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ABSTRACT: This paper discusses wind characteristics, wind-induced damage to buildings,
and the recent trend of wind-related disasters. Special features of wind-induce damage such
as coherent phenomena and damage chain, the role of wind-borne debris developing damage
are also discussed. Then, some discussions on climate change problems are introduced.
Finally, the necessity for collaboration among multiple academic associations for different
natural disasters and among academic societies and non-academic organizations working on
disaster risk reduction are emphasized, and the launch of the International Group for
Wind-related Disaster Risk Reduction (IG-WRDRR) under the umbrella of the UN/ISDR and
its activities are introduced.
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1 INTRODUCTION
Katsura et al. (1992) reported that 80% of the 63 fatalities due to Typhoon Mireille, which
struck Japan in 1991, were male, and more than 70% were over 60 years old. The causes of
death were 31% blown by wind, 30% caught under collapsed or blown obstacles, and 23% hit
by wind-borne debris. Fukumasa (1992) reported interesting statistics on the number of
fatalities in Japan due to 114 typhoons in the 40 years from 1951 to 1990. The number of
fatalities significantly reduced in more recent years, and this might be attributed to improved
wind resistant design and construction technologies and also to development and
improvement of weather forecasting methods and information transferring technologies.
However, wind-induced damage to buildings and structures, agricultural and forestry
products, and so on are still very severe. The property insurance money paid was almost 6
billion US$ for Tyhoon Mireille in September, 1991, 18 billion US$ for Hurricane Andrew in
August, 1992, and almost 8 billion US$ for 10 typhoons that attacked Japan in 2004.
Hurricane Katrina killed 2,541 people in August, 2005 and caused 100 billion US$ economic
loss in the US, Cyclone Sidr in November, 2007 killed 4,234 people and caused 1.7 billion
US$ economic loss in Bangladesh, and Cyclone Nargis in May, 2008 killed 138,366 people
and caused 10 billion US$ economic loss. Very recently, Typhoon Morakot struck Taiwan
and neighboring countries in August, 2009, and fatalities and missing numbered 732. It
recorded 2,888mm integrated rainfall over four days in Chiayi Province, Taiwan. Almost all
of these disasters resulted from the combined effects of strong wind and accompanying water
hazards due to heavy rain and storm surge. The social impacts caused by these “wind-related”
disasters were some of the most severe in our human society.
Some parts of this paper are quoted and modified from Tamura (2009).

