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STORM RATING IN THE NIRETIES
SUMMARY

The chart below shows the estimated storm losses for UK
Household Buildings policies from 1920 to 1990. The
extreme right hand =ide of this chart illustrates
vividly the sharp increase in storm losses at the end of
this period primarily from the October 1987, January
1990 and the Fabruary 1990 storms.
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Householders, insurers and reinsurers are still counting
the cost of these storms. The reinsurers response has
been to withdraw capacity and implement fivefold
inereases in catastrophe excess of loss rates. Insurers
enalysed these losses in considerable detail but there
is little evidence that any district rates have bLeen
adjusted as a result of any of these investigations.

This report outlines the causes of storms and considers
the evidence for increases in their frequency and
severity. A study of UK storn events from 1920 Lo 1994,
conducted by the University of East Anglia Climatic
Research Unit for Commercial Union, iz then used to
estimate the likely insurance losses from these storms.
An index of relative storm exposure is calculated at
postcode area level, the rating implications discussed
and broad storm risk areas plottad on a map. The data is
then used to identify appropriate distributions for the
frequency and sevarity of UK storme and a simulation
model is uged to invaestigate the annual storm loses
distribution and to calculate risk rates on line for
various layers of storm excess of loss reinsurance.
These results are compared with current market rates and
the effectiveness of traditional reinsurance for
amoothing storm losses is discussed.
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1 : INTRODUCTION

kel Backaround

The UK had a relatively "“calm® period for a number of
decades until the storm of October 1987 caused
widespread damage to a corner of the south-east corner
of England. This storm was said at the time to have been
a one in two hundred year event based on the freguency
of such high winds in the areas affected.

This assessment was soon to be questicned by the events
of early 1990 when a very stormy period in January
caused higher insurance losses from a wider area of
southern England and parts of Europe. A further, less
damaging, storm followed in February 1950.

The reinsurance market was impacted by a series of other
major losses during this period, especially from Hugo
and Piper Alpha. These losses had a spectacular effect
on the LMX market and resulted in a significant loss of
capacity in this market. In turn this reduced
catastrophe excess of loss capacity with rates, for the
1991 renewal season, increasing by up to five times
their pre-1990 levels.

Although a significant increase in reinsurance rates is
normal after heavy losses, there is in addition a
popular view in certain quarters that the frequency and
severity of storms has increased, and will continue to
increase, due to effects of enmissions into the
atmosphere and the resultant global warming. These
beliefs are often attributed to predictions from weather
torecasters and are sometimes validated by comparisons
of the frequency of such events over the recent past.

The storms of 1987 and 1990 were analysed by insurers in
great detall down to postcode 1level. These storms
produced dJdifferent patterns of loss. The 1987 storm
affectad a narrow land mass, and caussd proportionately
higher damage to this affected area, than the January
1990 storm which affected a much wider area and cost the
insurance industry more in total.

The gross cost of tha 1987 and 1990 storms accounted for
about 50% of the household buildings insurance premiums
for each of these years.



The results were somewhat inconclusive, especially as
the recent storms were considered unrepresentative both
in terms of the areas affected and alse in their
saeverity. There is no evidence that any differential
rating for storm, at postcode area level, has been
incorporated into the rating of this business or that
any conclusions on the likely annual cost of storms were
derived from any of these studies.

The Working Party was set up to begin to investigate
sone of the many guestions that naturally arise from the
events described above. At the time, October 1991, it
was not clear of how much progress, if any, could be
achieved in this endeavour.

Texns of reference

The Working Party adopted the following terms of
reference for its study:

To investigate the freguency and severity of
Turopean storms and particularly any trends in
thess and to svaluate the Financial effsct of
these oatastrophes, on insurers and their
rainsurers, by usa of an appropriate
statistical wmodel of the annual insurancs cost
of storms.

The avallability of data on UK storms, and the time
neadad to analyse this data, meant that the actual
statistical analysis was restricted to UK Household
Buildings covers only.

The intention, initially, was to consider European
storms as this is a better description of the storms
which affect both the UK and large parts of North West
Buropa.

Some work on European storms 1s being carried out by two
of our European friends, Robert Alting von Geusau and
Charles Levi. It was hoped that this work could be
incorporated into this report but distance and time
(not T&D)} have made this impossible. A report covering
the European aspects is being prepared by our colleagues
and should be available at the November conference.

Az changes in the frequency and severity of UK storms
will be reflected in changes in frequency and severity
of European storms we have retained the original terms
of reference.
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3 ilabi ac W e

This paper is based primarily on a report on ™Storm
Severity over Britain" written for Commercial Union by
Dy J.P. Palutikof and A.R. Skellern [11] of the Climatic
Research Unit of the Schoel of Environmental Sciences of
the University of East Anglia. This report, which will
be referred to as the "UEAY™ report from now on, examined
the fregquency and severity of wind storms from 1920 to
1990 in order to place the events of 1987 and 19%0 in
their long term context. The researchers identified 47
stoyrms, classed as severe, during this period. Bach of
these storms is described in the report and the maximuw
gust speeds and duration, as well as the size of area
affected, are given. The report alsc has a map for each
storm showing the areas where gust speeds exceaded 60
and 80 knots,

The Commercial Union (CU) agreed to release this report
te the Working Party and also supplied a sample of its
own exposure and ljoss data from the 1987 and both the
1990 storms for analysis. The CU has recently made
copies of the UEA report available to other interested
parties and the authors hope teo publish work related to
this study in the near future.

The Working Party also obtained data from the ABI
Household Risks Statistics Panel on the January 1990 and
October 1987 storms [1]. These reports were confidential
to the contrimuting Panel members and we are
particularly grateful to the Panel, and to Brian Hudson
the ARI <¢hief Statistician, for agreeiny to release
these teo the Working Party.

5 ct coptent

The report is in six sections, including this
Introduction (Section 1). There are, in addition, four
appendices containing background details.

Section 2 deals wlth weather systems and the causes of
storms and briefly reviews the historic cccurences of
storms and changes over time. Finally, the section deals
with <the theories for increases in the fregquency and
severity of these events and discusses the effects of
global warming.

Section 3 reviews the damaging effects of storms and
digcusses the difficulties in comparing the cost of
historic storms. The availability of (UK) storm damage
data is considered and the apprcach used in translating
the information to loss estimates is outlined.
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Section 4 presents the results of the "analysis" of UK
storms from 1920 te 1990. The seascnality of these
storms, their frequency and severity distributions are
considered. The increase in fregquency over the last ten
years of this pericd is reviewed in the context of the
underlying annual frequency distributjon. Finally, an
index of storm risk damage, at postcode area level is
estimated, with broad "storm risk” bands depicted on a
map and the rating implications are discussed.

Section 5 describes how statistical wodels may be used
to assess storm exposures and a simple model of UK Storm
Losses is identified, and its parameters estimated, from
the storm loss estimates of the previcows section. A
simple simulation model, based on the identified
freguency and severity distributions is then described,.

Section 6 reviews the results obtained from the
simulation model and discusses how these may be used to
assist the direct writer in establishing the element of
the storm peril rate to be incorporated into the overall
rate for Household Buildings. The reinsurance rating
implications are then considered a chart of risk rates
on line is presented for a range of fregquency and
severity assumptions. Finally, the effectiveness of
current reinsurance programmes in smoothing catastrophe
losses, is discussed and a pessible alternative
outlined,

1.4 Limitatjons of the Analysis

The report considers only storm risk and any values
derived are for this peril only. Catastrophe reinsurance
also covers other perils than just storm, such as freeze
and flood losses. Although these perils are unlikely to
significantly increase risk rates for the higher
reingurance layers, they will contribute to the lower
layers of exposure. The simulation program can be
adapted easily to incorporate additional perils.

The results contained in this paper are contingent on
the validity of the many assumptions and simplifications
that were made in order to derive them.

In particular, building regulations and construction
standards differ across the country and differences in
these will have some affect on the losses to be expected
from a given level of wind speed. This potentially key
factor has not been considered in this study and the
percentage damage caused depended only on the estimated
gust speed.
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The types of housing, their size, density and general
proximity +to trees may be Further relevant factors. The
damage model was based on the 1990 and 1987 storms where
the damage was caused mainl in southern England.
Further distortions could ar{se frem applying these
damage factors, which are based on proportionz of Sums
Ingured, teo areas of the HNorth where average Sums
Insured are generally lower.

