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Abstract 
This article first describes winds at regional, local and micro-scales, with special reference to methods 

of observation and analysis according to the order of the scales. It shows that in studies at the regional scale, 
data derived from detailed observations under the network of second-order observation stations and 
AMeDAS arranged by the Japan Meteorological Agency are utilized, with the main study method being 
synoptic climatology. These were established in Japan in 1960s and 1970s. Mesh data were used mainly in 
the 1980s and 1990s, presenting air flow in accordance with directions of prevailing upper winds, geostro-
phic winds, etc. 

Regarding local-scale winds, the main topic of concern has been winds occurring under certain 
topographical conditions such as in V-shaped or U-shaped valleys, on mountain ridges and along valley side 
slopes. Observations are carried out by temporally organized groups using instruments and indicators such 
as wind-shaped trees. These studies started in Europe in the early 20th century, but have been undertaken 
intensively since the 1950s. For agricultural land use, wind power stations, air pollution, city planning and 
construction of structures such as bridges, tall buildings, highways, etc., knowledge of local wind conditions 
has been an essential requirement in recent years. It has been pointed out that these conditions should be 
elucidated not only by model simulation or wind tunnel experiments, but also by field observations. This 
article also considers changes in winds on the local scale under the influence of global warming, taking an 
example of Santa Ana in the U.S.A. It discusses risk problems based on recent studies. The last part deals 
with risk management and insurance, based on statistics available. 
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1. Introduction 

 
In order to discuss the problems of risk caused by 

winds, the most important points that we should first 
take into consideration are the time and space scales. In 
other words, we should discuss the problems from scale 
to scale.  

Climate on a global scale (macro-scale) as well as re-
gional scale has been studied by modeling during the 
last 30 years enabled by the development of computers. 
On the other hand, micro-scale simulation studies have 
been made possible by computer or experimentation, 
such as wind tunnel experiments, to give one example, 
because conditions at that scale can be easily abstracted. 
In other words, the factors can be sorted relatively easily. 
On the intermediate scale (meso-scale) between the 
macro- and micro-scales, often called the local scale or 
topoclimatic scale, studies have been made by field 
observation and their results have been analyzed mainly 

by description, because the local processes involved are 
difficult to analyze physically (Yoshino, 1975; 2008). 
The present article intends, therefore, first to describe 
the winds at each scale, giving examples. 

At the ASEAN foreign ministerial meeting of July 
2006, four new sectors were added for high-level co-
operation, including rural development and poverty 
eradication, women’s issues, disaster risk management 
and emergency response, and minerals (de Prado, 2007). 
From the viewpoint of wind hazard risks, it is hoped that 
such cooperation could be established urgently among 
the ASEAN countries, where typhoons/cyclones cause 
huge amounts of losses: human deaths, economic losses 
and structural damage every year. 

According to a survey by the World Meteorological 
Organization on risk reduction activities, “strong winds” 
were top ranked among the twenty-eight kinds of disas-
ters occurring in the world (Love, 2009). The Hyogo 
Framework for Action negotiated in 2005 sets out priori-
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ties for disaster risk reduction and calls upon the 
international community to take practical steps to make 
communities safer. As mentioned in the preface of the 
special issue on “Winds and Risk Management” of the 
Global Environmental Research, 13/2009, wind engine-
ering researchers have been intensively promoting 
measures in Japan. 

The present article intends to contribute to national 
and international exchange of knowledge among the 
many fields of wind sciences. 

 
2. Time and Space Scales 

 
2.1 Scale division 

In the years from the late 1920s to the early 1930s, 
scale divisions of climatic came into wide use. There 
was general acceptance of calling small-scale phe-
nomena “micro-climate” and large-scale phenomena 
“macro-climate.” However, there were different names 
for intermediate-scale phenomena. The most representa-
tive names were meso-climate, local climate, orographi-
cal climate, Gelaendeklima or Kleiklima (Geiger, 1961). 
This continued until the 1970s (Yoshino, 1975; Bitan, 
1975) and seems to be ongoing to the present (Yoshino, 
2008). 

Other pertinent facts are: (1) the absolute distances 
of each scale were given by Moerikofer (1947) and then 
by Flohn (1959), Yoshino (1975) and Barry (1970);  
(2) the topoclimate scale was established first by 
Thornthwaite (1953) and defined as being intermediate 
between the micro-climate and meso-climate; and (3) 
the micro-climate scale involves regions on a scale of  
1 cm to several hundred meters, and the topoclimate 
(local climate), 10 meters to an order of 10 km. 
Although there are several differences among the 
researchers, the general definitions can be summarized 
as shown in Table 1. 

