1 Introduction

Natural hazards are becoming Increas-
ingly significant these days. ltis not
only that we are growing ever more
aware of natural disasters thanks to the
direct and almost complete coverage by
the mass media, but also that exposure
to catastrophes is constantly increasing.
The factors responsible for this de-
velopment arg the increase in the
world’s population and settiement in
areas that were previously avoided, as
well as the development of highly

sensitive technologies and their use in -

regions that are becoming more and
more exposed. Added to this, there is the
gver-growing soncentration of economic
values in large cities and industrial areas,
which greatly increases the potential for-
catastrophes and gives rise to grave "
concern. Finally, the changes inthe -
ervironment caused by man have
alrsady-incre the dangereven
further at man tigns around the
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Gur map is intendad to avoid these and
other deficiencies, in particular, exposurs
information has been staled, as far as
possible, as numbers which can be
checked and used directly in under-
writing calculations. Exposure is a
guarndity that relates the occurrence/
frequency and intensity of a hazard to

a specific timea intarval and so is always
expressed in terms of probability.
Whenever possible, therefore, the hazard
information on the Word Map has three
essential components — intensity,
frequency and refarence period.

As a rule, the calculation of sxposurs is.
based on retrospective analysis, but its
prime objective is an attempt to pradict .-
the future. The frequency-of specific. =
evenis in the pastis extrapolated into the
future under the assumption that there -




2 Description of
natural hazards

The following hazards are depicted in the
World Map of Natural Hazards

» Earthquakes

» Seismic sea waves (tsunamis)

# Volcanic eruptions

« Tropical cyclones

« Extratropical storms {(winter starms)
e Tornadoas

« Regional storms, monsoon storms
e Storm surges

= High waves

» Heavy rain

» Hallstorms and ngntning

e Pack ice and iceberg drift

» El Mifig, climate change

A number of other hazards have been
omitted because they cannot be shown
satisfactorily on a world map as they are
100 localized or because adequate
statistics are not available - this applies
to inundations and landslides in
particular. The list of majer natural
catastrophes of the past in the second
part of the brochure which presenis all
natural hazards as comprehensively as
possible 1s an attempt to rectify this
deficiency.

A special mode of projection has been
used to produce this map and provides a
sensible compromise between the
unavoidable distortion of shapes and the
misrepresentation of distances. The
separation between circles of [atitude
can be used to determine approximate
distances as 10° 10 10° (north to south)
always represents 1.111 km, On the
globe, the scale that nas been provided
can be used to read off all distances in
a variely of units. As we wanted to
emphasize the information on specific
types of exposure, we decided to
dispense with any kind of detailed
geographical background informatien,
Only coastiunes, national borders and
major cites and rivers have been
indicated to give the reader a rough idea
of the geographical location. The
publication also presents the most
frequently used earthquake, windstorm
and tsunami scales and a wide range of
other useful information.

2.1 Earthquakes

Earthquakes are generally regarded as
the most destructive force of nature,
While a long-term world-wide com-
panson shows that the number of
deaths and the magnitude of economic
losses caused by sterms and floods by
far exceed those by earthquakes, 15
nevertheless true to say that no other
natural phenomencn creates such a
massive psychological sitock. Since
they are capable of causing severe
damage over relatively large areas,
earthquakes cbviously have an
enormous destructive potential. This
was confirmed by the earthquakes in
Northnidge (California) i 1934 and in
Kobe (Japan) in 1895. The losses were
USS 44 hillion and US$ 100 bilion
respectively. The pessible total costofa
major earthquake oceurring today in
California is estimated to be US$ 300
billion and in Tokyo even as high as
USS 1,000 to 3,000 billion. There are
alse a large number of regions with high
concantrations of population and
geonomic activity that are situated in
zanes of high seismic activity. For the
insurance industry in particular, the
problem of accumulated losses, which
could threaten economic ruin, is
therefore rapidly becoming a matter of
great urgency. In view of this situation,
it is essential to have an cbjective pic-
ture of the exposure to this hazard.
Indeed, only on this basis can
appropriate precautionary measures be
taken — for example realistic premium
calculations. accumulation control and
the establishment of reserves or struc-
wral improvements to buldings and
restrictions on land use.

Earthquakes and plate tectonics
More than 80% of earthquakes ocour in

regions where large tectonic plates meet.

These plates are shown on auwahary
map 1, as is the direction in which the
plates are drifting and their speed. The
relative motion of the adjacent plates is
used to define three types of plate
boundary:

= Convergence zones: Here plates
collide and the specifically heavier
{generally the oceanc plate) is
subducted under the lighter {generaily

the continental plate} Example the
subduction of the Nazca plate under
the South American continent

» Divergence zones: Here plates mcve
apart as a result of the formaticn of
new crust on oceanic ridges and the
conunental wench zones. Examgle:
the Mid-Allantic ndge.

e Transform fauls Here plates move
past each other honzontally Examgie
the San Andreas fault in California

It seems self-evident that the most
severe earthquakes should oceur in
convergence zones where there is a
large variation in the stress profile
Convergence zones are followed oy
transform faults and divergence zones

Auxillary map 1 also shows the areas
where volcarue activity occurs as an
immediate conseyuence of plate
movement. In this case top, there is a
correlation with exposure Volcanic
activity n convergence zones is
explosive (ash and glowing clouds), but
is effusive in divergence zones (lava
streams}.