The translation of the storm gust speed maps into
estimated speeds at postcode area level was fairly
subjective and it may be possible to use actual wind
speed data for the identified storms. This should be the
firit step to be undertaken in revisiting any of this
work.

The ABI sample data were used to derive, and calibrate,
the loss severity formula. With two data sets, and two
parameters to estimate, a good fit to the aggregate
losses was guaranteed. When tested against the only
other samples available, the model overprojected losses
by over 10%. The reasons for thig possible bias were not
investigated due to lack of time. The reasons mentioned
above may be relevant as well as differences in sSums
insured and claims procedures.

The organisatiens that have contributed information for
this study, that is the UEA, the CU and the ABI, have
not seen any part of this report prior to its submission
for publication and they have not been asked to approve
the methods used in interpreting their data or to
endorse any of the assumptions or results. The
responsibility rests totally with the working party.

Readers are reminded to review the n;nI assunptions made
in deriving all the results befors using these for any
purposs.
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2 ¢ WEATHER EYSTEMS AND A HIETGRIC ANALYBIS OF STORNS

This section outlines what constitutes "weather” and how
storms, particularly winter storms, arise, Historic
variations in weather, and storminess, over the last
four centuries are then outlined bkefore the kay
guestions of increased storm activity and global warming
are considered.

W e e f s

Temperature.

Solar radiation reaching the earth heats the surface,
which in turn heats the atmosphere from below. Overall,
the earth is in energy balance, with energy received
from the sun equating teo energy used +to heat the
atmosphere or lost into space; if this were not Bso,
discernable changes in averall average temperature would
arise, However, within the earth’s energy systen,
variations in temperature both on the surface and in the
atmosphere clearly arise, anpd it is the uneven
distribution of temperature in the earth‘s atmwosphere
which gives rise to many of the phenomena we refer to as
"weather",

These variations in temperature result largely from the
decrease in the angle of incidence of the sun’s rays
with increasing latjitude, so that the energy received
per unit area is less, Atmospheric temperature will thus
be highest at the equator and lowest at the poles. There
is of course alsc a seasonal effect, depending on which
hemisphere is tilted towards the sun.

Another important cause of temperature differences at
the earth’s surface is the disposition of land and sea,
as continents and oceans respond differently to incoming
gclar radiation. The proportion of radiation reflected
inte the atmosphere varies with latitude, and this
variation is greater over water than over land, with the
greatest proportion reflected bein in the highest
latitudes. Also, once water is warm gt contains a great
deal of heat energy and so takes longer to cool down.
The vresult 1is that temperature variations are wuch
swaller over +the ogeans than over land, The larger

proportion of ocean in the spouthern hemisphere means

that summers are cooler but winters milder there.

14



It can be shown that the maintenance 0of the earth’s
normal temperature distribution requires a transfer of
heat from low latitudes to high latitudes, and up to 80%
of this transfer is achieved by the circulaticon of the
atmosphere.

The detail of this circulation is complicated, but
essentially large scale convection currents carry warm
air polewards and cold air towards the equator. At the
same time, water vapour produced by evaporation in the
tropics is carried pelewards and condenses in colder
regions releasing latent heat.

Ogean currents alsc make an important contribution to
the transfer of heat from the tropics to the poles; in
the northern hemisphere the principal currents are the
Gulf Stream and the North Atlantic Drift.

Windg.

In general the earth’s atmosphere rotates with the
earth, but there exists wmuch local variation, and the
relative motion of the air is experienced as wind. This
movement of the air results principally from variations
in air temperature. The major wind belts are the Trade
Winds, the Westerlies and the Polar Winds and arise
mainly from the difference in heating between the
equatorial regions and the poles and the large scale
convection cells that are set up as a result, They are
also influenced by the disposition of the continents and
the differential heating of the atmosphere over land and
sea,

The unegual heating of the earth’s atmosphere gives rise
to wvariations in ajr pressure. Maps showing the
distribution of pressure over the earth’s surface Jjoin
Places with equal pressure with lines known as isobars.
As pressure is constant along an iscbar it follows that
the direction of most rapid pressure change iz
Eeryendicular to the isobars. The spacing of the isobhars

ndicates the rate of change of pressure, known as the
pressure gradient, and the closer the isobars, the more
rapid the change so the stronger the winds.

04 : peri ireulati

For the earth the polar regions represent heat sinks and
the aquatorial zone a heat source. It might then be
thought that a convection cell would be established in
each hemizphere, with the air sinking at the poles,
spreading across the earth’s surface, rising at the
aquator and returning to the poles at altitude. However,
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this wedel takes no account of the earth’s rotation and
so pbears little relation to reality.

The three main wind belts in each hemigphere can be
explained by the existence of the “goriclis force" which
results from the earth’s rotation on its axis, and which
causes motion of the air mass relative to the earth
below. For example, as air moves towards the equator,
the earth’s rotational speed is increasing and the
ground bensath is moving faster than the air above, so
that relative <to the earth the air moves westwards.
Similarly, air moving towards the poles will travel
faster than the ground below and so0 move relatively
eastwards. The result is the production of cyclones
{with an area of high pressure in the centre) and
anticyclones (with an area of low pressure in the
centre). In the northern hemisphere, cyclones exhibhit
anticlockwise rotation and anticyclones  clockwise
rotation, and these directions are reversed in the
southern hemisphere.

Extratropical (Winter) Storms
The Shorter Oxford Dictionary defines a storm as a

“vyiolent disturbancs of the atmosphere,
manifested Dby high winds, often accompanied by
heavy ralls of rain, or anow, by thunder and
lightning, and (at sea) by turbulence of the
vavas',

Meteorclogically, storms may be of various types
depending on their origin and the geographical regions
in which they occur. However, since we shall confine our
attention to northern Europe, and the British Isles in
particular, the type of most interest is the
"extratropical® or winter storm, as tropical cyclones do
not arise in this region and the tornado risk is small.

Extratropical {(Winter) Btorms originate from substantial
cold air masses moving from polar areas to more moderate
climates. The difference in temperature between such
palar air massas and the surface of the water in the
mere moderate zones is particularly great in autumn and
winter since the air at the peles cools more rapidly
than the air and sea in lower latitudes. There can be a
sharp change Iin temperature over a relatively short
distance at a latitude of about 50 - 60 degrees.

16



This boundary between the heavy cold air and the lighter
warm air is known as the “polar front" and is in
constant motion as the cold air moves southwards,
pushing the warm air northwards. An approximately
circular eddy of the two air masses is produced, with an
area of low barometric pressure in the middle. A systen
of this type may build up increasing momentum for
gseveral days if the imbalance of the air masses is
maintained or increased by the influx of more cold and
warm air masses. Strony air currents are generated
around the core of the growing low pressure area, which
may measure up to 3000km in diameter.

The intensity of the air currents depends on the
difference in barometric pressure between the
sub-tropical high pressure area and the polar low
pressure area. The low pressure eddies develop almost
exclusively over the sea, where frictjon forces are low,
and normally lose momentum rapidly as they travel over
land. The wind velocity in winter storms may reach
200km/h  at sea and along the coast. Wind damage starts
to occur at about 60km/h.

2.2 The meagurement of storms apd theix geverjty
Historvy of measurement

Storm events have been observed and recorded for
centuries, with records going back almost as far as
written history. However, reliable instrument-based
recordings are only available for relatively recent
events, i.e. those occurring within the last two
centuries or so since instrumental measurements of
adeguate guality and density have only been available

since measuring networks were instituted in the 19th
century.

Assessments of historical storms rely on
non-meteorclogical judgements as well as such instrument
measures as may be available. Using a combination of
meteorological neasures and other historical evidence,
Lamb has been able to take a view of the strength of
major storms occurring since 1509 in his book "Historic
Storms of the North Sea, Britieh Isles and Northwest
Europe®™.

