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Opening Risk
Analysis

Division of Lifeline Enginearing
professor Charles Scawthorn

One of my favorite
pieces of music is
Gershwin’s Rhapsody
in Blue. It evokes the
high energy and rich
complexity of a large

city, bubbling and boiling

with life and creativity
until exhausted, and then awaking to a new
day. George Gershwin was commissioned to
write it for a concert entitled An Experiment in
Modern Music, and it was first performed by
Paul Whiteman’s band in 1924 in New York.

Gershwin later said the inspiration came

. on the train, with its steely rhythms, its
rattle-ty bang ... I heard it as a sort of musical

kaleidoscope of ... our metropolitan madness ...

It may be a favorite because, like Gershwin, I
was born in New York City and New Yorkers
tend to think of it as ‘our song’. However, it’s
the song of any great city — New York, Tokyo,
London, Shanghai....

Cities are complex places, rich with life and
opportunity, and also rich with problems that
demand continuous management. Urban
Management is our Department’s concern, and
is a particular blend of specialized technologies

combined with rational decision-making.

Decision-making is actually the process of
evaluating, quantitatively so far as possible, the
benefits and risks associated with the alternative
that maximizes the decision-maker’s utility. In
doing this, we usually know rather well some of
the costs and benefits of an alternative, but don’
t know very well at all some other benefits and
costs. This is particularly true when it comes
to trying to manage an urban region’s natural

hazards, which are highly uncertain.

Natural hazards such as earthquake, typhoon,
flood or volcano can devastate a large city
or region in seconds, as we’ve seen in Kobe
in 1994, Izmit (Turkey) in 1999, Bam (Iran)
in 2003, Banda Aceh (Indonesia) in 2004,
Pakistan 2005 and New Orleans (Hurricane

Katrina, 2005). In these events, not only

were cities heavily damaged (Kobe, Izmit)
but three were largely destroyed (Bam, Banda
Aceh, New Orleans). This kind of damage is
simply unacceptable, and many cities around
the world are spending enormous sums for
strengthening of buildings and infrastructure,
and other mitigation measures, in order to
avoid having to spend vastly greater sums for
repairs and recovery should a major earthquake,
tropical cyclone or flood occur. However,
these cities haven’t arbitrarily decided to spend
large amounts of money. Before making these
major commitments, they have very carefully
analyzed their risk, and determined that paying
for mitigation before an uncertain but possible
disaster is wiser and cheaper than ignoring the
risk and then paying much more should the
disaster actually occur. If a few billion had been
spent on the flood protection measures of New
Orleans, over a hundred billion would have
been saved. If a few million had been spent on
tsunami warning for the Indian Ocean, perhaps
two hundred thousand lives may have been

saved.

In order to effect such significant decisions,
the risk of natural hazards has to be clearly
and effectively communicated. Risk is the
uncertainty of loss — being uncertain, it is
difficult to communicate. Engineers are
numerate persons, comfortable with numbers
and prone to expressing uncertainties in terms
of probabilities. However, research! has shown
that most people, and particularly non-technical
people, don’t understand probabilities as well as
they understand frequencies — that is, the same

numbers translated into tangible terms.

For example, if a seismic risk analysis had been
performed for Kobe, it might have shown that
the Nojima fault was capable of an earthquake of
magnitude 7 or so, with an annual probability of
exceedance of 0.002, and that if that earthquake
occurred it might kill around 6,000 people, cause
about 10'3 Yen ($100 billion) in immediate
loss, and disrupt the city and port for at least
five years. The damage, while frightening, can
be understood, but the “annual probability of
exceedance of 0.002” is technical jargon that

clouds most people’s understanding.

However, if the loss is translated into annual
frequencies of loss, by multiplying the losses
by the annual probability of exceedance, the
losses can be equivalently stated as ‘the seismic
risk is equivalent to 12 deaths and 2x10'° Yen
($200 million) every year”. Stating the risk

in these terms would allow decision-makers

to evaluate the earthquake risk, and its cost of
mitigation, against the number of persons killed
(and the cost) in traffic accidents in Kobe, or
the victims of crime, and what Kobe spends on
traffic management, or police. I don’t know the
statistics of traffic accidents or crime in Kobe,
but I suspect those losses are of a comparable
magnitude to the seismic risk. The mayor of
Kobe would have found such a comparison
enlightening and realized just how important
earthquake risk reduction is for Kobe, especially
if given the perspective that the equivalence
is actually of five hundred years of traffic
accidents, or crime, all occurring the same

morning.

In order to provide this perspective, engineers
must analyze earthquake, typhoon, flood and
other risks to an urban region. Since large
amounts of data and numerous computations
are involved, specialized risk software has
emerged over the last several decades to enable
the analyses to be performed with feasible
time and cost’>. Most such software has been
developed by private consulting companies and
is proprietary, meaning it is not only expensive
to use but that the methods and computer codes
are confidential to the consulting companies. In
some ways, of course, this is only natural — the
technology is highly specialized and companies
have made large investments which they need
to recoup. However, when one realizes that risk
analysis is the basis for risk mitigation — that is,
it determines our decisions, and that risk analysis
is closed in important ways, one is struck by the
fact that many of the important decisions for
urban regions and major companies are being
made without full transparency of the underlying

methods and tools.