Exposure grading

The earthguake risk is graded according
to the intensity that is to be expecied
once in a pericd of 475 years. In a pericd
of 50 years, which corresponds to the
mean service life of modern buildings,
the probability that thus value will be
exceeded is 10%. This definiion of nsk
has bean chosen in line with the most
frequently used nternational probabaliy
level in anti-seismic bullding design
codes. For shorter or longer periods,
the probability that this value will be
exceeded I1s correspondingly smaller or
larger as the following table shows:



Pernod Probability of being
exceeded

years ®s
10 2
25 5
30 10
1CC 19
250 41
500 65
1.000 88

The earthguake intensity is expressed in
terms of the 1956 version of the Madified
Mercalli Scale {(MM). The new European
macroseismic scale (EMS-92) is only
applicable to Central and Northern
Europe. This and other common scales
are presented n the sequel. An
approximate correlation with the maxi-
mum horizontal ground acceleration

as defined by Medvedev and Sponheuer
15 also stated. The advantage of intensity
is that it describes the effect of earth-
guakes at the surface of the earth and
integrates a number of parameters such
as ground acceleration, earthquake
duration and subsoil effects. EMS-92 is
an attempt to find a uniform definition of
the vanous grades of intensity which
provides for better quantification and so
easier comparnson. Even though there is
a degres of subjectivity that cannot be
gliminated, intensity 1s the only way of
including historical earthguake reports in
risk analysis and so extending the period
over which statistical analysis can be
conducted. Earthquake exposure is
classified using five zones.

Probable maximum
intensity (MM)
once in 50 years
(probability of being
exceeded: 10%)

Zone

V or below
VI

Vil

Wil

IX or above

RO 2O

Generally, the intensity values refer to
average subsoil conditions (firm sedi-
ments), Local subsoll conditions may
result in exposure differences in areas
too small to be visible on a world map.
The followng table states the mean
change in intensity for various subsoil
conditians These changes only apply to
paricular sites, If used for larger areas,
trey should be reduced according to the
tyoe of subsoil generally found in the
area

Subso Mean change n
intensity

Rock (e g. granite,

areiss, basalt) -1

Firm sediments 0

Loose sediments +1

(sand, alluvial deposits)
Wet sediments.
artificially filled ground +2

The mtensification effect of soft subsoit is
partially due to a shift in:greund motion
to longer ascillations which. are poten-
tially more destructive in refation to
buildings. This effect is greater further
away from the epicentre than it is close
to it Depending on the thickness of the
sedimert layer, there may be resonance
gtfects which amplify ground movements
saveral tmes within a narrow frequency
spectrunt (weli-known example: Mexico

City).

A special symbol is used to indicate
targe cities where resonance effects of
this kind have been observed, or are
probable, because of the combination of
subsol conditicns and very distant, large
earthguakes. Usually, taking this re-
sanance effect and other secendary
ground effects {e.g. liquefaction. faults
and ground setflements, landslides)
would require detaled local
investigations.

2.2 Seismic sea waves (fsunamis}
Seismic sea waves, generally referrad to
by the Japanese word “tsunami”, oceur
after strong seaquakes or large sub-
marine {andslides often induced by
earthquakes or voleanic eruptions n the
sea or an the coast (see 2.3). These
waves spread out in all directions at a
great speed which depends on the depth
of the water. in the great oceanic basins,
the mean speed is about 700 km/h, Al-
though the waves are hardly noticeable
in the open sea, they reach gigantic
proportions in deep coastal waters,
espedially in narrow bays (in shallow
waters they die away before they even
reach the coast). In Hawan and Japan,
for example, waves of this kind suddenly
hitting the coastline have been known to
reach 30 m in height, destroying long
sections of the coast. As the waves can
travel 10.000 km or morg without much
attenuaton, regions that have not
experienced any direct earthguake
effects can be affected {e.g. Japan by the
Chile earthquake in 1960) This is why a
tsunamy early warning service has been
set up for the whole circumpacific zone.
The World Map indicates those coasts
known from experience to be exposed to
tsunarmis Exposure is limited to regions
directly on the coast, but under worst
case conditions may extend about 1 km
inland With a rapidly increasing number
of major industrial areas and targe hotels
being built along coastal regions, the
tsunami risk has beceme considerably
tugher



2.3 Volecanic eruptions

The Warld Map shows all volcanoes with
known eruption dates within the last
10,000 years. There are three classes of
volcano,

Class 1: Last eruption before 1800 AD

Class 2' Last eruption after 1800 AD

Class 3° Volcanoes which are
categonzed as particularly
dangerous by the Internaticnal
Association of Velcanology and
Chemistry of the Earth’s Interior
(LAVCED.

Class 1 voicanoes are often commonty
neld to be extinct, but to assess volcanic
activity periods as long as hundreds or
even thousands of years are required
An example that illustrates this 1s tha
eruption of Pinatubo on the Philippines.
Before the eruption in 1991, the last time
It became active was 600 years
previously The valcano El Chichon in
Mexico was considered to be totally
extinct before it erupted in 1983,

There are several nsk factors associated
with valcanoes. the principal being:

Ashfalls

Tidal waves

l.ava and mud flows
Glowing clouds
Volcanic earthquakes

These phenomena vary from volcana to
volcano. Whereas ashfalls and tidal
waves can cause damage over relatively
large areas, the other phenomena anly
present a danger to the area in the
immediate vicirty of the volcano and sa
are easier to record. The spread of ash
depends on the direction and force of the
wind and so the risk for regions further
afield is difficult to estimate. The impact
of tidal waves, caused by volcanic
eruptions under [akes, seas and on the
coast is comparable with that of seismic
sea waves. All the phenomena that have
been referred to have a great potential to
cause damage as the tustory of natural
catastrophes tells us (see the catalogue
of catastrophes).