Meteorological measurement
Many of the measures used to assess the saverity of

storms are in fact measures of the damage caused rather
than meagures of the storm phenomenon per se, and these

17



measures of damage will be considered in more detail
later. In order to maKe a meteorological assesament of a
storm, the following factors are considered:

wind speed, direction and energy spectrum
temperature

atmospheric pressure

duration

area affected

In modern times, surface wind speeds have been capable
of direct mnmeasurement using anemometers, but the
earliest such readings date from the 1880s. Prior to
that date, approximate wind speeds may sometimes be
deduced from recordings of barometric pressures, since
the wind speed iz related to the pressure gradient.
However, since around 1700 winds have been categorised
according to the appearance of the sea or the effect on
shipping.

Apart from wind velocity, the direction of wind is also
an important factor which may be guantified by suitable
nmeasurements. Substantial changes in the direction of
wind or wind attacks from a direction adverse to the
roots of a tree or foundations of a building may cause
much greater damage than would normally be the case.

Due to the turbulent nature of the wind, the kinetic
energy inherent in wind is spread out over a wide range
of varying periods and frequencies. This spread or
distribution is referred to as the energy spectrum of
the wind and is crucial to the extent of damage suffered
b{ buildings or components particularly susceptible to
vibration.

Temperature

Siting of the thermometers used was a difficult problem
for early observers and the best consistent practices
did not emerge until the late nineteenth century. Before
that, the instruments were c¢ommonly positioned in
unheated north rooms or on an open north wall, sheltered
from rain and direct sun. A great variety of instrument
scales were in use, and conversion of historical
ohearvations to Celsius can be difficult and imprecise.

Baropetric pressures

Barometer readings become increasingly reliable from the
mid eighteenth century onwards, and some usable earlier

18



observations were made by leading scientists of the day
and by the staff of the Observatory of Paris. However,
certain early instruments gave trouble as the fluid
(usually mercury} stuck to the sides of the glass. The
unit of measurement was generally the length of the
mercury column, but this can be converted to millibars
and corrected for the approximate height of the
instrument above sea level and standard gravity.

Duration

The duration of wind impact is an essential parameter
for determining the loss potential of a storm, since
damage often only results after a large number of wind

attacks (so-called load cycles) causing fatigue and,
aventually, destruction of the material.

Area affected

In assessing the overall severity of a storm, the =size
of the area affected is also of interest. The damage
caused will also depend on whether the storm passes
mostly over the sea, over open country, or over densely
populated areas. Although storms lose intensity as they
pass from over sea to over land, severe storms may Cause
widespread damage before dying down.

Accuracy and consistency of measurements

In attempting to analyse historical data, allowance
therefore has to be made for the nature of the

instruments used, the approximate nature of any
corrections which may have to be applied to convert
readings to  modern scales, and the probable

incompleteness of series of measurements. For more
racent events, the data available are likely to be more
plentiful and reliable. However, some degree of
standardisation may still be appropriate to enable valid
comparisons to be made. For example, the windstorm risk
increases with height above the ground, so comparative
data should be adjusted to a standard elevation of 10
metres.

In order teo assess local variatione in windstorm
severity, a great dengity of observations will be
required and these will rarely be avajlable in the right
place at the right time.

We are naturally interested in the most extreme and

severe events, but measuring instruments may be less
reliable or fail completely under peak loads.
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Severity JIndex

Lamk defines a severity index for assessing the relative
strength of storms, which takes the form

(V max)*3 * Amax * D

where V¥ max is the greatest surface wind speed, A max
is the greatest area affected by damaging winds and D is
the overall duration of occcurrence of damaging winds (or
alternatively the duration in some place of particular
interest). The cube of the wind speed is used as being
proportional to the power of the wind and this
relationship 1is generally found to hold with regard to
the relative damage caused to properties.

This crude index is not appropriate for measuring
relative property damage from storms as it takes no
account of insurance density in the area affected or the
range of wind speeds experienced over this area.

A damage egquation based on this formula is developed and
calibrated in Appendix 2 and then used to obtain likely
loss estimates for the catalogued UK storms based on
estimates of wind speed in the various postcode areas,

It is clear from a study of the major storms which have
been recorded from the middle of the sixteenth century
up to the present that there have been varjations in
storminess over this time. These more general variations
in storm intensity seem +to have occurred at various
times over the past 400 years, and several particular
periods or cycles may be distinguished:-

The Little Ice Adge

The so-called Little Ice Age is normally regarded as
covering the sixteenth and seventeenth centuries, and
was  marked by generally cooler temperatures, cold
winters and periods of significant storminess. The
eighteenth anpd early nineteenth centuries may be
considered a period of recovery after the previous two
celd centuries, sharing some of their characteristics
although possibly to a reduced extent,

It appears from Prof Lamb’s storm analysis [9] that the
Little Ice Age saw a greater intensity and frequency of
storms, with impressive climaxes in the periods 1570 to
1620, 1690 to 1705 and 1790 to 1800. The increased
intensity of storms in this colder pericd may be
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attributed to the source of potential energy generated
by the enhanced thermal gradient between <the colder
ocean surface in the seas about Iceland and the ocean
south of 50-55 N and the Bay of Biscay.

Ihe recovery

The period from the eighteenth century to about 1250 was
a further period of recovery when overall temperatures
increased and storminess was at a generally lower level,
The exceptions to this are mainly to be found towards
the end of each century, and seem to be part of the
pattern described below.

to a5

Since 1950 there appears to have bean an increase in the
frequency of great storms and very deep low pressure
centres. This apparent increase in storminess is
supported by meteorclogical observations from various
sources on and around the North Sea, and is sometimes
alleged to be part of the greenhouse effect. As we shall
see 1in our statistical analysis, the case is far from
proven for the British Isles and there ia a wide range
of opinion among meteorologists themselves; it may
simply be the "fin de siecle® phenomencn observed each
century.

cyoles in stormipess

Prof Lamb‘s study of the last 400 years indicates an
increase in storminess towards the end of each century -
the 1580s and 1590s, the 1690s, the 1790s, the 1880s and
1890s, and the 1980s (and 1990¢s?). It is thought that
this roughly 100-year cyclic variation in storminess
superimposed on the major trend may be associated with a
variation in solar activity. These solar variations are
considered to be related to 200~year and 400-year
oscillations in atmospheric radiocarbon, which seem to
be firmly established and are registered in dating
records which go back 7000 years or more, It appears
that there is also a cyclical variation of around 100
years’ length in ccean surface temperatures world-wide
and in their differences from air temperatures over land
regions. The ocean temperature oscillation lags about 20
years behind the over Jland changes because of the
inertia of large masses of water.
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1) b= Sev

Weather forecasts are predictably unreliable. Yeat
predictions of significant long term increases in world
temperatures, and their cataclysmic consequences, are
easily accepted desplte the efforts of the scientists to
explain the limitations of these predictions.

Weather predictions are based on wmedels of varying
sophistication limited only by thae speed of the latast
generation of super-~computers. Reecent research, and
hardware developments, have led to more complex modals
of atmospheric circulation which take account of jet
streams and othar activity in the higher layers of the
atmosphere as well as the coriolis forces.

Current weather models wmay be very complex and can
consume Iimmense computing power, but they are still
quite 1limited in what they model. The atmosphera is
modelled, for eaexample, but not the biosphere or
geosphere. Modelling the cloud cover, and its heat
reflecting properties, is still to be incorporated, and
the ocean layer is restricted to 50 metres. The models
tend to be global and local implications, for the UK for
instance, are inferenced from the global results. The
results, especially long term predictions, are prone to
uknown but potentially wvery large errors.

It is important to remain objective when considering
theories for increases in storm freguency and severity.

To gquote from Prof Stephen Hawkings’ "A Brief History of
Time":

" a theory is just a model of the universe, or a
restricted part of it, and a set of rules that relate
quantities in the model to observations that we make. It
exists only in our minds and does not have any other
reality (whatever that may mean). A theory is a good
theory 1f it satisfies two regquirements: It must
accurately describe a large class of observations on the
basis of a model that containg only a few arbitrary
elements, and it mnpust make definite predictions about
the results of future observations...Any physical theory
is always provisional, in the sense that it is only a
hypothesis: you can never prove it.™

Returning to the theories of increases in storminess, to
what extent have their predictions fallen in line with
the weather? How far can they predict the oscillations
that  wmwake tracking temperature changes and other
synptons of change so difficult? Wnat corrections do

they make for earth’s own contribution, volcances for
example?
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Cygles and ogcillations

An earlier section outlined the evidence of cycles in
the weather. If the only measurement of weather is over
the pericd from trough to peak, a very misleading
conclusion will emerge, Even if there is jndubitabie
evidence of an increase, say, in temperature, how are we
to say whether it will carry on increasing or whether
the peak is about to be reached? A numbar of approaches
seem to be chartist or correlational in nature without
an understanding of cause and effect.