There are many emerging issues to be tackled by researchers and engineers in our wind
engineering field in order to reduce “wind-related” disaster risk and to realize safer and
securer communities worldwide.
2 WIND CLIMATES AND STRONG WIND CHARACTERISTICS
2.1 Wind Climates to be Considered in Building Design
Wind is fundamentally caused by the temperature gradient of the atmosphere due to variable
solar heating of the earth’s surface. It is initiated, in a more immediate sense, by density
difference or pressure gradient between points of equal elevation. Large-scale air flows are
so-called global atmospheric circulations, and generation of strong winds is closely related to
these circulations, and also to smaller scale temperature differences. There are several wind
climates that might result in strong wind, e.g. monsoons, frontal depressions, tropical
cyclones, gust-front, downburst, tornadoes, devils, gravity winds (katabatic winds), lee
waves, and so on. Monsoons are seasonal winds, and develop around thermally produced
continental highs in winter and lows in summer. Tropical cyclones are intense cyclonic
storms that occur over tropical oceans, mainly in summer and early autumn. They are known
as typhoons in the Far East, cyclones in the region of Australia and the Indian Ocean, and
hurricanes in America, with different definitions. A typhoon, for example, is a tropical
cyclone whose maximum mean wind speed near the center is greater than 17m/s. The
diameters of tropical cyclones are between 100km and 2000km, but usually of the order of
several hundred kilometers. The thickness of the atmosphere involved is about 10 - 12km.
From the ratio of diameter to thickness, it is understandable that the entire rotating body of a
tropical cyclone is like a “compact disc”. A roughly circular “eye”, or “hot tower”, is formed
in the center of the storm. The air inside the eye is relative dry and light, and rises slowly near
its perimeter. Outside the eye wall, there is a vortex in which warm, moist air is convected at
high altitude and forms tall convective clouds. Spiral rain-band clouds are often seen near the
outside of the vortex. It should be noted that tropical cyclones are often accompanied by
severe local storms such as tornados and downbursts.
2.2 Characteristics of Strong Winds
The famous power spectrum by van der Hoven (1957) is shown in Fig.1. Two clear peaks can
be seen. One is the so-called “macro-meteorological peak”, which shows energy
concentration for a period of around 4 days, and the other is called the “micro-meteorological
peak”, which has an energy peak for around 1min (Cook, 1985).
The former is related to movement of a large-scale weather system due to global circulations.
The latter is related to turbulence caused by topographic effects, terrain roughness, obstacles
around the site and so on. The frequency range between the two peaks contains almost no
energy. This range is called the “spectral gap”, which separates the two different frequency
ranges of the wind fluctuation. The commonly used averaging time, e.g. 10min or 1hr, lies
within this range. The wind fluctuation in the micro-meteorological peak should be taken into
account in evaluating dynamic wind forces in building design. However, the wind fluctuation
in the low-frequency range including the macro-meteorological peak can be taken as the
variation of the mean wind speed in building design. Incidentally, the van der Hoven
spectrum has “a half-day peak”, but it misses another important peak that is generally
observed in many cities. That is the “one-day peak” basically due to a 1-day cycle of solar
heating, which provides a periodic change of sea wind and land wind (Tamura, 2005).
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Figure 1: Van der Hoven Spectrum (1957) of Wind Speed in a Wide Frequency Range
(Tamura, 2005)
The simplest descriptor of atmospheric turbulence is turbulence intensity, which is an
important parameter, in both estimating buffeting responses of buildings and interpreting
fluid-structure interaction. The turbulence intensity is the ratio of the fluctuating component
in terms of the standard deviation of a wind speed component σ to the mean wind speed U.,
i.e. σ /U. Incidentally, Cao et al. (2009) observed very high wind speed records exceeding
90m/s as a peak gust by seven sonic-anemometers and nine vane-anemometers set at heights
of around 15m - 16m in an experimental site for power transmission cables in Miyakojima
Island in Okinawa Prefecture, Japan, during a very strong typhoon, Maemi, in 2003. After a
careful check of the reliability of these anemometers using a wind tunnel, they analyzed only
wind speed records not exceeding 90m/s as peak gusts for vane-anemometers, and not
exceeding 60m/s for sonic-anemometers. Consequently, the maximum 10min-mean wind
speeds analyzed were 60.1m/s and 39.2m/s for vane-anemometers and sonic-anemometers,
respectively, and the maximum peak wind speeds analyzed were 80.5m/s and 59.8m/s for
vane-anemometers and sonic-anemometers, respectively. Figure 2 shows the variation of the
turbulence intensity of the longitudinal component, Iu, with 10min-mean wind speed U (Cao
et al., 2009). The turbulence intensity is around 0.2 for U ≈ 10m/s and gradually decreases
with mean wind speed and 0.14 for U ≈ 40m/s. The proportion of the three wind speed
fluctuating components, σu, σv, and σw, and the friction velocity u*, are reported at σu : σv :
σw : u* = 2.5 : 2.1 : 1.4 : 1.0 for the sonic records (Cao et al., 2009), which is almost the same
as the results, σu : σv : σw : u* = 2.5 : 2.0 : 1.3 : 1.0 reported by Teunissen (1970), and σu : σv :
σw = 2.6 : 2.0 : 1.3 by Counihan (1975).
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Figure 2: Variation of Turbulence Intensity, Iu, with 10min-mean Wind Speed U during
Typhoon Maemi in 2003 (Seaside, Sonic Anemometers, Cao et al., 2009).
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Figure 3 shows the variation of longitudinal turbulence scale, Lux, with 10min-mean wind
speed U. The turbulence scale Lux lies around 50m for U ≈ 10m/s and gradually increases
with mean wind speed and reaches around 100m for U ≈ 40m/s. The averaged ratios of
turbulence scale among the turbulence components measured at 15m height are
Lux / Lvx / Lwx = 5.5/2.3/1.0. The gust factor Gu = Umax/U = (U+umax)/U is roughly 1.6 as
shown in Fig. 4, and the peak factor gu = umax/σu is 3.3 (Cao et al., 2009). Here, the maximum
peak wind speed Umax varies with respect to the averaging time, t, of the peak value.
Therefore, the gust factor Gu varies with the averaging time, t, as shown in Fig. 5. The gust
factor decreases with increase in the averaging time t, and eventually approaches unity when t
= 600s. Due to the restriction of frequency response, gust factor of the vane anemometer is
almost unchanged when the averaging time t is less than 1.0s. Sampling frequency is 10Hz in
the field measurements, within the ability of the sonic anemometer.
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Figure 3: Variation of Longitudinal Turbulence Scale, Lux, with 10min-mean Wind Speed U
(Seaside, Sonic Anemometers, Cao et al., 2009)
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Figure 4: Variation of Gust Factor with 10min-mean Wind Speed (Cao te al., 2009)
2