 
2.2 Risk division according to scale 

Risks should be managed in accordance with the 
scales mentioned above, as shown in Table 2. A flow 
chart showing processes of risk assessment and risk 
management was presented elsewhere (Yooshino, 2009). 
At the macro-scale, which can also be called the global 
scale, risks should be managed by international bodies 
such as the WMO, WHO, FAO, ASEAN or EU or 
national governments. A representative example is 
global warming. At the meso-scale or regional scale, 
risks should be managed at the level of national bodies, 
mainly national governments. Hazards caused by 
tropical cyclones and typhoons are examples. Losses 
should be paid by insurance or additional budget outlays 
by the governments of the regions affected. 

At the local scale, risks should be managed by the 
local government or communities. Severe storms or 
gales are examples, losses from which can be paid by 
insurance or additional budget outlays, same as for the 
meso-scale or regional scale cases. At the micro-scale or 
small scale, risks should be managed by individuals 

through insurance or the private market. Tornadoes or 
extreme wind events which develop in small spaces are 
examples. 

Risk management comprises generally: (1) recogni-
tion and structural analysis of risks, (2) minimizing risks 
in selling strategies and structures of commodities and 
(3) risk transfer, for example, weather derivatives. 

To minimize risks, adaptation to changing environ-
ments and countermeasures to natural catastrophes such 
as extreme events, gales, high wind velocities and high 
gustiness should be taken into consideration. In such 
cases, wind conditions associated with heavy rain and 
severe snow storms are also important to consider from 
the viewpoint of wind technology. 

 
3. Wind Studies at Various Scales 

 
3.1 At the regional scale 

The regional scale covers areas on an order of about 
200 km to several hundred km. For such areas, there are 
normally 10-40 meteorological observatories in Japan. 
During recent years, there are secondary level auto-
mated stations which autonomously record conditions 
and send the records to the primary level observatories. 
For example, there are about 1,400 AMeDAS stations. 
The hourly observed records at these stations since 1976 
are available and can be used in regional-scale and local 
scale studies, which will be described later. Since the 
1980s, wind distribution studies have been carried out 
making use of these data. The wind velocity and direc-
tion distributions are arranged in accordance with the 
direction of the gradient winds as representative of 

Table 1  Time and space scales (Yoshino, 1975; 2008).

Space scale
Order of 
horizontal 
distance 

Time scale 

Macro- 
Global 200 – 50,000 km decades, historical, 

geological 
Meso- 
Regional 1 – 200 km months, seasons, 

years 
Local 100 m – 10 km days, months 
Micro- 
Small 1 cm – 100 m  hours, weeks, months

 
 

Table 2  Risks at various space scales.  
Space 
scale 

Risk 
management 

Examples Covered by

Macro- 
Global 

International & 
National bodies

Global 
warming 

Reinsurance

Meso- 
Regional

National bodies Typhoon, 
Hurricane, 
Cyclone 

Insurance, 
Additional 
budget 

Local Local govern-
ments or 
communities 

Severe 
storms, Gales 

Insurance, 
Additional 
budget 

Micro- 
Small 

Individuals Severe 
tornadoes, 
Torrential 
rain 

Insurance, 
Private 
market 

 



 Problems in Risk Management of Regional, Local and Micro-scale Winds in Relation to Global Change 97 
 

 

synoptic pressure patterns such as anti-cyclones, 
cyclones and fronts. Examples for central Japan include 
studies by Suzuki and kawamura (1989) and Suzuki 
(1991 a, b). 

Summarizing the results of such studies, Suzuki 
(1996) concluded that the mean sea breeze component is 
about 1.6 m/s and the land breeze, 0.8 m/s, when there is 
no synoptic pressure gradient, while the land and see 
breezes become smaller as the surface geostrophic 
winds become stronger. The land and sea breeze compo-
nents eventually vanish when the surface geostrophic 
wind speeds are greater than 14 m/s. He came to the 
conclusion also that an extended sea breeze-accompa-
nied wind pattern, shown in Fig. 1, dominates on 63% 
of the days in July while a winter monsoon-type pattern 
dominates on 53 % of days in December at 15:00 (JST) 
in the afternoon. 

The study methods developed to include simulation 
studies making use of mesh data. In particular, they 
clarified the structures of sea breezes, up-valley winds 
and their combined wind systems on the Kanto Plain 
and its surrounding mountainous regions. The air 
streams formed thermally and topographically were 
simulated in two dimensions, including plains, slopes 
and hills and in the three dimensions, including seas, 
plains, slopes and hills (Kondo, 1990). In the two- 
dimensional studies, calculation was made over 6.67-km 
intervals at 60 grid points, and in the case of three 
dimensions, by 60 grid points with an upper boundary of 
5,900 m. According to the study results in two dimen-
sions, winds intensified in the area between the sea 
breeze front and the valley wind. The thickness of the 
mixing layer was almost equal to the valley wind system 
in the valleys, but the intensified winds were thicker 
than these valley wind systems. By considering the 
width of the valleys, it was shown that the winds were 
weaker in broad valleys. Another interesting result was 
that where the distance between the sea coast and moun-
tains is relatively short, the sea breeze develops more 

strongly in the morning hours before noon, but it does 
not develop in the afternoon. 

