforcing the network of disaster related communities
- Development of INCEDE Network
- Exchange of MOU
- Joint Research Projects

3) Disaster information dissemination
- World Wide Web
- INCEDE Publications
- International Symposia/Workshops
- INCEDE Open Lectures

4) Reconnaissance Surveys on Natural Disasters
- Earthquakes, Floods, and Volcanic Disasters, efc.

One of the main objectives of INCEDE is fundamental research and development of new technology con-

tributing to international cooperation through joint research with foreign researchers. INCEDE has covered

three areas of research, which are as follows;




a) Urban earthquake mitigation engineering

b) Hydrology and water resources engineering
¢) Application of RS/GIS to disaster mitigation research

With the above three areas, research activities of INCEDE can be broadly realized in two kinds; namely,

Fundamental research and Collaborative research.

4-1-1 Fundamental Research

For conducting funda-
mental research and devel-
opment of new technology
on the three areas of re-
search as mentioned above,
INCEDE has established
three research laboratories,
which are headed by three
professors of the Center.
These three laboratories
have their own students and
researchers for conducting
research works. The three

laboratories and their major

Major Research Themses of INCEDE

Research Laboratory 1: Disaster Mitigation Strategies
- Natural hazard risk analysis of developing world
- Geo-scientific and socio-economic origins of natural disaster
- International cooperation for natural disaster mitigation
- Disaster mitigation programs and knowledge transfer for developing world

Research Laboratory 2: Hydrological Disaster Mitigation Engineering
- Distributed hydrologic modeling
- Hydrologic disasters in Asian region
- Urban flood mitigation measures
- Hydrologic information system on disasters

Research Laboratory 3: Urban Earthquake Disaster Mitigation Engineering
- Real time control of large lifeline systems during earthquake
- Microscopic seismic risk assessment in urban areas
- Simulation of collapse process of structures due to an earthquake

- Human evacuation behavior analysis using virtual reality and computer model

research areas are listed in ) : ;
- Dynamic behavior of interior objects during an earthquake, etc.

the righthand side table.

Research Laboratory 1: Disaster Mitigation Strategies

There are 36 research centers affiliated to universities in the field of natural disaster in Japan. Only three of
them are dealing with “international aspects” of the natural disasters. However two are oriented to socio-eco-
nomic research. Thus it is the only research laboratory that studies natural disaster in terms of scientific and
engineering and in the global aspect. There are very few such research organizations in the developed countries
that focus on reduction of natural disasters in the developing world. The major research fields of this laboratory

are explained below.

i) Natural Disaster Risk Analysis of Developing World

Most disaster prone countries in the developing world are making hard efforts to identify natural disaster risk
with very limited resources. This laboratory studies how researchers in the developed countries can help in the
identification and in putting identified issues into practice. As part of this study, the laboratory is deeply in-
volved in the RADIUS project. It is an undertaking by the IDNDR Secretariat of the United Nations aiming to
make risk assessment of urban areas in the developing world against earthquake disaster. INCEDE is carrying



out risk assessment of the Tashkent City, Uzbekistan Republic. In this work, we have paid our attention to the
facts that most deaths have taken place at houses where people are living in most earthquake disasters such as
Spitak earthquake of 1989, the Kobe earthquake of 1995 and Sakhalin earthquake of 1995. Based on the facts,
peak ground motion on dwelling areas in Tashkent was estimated, based on the realistic rupture dynamics of the
two faults, which run beneath the Tashkent City. The estimation has revealed that the near fields terms would

made the ground motion larger than the estimation conventionally made.

ii) Geo-scientific and Socio-economic Origins of Natural Disaster
Earthquake, volcanic eruption, tsunami, floods, cyclones, and landslides are natural phenomena on the earth.
Physical processes within or over the earth cause them. The energy released from these processes is so large

that we can not prevent their
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iii) International Cooperation for Natural Disaster Mitigation

More than 70 countries in the world suffer earthquake disaster. More than 120 countries in the world suffer
flood disasters. There are many similar experiences among these countries and a lot of lessons to be shared by
them. The laboratory studies these experiences and lessons to identify reséarch issues for further reduction of
natural disasters and to find problems to be solved in the scientific and engineering aspects. In this context, the
laboratory is concerned about what gap exists in sharing the technologies and knowledges in the international
aid communities, such as JICA, GTZ, USAID, etc.