Gust Factor Gu

1.8

Vane5-3
Sonoc5-3

1.6
1.4

U=5 m/s

1.2

U=32 m/s

1
10-1

100

101

102 t [s] 103

Averaging Time of Peak Value
Figure 5: Variation of Gust Factor with Averaging Time of Peak Value (Cao et al., 2009)

Skewness and Kurtosis were 0 and 2.9 and there was no significant effect of the wind speed
level (Cao et al., 2009). The Karman spectrum can approximate the wind speed spectra and
no significant difference was recognized in the turbulence characteristics of the very strong
typhoon data compared to those of synoptic winds.
2.3 Mean Wind Speed Profile of Strong Winds
Figure 6 compares the mean wind speed profiles of eye wall winds and outer vortex winds
based on the profiles given in Powell et al. (2003) and Franklins et al. (2000), respectively,
obtained by GPS drop sondes for deep water and open sea conditions. The maximum wind
speed appears at around 500 - 600m for eye wall winds and around 900 - 1000m for outer
vortex winds. A similar result was obtained by Hayashida et al. (2002) for an open flat terrain
using Doppler radars for typhoon eye wall winds showing maximum wind speeds of around
600 - 700m.
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Figure 6: Mean Wind Speed Profiles for Eye Wall Winds and Outer Vortex Winds (reproduced
from Powell et al. (2003) and Franklin et al., (2000)
In summary, wind-speed profiles near the ground can be approximated by logarithmic-law or
power-law both in the eye wall region and in the outer vortex region. Above the sea, the
average feature of the gradient heights is basically around 500 - 700m for the eye wall region
and 900m or higher for the outer vortex region. There is not enough evidence to conclude that
there is a very thin gradient height in tropical cyclone winds. Below 500m, there is no
significant difference between the wind-speed profiles in the eye wall and the outer vortex
regions.
3 WIND-INDUCED DAMAGE TO BUILDINGS AND STRUCTURES
3.1 Wind-induced Phenomena/Damage
Various phenomena occur to buildings and their surroundings during strong winds,

sometimes leading to failure. Table 1 summarizes wind-induced phenomena/damage and their
onset wind speeds (Tamura, 2005). It should be noted that the damage depends not only on
wind speed but also on the strength or quality of structures, and the phenomena/damage in the
table can be different.
Table 1: Wind-induced Phenomena/Damage (based on Tamura, 2005)
Wind speed (m/s)
(10m above ground)
Phenomena/Damage
10min-mean
3s gust
5
7 − 10
- Vortex resonance/fatigue damage of truss members
- Handrail vibration/wind-induced noise
10 − 15
15 − 20
- Vortex resonance of steel chimneys
- Vibration perception in flexible high-rise buildings
- Seasickness and discomfort in high-rise buildings
20
30
- Damage to garage shutters
- Falling down of pedestrians
- Damage to roof tiles
25
40
- Damage to window panes due to wind-borne debris
- Collapse of RC block fences
- Damage to steel sheet roofing
30
45
- Overall roof lift-off
- Collapse of wooden houses
- Falling down of gravestones
- Damage to window panes due to wind pressure of high-rise
buildings
35
50
- Blown over of heavy tombstones
- Damage to cladding of high-rise buildings
40
60
- Limit of allowable distortion of external sealing compounds
45
70
- Main frame stresses in high-rise buildings exceed elastic limit
3.2 Various Features of Damage to Building Elements
3.2.1 Roofs
Damage to roofs of wooden or steel-framed houses occurs either directly or is triggered by
breakage of openings. Most damage to roofs themselves is caused by local high suctions and
large pressure fluctuations around the roof periphery and protruding portions. These local
failures enable wind to enter under the roof members, thus increasing the underneath pressure
and rapidly increasing lift forces as shown in Fig.7. Thus, local roof damage can lead to total
roof destruction. Total roof lift-off can also be triggered by damage to openings such as glass
windows, allowing wind into the room and increasing the underneath pressure.
3.2.2 Clay tile roofing
There have been many instances of partial lift-off of clay tiles fixed at eaves of gable roofs
and at ridges and corners of hipped roofs. Almost all roof tile fixing is done with nails and
steel wires only at the roof periphery, including eaves and ridge. However, lift-off of
non-fixed tiles also occurs at middle parts of roofs. Cases of damage to tile roofs increase
with simplification of the substrate, i.e., decreasing the weight by eliminating the roofing
cement and thus forming openings between substrate and tiles. Once an unfixed tile in the
middle part is lifted, wind can inflow to the underneath, leading to sequential lift-off of tiles
(Fig.7). Tiles are peeled off by negative pressure with large turbulence on the leeward side of
a hipped roof. If there is insufficient rust-proofing of nails and steel wire, they lose their
strength within a few years and thereafter cannot fulfill their original function. Thus,