 
3.2 At the local scale  

In order to ascertain wind conditions at a scale 
smaller than regional, we must observe and analyze the 
phenomena using wind tunnel experiments, simulation 
by models, observed records obtained from ordinary[?] 
or temporary meteorological observation networks, or 
field observation using indicators. One of these studies 
in Japan used AMeDAS data, as mentioned above. For 
simulation studies in Japan, mesh sizes are normally 
50-100m, because they use mesh-sized topographical 
(altitude of land surface) data provided by the 
Geographical Survey Institute; data on roughness of the 
land surface obtained from topographical maps at a 
scale of 1/25,000; and land use data of 100 m mesh size 
also obtained from 1/25,000 topographical maps. In the 
field, temporary observations of winds are carried out 
using instruments, such as anemometers and wind vanes, 
or wind indicators such as wind-shaped trees and windy 
landscapes. The following are some examples of these 
studies. 

The first example is a large-eddy simulation study 
(LES), which has made it possible to estimate wind 
conditions over complex terrains (Kondo et al., 1997; 
Wood, 2000; Iizuka and Kondo, 2004, 2006; Fujiyoshi, 
2008) and over urban areas (Kondo et al., 2006; Takemi 
et al., 2006 a, b). Recently, Iizuka (2009) summarized 
simulation results of the vertical distribution of the mean 
wind velocity along the main direction of winds 
(x-direction) obtained by wind tunnel experiments, 
where the S-model (Standard Smagorinsky model), 
I-model (Inagaki-model), and MI-model (Modified 
Inagaki-model) were used, as shown in Fig. 2(a). A 
detailed explanation of each model is omitted here due 
to space, but they coincide rather well. It is interesting to 
note that separation heights on the lee side of the moun-
tain ridge were obtained precisely in this figure, 
conforming to separation that had been visually demon-
strated by wind tunnel experiments about forty years 
prior (Nemoto, 1961 a,b,c, 1962; Soma, 1969; Yoshino, 
1975). In Fig. 2(b), vertical distribution of turbulent 
energy on the lee side of the mountain ridge is shown, 
which also precisely demonstrates the status under a 
neutral thermal state. After inspection of the comparison, 
Iizuka (2009) concluded that the results by the 
MI-model showed the best fit to the experiment. There 
are, however, still gaps between the meteorological 
simulation models and LES in terms of scale. Recently, 
Ohya and Uchida (2006) reported the results of 
laboratory and numerical studies on stable atmospheric 
layers. 

The Santa Ana winds, a representative local wind in 
the U.S., dominate in southern California in autumn and 
winter (Conil and Hall, 2006). Hughes et al. (2009) 
investigated the response of the frequency and intensity 
of Santa Ana wind events to anthropogenic climate 
change during the last 44 years. To accomplish this local 

Fig. 1 Typical wind distributions in summer during daytime over 
central Japan. The base of each vector corresponds to an 
AMeDAS station. Shaded areas indicate elevation above 
600m. A southeasterly “extended sea breeze” can be seen 
on the Kanto Plain (Suzuki, 1991b; 1996). 
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perspective, they down-scaled reanalysis data from the 
European Center for Medium-Range Weather Forecasts 
(ECMWF) and a coarse-resolution climate model with 
regional atmospheric models. This dynamic down-scal-
ing technique has been proven to give a more realistic 
view of local climate conditions according to recent 
studies.  

The dynamics of the Santa Ana winds are based on 
both synoptic and local conditions: (1) When strong 
synoptically forced offshore flow prevails in southern 
California, due to the topographical situation, offshore 
momentum can be transported to the surface, causing 
Santa Ana conditions. (2) Offshore winds are bolstered 
by a local temperature gradient between the cold desert 
and warmer air over the ocean. The temperature gradient 
points from the desert to the ocean, and is reinforced by 
the negative buoyancy of the cold air as it flows down 
the sloped surface of the major topographical gaps. 
Hughes et al. (2009) presented changes in the number of 
Santa Ana days due to anthropogenic forcing, which has 
resulted in global warming. Using MM5 (Penn 
State/NCAR Meso-scale Model Version 5) and WRF 
(Weather Research and Forecast model), the total num-
ber of Santa Ana Index days from 1959 to 2001 was 
obtained as shown in Fig. 3. Here, the Santa Ana Index 

 
Fig. 2 Vertical distribution of (a) mean wind velocity and (b) turbulent flow energy, along 

the main wind direction under neutral temperature conditions. A result of large-eddy 
simulation (LES) (Iizuka, 2009). 