It 1s, however, very difficult to assess
and, as Is the case with earthquakes,
classify the actual exposure. On the one
hand, eruptions are usually too rare for
reliable statistical analysis and on the
other classification in terms of intensity
would scarcely seem possible, However,
the use of the latest instruments to make
short and medium tarm predictions
would seem 10 be considerably more
promising than the same approach with
earthquakes as a few successful cases
(Rabaul. Montserrat) show

2.4 Windstorms

In terms of frequency of damage ang
total area affected, storms are, world-
wide, the most significant of all natural
hazards. This applies particularly to
losses covered by insurers who In recent
years have had to pay out unprece-
dented amounts for storm damage.

Over the penod 1988 1o 1997, two thirds
of the claim payments (US$ 130 billion)
for natural catastrophes were occasioned
by storms. The World Map shows the
areas exposed to the most significant
types of storm. Storm force is reached
when the wind speed is at least 8 on the
Beaufort scale, i.e. 62 km/h. The main
map shows the regions endan-gered by
tropical storms (hurricanes, typhoons,
cyclones) and extratropical storms
(winter storms).

Auxiiary map 3 “Reglonal Storms,
Monsoon Storms, Tornadoes,
Hailstorms™ gives an overview of types
of storm which may only affect less
extensive regions but still cause an
enormous amount of damage.

Auxiliary map 2 covers risks posed by
heavy rain and lightning, The exposure
zones indicated depict regions with
heavy rainfali and high thunderstorm
activity. Rain and thunderstorms are
often associated with strong gusts. In the
tropics. the manscon maonths indicate the
seasonal distribution.

2.4.1 Tropical cyclones

When tropical storms reach 12 on

the Beaufort scale, they are called
“hurricanes” in the Atlantic and Northeast:
Pacific, “cyclones” in the Indian Qcean
and in the seas around Australia and in
the Sauth Pacific and “typhoons” in the
Northwest Pacific. If the wind speed is
below hurricane force, i.e. 62 to 117 kmih
(Beaufort 8 to 11), they are referred to
as “tropical storms'’

The particular hazard presented by these
storms is their ability to hit large areas
with wind speeds of up to 250 km/h, In
some cases even over 300 km/h. The
diameter of the hurrnicane area 1s usually
100 to 200 km, while the storm area may
be 200 ta 500 km wide Coastal regions
and islands are particularly exposed as
they are affected not oniy by the dwect
impact of the storm but also by the
additional hazards of storm surges and
the surf. The inensity of a storm rapidly
decreases as it maves inland because of
the increase in friction above the surface
of the earth and a reduction in the supply
of enargy (pnmanly from water vapour)
to the storm system. Cn the other hand.
this also causes huge amounts of ran-
fall - especially on the windward side

of mountains, frequently resulting in
extremely severe floods.

For many coastal regions which have a
high economic potential and recreational
value and so encourage migration,
tropical cyclones have an extraordinary
catastrophe potential.



Cn the World Map. the degree of ex-
posure is represented by the 3-level
Saffir-Simpson scale 55 {to hurricare
force) which is basically the storm
intensity that can be expected once in
100 years.

Zone 1: S5 1 {118 to 1533 km/h)
Zong 2: 88 2 {154 to 177 km/h)
Zore 3, 53 3178 tc 209 km/h)
Zone 4 55 4 (21010 249 kmyvh)
Zone 5: S5 5 (2250 km/h)

Example: South Florida, USA (zore 4):
In this region. the 100 year wind speed is
210 km/h or abave.

Apart from the storm risk which is
indicated by green areas. the Map also
shows the main tracks of the v opical
cyclones. On a case by case kbasis. there
are wide variations but the mean tracks
indicate the usuai direction from which
danger threatens. This is aiso important
because in the northern hemisphere the
sperd of rotation and forward movemsant
are added on the right-hand side of the
frack and in the southern hemisphere on
the teft — so that the highest wind speeds
occur on these sides in each case.

2.4.2 Extratropical storms

(winter storms)

Extratropical sterms differ from tropical
cyclones not only in terms of the areas in
which they occur and the tracks they
follow, but also, and above all, with
regard to the physical processes by
which they are generated. There are also
substantial difierences in intensity and
geographical coverage. Exiratropical
storms are created in the transition
region between subtropical and potar
climatic zones, i.e. in the latitudes
between about 35° and 70°. In these
regions, cold paolar air masses collide
with warm subtropical air masses,
forming extensive low-pressure eddies.
The intensity of the storm areas within
these eddies is proportional to the
difference in temperature hetween the
tweo air masses and is, therefore, at its
greatest in late autumn and winter when
the cceans ara still warm but the polar
atmaosphere is already cold. This is why
extratropical storms are also referred o
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as winter starms, The maximum wind
speed of extratropical storms is ap-
proximately 140 te 200 km/h and

under extreme conditions may reach
250 kmih. The storm areas can be

up tc 2,000 km wide, Cver land these
values are considerably medified by
topographical effects. In general. the
wind speed increases with reight abgye
sea leve’ and at the same umae there are
horfzontal and vertical deflection,
blocking. jet and iee sffects.