iv) Disaster Mitigation Programs and Knowledge Transfer for Developing World

There are a couple of international initiatives toward global earthquake disaster reduction with emphasis on
the developing world. One is World Seismic Safety Intiative (WSSI) an intitiative by International Association
of Earthquake Engineering, IAEE. One of the objectives of WSSI is to increase the awareness of high-level
decision-makers about earthquake disaster in earthquake prone countries. It is crucial to mobilize all resources
for disaster redcution. Decision-makers should play a key-role. The laboratory studies how to stimulate or
encourage such high-level people to take necessary actions toward earthquake disaster reduction. As part of this

research, we are going to study cost benefit analysis of measures against disasters.



Research Laboratory 2: Hydrological Disaster Mitigation Engineering

Floods and water related disasters are the main causes of deaths due to natural disasters in the Asian region?.
As a disaster category, they inflict the highest economic damage among all natural disasters in the region. Flood
damage mitigation should be carried out either by control of the water through structural measures such as dam
construction, river improvement, through non structural measures by providing space for water and ensuring
that human activities do not exacerbate the flood hazards, or ideally, by a combination of the two. One pre-
requisite for such flood disaster mitigation activities is the understanding of physical hydrological processes
and the ability to anticipate the hydrologic response under various scenarios. This is especially difficult in the
Asian region where long term observations of hydrological phenomena, necessary for the calibration of con-
ventional mathematical models are few. For this purpose, the laboratory emphasizes on the development of
numerical models based on the governing equations of water movement in all phases. They directly utilize
physical catchment properties that are necessary when catchment characteristics change, either under human
activities or natural phenomena. The models are applied for flood forecasting, damage estimation, flood reduc-

tion measures, water resources planning, coupling with climatic models, etc.

i) Distributed Hydrologic Modeling® 9"

Over the years, three different distributed mathematical models have been developed for applications to
different sizes of catchments. They are, 1) A complete distributed mathematical model, which treats the water
pressure as the state variable coupling interception, evapotranspiration, sub-surface flow, surface flow, ground-
water flow and river network solutions, which has been applied in catchments ranging from 10 sq. km order
with 50 m resolution data to 70,000 sq. km with 2 km grid resolution in Japan, Thailand and Philippines. 2) A
model treating storage as the state variable that can simulate both natural as well as human water usage includ-
ing water supply, drainage and irrigation has been applied in dense urban catchments with high spatial data
resolutions. 3) A geomorphology based distributed model for application in very large catchments of order
100,000 sq. km which discretizes the catchments to slopes and river network using geomorphologic properties
of the catchment. It has been applied in several river basins in Japan and Thailand and in the Mekong basin

covering up to 400,000 sq. km in extent.

ii) Flood Modeling and Mitigation®"®

Mathematical models for flood inundation simulation and damage assessment are being developed. The
second figure in the next page shows an application in Ichinomiya River basin, Chiba Prefecture, Japan, where
the top figure shows the inundation simulation of a 1996 flood. The assets within the catchment, such as com-
mercial and private buildings, industry, agriculture are spatially distributed utilizing remote sensing land clas-
sification. The 3rd layer shows economic damage distribution of residential buildings expressed in terms of
million-yen per 50 m square grid area. Economic damage is estimated using depth-damage functions for differ-
ent types of assets.

Another area of research is the utilization of infiltration facilities, such as trenches and wells to minimize
direct surface runoff and increase ground water which in turn enhance the river base flows leading to better
riparian environment. Optimum distribution of such on-site measures are investigated using distributed catch-

ment models coupled to infiltration facility models in study catchments.
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iii) Hydrologic Information Exchange

Difficulties in applying distributed hydrological models to practical problems are the model complexity,
large volume data and processing needs and training for proper use of such models. Internet based decision
support system development is being carried out to enable remote users to use mathematical models available
at INCEDE for flood forecasting and to visualize impacts of different decisions made. The system is developed
on a central database, which stores hydrological data as well as knowledge for model execution and result
analysis.