countermeasures are necessary, such as nailing the sheathing roof boards over the entire roof
area including the central part, filling gaps with lime plaster, and so on. It is desirable to carry
out inspections every 5 - 6 years and replacement every 20 - 30 years.
3.2.3 Metal roofs
Most damage to these roofs is induced by local suction at the eaves and periphery. Many
breakdowns are found in the joint metal where there is a tight frame at the seam end.
However, in a significant number of cases, total breakdown occurs due to insufficient
strength of connections between the tight frame and its supporting beam or between the
supporting beam and the lower structure. This can be controlled by increasing the thickness
of the folded plate in the peripheral areas, selecting individual assembling members that can
maintain sufficient wind resistant performance, and ensuring tight fixing to the lower
structure. To ensure the required performance even under strong wind conditions, it is
necessary to prevent large deformations. Particular attention must be paid to the installation
of deformation-preventing bars near the peripheral areas. The fatigue phenomena on the
connecting elements between the roofing system and the frames due to daily solar heating
effects should be also taken seriously.
3.2.4 Canopies
A lot of damage is found in canopies and pent roofs. Even if canopies are horizontal, they
take a large upward or downward fluctuating load, depending on the size and shape of the
building, the locations of the canopies, objects placed underneath them, and so on. The tips
vibrate a lot, thus causing repeated deformation and fatigue conditions there. Furthermore, if
they project from the wall, there is a high possibility of wind-borne debris hitting them.
3.2.5 Protrusions on roofs
If a roof has protruding parts like short chimneys, skylight roof windows, and dormer
windows, the flow over the roof surface is locally disturbed, sometimes producing local high
suction and turbulence. Special attention to wind resistant design is therefore necessary
around these protrusions.
3.2.6 Rain gutters, gables, verges and copings
There is often insufficient consideration of the wind resistance of rain gutters, spoutings,
verges and copings in roof peripheral areas, where local wind pressures become large.
Damage to these lightweight members may trigger large-scale damage to roof cladding,
leading to total roof destruction as shown in Fig.7. It is therefore necessary to design the plate
thickness and the connection spacing.
3.2.7 Lift-off of waterproofing material with heat insulation
There have been cases where heat insulation blocks with aged roof joints have been lifted off.
Parapets are effective in easing conditions where extreme local negative pressure and largely
fluctuating wind pressure act directly on roof heat insulation materials. Another effective
measure is a heat insulation block system having an airspace underneath it connected to the
outer surface.
3.2.8 Windowpanes
Windowpanes are often damaged by wind pressure or wind-borne debris as shown in Fig.8.
Breakage of windows not only damages property inside the building, but also induces total
roof lift-off. Wind resistant performance of glass is improved by increasing the rigidity of the
supporting members such as sashes, and decreasing sealing and gasket deformation.
Sufficient sash rigidity needs to be ensured not only in the out-of-plane direction but also in