We have also highlighted the limitations in trying to
ascartain weather from its effect. What does "world
temperature® actually mean? If a measurement in central
London had been taken with the game aguipment on the
same site over five hundred vears, it would undoubtedly
have revealed an increase simply because of the local
warming effects of urban density. So, how reliable are
these measures on a global scale? One researcher has
suggested that they need weather stations every few
netres.

Cloud cover

FProm the sun’s perspective, its energies are either
absorbed or reflected by the earth. If there is global
warming, more water can be held as vapour, and thus,
cloud <over could increase. As it does so, more heat
would be deflected into space and a new eguilibrium
emerge. Work in this area depends on sattelites and is
in its infancy. To the best of our knowledge these
efrects are not adeguately incorporated into the
theories or in the current generation of weather models.
It remaine a hypothesis as drafted here.

Global Warming

Tha world is a giant greenhouse. Radiation from the sun
iz able to penetrate the atmosphere. Some bounces off
the surface and a proportion escapes back into space.
The amount which escapes compared to that which is
trapped governs the global temperature. In relative
terms the amount of energy released into the atmosphere

through activity on the earth is very small compared to
the radiated solar heat.

Certain gasses are thought to ba better insulators than
others and these nclude carbon dioxide and
fluorocarbons. Since the amount of these gases released
into the atmosphere has been increasing, it is predicted
that the greenhouse effect will become more pronounced
and so the earth will heat up.
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Without a greenhouse effect at all, life would not be
possible as the Earth would be too cold. And without
weather to distribute the sun’s energy arcund the globe,
the tropics would overheat and the temperate regions be
worse than arctic. 8o, we nesd to live in & greenhousa
with a weathar system to have life as we know it.

Will Britain Pecome Windier?

The Meteorclogical Office was quoted by the Sunday Times
on 10 November 1991 as predieting a 1% rise in
temperature by 2025 but that storms driven to Britain
across the Atlantic could weaken as a result., We have
here to distinguish between what occurs in the tropics
and our temperate or “extratropical" zone. Hurricanes or
cyclones are expectsd ¢o increase in frequency and
intensity if the earth warms up because they take their
energy primarily from tha warm seas. South America might
even start to experience them if warming offsets the
effect of cold antarctic currents.

Extratropical storms, on the cther hand, depend for
their intensity on the difference in temperature between
cold polar air masses and the hot tropical air. Current
global warming theory predicts that the warming will ha
unaven with the poles mneeing most changa. Thus, the
tampsraturs diffarence betwesn the xir massss should
lessen and Britain will be calmer, not windier. The
lesser contributor towards intensity of our storms is
the amount of water vapour in the air. This is expected
to increase but the net effect can clearly not be Known
although it might appear logical to expect the
improvement in the most significant driver to ®™win”.

Are Storms on the Move?

Ancther issue is not only whether storms are getting
more frequent or intense but also whether they have
moved. The 1987 and 1990 storms were of an intensity
some 5 times mere common over Scotland than over
Southern England. The preferred track of Atlantic storms
is between Iceland and Scotland-see Appendix 1; since
damage is caused to the sgzouth of such tracks, it is
usually Scotland that bears the brunt. Hence trees are
more regularly culled by nature and building regulations
more stringent there.

Dr David Bennetts of the Met Office did not regard the
1987 or 1990 storms as anything other than natural
events. We are prone to short memories; even in the
literature we must beware instant theorising.
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Measurement over the Whole Cycle

In Munich Re’s “"Windstorm® [10)], there is a 1 million
year temperature chart (p 106) which illustrates how
exceptionally warm the last 10,000 years have been. The
volatility of temperature is graphically shown even if
we might be sowewhat circumspect in our views of putting
a thermometer +to a planet - under the tongue, in the
armpit or where...? On page 7 of the same book iz a
history of major windstorm disasters. This, though, is
reatricted to the last 30 years and shows 8 in the
1960’s, 13 in the 19%70’'s and 29 in the 19807%s.

We noted earlier that Prof Lamb has observed 20/25 year
periods of usually stormy weather occurring towards the
end of each century and associates this with a cyclical
pattern of disturbance on the face of the sun. It is
precisely over this period that the Munich Re’s figures
have been compiled; arguably they are simply not looking
back far enough to find the real tremnds but are leooking
only at a segment of the cycle.

Sea Levels

Rises in sea levels are an area of much concern and not
only because of the insurance implications. 1If sea
levels rise, as polar icecaps melt, then more regions
will become exposed to the combined effects of highk
water and wind. Since polar icesheets hold about 2% of
earth’s water, the potential ie frightening.

Yet even here, there is ne unanimity. Dr Andrew Sclow of
the Woods Hole Oceanographic Institute in Massachusetts
claims that global warming could actually increase
snowfall at the North and South poles, thickening the
ice rather than melting it.

W i oo

How does the global warming theory measure up fto
Hawking’s razor? At first glance, the .5% increase in
global temperature since 1900 accords with that
predicted by the extra greenhouse gases pumped into the
atmosphere. This rise ie, though, within the earth‘s
natural variation. Further, we should boware a global
temperature.

The theory predicts that temperatures in the polar
regions will rise several times faster than the average.
Yet it has been in the tropics that the most spectacular
increases have been observed. If we have to be oguarded
about the essential tenet of the theory - its ability to
model temparature - how much more sceptical do wé heed
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to be about all the other predictions?
And we can guote from the UEA report [11] to the CU:

upradictions of futures climate in a bigh
gresanhous® Jgas world are based on modelling
experiments. The models are not yet able to
reproduce the features of the atmospheric
circulation with sufficient accuracy for us to
realy on their estimates of future conditions.m

Ihe Sun

All the energy we use comes from the Sun - a postage
stanp-sized plece could power 500 60-watt light bulbs.
Sco, relatively small variations in the energy given off
by the Sun could have a significant effect on the
earth’s temperature and way be linked to the late
century storms mentioned earlier.

The theoretical background is based on the effect on the
Earth/s weather of wvariations in the sun’s magnetic
field; these varijations are said to vary aceording to
sun-spot activity. Models have been developed based on
sun-spot activity, and whilst still to be accepted, are
claimed by their developer to have superior predictive
properties than more accepted models. What is ¢lear is
that we =should look more widely at the causes of our
weather and include in our studies the sun, volcanic
activity and ocean currents, while not dismissing the
greenhouse theory.

Man Exacerbated Problem

Insurers’ losses from windstorms over the past 30 years
would appear to have increased faster than can be
explained by inflation. The superficial response has
been to claim this as evidence for detericrating weather
and, thereby, as support for climatic change. There are
other contributory factors, however.

The following are taken from “Windstorm" [10]:
+ increasing population density makes the effect
of any one storm greater in the aggregate than
was the case historically;

* increases in cagcentratinn of values as
standards of living rise;

* sgettlement of high risk zones eg coastal areas
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in the <tropics - hotels on palm-tringed
paradisiacal beaches;

* industrialisation in dangerous regions eg oil
rigs in the Gulf of Mexico and the North Sea;

* there is increased insurance coverage because
greater affluence results in higher dengity and
broadened policy wordings;

Most of the above obgervations only become insurance
problems when the storm risk is not correctly assesseqd
in the rating calculation. The concern should be to
ensure the required amount of premium is charged.
Premiums in more exposed areas need to be higher than
those in less exposed areas. All of the above points
explain exactly why the cost of storm losses should rise
at a higher rate than just inflation.

The skewness of the storm loss distribution, compounded
with expected increases resulting from the factors
above, will result in some very large increages in the
apsolute cost of storm damage from time to time.