Blizzards and ice storms are variants of
this type of sicrm and their potential for
causing damage is often underesti-
mated. In January 1998 an ice storm
covered large areas of East Canada and
the North East of the USA with a layer of
ice that was several centimetres thick
and caused total damage that was
estimated at over USS 1 billion. The
largest geographical area to be covered
this century was in all probabiiity an
enormous region from the New England
states to Texas. This occurred in 1851,
28th January to 4th February, when an
ice storm left a layer of ice that was

10 cm thick in some places.

Extratropical storms cannot be shown in
detail on the World Map becausa of the
strong influence local topographical
effects have on storm exposure. A spe-
cial shading is used to indicate those
areas that are at an increased risk and
also the main tracks of the storm lows
are shown by arrows (see main map).

2.4.3 Tornadoes

As with tropical cyclones, a number of
names are used in conjunction with
tornadoes. Often i is only the common
regional designation, for example
“tatsumak:” in Japan or “Trombe” where
German is spoken. A tornaco that occurs
over water is referred to as a
“waterspout”.

This type of stcrm can be described as
‘ollows. Compared with tropical cyclones
and extratropical storms. tornadces ara
very localized but extremely intense. The
mean diameter of the typical torrnado
funnel is about 100 m, the mean track
but a few kilometres long. However,
tornadoes that have been more than
1,000 m wide and with tracks of up to
300 km in length have been observed.
The maximum wind speed at the edge
of the funnel is estimated to be over

500 km/h; most tornadoes howaver oy
have wind speeds slightly in excess ol
100 km/h. The direct damage caused by
the high wind speeds is exacerbated by
the sharp drop in air pressure (10% or
more) at the centre of the funnel. which
causes windows with tight seals (g.g. in
air-conditioned buildings) to “explode”.

Tarnadoes occur worldwide at latitudes
between 20° and 80°, but are most
frequent by far in the USA in spring and
summer. Tornadoes also reach their
greatest intensity in the Mid West of the
USA owing to the particularly violent
nature of thunderstorm cells. However, in
general, it can be said that this type of
storm can be observed throughout the
whaole of the year — in other words even
sometimes in the winter. The greatest
tornado loss so far occurred in the USA
in April 1974 when 93 tornadoes were
observed within 2 days. They caused an
estimated total damage of US$ 1,000
miflion, approximately US$ 430 miltion of
which was insured.

However, even single tornadoes can
cause damage amounting to several
hundred million US dollars. Significant
losses have alsc been caused by tor-
nadees in Europe. India. fapan, South
America, South Africa and Australia.



The World Map rauximary map 3) has

3 exposure zonegs nased on the mean
annual number of tornadoes per 10.0C6
km?

Tornadoes; 10,600 xm/year

Zone 1 001toC1
Zona 2 Q1wC5h
7&.,r‘r:¢ 5z

4 2w
ZuneS s 12

Az nrrary regicrs — cartcularly thinly
nopllated ores — comoiete tornado
racaords carnct be compiled, this
eXposJdra map cannct provide a
complate glebal aveview Rather it1s
rended as a first stao to providing
axposure information comparable io the
ear:hguake and cyclone zores which
the msurance professional can use to
deterrnne greriums anag dentify pos-
sihie damage petent ol. Regions with
scatterad but sigmifir=nt tarnado events
in the past — outside me stated exposure
zones — hava. therefore, been marked
wiih a special symbel {e.g n South
America Russia. Australia).

The Fujita tornado scale describes the
intensity of a tarrado in terms of its
maximum wind speed The currently
commaen form covers a speed range from
62 kmvh ta ovar 400 km/h and has six
levels from F 0 to F 5 Newer estimaies
suggest that the introduction of a further
lavel F 6 (> 493 km/h) would be sensibie

2.4 4 Regional storms, monsoon
storms
Most of the storms markes on auxihary
map 3 “Ragional Storms Monsoons,
Tornadoes, Hallstorms™ wh arrows can
from the meteorological point of view be
clearly classified as orographic storms
T-air common feature is “hat they arise
on tne tee side of mountairs of the ar at
the wraward side 15 coicer than that at
tre ea side. Then. the co¢ ar, because
of its great weight, can onyy iumble down
inte “he valleys below from *he mountain
ndge and nigh passes. Tre greater the
temperature difference and “he height,
the greater the velocities |f these
downward currents are superimposed
by a large-area ar-stream travelling in
the same direction. wina speeds of up to
200 km/h can be rgached

The bast known exampies are the Bora
on the Dalmatian Adnatc ceast, the
Fohn in the Alps the Mistral in the Lawer
Rheone valley and the Chinook in the
Rocky Meuntamns. However, these
downwinds can be cbserved in every
mountainous regian of the world —
particular on the edges of the moderate
chmate zones The creation of starms of
this kind 1s s0 dependent on topography
that they always occur at the same lo-
cations or in the same valleys and with
the same wind direction. Because the
cold arr often plummets down like large
drops, the air stream 13 generally very
gusty this s partcularly nazardous for
shipping in coastal waters near mountain
ranges

The monsoon storms which occur
regularly and with great persistence in
early summer around the Horn of Airica
are an independent storm phenomencn
of regianal significance which consider-
ably jeopardize and hinder shipping in
that area. The isolings shown on the map
refiect the high frequency of storm hours
In June.