torsion. It is desirable to suppress deformation by increasing gasket rigidity. For the various
types of window glass for buildings, the allowable maximum area is given by codes or
standards. Recently, few instances have been reported of glass broken by wind pressure. The
majority of window breakages have been caused by heat. A lot of damage during strong
winds has been due to wind-borne debris. An extraordinary amount and variety of materials
are blown off in strong winds, not only cladding materials such as clay tiles and steel plate
roofs, but also other materials such as gravel and square timbers as shown in Fig.9. Therefore,
it is important to adopt countermeasures to collision of wind-borne debris with windows and
walls. Rain shutter doors or metal shutters are indispensable for house windows. For tall
buildings, there is also a high possibility of wind-borne debris hitting the lower levels. It is
therefore desirable to protect them with metal shutters. Furthermore, measures such as the use
of glass with an internal plastic film is effective in preventing escalation of damage if the
window is hit by wind-borne debris.
3.2.9 Steel shutters
Warehouses, factories, garages, and so on suffer a lot of damage to their steel shutters.
Damage starts with dislocation of slats and central guide columns. Damaged shutters can lead
to total building destruction due to increased internal pressure. Thus, shutters can never be
neglected just because they are light. It is important to ensure sufficient plate thickness,
rigidity and strength of slats, and depth of rail grooves. Other important points are
management of construction and maintenance, such as anchorage of central guide columns to
concrete foundations.
3.2.10 Buildings under construction
In some cases, steel frames of buildings under construction collapse during strong winds.
Especially in the case of steel-encased reinforced concrete buildings, the cross sectional area
of steel frames themselves is relatively small. Thus, they are very vulnerable to wind during
erection, and it is therefore necessary to thoroughly plan for construction and safety.
3.2.11 Signboards
A lot of damage occurs to building accessories such as signboards. This sometimes extends to
large-scale damage to roofs and walls, leading to secondary damage by wind-borne debris.
When dealing with wind, design of signboards, as well as cladding materials, should not be
taken lightly just because they are accessories.
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3.3 Coherent Phenomena and Damage Chain
Uematsu et al. (1992) described a wind damage process on a roof as shown in Fig.7. First,
there is high local suction at the eaves. Once there is damage to the eaves, internal pressure
rises and lift force increases. Resultantly, surface and underneath roof materials are blown
off, and sometimes the whole roof structure is damaged if tie-down is insufficient. This
“coherent phenomenon” of damage should be taken into account in the wind resistant design
of buildings. Wind damage may take place successively. As exhibited in Fig.8, flying tiles or
roofs may hit and break dwellings in the downwind direction, and cause the same
phenomenon as that illustrated in Fig.7. The so-called “damage chain” or “domino effect” is
also an important feature of wind-induced damage.
3.4 Wind-borne Debris
Wind-borne debris during typhoons and tornados causes severe damage. Figure 9 shows roof
sheets and massive obstacles that flew from upstream and hit a dwelling and a warehouse.
Tachikawa studied experimentally and numerically the trajectories of generic debris types in
the 1980s (Tachikawa, 1983, 1988). Baker (2004), Holmes et al. (2006) and Lin et al. (2006)
have been developing further studies on flying debris.

(b) Wooden roof (Typhoon 7513, 1975)

(a) Steel roof (Typhoon Dianmu, 2004) (c) Lumber (Tornado in Saroma, 2006)
(courtesy of Yomiuri News)
(courtesy of Saroma-cho)
Figure 9: Examples of Wind-borne Debris

4 TRENDS OF CLIMATE CHANGE
4.1 Meteorological Data
Global warming due to various human activities has been recently treated as a main source of
climate change and the increasing variability of weather related events. According to Kitoh
(2009), precipitation changes predicted by CMIP3 multi-model results suggest that
precipitation increases are very likely in high altitudes and decreases likely in most
subtropical land regions. Thus, increases in the frequency of droughts and floods are
projected to negatively affect crop production in subsistence sectors at low latitudes. Kitoh
(2009) also reported that the number of tropical cyclones averaged globally would decrease
but the number of stronger and longer life-time typhoons would increase. Emanuel (2005)
pointed out that the power dissipation index (PDI) and sea surface temperature (SST) are both
increasing in the Western Pacific region (see Fig.10) and North Atlantic region. The number
of typhoons close by Japan show a slightly increasing tendency as shown in Fig.11 (Cabinet
Office, Japan, 2009)

Figure 10: Power Dissipation Index (PDI) and Sea Surface Temperature (SST) in Western
Pacific (Emanuel, 2005)

Figure 11: Number of Typhoons Close by Japan (Cabinet Office, Japan, Based on JMA data)
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Figure 12: Variation of Number of Lightning Events in Winter in Japan (Kobayashi, 2006)
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Figure 13: Number of Events with Precipitation more than 50mm/hour (JMA, 2009)