Fig. 3 Total number of days with Santa Ana winds for each 
winter season, where the Santa Ana Index is greater than 
6, 8 and 10 m/sec in the MM 5 simulation. The upper right 
hand illustrates the number of days per season with Santa 
Ana Index greater than 10 m/sec in the WRF. The green 
bar shows the present day and the yellow bar the future 
simulation. All trends are significant at the 99% 
confidence level (Hughes et al., 2009). 
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refers simply to the offshore wind strength at the exit of 
a large gap, presenting its time index, SAt. 

A decreasing tendency is clear in all cases, suggest-
ing the impact of anthropogenic forcing. It is thought 
that this reduction is due to differential warming; more 
warming in the desert interior than over the ocean in the 
course of transient climatic change conditions. 

In local-scale field studies, wind indicators such as 
wind-shaped trees are powerful tools, which have been 
used since the early 20th century (Yoshino, 1975). An 
international scale of wind-shaped trees as climatic 
indicators has been proposed (Yoshino, 1989). Deforma-
tions of trees as an indicator are still a topic of discus-
sion because of their utility (Cullen, 2002).  

Alcoforado (1984) studied wind distribution, observ-
ing wind-shaped trees in an area (about 12 km × 19 km) 
near Cabo da Roca, west of Lisbon, Portugal. Applying 
the deformation grade scales proposed by Barsch (1963) 
and Yoshino (1973, 1975), she observed wind-shaped 
trees (Pinus pinaster, P. pinea, P. halepensis and others) 
and presented maps illustrating detailed wind conditions 
in the area, as shown in Fig. 4. The main points raised 
by her study were: (1) Observations were possible at 
many spots with high density. (2) Wind forces and direc-
tions could be estimated using the wind-shaped tree 
grades. An example of Grade 6, the most severely 
shaped grade, is shown in Fig. 5. (3) Observing addi-
tional indicators such as hedges, allowed detailed 

 
Fig. 4 Distribution of prevailing winds observed using bio-indicators of winds in 

the region surrounding the Serra de Sintra, Portugal (Alcoforado, 1984). 
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prevailing wind directions to be estimated, because the 
hedges were built in most cases at almost a right angle 
to the prevailing wind directions. (4) Because northerly 
winds prevailed in this area, air streams in the valleys 
running in a north-south direction were strong. She 
called this phenomenon “canalization.” On the other 
hand, the prevailing northerly winds were noted on the 
hills. (5) Cyclonic deviation of the winds from the 
Atlantic Ocean was found on the windward side of Serra 
de Sintra. (6) The shapes of the trees could be deformed 
quite under micro-topographic conditions. 

 
3.3 At the micro-scale 

One example of wind damage occurred in Japan 
when Typhoon No. 19 struck in 1991, causing the worst 
damage in the last several decades, as mentioned later in 
Section 4.2. About 660,000 houses were damaged by 
strong winds, but the damage was mostly seen on 
certain parts of the houses, which is interesting from the 
standpoint of wind technology at the micro-scale. 
According to a report on net claims for fire insurance in 
western Japan, the number of cases of damaged roofs 
was 1,440 (among which 1,248 had slate tile roofs), and 
there were 799 cases of interior damage not related to 
the roof, 775 of exterior features such as sliding doors 
and windows, 336 of attached structures such as anten-
nas, and 682 of unattached structures such as storage 
sheds and car ports. 

Another survey of damage caused by the same 
typhoon in 1991 reported that 10% of houses older than 
ten years suffered from roof damage at a rate (area of 
damaged roof/ total roof area) of about 45%. 

Such statistics are important to the study of wind 
influences at the micro-scale, but, unfortunately, we 
have very limited survey results. 

Tornadoes, tatsumaki in Japanese, are another impor-
tant subject among problems at the micro-scale in Japan. 
The mean annual number of tornado occurrences is 
about fifteen in Japan. About 80% of the tornadoes 
cause damage. Because they occur under the synoptic 
situation of typhoons, southern Japan suffers more of 
them than Honshu. Damage from tornadoes occurs  
52 times annually in Okinawa Prefecture and 38 in 

Kagoshima Prefecture. It is to be noted, however, that 
severe cases are seen occasionally on the Pacific-side 
plains of Honshu, such as in Aichi Prefecture, Chiba 
Prefecture and the Kanto Plain. In recent years, torna-
does have frequently occurred on the plains on the Japan 
Sea side, such as in Tottori, Toyama and Niigata Prefec-
tures. The reason they are occurring in these areas can 
be considered related to their topographical situation 
and land-sea distributions under certain synoptic situa-
tions. 

Damages, occurred by tornadoes in Japan have been 
reported based on case studies during the recent years 
(Matsui et al., 2009). They came to conclusion that the 
actual wind damage to structures was a little different 
from the assumption in their design. For example, 
enclosed conditions were sometimes not achieved and 
the major load was not always wind pressure but impact 
of flying debris. 