2.5 Storm surges
Siorm surges continue to claim an
axtraordirary number oi ives They also
hav: an immense potential o cause
camage Almaost ali the coast lines of the
werld's large oceans, and intand seas
and large lakes are exposed to storm
s.rges to a graater or lesser extent

:‘ cending or the type of coast the

angeris inundation and wave wmpact on
r 2ns nand and seach erosion on tha
other The special aggressiveness of the
sa.'water must also be considered in this
conigxt The high damage potertai of
storm surges lies in the high concen-
traticn of ecanomic values along the
coasts

=

Storm surges anly cccur when the

normal tide level along the coast 15
raised considerably by the following
effects

s Astronomical tide
e HAun-up

e Low prassure

s Surface waves

The ampilitude of astronormucal tides
depends essentially on the geometry of
the local coasts It can be as high as

12 m. The run-up effect 15 Influenced by
the direction, strength, duration and fetch
of the wind A further increase in sea
level of up to 1 m can be caused by low
atmospheric pressure which allows the
water surface to rise Furthermore,
surface waves can cause sea water to
lap over protective dams and walts. High
waves and the resulting breakers can
exert enormous mechanical forces which
erode beaches and protective dikes as
well as chiffs. In addition 1o the tide and
the meteoroiogical factors, the coast
geometry plays a decisive role, Storm
surges can cause a very high water leval
where water is plled up by the wund and
cannot escape to the side or below. Gulf-
like. flat seas, funnel-like estuaries and
long lakes are particularly susceptible.
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The regions that are most exposed o
storm surges, therefore, are the Gulf of
Bengal, the South China coast. various
bays in Japan, the coasts of the Guif of
Mexico. the American East ceast, the Ric
de la Plata in South America and the
MNorth Sea Coast in Euroge. The Great
Lakes of North America. the Baltic Sea
and Lake Baikal are also exposed to
increased risk from storm surges.

Cin the World Map, coasts which are
threatened by flooding fram storm surges
are marked with a fine parallei to the
coast. A graduaticn of the level of risk is
not possible as, in general, the
differences are highly Iocalized. Even
coasts that are only threatened by
erosion are not marked (e.g. Californian
Cliffs}).

The cbviaus global rise in sea level
increasas the risk of storm surges.

The frequency of flooding will increase
along badly protected coasts {e.g.
Bangladesh), and on well protected
coasts (e.g. around the North Sez) the
probability of faifure of sea defences will
increase (see auxiliary map 4}.

2.6 High waves

For many decades, the heights of waves
have heen measured by ships and
buoys. Now, satellites are able to provide
wave height data continuously and with
full coverage even from the most remaote
sea areas. Particularly dangerous are
freak waves — rarely occurring waves

of extreme size which may arrive un-
expectedly from almost any quarter.
They are produced by the superim-
position of a number of different waves
or by the influence of sea currents.

Regions where wave heights in excess of
5 metres have a probabitity of occur-
rence of 10% p.a. (10 year waves)

are shown on the World Map. Waves of
this height can be a hazard far medium-
sized ships. It is precisely when shipg’
cargoes are sensitive that problems can
occur at the loading hatches and
considerakle damage may result if the
cargo is not secured properly,
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High waves mostly occur during the
winter storm season, i.e. in the northern
hemisphere from December to February
and from June to August in the southern
hemisphere, Tropical cyclones also
produce extremely high waves.

2.7 Heavy rain

The annual precipitation rate varias
widely fram region to region. In the
North East of India the rainfall is more
than 10,060 mm (10 ml}, in the Atacama
Desert in Chile less than 10 mm. The
gtobal mean annual rainfall level is about
1,000 mm, squivalent to 1,000 I/m2.

The map showing exposure to heavy rain
(auxiliary map 2) indicates the global
distribution of the observed maximum
values for 24-hour rainfail. These locally
measured rainfall values are an impor-
tant indicator for flash floods, particutarly
wheh the values are high in comparison
with the monihly total (or even the annual
total) for the region in question.

The highest values oceur, as would be
expected, in the tropics. In central and
higher latitudes, the daily total drops
considerably. However, even values of
argund 100 mm can cause extensive
iocal flash floods, particularly when they
occur in what would otherwise be low-
rain {arid) regions.

in a number of insurance lines, heavy
rainfall can lead to eonsiderabie claims.
In these lines, extra information should
be obtained to aid risk assessment. The
Roman numbers indicate marked rainy
seasons and the key months in which
increased caution is advisabie.

2.8 Hailstorms and lightning
Thunderstorms are one of the most
impressive natural phenomena. Since
time immemorial they have fascinated
and terrified mankind. At any one time,
about 1,500 thunderstorms are taking
place all over the world with hardly any
region being unaffected. Thundarstorms
often lead to adverse weather with in-
tense lightning, hail. rain and wind (see
also chapters 2.4 and 2.7).

Lightring strixes are the main cause of
natural fires which can destroy whole
forests and often buildings. in many
regions, lightning strikes cause more
fatalities and injuries per year than any
other natural hazard. Air traffic avoids
thunderstarms because of strikes to
aircraft which can be critical especially
at the take-off or [anding stage.

Another significant source of potential
damage is lightning induced over-

- valtages in electrical equipment and in

electronic function or contral units in

- particular. Power grids and transformer

stations are frequently being damaged
by strikes and the result is business
interruptions.