In addition to the above mention research topics, the researchers of the laboratory have been involved with
many collaborative research projects. GAME and AP-FRIEND are two major on-going global research projects,
where the laboratory members are activity involved. GAME (GEWEX Asian Monsoon Experiment) and GEWEX
(Global Energy and Water Cycle Experiment) are ambitious programs designed to increase our understanding
of global water and energy circulation in all its phases which would ultimately make it possible for long-term
weather forecasts, to assess the human influence on global climate and to provide insight to moderate and
control climatic variability and change. This laboratory is mainly involved in the hydrologic modeling research
activities of the GAME project.

AP-FRIEND (Asian Pacific FRIEND) is responsible for the Asia-Pacific region of the FRIEND (Flow Re-
gimes from International Experimental and Network Data) research program, an international collaborative
study into regional hydrology with support of UNESCO. The primary objective of the FRIEND project has
been to improve the understanding of hydrological science and to find solutions to practical water related

problems.

Research Laboratory 3: Urban Earthquake Disaster Mitigation Engineering

This research laboratory has been studying disaster mitigation strategy in urban areas due to hazards mainly
by an earthquake. The objective of the research is to minimize human casualties and social ill function by well
balanced countermeasures of hardware and software. The most important lesson we should learn from the
1995 Kobe earthquake is that the most important issues like human life and/or important information can be
protected only by hardware measures, while minimization of social ilt function and quick recovery/reconstruc-
tion from the damage should be implemented by real-time disaster mitigation systems and optimum recovery/
reconstruction strategy. Based on these points, this laboratory has been tackling many research topics. Some

selected research topics are only introduced here due to space limitation.

i) Development of New Model for Failure Analysis of Structures

To reduce human casualties, it is essential to understand the mechanism to collapse of structures. However,
there is no simulation tool by which total collapse behavior can be simulated accurately. With the Applied
Element Method (AEM), developed by Meguro and Hatem ') mechanism of structural damage to buildings
and infrastructure is studied. Unlike the finite element method (FEM), with the AEM, there is no need to
assume the location and direction of a crack before analysis. Cracks can initiate at any location and propagate
to any direction based on stress conditions. This model overcomes the problems of the FEM as mentioned
above and also the problems of distinct element method (DEM) such as difficulty of application of static prob-
lems and effect due to the shape and arrangement of elements and long CPU time.



i) Urban Space Design and Safety Evaluation from the Viewpoint of Evacuation Behavior of Users

Issues on structural behavior and/or physical strength of the structures have been main topic in construction
of safe urban facilities. With the improvement of engineering technologies and construction materials, strength
of the structures, especially in developed countries, has been getting better and better. (Of course, still, we have
big problems on pre-code revision structures.) However, to build really safe urban spaces, it is very important
to pay attention to the human evacuation behavior as well as structural problems'?. Especially, when users
aren't familiar with the space, its importance becomes much higher. Therefore, the space plan of urban facilities
should be designed with proper consideration of users' evacuation safety and efficient evacuation guidance
should be provided. To discuss the human behavior, we developed a new computer simulation model in which

human evacuation behavior of a lot of evacuees in huge-sized facility or space can be easily simulated and

G40 Comparison of experiment and AEM simulation using 1/15
S scaled RC building model. A series of input motions whose
G200 shape is same, but the amplitude is increasing, applied to

the structure. Numerical results show good greement with
experimental results. Total collapse behabvior can be simu-
lated without any special techniques.

ey G800 — Experiment

t (roofl) Simulation
f

Case 3 (v=0.02, dt=0.0025)

! Lune(Sec) structural response

Ground Acceleration m/sec?
o

input motions

| Osec B8 2.47 scc 3.34 sec 4.09 sec \
+ B
B
B
B
% B
B

22m

(11 story)

4.84 sec 3.59 sec

collapse simulation by AEM

. . . 4 ; 1/15 scaled RC building model
(input motion amplitude: 1200Gal, time: enlarged twice)

Applied Element Method: a newly developed model to simulate collapse process
of structures accurately with reasonable CPU time



situation in disaster and individual personal character-
istics of every evacuee can also be considered. In this
study, we propose a new philosophy of designing struc-
tures, in which urban spaces are designed from the
viewpoint of safety of users considering their evacua-
tion behavior. When we apply the proposed model to
any existing space, the safety of the space can be evalu-
ated from the viewpoint of human behavior, and also,
optimum evacuation guidance can be discussed based

on the computer simulation of human evacuation.