Tornadoes are a severe hazard in the U.S. They have 
been actively studied for more than half a century. The 
most destructive tornadoes form in and around 
meso-cyclones. They are produced by super-cells, rotat-
ing thunderstorms that have acquired a circulation, also 
known as meso-cyclones. The “average” tornado is 
100m wide on the ground and proceeds on a path 1 km 
long, with a maximum wind velocity of 45 m/sec. The 
number of tornadoes has been increasing in the U.S. 
during the period from 1950 to 2007 (Schmidlin, 2009). 
However, it should be noticed that violent tornadoes, EF 
4 and EF 5, have been decreasing in contrast to the 
increasing trend of relatively weak tornadoes. The 
upward trend may be due to a larger number of weak 
tornadoes, or it may be due to better reporting and 
recording of tornadoes. Many of these were not reported 
in the middle of the 1900s when the population was not 
as big and there was less tornado awareness, no warn-
ings and no TVs. 

 
3.4 Future problems 

Problems in studies at the meso-scale have been 
summarized by Suzuki (1996). Here, future problems at 
the local and micro-scale are summarized as follows: (1) 
It is difficult to evaluate the effects of micro-scale 
topography and obstacles such as dams, bridges, build-
ings and towers. (2) The frequency distribution curves 
of winds differ from point to point under the influence 
of micro-topography. This makes it difficult to estimate 
the extreme values of wind speed with high accuracy, 
which is needed in wind engineering. (3) It is difficult to 
evaluate the effects of orographically-formed clouds 
above the ridges of mountains, which are controlled 
strongly by valley winds and up-slope winds during sun-
shine hours and thermal conditions in mountainous 
regions. (4) The effects of even the same forms of 
valleys, mountain slopes and mountain ridges on wind 
conditions differ according to their actual directions. (5) 
When air streams cross over a mountain ridge, 
precipitation occurs on the windward slope and a dry 
descending wind on the lee slope due to the Foehn effect. 

Fig. 5 An example of a wind-shaped pine tree (Pinus halepensis), 
showing Grade 6 (almost creeping on the ground), 
according to Yoshino’s scale. This photograph was taken at 
a point 3 km ESE of Cabo Rosa, Portugal, on 21 Aug., 
1986. 
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It is difficult, however, to evaluate the grade (intensity, 
seasonality, diurnal changes etc.) of this effect.  

At the small scale, we must consider the following 
points further: (1) In valleys, winds with components of 
not only x- and y-directions, but also z-direction should 
be observed and analyzed in relation to topographical 
situations. In particular, the behavior of eddies in the 
z-direction may play an important role in planning of 
construction and understanding the risks to traffic pass-
ing over bridges/higher banks. (2) The effects of 
micro-topography on wind conditions differ in accor-
dance with the length of period chosen for calculating 
mean wind velocity. Therefore, the shape of the wind 
rose, frequency in each of the 16 directions, etc., differ 
with the period: years, seasons, months, days, and day-
time/nighttime hours. More detailed statistical analyses 
are needed. (3) At the points on a valley floor where 
branch valleys meet with the main valley, wind direc-
tions are complicated. At the present stage of our knowl-
edge, they can be estimated only empirically. (4) We 
need knowledge about the future status of wind condi-
tions in valleys and on mountain ridges under the influ-
ence of global warming. For the purpose of risk assess-
ment/management, this is important. (5) Diurnal 
changes in wind systems are clear. Theoretical studies 
have been done since the first half of the 20th century, 
but in the natural field, it is not always easy to evaluate 
wind behavior in valley bottoms, along either valley 
side slope or on ridges. These should be surveyed using 
plant indicators from place to place. (6) Because wind 
tunnel experiments have been done under conditions of 
thermally neutral air layers, the results should be inter-
preted carefully with regard to the natural field under 
lapse conditions in the daytime and inversion conditions 
at night with weaker synoptic circulation systems.  
(7) Experiments for specific purposes should be 
designed. For example, because actual tornadoes are 
very complex, it is hoped that experiments will be 
developed to elucidate the flow fields and pressure 
fields of tornado-like swirling flows and their effects. 
Such studies have been designed under the “Global 
COE Research Projects” by the Wind Engineering 
Center, Tokyo Polytechnic University. (8) From the 
standpoint of ecology, Hollig (1992) discussed cross- 
scale morphology, geometry and dynamics of 
ecosystems. Analogically, cross-scale or trans-scale 
consideration can be introduced to the problems under 
discussion. An initial attempt along this line was 
reported by Takahashi et al. (2006). 

