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ABSTRACT
Natural hazards such as earthquakes, tropical and extratropical storms, tornadoes, floods and droughts are
known for their destructive impacts on life, economy and environment. Japan is one of the unique
countries which suffer most from both frequent destructive earthquakes and tropical storms. It is
estimated that a recurrence of 1959 Typhoon Isewan, one of the most destructive typhoons in Japan’s
recent history, would cause an estimated insured loss of around $14 billion in today’s value [1]. In 1991,
Typhoon Mireille caused severe wind damage and nearly 700 thousand homes were damaged [2], the
total insured losses in today’s value were nearly $8.5 billion [3]. In 1999, Typhoon Bart caused nearly $5
billion losses [3]. More recently, in 2004, a total of ten typhoons hit Japan, including typhoons Chaba,
Songda and Tokage; giving rise to more than $6.5 billion insured losses [1]. Estimating regional
economic losses for future events is a critical part of the decision making process undertaken by different
agencies such as catastrophe risk managers, insurance companies and emergency responders, for
optimally allocating resources and developing business strategies. A probabilistic methodology is needed
to estimate future economic losses in a given region since the arrival times and intensities of the typhoon
events, loads on the building systems due to such events and response of these systems to given loads are
generally random.

This paper presents a Monte Carlo methodology for estimating direct economic losses to building
environment in Japan from typhoons. The methodology consists of (1) a hazard module, in which samples
of possible typhoon events are generated and wind speeds are calculated at each building location for each
event, (2) an engineering module, in which damage to each building is estimated using vulnerability
functions, that is, functions that relate wind speeds to building damage, and (3) a financial module which
delivers desired loss estimates (Figure 1).
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Figure 1. Loss estimation methodology.
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Building damage is characterized by a damage ratio, the ratio of costs associated to the incurred damage
divided by the building’s total replacement value. The model delivers annual probability that the total cost
exceeds a critical value, which is generally used in decision making. The paper places particular emphasis
on the vulnerability module. When losses are estimated for large regions it is generally not feasible to
develop vulnerability functions for each individual structure; rather vulnerability functions for some
classes of structures, for example, low-rise wood frame single-family homes, or mid-rise reinforced steel
moment resisting frame commercial buildings, are used. Although it is not possible to develop a different
vulnerability function for each structure in the building inventory it is however necessary to consider
important structural and regional features, such as, construction and occupancy types, building height,
year-built, building code conformity, etc., for accurately estimating regional losses. The paper discusses
how available damage information from past events, current building inventory information, regional
hazard characteristics and engineering judgment can be integrated to better represent building
vulnerability in Japan.

More specifically the paper discusses methods for (1) developing regional vulnerability modifiers for
engineered and non-engineered buildings in Japan, using regional design wind speed levels and other
regional hazard characteristics, (2) calculating wind vulnerability functions for Japan specific construction
types, historically defined as fire resistance classes, (3) analyzing insurance claims data from past events
for validating and calibrating the vulnerability module of the model. Also, the paper puts an emphasis on
developing vulnerability functions for buildings with unknown characteristics such as unknown
construction, occupancy types and/or height, as it is very likely that building inventory information that
goes into the model might lack some or all of these attributes.
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