iii) Disaster Mitigation Countermeasures for Lifeline

Systems in Urban Areas

Impact to the society due to damage to lifeline sys-
tems by a hazard like an earthquake or a typhoon is
studied. Especially, taking the electric power whose ill
function affects the other life line systems and also
many social functions, we have proposed the method
for quantitative evaluation of power outage consider-
ing regional characteristics, occurrence time and dura-
tion of outage'”. Based on the results, we have also
proposed a method for proper counter measures against

blackout.

Simulation of Human Evacuation Behavior:

We discuss the effects of arrangement of booth in exhibi-
tion hall on human evacuation behavior. Each dot repre-
sents a person trying to evacuate frominside an exhibition
hall. The value of 'n' is the total number of people
remaining inside the hall.
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Our modern societies heavily rely on electric power
and suffer functional damage due to power outage
when natural disasters such as earthquakes and ty-
phoons strike. To develop a new methodology for
estimating the effects of power outage on city func-
tions considering the characteristics of the area, oc-
currence time and duration of outage, a database is
developed which consists of regional characteristics
and electric power demand in Tokyo using geographic
information system. Using the database, a new meth-
odology to estimate the effects of power outage is
proposed which can be used for optimum disaster
mitigation measures before and after an accident.



From the experiences of the 1995 Kobe earthquake disaster, we have been discussing the optimum recovery/
reconstruction strategy of lifeline systems considering interactions between their activities. Because we ob-
served many interactions between different lifeline systems which hindered the recovery activities of each
other. Each of the organization or company did its best to recover the its own services, however, from the
viewpoint of whole lifeline systems, it was not the best way. We can modify the recovery/reconstruction

procedures for getting global maximum. This is a main concept of this study.

4-1-2 Collaborative Research

For international cooperation, INCEDE has been coliaborating with different research organizations and
researchers around the world for carrying out meaningful and productive research works in regional or global
level. In such collaborative works with foreign researchers, three laboratories of INCEDE work together to-
ward creating a multidisciplinary research environment for complex problems of disaster mitigation. In addi-
tion to this joint collaboration, three laboratories individually coordinate research projects with different na-
tional and international organizations on specific research topics of interest. Out of the various collaborative
projects that INCEDE has been conducting, three major projects are listed below;

Flood Forecasting Modeling in the Philippines

This was a three-year joint research project from 1994 to 1996 on flood forecasting and warning systems
between INCEDE and the research institutions in the Philippines. The counterparts in the Philippines were the
Philippine Atmospheric, Geophysical and Astronomical Services Administration (PAGASA), the National Hy-
draulic Research Center (NHRC) of the University of Philippines, and the National Mapping & Resource
Information Authority (NAMRIA). Ministry of Education, Culture, and Sports of Japan supported the project.
In this project, an extensive GIS data base of the Agno River basin of the Philippines and a flood forecasting

model for the Agno River were developed.

Post-earthquake Reconstruction Strategy
This project was a Center-to-Center Project between INCEDE and National Center for Earthquake Engineer-

ing Research (NCEER, later changed to MCEER- Multi Disciplinary Center for Earthquake Engineering Re-

search), State University of New York, Buffalo on post-earthquake reconstruction and rehabilitation strategy.

The Japan Society for Promotion of Science (JSPS) and the US National Science Foundation (NSF) jointly

supported the project. The three-year project was initiated in October 1995 and ended in September 1998. The

main objectives of this joint project were,

- to carry out a comprehensive comparative study of recent earthquake experiences in Northridge (USA) and
Kobe (Japan) in order to identify generic issues for post-disaster reconstruction.

- to conduct case studies and to identify exemplary technical, societal and financial strategies for the retrofitting
and post-earthquake repair and restoration of the built environment in an optimal fashion.

- to carry out individual disciplinary-oriented research to fill knowledge gaps and simultaneously, to formulate
one or more strategies for recovery using a system-integrated team approach involving multi-disciplinary
experts.

- to exchange visiting researchers and students and to share experiences to enhance the spirit and substance of
IDNDR
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