 
4. Winds and Risk Management 

 
4.1 Strategy 

Risk management is designed in several steps: Firstly, 
atmospheric phenomena are uncertain even in short- 
term forecasting and therefore they can be projected as 
probabilities with significant levels of uncertainty. Gusts 
as short-term atmospheric phenomena can be classified 
at this level. Secondly, although we have a high degree 

of confidence that average temperatures will increase 
because of global warming, there is a very low degree of 
confidence that average the wind velocity will increase 
or decrease. Thirdly, extreme events such as peak gusts 
with tropical low pressure circulations and downbursts 
associated with strong cumulonimbus formation or 
tornadoes are much harder to predict than changes in 
average values. These events, however, pose a great risk 
to buildings. 

Scientific and technical groups have been contribut-
ing to reduction of risks from wind-related disasters at 
the country and international levels for a long time, for 
example, the International Association of Wind Engine-
ering (Solari, 2009) It must be stressed that they are not 
necessarily linked closely with policy-making processes, 
but the important point is that wind-related disaster 
reduction cannot be done by wind engineers alone 
because of its complexity. 

The Bureau of Rural Sciences (BRS) of Australia has 
been encouraging a risk management approach to deal-
ing with climatic variability and changes which was 
adopted first by the insurance industry. This approach 
treats the risks posed by climatic variability and changes 
in the context of other business risks, placing strong 
emphasis on review with identification, analysis, evalua-
tion and management of challenges and opportunities 
(Clark et al., 2006; Grant et al., 2007; Steffen et al., 
2006). These were proposed regionally for the impacts 
of floods and severe droughts on agricultural production 
originally, but the main points can be applied to strong 
wind impacts on building technology. 
Risks are defined several ways as follows： 

Risk = Hazard + Vulnerability ···························· (1) 
Risk = Hazard × Vulnerability ···························· (2) 
Risk = Probability × Losses································ (3) 
Risk = Probability + Vulnerability ······················ (4) 
Risk = Hazard × Consequence···························· (5) 
In the present paper, I do not discuss each definition 

in detail, but definitions (1) and (2) would be more suit-
able for risks at smaller scales and definitions (4) and 
(5) at larger scales. Definition (3) is thought to be suit-
able for phenomena at all scales. In recent years, insur-
ance has been discussed in relation to climate change 
(Dlugolowski, 2004; Miyoshi, 2008). Some of these 
discussions will be cited later. In China, these defini-
tions have been introduced (Wang, 2008) for the study 
of risks and insurance for flood damage in the middle 
reaches of the Yangtze River. From the standpoint of 
wind technology, it is hoped that studies will be encour-
aged based on these definitions.  

 
4.2 Risk management and insurance at various 

scales 
Zhang and Li (2007) summarized basic theories for 

risk assessment and management of meteorological 
disasters caused by typhoons, introducing a risk index. 
They proposed five classes based on empirically 
determined ranges, as shown in Table 3. The ranges of 
the areas indicating space scales are shown in terms of 
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numbers of deaths, population affected, houses damaged 
and economic losses in China from the end of the 20th 
century to the early 21st century, which may change 
according to development of social and economic 
conditions. It is important, however, to examine the 
risks quantitatively at their respective time and space 
scales in their past, present and future status. Table 3 
will contribute to this purpose. 

Important points in assessing risk costs (the cost of 
losses) in insurance include: adequacy without exces-
siveness, being not unfairly discriminatory while mak-
ing insurance available and affordable (Miyoshi, 2008). 
Miyoshi also stressed the importance of considering loss 
trend factors and loss prevention, in other words, 
decreasing the frequency and amount of losses. A 
statistical approach to risk management is first to collect 
information on cases and total amounts of losses (cost, 
number of people affected, number of deaths, etc.). 
These have been particularly significant in the analysis 
of natural hazards, including wind damage in the past. 
Their scales are mainly regional to macro-scale, in 
accordance with the scale division described above. On 
the other hand, it would be better to apply technological 
risk assessments to the present problems in wind dam-
age caused by extreme events occurring, for example, in 
association with typhoons (routes, minimum pressure, 

maximum wind speed, etc.), as well as building con-
struction, city planning, etc. These are mostly ap-
proaches at the micro-scale as mentioned above. 

As an Asian total, the cost of direct damage from 
tropical cyclones increased by more than five times in 
the 1980s and about 35 times in the 1990s, as compared 
with the cost in the 1970s (Yoshino, 2006). The costs 
rose about three times and eight times, respectively, for 
flood damage. Table 4 shows the amount of insurance 
payments in the case of natural disasters, excluding 
earthquakes and tsunamis. From the first to the ninth 
rank, payments occurred in association with typhoons. 
Only in the case of the tenth rank, in which a hailstorm 
caused the damage, was it different. It is also notewor-
thy that no damage was caused by strong winds alone, 
because they occur mostly at the micro-scale or local 
scale. 