Figure 14: Atlantic Tropical Cyclone Intensification Index based on Historical Records
(Sanchez-Sesma, 2009)
It is interesting that the number of lightning events in winter in Japan has been clearly
increasing (Kobayashi, 2006) as shown in Fig.12, which suggests more intense and frequent
generation of cumulonimbus caused by strong updraft near the surface of the ground in
winter. Figure 13 shows the yearly variation of the number of events with precipitation more

than 50mm/hour in Japan. The clear increasing tendency of the strong precipitation is
recognized.
On the other hand, there have been discussions on the inherent long-term climate change such
as glacial and interglacial periods. Sanchez-Sesma (2009) discussed the long-term temporal
variation of strong wind events based on historical records since the second century B.C.,
suggesting that the recent trend can be in the range of inherent long-term variations as shown
in Fig.14. This suggests that the climate change is not necessarily attributed to global
warming due to CO2 emissions.
4.2 Recent Trends of Disasters
Figure 15 summarizes the recent trends of natural disasters (EMDAT, 2009), which clearly
indicates the increasing tendencies of the numbers of disasters and people affected, although
the number of fatalities is decreasing. Figure 16 shows the yearly variation of the number of
devastating natural disasters (Munich Reinsurance, 2004) for four types of event: flood;
windstorm; earthquake/Tsunami/ volcano-eruption; and others such as heat-wave / drought /
wild-fire / winter-damage / frost. This figure clearly shows an increasing tendency of the
number of devastating natural disasters, especially weather-related disasters such as floods
and windstorms, and the majority of devastating disasters are caused by windstorm and flood.
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Figure 15: Recent Trends of Natural Disasters, Affected People, and Fatalities (EMDAT,
2009)
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Figure 16: Number of Devastating Natural Disasters (Munich Reinsurance, 2004)
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Figure 17: Economic Losses due to Natural Disasters (Munich Reinsurance, 2004)
Figure 17 shows a clear increasing tendency of accompanied economic losses. It is also said
that 80 - 85% of natural disaster economic losses in the world are caused by extreme wind
and its relevant events, i.e. combined effects of wind and water.
The increasing tendency of weather-related natural disasters is very clear and significant.
However, the reason for this cannot be simply attributed to increase or intensifying of natural
hazards due to global warming. For example, typhoon wind speeds and the number of
typhoons observed in a year have not shown a significant increasing tendency in recent years.
Discussions of climate change and the effects of global warming on weather-related disasters
should be made very carefully. Rapid urbanization in Asian countries, increasing population
in urban areas, development of living regions to inappropriate areas vulnerable to wind and
water hazards, and so on can also be reasons for the recent increasing tendency of
wind-related disasters. Thus, even if the meteorological conditions were the same, if society
was becoming more and more vulnerable to weather-related natural disasters, devastating
disasters would increase. To minimize wind-related disasters, we should investigate the real
reasons and develop reasonable prediction models based on a careful check of reliable
scientific data.
5 WIND-RELATED DISASTER RISK REDUCTION ACTIVITIES
5.1 Repeating Wind-induced and Wind-related Disasters
If you have any reports on post-disaster investigations of disasters by tropical cyclones on
your shelves, please open the pages to the concluding remarks. The following may be pointed
out: most damage is concentrated in roofs and particularly in their cladding around eaves,
ridges and corners; damage to openings such as windowpanes and steel shutters is also
significant; these can trigger the complete destruction of the main frames and develop
damage to downstream buildings as wind-borne debris. However, by simply reading the
concluding remarks, you might not be able to identify the tropical cyclone or which is older.
Thus, similar types of damage have been repeated.
One reason is that the majority of damage is concentrated in residential houses and low-rise
commercial buildings, which are all non-engineered structures. Thus, the sophisticated design
methods developed and adopted in building standards/codes are not reflected in the
construction technologies for those buildings. It is inevitable that traditional, historical and
cultural aspects in the construction industry in a local community have a strong inertia to