It is clear that if we allow globa) warming to take the
blame for the apparant deterioration in storm losses we
will lose the oppoertunity to tackls very real issues
which are much closer to being within our centrel.
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3 ¢ STORM DAMAGE AND UBE OF UK DATA

ts to

It has already been noted that storms are often measured
by the degree of damage caused rather than by
meteorological quantities. This {s perhaps not
surprising since storms would be of little lasting
significance if it were not for their, possibly,
devastating effects., Aspects of damage which may be
taken into account include the following:-

destruction to property
changes to the coastline
changes to the landscape
damage to trees

loss of human life (onh land}
shipping and lives lost at sea
insurance losses

Wind acts on its surroundings not only by way of
pressure and suction forces, but also through particles
or objecte carried with the wind - rain, snow, hall,
sand and water spray, or even branches torn off trses
and pieces of roofs and masonry. In addition, stron

winds or windstorm may increase the risk of fires
breaking out and spreading.

The most dJdangerous side-effect of storms is their
influence on bodies of water, building up large waves
which break against the shore or banks of a lake. This
makes the level of water rise - storm surge - and the
resulting waves and strong currents may cause severe
damage as a result of flooding and ercsion.

In the case of historical events, our knowledge will
rely at least as much on accounts of the effects of the
storm and the dapage caused as on such meteorclogical
observations as may be available. However, it may be
Qifficult to make objective comparisons of the effects
of  historical storm events and to assess  their
equivalent in modern terms, since

-~ historical accounts will be subjective and possibly
prone to exaggeration

- the information available may be far from complete

~1lifestyles, and in particular the ownership of high

value capital geods, have changed significantly over
time
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- damage to property depends on the construction and
strength of physical structures, which may change
over time

= population densities change over time, and it is
likely that there has been a trend towards
development in more exposed areas

[ da o1F

The degree of damage caused will depend not only on the
meteorcliogical severity of the storm but alse on the
susceptibility of the objects or structures with which
it comes in contact.

The great storms of 1987 and 1990 highlighted the
sugsceptibility of trees to storm damage, and uprooted
trees or broken branches which then damaged buildings
and vehicles,

The standard of construction of buildings will daetermine
the degree of damage sustained, and trends towards
larger, lighter buildings may result in higher levels of
damage bacause vibrationg and resonance are more readily
set up. In general, buildings are constructed to
withstand the wind strengths expected te occur in the
locality.

New buildings must be constructed in accordance with the
local Building Regqulations, which differ from place to
place, Regulations generally require properties to be
capable of withstanding the maximum wind speed to be
expected on average once in 50 vears as a mean 10 minute
value and a peak gust.

It may be argued that if Building Regulations were more
rigorous and more uniform across the country, this would
reduce +the level of damage caused by severe storms.
However, there are a number of practical difficulties
associated with establishing and maintaining such
regulations:~

- sufficient historical meteoroclogical data is
often not available;

~ even 50 =~ year values may still present an
excessive raesidual risk;

~ very complex regulations are difficult to

interpret and apply, and may not therefore bhe
fully complied with;
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- regulationz will be suitable for buildings of
relatively asimple designs and standard shapes, but
may be lass appropriate for more unusual
structures;

= it may take many iears for new research findings
to be incorporated in the regulations;

- regulations do not make sufficient allowance for
interaction effects with adjacent buildings;

- ultimately, there is no substitute for practical
experience;

The damage likely to be caused by storm-driven coastal
flocding can be effectively limited by adequate coastal
defences such as the East Anglian walls and the Thames
Barrier.

3.2 The UK storm data and the UEL report

The storm of October 1987 (CAT 87J} was a severe blow to
weather forecasters, householders, insurers and,
ultimately, their reinsurers. As outlined in Section 121
these losses were analyzed in some detail by insurers,
espacially on domestic buildings policies where postcode
leval information was more readily available. There is
however 1little evidence that any usable conclusions on
the storm risk at district level coculd be drawn from the
analysiz and reflected in ratee.

Overall buildings rating levels were being increased at
this time, in any case, and postcode rating implemented
to reflect, priwmarily, the risk of subsidence which had
a more easily identifiable cause.

For any significant progress to be made a much longer
history of storms, and their likely insurance losses,
was ¢learly Trequired. 2 very large amount of
meteorological data is collected by a numercus weather
stations across this country and elsewhere and is
available on a monthly basis. This data includes wind
and gust speeds at each of these weather station
locations. Although it is possible to derive relative
storm risk bands from such data, and such maps exist and
are used, for example, in local building regulaticns,
until recently the insurance loss data necessary to
conplete this process for insurance rating purposes has
simply not been available,
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This position was however to change during 1991 partly
as a direct result of work commissioned specifically to
gain a better understanding of these events. This year
alsc from the publication of a substantial book by Prof.
H.H. Lamb on the "“Historic Storms of the North Sea,
British Isles and HNortwest Europe® [9). This very
comprehensive stydy, mnentioned earlier, identified
storms over at least five centuries. The bhook includes
descriptions and weather maps (pressure isobarg) for a
large number of these storms. It is possible, for
specialists, to estimate wind speeds from the density of
thege isobars.

The UEA study (11), commissioned by Commercial Union,
identified a number of other storms that could be
classed as severe but which were not included in the
Lamb catalogue.

These missing storms affected mainly Northern England
and Scotland and were included in the UEA report. The
UEA report comprised 47 UK storms during the 71 year
pariod of the study from 1920 to 1990. All these storms
had measurable land areas thought to have experienced
gust speeds in excess of 60 knots (110 km/hr), which is
taken as sufficient to result in significant damage to
property, Each storm iz described and a map of the UK is
drawn for each storm identifying the areas where gust
speeds are thought to have eaxceaded 60 and 80 knots.
Some extracts from this report, including sample maps,
are to be found in Appendix 1.

3.2 optimieing the use of the available data

The first task was to establish whether the UEA maps for
the 1987 and 1990 storms gave an  acceptable
representation of the actual damage sufferred in these
storms. If some relationship can be derived to fit this
data then an attempt c¢an be made to "translate" all the
UEA maps to insurance Jlosses by applying this
relationship to estimated gust speed and storm duration.
(A detailed description of how this was done c¢an ke
found in Appendix 2.}

A succeseful outcome of this approach could yield
estimates of "storm losses"™ for each of these historic
storms, based on current exposures, for any dgiven
portfolio of household buildings policies and produce
storm loss information down to postcode araa
{i.e. first 2 letters) level. (See Section 4)
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The postcode information, if considered reasonable,
could then be reviewed to see if any conclusions on
relative storm exposurs could be drawn. This would be a
highly speculative approach but worth investigation.
(See Section 4.3}

The UEA catalogue of storms can alsc be used to
investigate the freguency of UK storms over the last
seventy years and to consider any changes in the
underlying freguency of these events. Loss estimates for
all +the catalogued stores could be used to examine the
loss size distribution for storm damage. (See Section 5)

The frequency and severity distributions could then be
modelled and computer simulation used to investigate the
implications, for insurers and reinsurars, of storm
damage. Some results based on this approach are
presented in Section 5.
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4 ¢ ANALYSIB OF THE UK STORMS FROM 1920 TO 1990

4.1 Es d UK Storm Losses 1920-1990

The UEA maps were converted to estimated gust speeds for
each postcode area and a formula was then applied to
estimate the damage caused. The details of the
derivation of this formula, and its calibration, are
described in Appendix 2. Exposures by postcode (SI) are
then used to obtain a loss estimate for each postcode
area from each storm.

The 1loss estimates for each of these storms, expressed
in pence per £1000 of Sum Insured, are shown in the
table below, based on the 1990 ABI sample exposure mix.
The cost estimates will vary with the geographical mix
of exposures and care is required in applying these
results to a portfolio with a different exposure
profile.