The amount of damage caused by natural hazards has 
been increasing tremendously in high-income countries 
in Asia since the 1990s. Before the early 1990s, the total 
amount of natural hazard damage was highest on the 
North American continent, but it has shifted since then 
to Asia. The increasing rate in the number of deaths, 
however, has not changed in parallel with the increase in 
direct natural hazard damage. In the high-income coun-
tries of Asia, like Japan, the number of deaths has shown 

 

Table 3 Classes of damage caused by typhoons and their standard values in the middle reaches of the Yangtze 
River, China. 

Damage Most severe Severe Medium Weak Weakest 
Class 5 4 3 2 1 
Affected Area (km2) More than 1,000 500-1,000 200-500 50-200 0-50 
Deaths (persons) More than 100 20-100 10-20 0-10 0 
Population affected 
(persons) More than 2,000 500-2,000 100-500 10-100 1-10 

Houses destroyed 
(10,000 houses) More than 10 5-10 1-5 0.1-1 0-0.1 

Direct economic 
losses  
(10,000,000 yuan) 

More than 1,000 300-1,000 100-300 10-100 Less than 10

(Zhang and Li, 2007) 
 
 

Table 4 Payment of insurance in cases of natural disasters, Ranks 1 to 10 in Japan, 1991-2008. 

Rank Cause Region Date Total payment  
(× 100 million yen)

1 Typhoon No.19 All of Japan 25-26, 9, 1991 5,679 
2 Typhoon No.18 All of Japan 4-8, 9, 2004 3,874 
3 Typhoon No.18 Kyushu 21-25, 9, 1999 3,147 
4 Typhoon No.7 Kinki 22, 9, 1998 1,600 
5 Typhoon No.23 West Japan 20, 10, 2004 1,380 
6 Typhoon No.13 Kyushu 15-20, 9, 2006 1,320 
7 Typhoon No.16 All of Japan 30-31, 8, 2004 1,210 
8 Heavy rain Aichi Prefecture 10-12, 9, 2000 1,030 
9 Typhoon No.13 West Japan 3, 9, 1998 977 

10 Hail Chiba, Ibaragi Prefectures 24, 5, 2000 700 
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a decreasing tendency. One example is shown later in 
Table 6. Considering these tendencies, risk management 
in Asia at the regional scale will change rapidly in the 
coming decades. 

The long-term tendency of insurance payments 
worldwide has shown a sharp increase from the 1990s, 
according to the GEO Risk Research Department, 
Munich RE Report. However, its rate of increase is 
about one-third the long-term increase in economic 
losses, which is one of the more severe problems seen 
globally. Another problem is great year-to-year variation, 
which should be studied more in detail.  

The amounts of net insurance claims worldwide 
from 1970 to 1997 in the cases of severe disasters are 
shown in Table 5. Among the top ten cases, tropical 
cyclones occupy six cases as seen globally. Hurricane 

Katrina hit New Orleans, Louisiana, U.S.A., on  
29 August 2005, resulting in a tremendous amount of 
damage, with 1,833 deaths, about 500,000 affected, eco-
nomic losses of 125 billion US dollars, and net insur-
ance claims of 41.1 billion US dollars. These will be 
discussed later again. 

It is noteworthy that the most severe damages 
occurred in the case of storms in Europe in winter and 
autumn and blizzards on the east coast of the U.S. in 
winter, as shown in Table 5. This should be noted, 
because the damages were caused not by tropical 
cyclones, but by strong winds in colder seasons in 
regions insured at relatively higher rates.  

Shah (2009) dealt with the insurance problems in 
lower income countries. He proposed micro-insurance, 
which should particularly (i) be able to protect against 

 

Table 5 Payment of insurance in most severe cases of disasters worldwide, 1970-1997. 

Rank Cause Region/Country Date Total payment  
(× million US dollars) 

1 Hurricane Andrew U.S. 24. 8. 1992 18,286 
2 Typhoon No. 19 Japan 27. 9. 1991 6,542 
3 Winter storm “Daria”  

(strong winds) 
Europe 25. 1. 1990 4,636 

4 Hurricane Hugo Puerto Rico 15. 9. 1989 5,427 
5 Autumn storm Europe 15. 10. 1987 4,230 
6 Winter storm “Vivian”  

(strong winds) 
Europe 26. 2. 1990 3,917 

7 Hurricane Opal U.S.A. 4. 10. 1995 2,211 
8 Blizzard U.S.A. 10. 3. 1993 1,943 
9 Hurricane Iniki U.S.A. 11. 9. 1992 1,829 

10 Hurricane Frederic U.S.A. 3. 9. 1979 1,660 
(For comparison)    

 Hurricane Katrina U.S.A. 29. 8. 2005 41,100 
[Earthquakes]    

 South California U.S.A. 17. 1. 1994 13,529 
 Hanshin-Awaji Japan 17. 1. 1995 2,603 

(Data source: Swiss Re, Sigma and others) 
 
 

Table 6 Ratios of economic losses and insurance damages to GDP, insurance damages to GDP, 
numbers of persons affected and deaths in extreme cases during the last 20 years. 