Since 1995 lightning activity has been
recorded worldwide by satellites. This
data is the basis for our presentation of
the lightning risk (see auxiliary map 2),
as well as the observation data from
ground based lightning measurement
networks.

The map shows areas with > 2 lightning
strikes per square kilometre per annum
and > & lightning strikes per square
kilometre per annum. The first level
roughly carresponds to the lightning
strike risk in Central Europe, the second
ta regions with a very high lightning
strike density {e.g. Florida). The pro-
portion of lightning strikes that reach
the ground as a global mean is below
50% and may be as low as 10% far
tropical thunder clouds. Most lightning
strikes are dissipated between the clouds
over the continents.

Hailstorms cause extensive damage to
agriculture and also to buildings and
vehicles. If extreme hailstorms ocour



over large conurbations. the ecenamic
and insured damage can run ta bilhons.

Heavy hailstorms are usually tnggered
by wide cold fronts. By contrast, local
hot-weather thunderstorms. produced as
a result of imtense insalation over land or
mountain slopes. as a rule only lead to
weaker !occalized hailstarms

An impartant preconditton for hailstorms
Is a sharp decrease in ternperature with
altitude {unstable layers) This gives
rising air at ground level a strong uphit
and results in a high upwind zone with
powerful cloud formations (cumulo-
nimbus with typical anvil form) In an
upwind zone of this kind, hail particles
are suspended in the upper section of
the cloud so that water dropiets and ice
crystals ciing on to them and the hail
stonas grow in layers When the weight
of the hait siones becomes too great or
the upwind weakens the ice seeds fall
fram the cloud and it begins te hall.
Isolated, heavy hail tracks, which
accompany large thunderstorm systems
{super celis) may be over 10 km wide
and several hundreds of kilometres long
They can often bring heavy ramn, lightning
strikes and stormy gusts with them,
which also increase the extent of the
damage.

The map showing hailstorm exposure
(see auxiliary map 3) provides the
following informatian,

e The marked areas indicate regions
where > 1 and = 3 hail days per year
occur. Np indication of the intensity of
the hail is given.

s Special symbols indicate the regions
exposed to hail hazards and which in
the past have suffered extensive
damage from hailsterms. In regions
marked with these symbals, heavy hail
must occasionally be expected.

2.9 Pack (ce and iceberg drift

Pack ice and iceberg drift, for the maost
part, affects sea traffic and so has a
pearing an maring Insurance. iceberg
drift is almost as unpredictable today as
it was in the past when there was a
number of spectacular disasters
Nowadays, Ice phengmena seem mare
significant economically because sea
traffic can be obstructed {o a great
extent. Pack ice can even make major
seaways impassabie for long penods.

The high speeds that are reached, say,
by modern container ships and the
imited manoeuvrability of, say, super-
tankers also increase the risk Numer-
ous recent accidents demonstrate this.
The increase in the transportation of
hazardous goods and the value of the
cargo alse contribute ta the nsk for
owners and insurers.

The World Map shows the max.;num
extent of the pack ice aver the year
(winter/spring) by means of a spotted
pattern in the appropnate regions.
Around these regions is the line of
iceberg dnift which gives the limits within
which icebergs have been observed in
the past.

2.10 El Nino, climate change

Auxihary map 4 provides information
about the El Nifa phenomenon (natural
climate fluctuation) and the emerging
worldwide change in climate due to
additional greenhouse gas emissions
{anthropegenic climate change). Bath
have an effect an the weather and the
chmate and so consequently on natural
hazards associated with the atmosphere.
They change the risk profile and in some
regions of the globe this will be consid-
erable.

El Nifio

£l Nifio 1s the name for a relatively rapid
warming of the eguatorial Pacific by
around 1° to 5° C within a few weeks.
Maximum warming occurs around
Christmas (hence the name “the Christ
Child™}. Strong El Nifio effects are,
however, observed beyond December
and they may persist for many months
and in some cases years. The tempe-
rature increase involves the uppermast
100 to 400 m of the East Pacific in par-
ticular between about 10° S and 10° N.
The cause of the warming is assumed
to be a temporary reduction in the trade
winds where the warm surface water that
builds up in the west “laps back” to the
east and floats on the celd upwelling
waters along the South American Pacific
coast. It is an interaction between
atmospheric and aceanic anomalies and
this is why scientists refer to it as the Ei
Nific Southern Oscillation Phenomenon
(ENSC).

Every El Nifio event is sui generis and in
the regions affected may sometimes be
stronger and sometimes weakar.

The effects of natural hazards which are
shown on the map are now considered to
be well verified:

e Extreme rainfall, flooding and storms

along the Pacific coast of North and
South America and in East Africa
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# Strong increase in cyclone activity in
the Mid and Eastern Pacific and a
reduction in the hurncane activity in
the North Attantic including the
Canbbean

& Extraordinary dryness with high risk of
drought and forest fires on the western

side of the Pacific from Australia past
Indonesia and along to the Philip-
pinas, presumabily also on the Indian
subcontinent. in South Afnica, In the

Sahel zone and 1n nortn eastern South

America

Vanous lines of the insurance business

will be affected in a number of ways and

the insurance industry would be well

advised to take E! Nifio into account in its

premium and acceptance policies
Because of the random nature of major
and worst-case catastrophes, the in-
surance industry will not necessaniy be
under more strain due to natural catas-
trophes n the El Nifio years than in the
opposite situation (La Nifa - cooling of
the equatorial Pacific).