TABLE 4.1.1 : STORM CHARACTERISTICS AND LOSS ESTIMATES

26-Feb—-90 8 111024
25-Jan-90 | 14 105267 | 112.2
16-Dec-89 | 13 8635 35
13-Feb-89 9 83474 7.1
09-Oct-88 | 31 63736 14.5
16-Oct-87 8 39064 | 100.9
24-Mar-86 | 12 35363 17.8
13-Jan-84 3 97454 7.4
01-Feb-83 | 21 49344 16.8
23-Nov-81 | 12 11102 0.1
04-Dec-79 8 5345 0.5
11-Dec-78 6 27205 3.1
02-Jan-76 5 210123 335
27-Jan-74 | 15 18093 4.7
12-Jan-74 | 11 123360 12.9
02-Mar-73 | 41 10691 5.9
12-Nov-72 9 20149 4.1
14-Jan-68 | 15 31662 48.1
06-Mar-67 | 12 47288 1.7
16~May-62 9 45232 1.9
16-Feb-62 16 107734 14.2
11-Jan-62 | 16 115136 29.8
16-Sep—61 | 20 75661 6.4
04~Nov-57 4 39064 10.1

3 104445 4.1
5 60035 8.6
21 115547 | 18.4
17 100333 | 16.1
7 70726 4.0
3 13158 1.4
8 106912 | 31.6
18-Jan-45 | 11 39886 7.8
07-Apr-43 | 11 181750 | 429
23-Nov-38 | 12 121304| 522
04-Oct-38 | 4 48933 7.6
16-Jan-37| 7 2467 0.1
26-Oct-36 | 11 122126 | 18.8
18-Oct-35 | 15 102388 | 24.1
16-Sep-35 | 11 50166 25.1
05-Dec-20 | 20 18000 7.6
23-Nov-28 | 18 117603 | 33.3
16-Nov-28 | 9 51400 117
06-Jan28| 8 71960 10.0
28-0ct-27 | 13 70315| 20.0
28-Jan-27 | 11 85941 9.2
26-Jan-20| 9 51991 1.0
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The average cost of these storms is 18.1 p per £1000 of
SI. The annual cost, over the 71 year period covered, is
12.0 p per £1000 of S5I.

These estimates are likely to be very approximate as
some very broad assumptions have had to be made to
derive them. They identify, much as expected, the
January 1990 storm (Cat %0OA) as the most severe, with
the October 1987 storm (Cat 87J) as the second most
costly storm of the last seventy years.

Two storms, 10 and 37 in the catalogue, are astimated to
have cost relatively little and this is also clear from
their gust speed maps which show only a small, remote,
area affacted by gusts in excess of 60 knots. For the
purposss of the subsequent analysis we will remove these
twe atorms from our list., The average cost of the
remaining 45 storms is then 18.9p per £1000 of SI. The
annual cost is unaffected by this change.

4.2 Seasonality of UK storms

Chart 4.2.1, overleaf, shows the frequency by month of
the 45 storms in the revised list and identifies January
as the "stormiest"™ month with 11 storms during the
period. The months of Octeober and December each had
seven storms, HNovember had six and March five. 2s
expected the chart shows the higher incidence of storms
during the first and fourth gquarters, with 20 storms in
each, and a relatively “calm" period during the
intervening six months.

This chart does not allow for differences in seasonal
severity of storms. Chart 4.2.2 is based on the storm
cost eastimates given earlier, with the cost of each
storm exprassed as a percentage of the overall (71 year)
cost. Each bar consists of the sum of these percentages
for the storms that occured during the month and each
storm wmay be identified by a different hatch pattern.
The January 1990 storm is the first storm in the January
bar and the October 87 storm is the second storm in the
October bar.

The charts show that the month of January has been the
stormiest, and costliest, month of the period from 192¢
to 1990 included in the UEA study even after excluding
the costliest storm of this period, the January 1950
storm.
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NUMBER OF OBJERVED STORMS 1Z0-1400

CHART 4.2.1: UK STORM OCCURENCE BY MONTH
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Table 4.3.1 bhelow sghows the estimated relative storm
losses, for each postoode area, over the period
1920-1990. Two values are shown against each postcode.
The sgecond value (ALL) is the crude estimate calculated
by adding all the loss esztimates for the postcode before
normalising. The first ceolumn (ADJ) is adjusted by
removing half the estimated losses for both the October
1987 and January 1990 storms.

TABLE 4.3.1 : STORM RISK INDEX BY POSTCODE AREA

POST [ INDEX [iPOST | INDEX |[POST | INDEX [{POST | INDEX.
CODE | ADJ  ALL ||CODE | ADI ALL [|CODE| ADJ ALL [jCODE | ADI - ALL
G| /% 2418 OL] 142 I123}] NR| 8 &) NW| 6 76
KY| 278 21 L 40 124 DT| 8 8 PE] 62 9
~ML| 215 2wl cr] 137 175] DAl 83 % SNi & 6l
D) 260 24 BN| 137 177)] cM{ & 95| RG] & &
FKi 265 20ff cw!l 135 1y BH| 83 91 IF| 61 53
EH: 262 228 TS| 131 14| BS| 81 75| WD| 5% 65
EAa| 250 217]] BB 130 113 | 8 871 NN| 58 57
PH| 195 168 LS| 120 14 CB| 8 8L EC| 58 10
v! o183 1598 oul 129 12|l RH| ¢ 9Tl WwWC| s 0
DD| %2 1584 cHi 125 109f BR| 7 93] LE| 57 58
pa| 1w 1s6lf BL| 125 108f B! TP 0l XT| 56 68
BLy 179 179§ TN; 121 61 LU; 6 77 B| 55 4
WN{ 168 15¢ sel 119 w3l MKl % TS sEl 55 68
wal 166 M2l] Yo 19 105 ®RM| 75 ®9} HAl 55 &
DL| 166 144l BT 116 1M SO M 82§ OX| sS4 54
PA| 165 144 AB: 116 I F IG| 74 89f HP] sS4 58
TR| 165 179} LN| 14 w3 | 7 9 uB| 4 &
LA| 161 M0f LLI 113 100§ S3| 73 75] EN| 4 &3
S| W6 WIE EX| 111 m1lj) SM| 72 85} SW| 54 66
CA; 157 136§ HU] 1098 ©98[] SP} 72 M wW| 53 66
NE{ 156 135f DN| 109 98} AL| 1 765 ov| 51 4
M ISt 132p EW] 109 95 CR| 71 86 HR| 51 46
TQ| 151 160 sA] 103 9H DE| ™ & SL| 5t 59
HD| 150 134 §81 102 13} BA{ 70 68) DY| % 44
O OSK7 149 131l col| w2 wmf ocu| 6  B6H TW] 49 58
Fy| 148 133 TA| 99 96 SY| o8 s0f ws| 48 43
WF| 146 130[ PO| 97 119 st & esof] wrR| 47 @
HX| 146 131 CE| %7 88 E|l 66 7T} wWv| 4
B 145 128 ME| 96 120 NP| & 3 oLl #
PR{ 144 1298 NG| 87 77 N| & 76
L Be| 43 126 ALL | 100100
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The index wvalues are based on some fairly broad
assumptions and need careful interpretation. The
following map shows an approximate spatial distribution
based on the adjusted (for the 19873 and 1%50A storms)
index wvalues. The four bands used are: 0-70, 71-130,
131-180 and over 180. A map, with the index values shown
for most postcode areas, can be found in Appendix 3.
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Table 4.3.1 shows a very wide variation in estimated
storm experience across the UK with the lowest,
adjusted, risk index at around 40% of the average risk
index and the highest at just under 280% of the average
level. Assuming that these index values arae accepted,
the risk differences indicated would, under normal
circumstances, lead to differences in rates,

The map shows well defined areas of high and low risk
from storm and these areas correspond, reasonably well,
with expectations and the general wind factors derived
from meteorclogical data. The main difference is that
the figures derived above indicate the storm risk
relativities by district in terms of possible insurance
logssea per unit of sum insured, all other factors being
equal, and may thus be of some use to insurers. However
care is required before these relativities can be
reflected in postcode area rating.

The estimated annual cost of these storms is around 12p
per £1000 of SI and would thus roughly account for 10%
of annual 1losses on a typical UK domestic buildings
portfolico. Using the adjusted index values tabulated
above, and assuming these c¢an be applied in the rate
calculation, theay indicate a storm risk rate range from
around 5p to over 30p per £1000 of SI. Evan if these
values could be adjusted to¢ allow for other factors,
such as construction, size, type and so on, the index
differences are wunlikely to become insignificant and
would, probably, still warrant some recognition in the
rating to reflect the storm element.

Assuming, for the sake of illustration, that the storm
component in the current rate is 20p, or 10% of, say, a
£2 per £1000 SI gross rate, then adjusting this using
the extreme values above will result in a range of rates
from around £1.90p to over £2.30p, represent ing
ggguctions of 5% and increases, in the extrene, of over

It is unlikely that, in the short term, the established
market will addust its rating of thie business +to
account for any such differencas in the storm risk. &
new insurer operating directly, however, and more able
to target its market wmay perceive this as a wmarketing
epportunity.
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5 1 A MODEL OF UK STORM LOSEES

Statistical models are an attempt to translate a real
process from its initial context inte a simplified
statistical depiction in order to gain a  better
understanding of the real, and nuch more complex,
process.