acceptance of new technologies. Even for engineered buildings and structures, it is also true
that new technologies and methods proposed by researchers and engineers take a long period
to improve their quality and performance. The new technologies and methods should be
authorized by academic and industrial societies, and then reflected in the revision works of
building standards/codes, whose revision is not so frequent. Once they are published as new
standards/codes, improvement of the majority of buildings and structures in the local
community would require an additional long period. This would take several decades.
Actually, for example, the wind load provisions in the Building Standard Law of Japan were
revised in 2000 after an interval of 50 years since 1950.
As mentioned first, almost all facts described in the concluding remarks of post-disaster
investigations are already known. However, lessons from those past disasters have not been
applied. “Knowing but not acting” is a special feature of human reactions to disasters due to
natural hazards. Implementation of the knowledge and technologies is the most difficult and
important point.
5.2 Pressing Needs of Collaboration of Multiple Academic Associations for Different
Natural Disasters
Devastating tropical cyclones are generally accompanied by high waves, storm surge, heavy
rains, floods, landslides, lightning and so on. Thus, there is a pressing need for pooling of
expertise and cooperative actions to reduce losses from various types of those “wind-related”
natural hazards. Interactions among various groups with diverse backgrounds, but with a
common focus on disaster reduction, to highlight the issues surrounding wind-related hazard
and its impact on constructed facilities and society at large should be facilitated. It should
also be noted that other hazards such as ocean waves, storm surge, heavy rains, flooding,
landslides, lightning, fires and heat waves are directly or indirectly associated with winds
around the globe and should be treated in a holistic manner rather than each in isolation.
Despite this recognition of the critical need for cooperative actions in wind-related disaster
risk reduction (WRDRR) activities among various academic associations, there have been no
notable collaborative efforts in the past. A symposium entitled “Cooperative Actions for
Disaster Risk Reduction (CADRR, 2009)” was held at the United Nations University under
the auspices of the UN/ISDR (UN International Strategy for Disaster Reduction) Secretariat
and IAWE.
As mentioned, damage to buildings and structures is caused not only by strong wind pressure
and debris impacts but also by water-induced forces and others. To identify damage due to
wind and that due to water is not easy in some cases. It is also necessary to find an
appropriate scale or yardstick to evaluate the damage level caused by the combined effects of
wind and water. Friedland & Levitan (2009) studied the loss consistent categorization of
wind and water damage to residential buildings.
5.3 Pressing Needs of Collaboration among Academic Societies and Non-academic
Organizations working on Disaster Risk Reduction
As reported in CADRR (2009), immediate collaboration among area-specific academic
associations and international organizations working on disaster risk reduction (DRR) at
societal level is also necessary. Closer communications and inputs from academic
associations to international organizations working on DRR and reconstruction areas are
essential for their relative effectiveness. Post-disaster activities must be well coordinated to
reflect the ground realities, e.g., the need for medicines, clothing and food must be critically
evaluated by a central organization and conveyed to the donors to avoid arrival of

unnecessary aid at the site only to stifle the moribund infrastructure in the wake of a disaster.
The discussions at CADRR (2009) emphasized the need for such a critical arm of the disaster
risk reduction group to take charge in steering post-disaster investigations, distribution of
essential goods and recovery and other related efforts.
5.4 Launch of International Group for Wind-related Disaster Risk Reduction under
UN/ISDR
The International Group (IG) for Wind-Related Disaster Risk Reduction (WRDRR) was formally
launched under the auspices of the United Nations / International Strategy for Disaster Reduction
Secretariat (UN/ISDR) at the Global Platform (GP) for Disaster Risk Reduction (DRR) held in
Geneva, Switzerland, from June 16-19, 2009. This Group is responsible for establishing linkages and
coordinating various communities to serve as inter-agency coordinators with a charter to work with
international organizations involving agencies of the UN and involved NGOs, and to embolden their
activities that help to serve as a bridge between policy makers and agencies responsible for actually
carrying out the DRR at the local community level.

5.4.1 Organization of IG-WRDRR
The current organization of IG-WRDRR is as follows:
Chairman:
Y. Tamura (President of IAWE)
Vice Chiarman:
Y. Ono (UNESCAP), F.D.F. Lucio (WMO)
Secretariat:
IAWE Secretariat (S. Cao, K. Ando)
Members:
IAWE, WMO, ICHARM, UNESCAP, UN/ISDR, ADRC,
UN-Habitat, IFRC, UNU, SEEDS, ADRRN, BDPC
Following the launch of IG-WRDRR, IAWE established a Working Group inside IAWE to work on
WRDRR. This working Group is chaired by A. Kareem (Univ. Notre Dame, US).