Anthropogenic climate change

The emerging man-made warming of the

atmosphere oceans and continents 1s
caused by the release of climate-
infiugncing trace gases into the
atmosphere — in particular carbon
dioxide, methane, rmtrous oxide, ozone
and chlorofluorocarbons (CFCs)

Below are some effects relating to
natural hazards that have already been

observed or that are expected to appear

in the next century

e Since the middle of the 18th century,

the mean global temperature has risen

by about 0.5 to 0 7°C By the end of
the 21st century, the mean global

« The majority of mountain glaciers are

melting as are parts of the Arctic and
Antarctic (in a few regions growth is
observed). The map indicates the
appropriate regions

The sea level 1s rising faster and faster
(melting of glaciers, thermal expansion
of sea water} and will be 20 to 80 cm
higher in the next century. Critical
regions (endangered islands, deltas
and sections of coast) are indicated on
the map.

The map also shows the retreat of the
permafrost limit in the polar regions.
Permafrost acours frequently in the
polar regions and around high moun-
tains. Melting affects the stabudity

of the mountain slopes and landslides
are the result. Also, methane 18 re-
ieased, which further increases the
greenhouse effect

The warmer atmosphere can absorb
more water vapour and intensify
convection processes. Therefore,
more heavy ran, flash floods and
landslides, thunderstorms, hailstarms
and lightning strikes as well as an
increase in tornadoes are a likely
result. Possibly not only will the
frequency and intensity of tropical
cyclones increase but also the
seasons and regions in which they
occur could expand markedly. The
extratropical storm lows could also
became more intense and penetrate
further into the continents.

The seasonal and regional preci-
pitation patterns will also change.

On the one hand this will increase the
rnisk of floods and on the other hand
that of dry penods and droughts.

ternperature will have gone up by a
further 1 to 3°C. The zenas in auxiliary
map 4 show that the geographical
distribution of warming is very dif-
ferentiated and there is even caaling
at a few locations.

The insurance industry is weit advised to
keep an eye on these developments so
as to be able to initiate appropriate un-
derwriting measures at an early date. As
a result of chmate change, it is possible
that there will be new extreme values for
a large number of parameters that are of
refevance to the insurance business in
almost all regions of the world which will
presage natural catastrophes of
unknown intensity and frequency.



3 Underwriting aspects

Classical rating methads cannet be
applied to natural hazards because
these events occur so rarely, To
nevertheless obtain premium rates
commensurate with the aciual risk,
attempts must be mads to simulate the
claims experience which cannot be
cbtained in the real werld. The following
three steps are essential

e Determining the event frequency:
This is effected on the basis of data
from instruments or descriptions of
historical events. The historical data
which is often availabie for large-scale
events can be used to estimate the
probability of smaller events. However,
the opposite approach can also be
scientifically valid. Seismology uses
the frequency of low-magnituce
earthquakes to derive the prebabilities
of major earthquakes. The event
frequency, however, says nothing
about damage freguency. For this it
wouid be necessary that the geo-
graphical distribution of the risks to
ke insured and their individual
damage susceplibility are known.

s Assessment of the risk location; The
geographical iocation of an abject has
a considerable influence on the risk
premium rates. When covering
earthquakes. it is, above all, the
closeness to the nearest seismic faults
and the local subsoil conditions at the
rigk lacation that determine the
technical premium. In the case of
storms, it is the local topographical
conditions and with floods the dif-
ference in altitude between the risk
lacation and bodies of water in the
vicinity. The development of
geographical information systems
(GIS) has provided insurers with
modern {T-supported analysis systems
which can perform a detailed exposure
assessment of the risk location by
linking data on event frequency with
individual locat risk factors. Also, the
geographical distribution of risks when
covering whole portfolios can be taken
intc account in a technically correct
way.

¢ Susceptibility to damage: The
transition to damage freguency is
perfarmed in the third step by
correlating the expected event
intensity with the risk-specific loss
ratio. It was precisely the major, high-
loss natural catastrophes that took
place in the mid 80s (earthquakes in
Chile and Mexico in 1985, in
Northridge in 1994, in Kobe in 1995,
winter storms in Eurcpe in 1980,
Typhoon Mireille in 1991, Hurricane
Andrew in 1992, etc.) that have
considerably expanded the sparse
data of the past and have helped
correct many risk estimates {often in
a positive sense).

Earthquake losses

Diagram “Earthquake losses™

Expected earthguake loss ratios (in
percent of value as new) as a functon cf
the lacal event intensity on the Merzzaii
scale. The colcured region describes the
spread of the expected damage as 3
function of the different susceptibilivy ¢

-damage for various types of use,

assuming average building quality.
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The stated loss ratios vary strongly as a
function of the type of use (residential,
cemmerecial, Industrnal) and characteristic
parameters like the age of the building,
height and type of construction A further
important criterion Is the general
standard ot bullding {bullding specifi-
cations, quahty and manttering) in the
region in guestion

By collating the three types of risk
informaticn mentioned above (event
frequency, risk location and susceptibiiity
to damage) the appropriate premium can
be faund for covering a particular natural
hazard.