The freguency and severity of US hurricanes hasz led to
fairly complex wodels of hurricane damage baing
developed. These models can be very flexible and are
extensively used, in both deterministic and a stochastic
medes, to estimate likely insurance losses before they
oceur, whilst they are occurring and after they have
ocourred. They estimate losses at a particular location
from either a projected storm path, in their stochastic
mode, or an actual storm path when deterministic. The
damage model may take account of actual policy details
such as size, and type of comrstruction. They are also
used to measure and control exposures and te assist in
rating.

The interested vreader should review the paper by
K.M. Clarke [2)] and the extensive description in
D.G Friedman [4]. The development of such models
reguires a significant amount of insurance and weaather
data, as well as effort and cost. Needless Lo say there
is no attempt to develop such a model for UK storms in
this paper. At least two European reinsurers are
believed to be developing models of this (US) type,
using wind speed data collected by the weather stations
dotted across Europe.

A much simpler model, based on estimating aggregate
logses from a frequency and a szeverity distribution,
will be identified and then used to simulate outcomes of
storm damage for further analysis. Simple models of this
type estimate losses for a (market) portfolio rather
than estimating losses at policy level which are then
aggregated. With care, different portfolios can be
evaluated by selecting appropriate model parameters.

A first step in determining how the parameters of a
particular portfolic may differ from the assumed market
mix will be a comparison of the portfolio storm exposure
profile relative to this nparket mix. This can be
estimated by calculating the portfolio weighted storm
index wvalue, using a set of storm index values for each
postcode area, such as onhe of the sets shown in
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Table 4.3.1, and comparing this with the assumed market
value of 100. Values above 100 would indicate a
portfolio 1likely to suffer relatively higher storm
losses, per £1000 SI, as this portfolic appears to have
a bigger proportion of its exposure in the higher storm
risk areas.

These simple models are very easy to develop, reguire
only a handful of parameters and a pocket calculator
with a random number key. This method requires patience,
however, and & PC spreadsheet package makes it much more
acceptable and time efficient.

The first task then is to identify an appropriate
trequency distribution for UK storms,

5.2 The freguancy distributjon of UK gtorms

The freguancy distribution is usually represented by one
of the estandard, discrete, statistical distributions.
The binomial, the negative binomial or poisson are the
obvious choices, Alternatively unit random numbers can
be used to selact the numbexr of events from any made-up
distribution by simply using the cumulative probability
values. The freguency analysis is usually fairly
straightforward and the results relatively insensitive
to the choice of model but can be very sensitive to the
choice of model parameters.

The following table shows the annual frequency

distribution of the 45 storms identified during the 71
year period 1%20~-1599,

¥o freg Years

0
1
2 v 27, 35, 38, 54, 74, 89, 90
3 2 28, 62

4

The sample mean and variance of this frequency
distribution are .634 and .607 respectively,



Both the poisson and binomial distributions can
approximate this frequency distribution reasonably well.

As the mean of the sample exceeds the variance the
binomial distribution would be the usual first choice.
Fitting the binomial requires the estiwation of two
parameters, N and p, where N is the number of trials and
p is the probahility of a success from each of the KN
independent trials., The maximum sample frequency is 3
and this would be the lowest choice for N. Care i=
needed in choosing a suitable value for N as it has an
obvious interpretation as the theoretical maximum number
of storms during a year. Various combinations of
estimates of N and p can be tried subject to the
condition that N x p = .634, the sample mean.

The poisson  distribution requires only a single
parameter and this may be estimated by the sample mean
of .634. The poisson has the advantage that it carries
no implicit maximum bound for the number of storms in
any one year.

The table below shows the observed frequencies against a
range of fitted frequencies based both on the poissen
and binomial distributions. In the case of the binomial
various values of N are used.

E

! !

! 1 i
! ! ACTUAL!POISSON! BINOMIAL DISTRIBUTION 1
! FREQ ! NHo !p=.634 1| N=3 ! N=4 i N=5 5 N=15 i
! ! ! ! ! !

! o ! 37 1 38 ! 35 ! kLI 36 1 37 !
! 11! 25 ! 24 ! 28 ! 27 ! 26 | 24 !
P2+ ! 9 ! 9 ! B ! 9 1 9 I 10 !
! ! 4 ! ! i 13 !
{TOTAL ! 71 ! 71 ! 71 ! 71 ! 71 ! 71 !
f i ! ! ! ! ! !

For the purposes of this investigation any of the above
distributions can be chosen without loss of generality.

Selecting the binomial distribution requires a choice
for B and ag mentioned earlier this implicitly defines a
theoretical maximum number of gtorms in a year. The
poiseon distribution does not have a thecretical wupper
bound and to aveid unnecessary complications has chosen
to represent the annual freguency of UK storms.
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Investigating chandgeg jn frequency

The association of a theoretical distribution to the
annual fregquency of storms can be used to explore
changes in the freguenc of these events and consider
their statistical significance.

Using the poisson distribution, and assuming
independence, the digtribution of storms in a thirty
ysar period will also be poisson with mean thirty timee
the annual mean, or 19 eventz. The theoraetical standard
deviation for this period is then 4.4 events.

There were 16 events during the periocd from 1931 to 1960
and 22 during the periocd from 1961 to 1990, Both of
these are within one standard deviation of the expected
value.

The same argument applied to a ten year period, yields
an expected 6.3 events with a standard deviaton of 2.5.
The nine storms identified during the last ten years
studied, from 1981 te 1990, is a little over one
standard deviation above the mean, hardly proof of a
significant increase in frequency.

This statistical representation of the anhual storm
frequency implies that significant increases and
decreases in fregquency will occur from time +to time
especially when relatively short periods, say of five to
ten years are considered. This is simply a conseguence
of the high coefficients of variation which are 40% for
the ten year periocd and 56% for the five year period.

Lecking at the seven, 10-year periods covered by the
study, the statistical model has a mean of 6.34 events
with a standard deviation of 2.52. The range for one
standard deviation either side of the mean iz then 3.82
to B.86. The actual observed frequencies were:

¥r 81-90 71-80 61-70 51-60 41-50 31-40 21-50
Ro 9 7 6 7 4 5 6

The above discussion should suffice to demonstrate that
statistically, at least, the case for increases in the
fregquency of storms iz far from proven. More importantly
either the poisson or binomial representations provide a
reasonable fit to the annual number of UK storms during
the period from 1920 to 1990.
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Identifying an appropriate loss size distribution is
much more subjective and difficult. The usual choice,
assuming =2 suitable theoretical distribution can be
found, is between the exponential, the log-normal, the
Waibull or the Pareto distributions. The Pareto is often
preferred (by reinsurers) as it has a heavier tail and
8¢ tends to be more conservative, or safer, in
esgtimating the impact of large losses. This is
particularly relevant in the evaluation of the higher
reinsurance laysrs.

It 1s worth recalling, before any results are derived,
that the storm ipss figures to be used arse themselves
estimates and the sample size is small. The sample
values for the 45 events range from .5 to 112 and have a
mean of 18.9 and a standard deviation of 22.7. Two of
these Jlosses, the storms of October 87 and January 90,
are at or above 100 on this scale and the next highest
loss is estimated at only 52.2p per £1000 S5I.

Both the log-normal and Weibull distributionz fit the
sample data well enough to be acceptable models, at the
usual confidence levels, using the chi-sgquare test.

The log-normal distribution, fitted to the 45 storm loss
estimates shown in Table 4.1.1, has a mean of 20.7 and a
standard deviation of 34.7. The probability of exceeding
100p per E1000 SI is 2.6%. The same probability for the
Weibull distribution fitted to this data is 0.7% which
is c¢learly too low compared to the sample value of 4.4%
or 2 events out of 45.

For reinsurance considerations, and more particularly
for estimating the risk rates for higher levels of
reinsurance, choosing either of these distributions may
be considered unsatisfactory, especially by reinsurers,
as their tails are "light" compared to the preferred
distribution for such purposes which is the Pareto.