Causes Hurricane 
Katrina 

Typhoon No.19 
in 1991 Cyclone Nargis 

Country U. S. A. Japan Myanmar 
Date 29 . 8. 2005 27. 9. 1991 2. 5. 2008 
GDP* (A) 12,421.9 3,454.3 13.5 
Economic losses* (B) 125 10 4.1 
Insurance damages* (C) 41.1 5.7 not available 
Number of    
persons affected 500,000 91,128 2,400,000 
Number of deaths 1,833 62 138,000 
Ratio B / A 1.01% 0.29 % 30.3 % 
Ratio C / A 0.0033% 0.0016% ― 

*Billions of US dollars 
GDP values are for the year of the respective events. 
(Collected from various sources) 
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all natural catastrophes including hurricanes/cyclones/ 
typhoons, etc., (ii) have an affordable premium structure, 
and (iii) be easy to adapt and adopt; that is, they should 
have a simple premium structure, with simplified claim 
adjustment, benefits and rules (if any) and simple trigger 
definitions for claims. Through this, lower income coun-
tries would have a chance to access capital markets. 

In Table 6, a comparison is given, taking examples of 
Hurricane Katrina in the U. S., Typhoon No.19 in 1991 
in Japan, and Cyclone Nargis in Myanmar. There are 
clear differences among the cases in the ratios of eco-
nomic losses to GDP, insurance damages to GDP, and 
numbers of deaths and people affected, representing 
regionally the conditions of developed and developing 
counties. 

In 2004, ten typhoons landed on the Japanese islands, 
the maximum number seen since the beginning of mete-
orological observation in Japan. Insurance covered an 
amount of more than 72 billion US dollars, but it was 
estimated that the economic losses were more than sev-
eral times this amount. Table 7 shows changes in net 
claims paid in Japan for fiscal years 1948-1997. In this 
table, it is clear that net claims paid in Japan increased 
very sharply, rising about 60% from the 1980s to the 
1990s, and we can understand how high the amount of 
72 billion US dollars mentioned above is as compared 
with the mean value of the 1990s. When we consider 
future risks, these tendencies cannot be ignored, because 
they are much higher than the rate of increase caused by 
the estimated inflation rate. In other words, the increas-
ing value of economic losses should be taken into 
consideration in risk management.  

Conventional reinsurance arrangements will be 
tested if extreme events increase in frequency and/or 
severity. Generally, the capital in insurance markets is 
insufficient to cover these losses. Insurers are looking 
for alternative risk transfer mechanisms to help diversity 
their capital and manage liquidity problems following a 
series of large claims. Because severe storms, stronger 
tornadoes, high turbulence caused by complexes of 
buildings, etc., will result in huge amounts of economic 
losses in the future, the reinsurance structure should be 
further studied in depth, considering wind technology as 
well. 

5. Summary 
 
This review article first discusses time and space 

divisions, reviewing the results of previous studies in 
the last half of the 20th century. According to these scale 
divisions of winds and their impacts, risk division is 
presented in relation to risk management. 

At the regional scale, distributions of wind velocity 
and direction are analyzed mainly for every 16 or 8 
directions of gradient wind or prevailing upper wind 
directions. They have clarified the boundaries of sea 
breeze invasion on coastal plains and their connection to 
valley winds in surrounding mountainous areas in 
Central Japan. Simulation studies have elucidated the 
structures of sea breezes and valley winds. They have 
shown the thickness of these winds, their diurnal 
changes and their relation to topography. 

At the local scale, there have been wind tunnel 
experiments, simulation by models, analysis of observed 
records by the network of the meteorological observato-
ries and temporary field observations using instruments 
or some indicators such as wind-shaped trees. Examples 
of each method are introduced. The results of simulation 
studies at various scales are discussed, presenting the 
local and micro-scale wind structure. 

Future problems are summarized firstly on the 
regional scale and secondly on the local scale in detail. 
One of the important points is thought to be cross-scale 
or multi-scale analyses. Human reaction and adaptation 
should be considered at the various scales.  

In the final part, winds and risk management are dis-
cussed. After reviewing the definitions of risks, an 
example of a study on the middle reaches of the Yangtze 
River in China in the case of strong typhoons is men-
tioned. Also, the amounts of direct economic losses in 
Japan are discussed in relation to insurance, which have 
shown a sharp increase in recent years. Ratios of eco-
nomic losses to GDP and insurance damages to GDP are 
one order higher in the U.S. than in Japan. Economic 
losses in developing countries are smaller, but the num-
bers of deaths and persons affected are two orders larger. 
Insurance and reinsurance problems are discussed, tak-
ing into consideration small-income countries.  
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