If key data for calculating the risk
premium s too sparse or no suitable
cemputaticnal models are available, a
rough estimate can often be made with
an approximation method. Exampie
earthquakes: Making simplifying
assumptions, the nsk pramium P (= net
premium iequired as a percentage of the
sum insured) can he expressed as tha
sum of the loss ratios L per intensity
class (Mercalll scale) divided by the
return period Nj (In years) of the
raspective mtensity:

Lix Ly

Ly  Lw | L
+ + + +
M Ny

- NTI NV!! N\.flll

The Munich Re has developed a number
of computer models to calculate nisk
premiums and to determine the
cumulative damage patential of natural
hazards. Within the framework of the
MRCatPMLService (see Chapter 5), we
can calculate for our customers the
probable maximum loss using their
individual liability data and adwvise them
on their optimal insurance strategy.



4 Munich Re services
and natural hazards

Since 15 formahon. Munich Re has
thought of itself as a customer-oriented
partner in the international Insurance
pusiness, A Geoscience Research
Group was set up as early as in the sarly
70s to analyse the coverage of natural
hazards Now the group includes
scientists from almest all areas, from
metecrology and climatology through
seismology geology, gecphysics and
geography to hydrology as well as
experts on geographical infoermation
systerms (GI5).

Therefore, not only can we prowide
support on matters relating 10 insurance,
but we are also in a position te offer
information and advice on historical
damage and possible future damage
due to natural catastrophes

MRNatCatSERVICE

Munich Re's Geoseience Research
Group has been gathering information
abaut natural events and catastrophes ali
over the world systematically for about
25 years. In addition to the basic data
such as event location date and dura-
tion, short descriptions containing
relevant information that gives a rapid
overview of the magnitude of the events
15 alsc compiled. If appropriate infor-
malion Is avallable, damage to or de-
struction of buildings, the effect on
nfrastructure. damage to utilities and
agriculture, etc, are noted The effect
onr the population (fatalites, injured,
homeless, missing persons, etc ) 1s aiso
Isted Finally the econcmic and «n-
surance losses are recorded. This data
1S crucial for analysis and determining
trends

Customers who make use of the
NatCatSERVICE will also receive im-
portant auxihary information n addition
to a concise and precise description of
the event

e Lists of damage
according to country or evernt type
These allow a rapid overview of the
more recent hstory of damage and
allows an mitial assessment of the
exposure In a particular region,

s Comments
on particular events which are
analysed regarding the prcbabsity of
occurrence {return pericd) and the
magnitude of damage (for example in
companson with other calastrophes}.

To abtain information about events of
recent months, simply contact the
Munich Re directly ar use the Reuters
Insurance Brnefing (RIB). a compre-
nensive on-ine Informartion service run
by the Reuters news agency Concise
reports can be called up under “NatCat”
(as source or search key).

MRCatPMLSERVICE

This 1s the name of Munich Re's product
that performs loss accumulation potential
damage analyses for earthquakes,
storms and floods {oniy a few countrias)
on the basis of hability information
categorized geographically and
according fo risk (CRESTA system)
Depending on custemer requirsments,
particular historical or hypothetical
catastrophe scenarios can be simuiated
and therr effects on individual portfolios
estimated (deterministic analysis)
Probabilistic analyses can also be
performed. In this case, we calculate the
probabilities that damage will occur for
speaific hability situations using our own
simulation models, Part of the
MRCatPMLService 1s to advise our
customers on talor-made remsurance
strategies



5 Catalogue of
major catastrophes

Natural catasirophes are the best proot
of the dangers inherent In nature Every
year, all arourd the woerld, thera are
many hundrads of instances of major
damage by natural phenomena
Earthquakes storms and floods are the
maost sig-nificant events, other natural
hazards (cole spells droughts, forest
fires, landshaes etc.) usually piay a
subordinate roie — apart from a few
exceptional cases. The foltowing are the
resuits of an analysis of the worldwide
frequency ard distnbution of events of
the last 10 years,

& As far as number 15 concerned, slerms
and floods dominate Together they
make up almast two thirds of the 6,000
evenis that were recorded all over the
world Earthquakes accounted for
about 15°: and other events for about
20%.

& Since 1900 natural catastrophes have
taken the lives of 10 millicn pecpie
and In the last 10 years there have
been about 330.000 fatalities — the
striking feature however, is that 58%
of the victims were claimed by floods.
Earthguakes in particular are also
responsible for a consistently high
tevel of vicums

o Economic damage is fairly uniformly
districuted over the man types of
event — earthquakes, storms and
floods (akout 30% for each) Other
natural hazards were hardly significant
(101

# In the case of insured damage, storms
clearly dominated {two thirds) because
there 1s maximum insurance density
for this natural nazarg alt over the
world. Earthquakes followed at a
considerably lower level {approx.

20%) Worldwide, the role of finods
(8%:) and other events (6%) 18 (as yat}
not sigmificant,

The catalogue for the World Map iists the
mast significant historical natural
catastrophes (froem 1,000 AD to Apnil
1998) under the following headings

- Earthquake

— Volcanic eruption

— Storm

- Flood -
QOther natural catastrophes

The events are listec accarding to conti-
nent in chronojogical order. Addional
information 15 also provided — particularly
In relation to the number of fatalities and,
whenever possible. the economic loss
{value in USS at that ime) When nisk s
assessed subjectively, the major natural
catastrophes are often inturtively
considered to be nighly significant.
However, Historical reports often contain
gaps, are contradictory on certain
matters and usuaily are difficult to relate
to current conditions Meverthelsss, they
have an important role to play in risk
analysis because they considerably
extend the penod that ¢an be used for
statistical evaluation. In a number of
casas, it 1s only through historical reports
that one becomes awars of a natural
hazard