In order to provide transparency and uniformity
for natural hazards risk analyses, the Federal
Emergency Management Agency in the US has
over the last 15 years developed the HAZUS
family of software, which is distributed at no
cost to anyone and contains all the data and
tools necessary to calculate earthquake, flood or
tropical cyclone (typhoon) risk anywhere in the
US3. HAZUS has enabled many state and local
governments, and private companies, to estimate
their natural hazards risks, and design cost-
effective risk reduction programs. The analyses
can be performed by the planning or engineering
departments themselves, and the results are
clearly presented in tabular and mapped formats.
Taiwan, Turkey and Australia have recently
developed similar software packages. Japan has

no comparable standardized software package



for assessing earthquake, flood, typhoon, volcano

or other natural hazards risks.

However, while HAZUS has provided significant
benefits, it has one major drawback. While the
methods are clearly documented, and much
data is freely provided, the actual computation
software is provided only in ‘executable’ format
— that is, the actual computer code cannot be seen
by users. This is a major drawback in several
ways — first, sophisticated users and researchers
typically will not use computer code they cannot
fully understand. Because they will be held
responsible for the results they provide, they will
not use code they cannot check for themselves,
especially if they detect even the smallest bugs
in the software (which HAZUS, like any new
software, had when first released). Second, since
only FEMA can change the software, every bug
fix is an added cost to FEMA. Third, as HAZUS
is used, users put strong pressure on FEMA to
add new features, which are more added costs for
FEMA. The result is strong dissatisfaction with
HAZUS and FEMA, since bugs take a long time
to be fixed, and the software does not meet all

the needs of users.

The solution to this situation is a new trend
that has recently emerged in many areas of
Information Technology, with powerful effect.
Termed Open Development (or Open Source,
when referring to the computer source code
itself), it consists of a new way of developing
The

traditional method of developing computer

and managing computer applications.

applications, such as the way HAZUS was
developed, is very hierarchical — that is, centrally
managed from the top down — and has many
drawbacks in being top-heavy, costly, slow
and ‘clumsy’ (ie, not quick to respond to users’
needs). The new method is very ‘flat’ or non-
hierarchical — that is, a vision and some ‘seed’
software is put on the web, entirely open, and
programmers anywhere are encouraged to look
at the software, fix any bugs they find, and
extend and enhance the software in any way
they choose. They may choose to add to the
software in ways not entirely consistent with
the initial vision. However, these enhancements
may actually be what user’s need. The result is
much quicker and more ‘nimble’ (ie, responsive
to users’ needs) code development, with very
quick bug fixes (often overnight). Being on
the web, the entire world of programmers have
access to the code, and many of them contribute
modest amounts of code at no cost, so that
development cost is often very low. Some
people are concerned with security and quality
issues given this open-ness but, contrary to their

expectations, open development actually results

Tools | Layers | Data Sources G

Navigation

@ zoomtn

@ zoomout

@) zoom Fun

@] z00mTo

ntormetion
] tio Query
& pim o

@ Raacomenn Z 1

G o | Harae | ity Domage

\. 20074108

rep

DAMAGE PLOT

DeleteComponent

© Reset Map

Add Component
Use tis ol o add 3 new component
ocation on the map

< 3
Damage

st Grh Gt

Fig-1 MIRISK tool

in higher quality code, because so many people
see the code. While the development of Linux
is the perhaps the most famous example of open
development, there are actually thousands of
applications that have been developed in this

mode in the last decade or so.

In order to encourage open development of risk
methods and tools, an international workshop
was held in February 2007 at the California
Institute of Technology in Pasadena, CA, where
over 40 participants from six countries (including
Japan) met and learned of their similar interests
and activities related to open development of
natural hazards risk analysis. The result was
the formation of a new organization termed the
Alliance for Global Open Risk Analysis*.

AGORA has two fundamental purposes: (i) to
encourage the development of open methods,
tools (i.e., software) and data for natural
hazards risk analysis, and (ii) to provide a
website and channels for communication and
collaboration among like-minded researchers
around the world. Towards this end, AGORA
has established a website (www.risk-agora.org
) and begun development of a general purpose
The
first elements of OpenRisk will be posted to

risk analysis code termed ‘OpenRisk’.

the AGORA website shortly, as well as various
other risk-related software donated by AGORA
members. One of the pieces of software that
will be posted to the website will be OSRE3,
the culmination of three years of Capstone
projects by students of the Department of
Urban Management (OSRE is the Open Source
Risk Engine). Another is MIRISK (Mitigation
Information and Risk Identification System®)
developed in the Earthquake Disaster Prevention
Systems Laboratory of our Department.