5.4.2 Expected Activities of IG-WRDRR
All the efforts of IG-WRDRR are directly related to the implementation of the Hyogo Framework for
Action in the area of wind-related disaster risk reduction. The main expected activities of IG-WRDRR
include:
- to implement the Hyogo Framework for Action in the area of wind-related disaster risk reduction;
- to establish a database/warehouse of the latest information/technologies relevant to wind-related
effects and their mitigation;
- to facilitate technology transfer that attends to the needs of local communities exposed to disasters
around the world;
- to provide assistance to international organizations in the preparation of guidelines to manage the
impact of wind-related disasters including evacuation, recovery and reconstruction;
- to organize, dispatch and facilitate ground logistics for quick-response post-disaster investigation
teams;
- to establish an international consensus for extreme winds based on damage relevant to different
construction practices;
- to establish international guidelines to prepare for wind-related disaster reduction activities;
- to harmonize wind-loading codes and standards including environmental specifications;
- to facilitate development of a global Engineering Virtual Organization (EVO) for WRDRR; and
- to hold regular international workshops/conferences on WR DRR.
Discussion on the work of IG-WRDRR can be carried out through the existing platforms established
by IAWE, including VORTEX-Winds and APEC Wind Engineering Network anytime, or at
APEC-WW every year, or at ICWE and Regional CWEs every four years. Organized post-disaster
investigation activities can be coordinated through these platforms to avoid overlapping disaster
investigations and excessive rescue supply, which often become a burden for local communities

amidst a disaster. In addition, education and transfer of advanced wind hazard mitigation technologies
to developing typhoon/cyclone-prone countries can be carried out through these platforms. The output
of this group will be reported at UN/ISDR GP for DRR in Geneva every two years.

Figure 18: Global Platform for Disaster Risk Reduction, Second Session, Geneva, Switzerland, June
2009

Figure 19: Special Event to launch IG-WRDRR at Global Platform, Geneva, Switzerland, June 2009

5.4.3 Recent initiated activities of IG-WRDRR
(1) The International Forum on Tornado Disaster Risk Reduction for Bangladesh
“The International Forum on Tornado Disaster Risk Reduction for Bangladesh - To Cope With
Neglected Severe Disasters” in Dhaka, Bangladesh, on 13-14 December, 2009 was co-organized by
the Tokyo Polytechnic University Global COE Program TPU/GCOE, the Government of Bangladesh
(Disaster Management Bureau, Ministry of Food and Disaster Management, Meteorological
Department, Ministry Of Defence), the Bangladesh Disaster Preparedness Centre (BDPC) and the
International Association for Wind Engineering (IAWE) as the first official event of IG-WRDRR.
One hundred seventy-nine people including a large number of international experts from the USA,
Japan, Switzerland, Thailand and China attended the forum. As one of the outcomes of this forum, the
following ten recommendations were made to help the Government of Bangladesh to adopt policies
and development planning to reduce risks from severe local storms (SLS) and to stimulate donor
agencies and NGOs to implement specific projects to reduce SLS disaster risks (see web site:
http://www.iawe.org/WRDRR/documents/BangladeshFinalReport.pdf).

Figure 20: The International Forum on Tornado Disaster Risk Reduction for Bangladesh, Dhaka,
Bangladesh, December 2009
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Figure 21: Report on International Forum on Tornado Disaster Risk Reduction for Bangladesh in
2009 including Position Paper, Recommendations etc.
(2) Brochures on Preparedness for Wind-Related Hazards in Haiti
The Haiti Earthquake occurred on January 12, 2010, and caused severe damage to the Port-au-Prince
area and fatalities numbered almost 200,000. Haiti is located in a strong hurricane-prone region, and it
faced a hurricane season following the severe earthquake damage, which made it more vulnerable to
wind hazards. Thus, IG-WRDRR prepared brochures in English and French in March, 2010, to warn
Haitians about the possibility of coming wind related hazards as well as to provide them with basic
guidelines for mitigation.
The brochure recommended that local people and authorities have a “Preparedness Plan” for
wind-related disaster prevention and reduction. These brochures were distributed to Haitians, central
and local governments of Haiti, UN organizations and other supporting and donor agencies in various
ways. They were also available through UN/ISDR PreventionWeb (http://www.preventionweb.
net/english/), IAWE website (http://www.iawe.org/) and others.
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Figure 22: Brochures on Preparedness for Wind-Related Hazards in Haiti (English version
and French version)
6 CONCLUDING REMARKS
Mr. Ban Ki-moon, the Secretary-General of the UN, said, “Almost as dangerous as the
cyclones or earthquakes themselves is the myth that the destruction and deaths they cause are
somehow unavoidable, the inevitable result of natural calamity”. He continued that “It is true
that we cannot prevent the events themselves. But we can determine our response -- and,
through our actions, either compound disasters or diminish them”.
Global action in education and research is a key to achieving this target, where our wind
engineering community can surely make a significant contribution by collaboration with
other academic associations and international groups. Your keen support of the future
activities of IG-WRDRR is essential for its success.
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