In July 2007, AGORA sponsored a panel at the
Natural Hazards Workshop at the University
of Colorado which included participation by
the USGS and FEMA, and in September, 2007
AGORA sponsored a panel at the IIASA-DPRI
meeting in the EU Joint Research Center in
Italy, organized by Prof. Norio Okada of DPRI,

Fig-2 Open Source Risk Engine software

which included participation from the EU JRC
as well as Provention. An AGORA meeting is
currently being planned in London, sponsored
by Cambridge University, Imperial College, and
Lloyd’s, the famous insurance group. In fact
Lloyd’s contributed a paper “The Time is Right”
for the February meeting, in which they strongly
supported open risk analysis. The reception
for the concepts of Open Risk Analysis and
AGORA at these and other meetings has been
overwhelmingly favorable, and we look forward
to developing open risk analysis methods and
tools which will be used globally to reduce

natural hazards and other risks.

Each year ecarthquakes, floods, typhoons
and other natural hazards take a terrible toll.
Reduction of these risks has to happen at the
local level. While open development may
appear as a sort of ... kaleidoscope of ... our
metropolitan madness ... in reality there is a
method to open development, from which we
believe a set of appropriate methods and tools
will emerge that will be as broadly applicable,
organized and beautiful as Rhapsody in Blue.

July, 2007

I Gigenenzer, G. (2002). Calculated Risks -
How to Know When Numbers Deceive You,
Simon & Schuster, New York.

2 By the way, one of the first such programs was
developed at Kyoto University, as part of my
doctoral research (Scawthorn, C., 1981, Urban
Seismic Risk — Analysis and Mitigation).

3 Scawthorn, C., Schneider, P. J., and Schauer,
B. A. (2006). " Multihazards Loss Estimation
and HAZUS." Natural Hazards Review,
Special Issue,, 7(2), 39-103pp.

4 or AGORA — note that agora is the Greek
word for an open meeting place, such as a
marketplace

5 The “K” in MIRISK stands for Kyoto.
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BeaEram

The song from birds
along the way up to
campus every morning,
the sweat smells from
leaves and blooming
flowers that can be

seen at every corners

of Kyoto, Kamogawa
at different seasons,

Ly Bich Thuy
(BT%HEAERE 1 9)

especially in Sakura
season, magnificent
landscape and people appear on my mind when
I put this words to share with you about my life
here. For that, I am in dept of many thanks also
toward the caring and supports from senseis and
lab mates.

Japan is a special country with many
extraordinary things that I want to see and learn.
I remember one brilliant time in my country’
s history in early 1190s when Vietnam was
terribly ruled under French’s colony. In the hope
of seeking new direction to find independence,
many Vietnamese intellectuals went to Japan to
study under Dong Du (mean Go East) movement
organized by hero Phan Boi Chau. For present
time, it seems to me that Dong Du movement
is still significant as Japan is truly attractive
destination for many Vietnamese students to
study not only technology, economy etc...
but also a way of develop. Moreover, staying
in Japan give students like me a great time to
discovery a rich Japanese culture that I always
feel as a mystery and a sweat box in front of my
curious eyes.

As a member of Itoh sensei laboratory,
Urban Supply System, Lifeline Engineering,
Department of Urban Management, I am
conducting a research concerning tap water’s
quality in Japan. It is a fact that the quality of tap
water in Japan is very good. However, in order
to encourage more people to drink tap water,
it is necessary to make it a good taste, thus our

research aim to reduce chlorine residual. Tap
water come out from water treatment plant is
very purified with nearly no pathogen due to
disinfection process. However, after sometime
bacterial can regrow in distribution system or
storage tank if organic matter and other nutrients
are sufficient and chlorine residual concentration
is low. By maintaining a low level of organic
matter, bacterial regrowth can be reframe
even within a low level of chlorine residual.
My research target is to estimate current
concentration of AOC (Assimilable Organic
Carbon) which presents for organic carbon
part that bacterial can assume and convert
to biomass, and to estimate the relationship
between AOC, chlorine residual and water
quality. When the concentration of AOC, and
the relationship between AOC, chlorine residual
and water quality parameters are obtained, it is
possible to reasonably reduce chlorine residual
concentration. In my research, I am surveying
chlorine residual, AOC concentration along
with other water quality parameters in real
water distribution system. In addition, I plan to
operate a pilot system simulating distribution
system especially biofilm of bacterial regrowth
in distribution system to further estimate the
relationship between those parameters.
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Training Course on Road Infrastructure
Asset Management in Hanoi, 2007
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1st International Seminar on Airline and Airport Management ( ;&R )
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Third International Conference on Multi-national Joint Venture for
Construction Works (/\>x3J2)
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1-2 83 The International Conference on “Vitae Systems -New Paradigm for
Systems Science: Survivability, Vitality and Conviviality in Society" (IR#B)
1st International Conference on Asian Catastrophe Insurance (33 )
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