The Pareto  distribution does not fit the data
particularly well across the complete range of losses,
The Mean Residual Life (MRL) plot is sometimes used to
identify a likely loss distribution.

The MRL functicn of X, MRL(X), is defined by:

MRL{X) = Average (all values exceeding X} - X.
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It can be shown that in the case of the Pareto
distribution the MRL function is linear. More details of
the use of this function can be found on page 108 of
Hogg & Gluckman [8].

Chart 5.3.1 below shows the MRL function for the UK
storm loss estimates. The linear trend line is fitted to
the losses over 14 and indicates that a Pareto
distribution may provide a reasonable fit to losses in
excesg ©f this amount. The mean rasidual values of
losses below this value do not easily fit around this
linear trend.

CI'IART 3.3 ‘I Mllﬂ RESIDUAL LIFE PLOT

i.ll TREND ALS er"ll FOR VALINS X > W
PARETO HYFOTHEM
© MEAN RESIDUAL LIFE MAL(X)

APwd

¢ % L 10 ) % 35 L. L1} ] [ 1)
STORM LOSS AMOUNT N p PER 81000 81

The observations above were used to fit a composite
distribution to these losses with a Pareto tail. This
distribution was obtained empirically by successively
eliminating the lower cost claims until the remaining
ciaims matched claims from a Pareto distribution.



For example taking claims in excess of 10p resulted in
an estimate of the Pareto parameter of 1.1071. This was
then tested against the sample of 24 losses, exceeding
this 1limit, by comparing the number of events that are
expected to exceed a given size of loss. The process was
repeated with various other starting values and results
compared with the actual sample values. The distribution
was truncated at S00p per £1000 SI.

The following table shows a range of values obtained in
this way using start values of 10p and 14p and varying
the Pareto parameters.

Pareto Scale 10 10 10 14 14 14
Pareto Shape 1.11 1.15 1.05 1.4 1.26 1.18%
Value Actual <----Estimated no exceeding value ---->
10 24 24.00 24.00 24.00 n/a nj/a n/a
14 2Q 16.42 16.21 16,74 20.00 20.00 20.00
20 13 10.95 10.67 11.38 12.09 12.68 13.16
25 10 8.48 8.19 8.92 8.81 $.52 10.10
a0 B 6.87 6.59 7.30 5.79 7.52 8.13
40 s 4.90 4.66 5.29 4.50 5.16 5.75
50 3 3.76 3.54 4,10 3.25 3,84 4,37
75 2 2.28 2.12 2.54 1.79 2.22 2.62
100 2 1.57 1.45 1.77 1.15  1.47 1.7¢9
200 -G0 .56 .50 .65 .35 .49 .62

This practical approach was adopted primarily due to
lack of time and also as it illustrates more clearly
what the underlying assumptions mean in terms of loss
likelihood.

Looking at the results, tabulated above, an acceptable
fit is obtained by selecting the lower limit at 14p. The
Pareto shape parameter estimate based on the sample of
20 losses that exceed this new limit is 1.401.
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The Pareto shape parameter was varied to minimise the
chi-sguared valuez calculated from the actual and
expected values shown in a table simjilar te Table 5.3.1
above. This process identified a shape parameter of
1.26. This choice fits the actual data well and
estimates 1.78 losses in excess of 100p, during the 71
year peried, compared to the 2 in the sample. This set
of assumptions alsc indicates a loss in excess of 200p
every 115 years - based on .62 losses in the 71 year
base used for the table.

The losses balow 14p have an avarage of 6.2p, that is
just below tha range mid-value. The distribution looks
reasonably uniform in this range and, as the impact on
results from a more accurate empirical fit is minimal, a
uniform rectangular 1loss distribution is assumed for
these losses.

H [} s -] 0=

The storm loss size distribution for UK Household
Buildings policies, is then selected to he a composite
distibution with a uniform first segment up to a loss of
14p per £1000 SI. The second segment, abkove 1l4p, is a
truncated Pareto distribution with a scale parameter of
14 and shape parameter 1.15 and an upper limit of 500p.

The s8elect frequency distribution is, as before, a
poisson with  parameter 0.634 and the relative
frequencies of claims in the two loss size segments are
0.5556 (25/45) in the lower band and 0.4444 (20/45) in
the higher band.

There are clearly limitations to any results derived
from the above model. Perhaps the most gerious is the
assumption of independence of events., The historic
analysis contains periods of particularly stormy
conditions. MNone of the UK storms identified for the
pericd from 1920 to 1990 are within the usual 72 hour
limit that separates catastrophe events for reinsurance
purposes. This is not conclusive, however, and such
congiderations will be an area of argument, and counter
argument, especially between insurers and their
reinsurers,

Results derived from this distribution are descriked in
Section 6 and the jmpact of varying some of the
parapeters, and the 1leoss size distribution, are
discussed.



to osses., ion?

Chart 5.5.1 below shows the estimated storm losses for
UK household policies from 1920 teo 1990 and shows the

significant increase in these losses at the end of this
period.

cHAR‘I' 5.5.1 UK STORM Losszs 1920-1990
ON WP ESTIMATES FOR HOUSEHOLD BUILDINGS

TOTAL ESTIMATED LOSS FOR YEAR {p par $3000 8I)

: " - - "
YEAR OF EVENT

Chart 5.5.2 shows the US Catastrophe Losses for the
period from 1961 to 1989, expressed as a percentage of
Property Premiums., The figures are extracted from the
recent report by Conning & Company [3]-.

CHART 8.5.2 US CATASTROPHE LOSSES 1962-1980
CONNING & COMPANY [3)
25 CAT LOSSES AS A PERCENTAGE OF PRUPERTY PREMAMIS
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These two charts exhibit some similarities. The high
losses at during the 1987 to 1990 period in the first,
UK, chart are matched by the events of 1964 and 1965 on
the US chart, which includes hurricane Betsy in 1965.
Hurricane Hugo contributes to the high 1989 losses. We
expect 1992 to at least match the 1989 level following
the recent losses from hurricane Andrew.

This concentration of extreme losses to short periods,
as experienced in the UK for the 1987 to 1990 period, is
clearly not a new, or unique, feature as the US data
clearly demonstrate. Can the eventms of 1937 and 19%¢ be
consjidered sufficient evidence of a significant increase
in the freguency and/or severity of UK storms?

The pattern of losses shown in both the charts above is
mors sanily axplained by tha simple statistical model
described in Bection 5.4 and arises, primarily, from the
skevness of the loss sigse distribution and the relative
infregquency of these events.

Chart 5.5.3 below has heen plotted from a 71 year period
simulation using the "select™ set of assumptions by the
program described in Appendix 4.

CHARY 5.5.3 UK SIMULATED STORM LOSSES
BASED ON "SELECT" MODEL ASSUMPTIONS

TOTAL SIMULATED LOSS FOR YEAR (p per 21000 8I)

YEAR OF EVENT

The reader is jinvited to study the chart above and
compare this with the two earlier charts before forming
an opinion on this key issue.



6 : USE OF THE MODEL FOR RATING AND REINSURANCE
Introduction

The previous secticn described an approach for selecting
appropriate freguency and severity distributions for UK
storms, and identified a set of parameters based on the
egtimated UK storm losses for the period from 1520 to
199%0. The two distributions are combined in a simulation
program which is described in Appendix 4. The rest of
this section reviews the results obtained by using
versions of this program and discusses some of the
implications for both direct insurers and reinsurers.

Three sets of assumptions are chosen to indicate =a
likely range of values. Firstly the two distributions
jdentified, and fitted, in the previous section are
chosen as the "select” assumptions as they provide a
reasonable fit to the actual data. Secondly the
log-normal distribution, with parameters estimated from
the data, is used to represant a less severa loss
distribution, whilst retaining the ‘select" poisson
bagis. Finally the frequency of storms over the period
from 1981 to 1930, together with the conditional
probability of a large loss (i.e. »14p) also derived
from the satorms of this period, are used to define a
very severe set of frequency (and severity) assumptions.

To recall, the *select" assumptions are then a poissen
frequency of .634 (45/71), with a composite loss
geverity distributien with a uniform first sagment up to
a loss of 14p. The second segment is a Pareto with a
scale parameter of 14 and a shape parameter of 1.26,
truncated at S00p. The conditional probability of a loss
below 14p is .556 or 25/4S.

The more exXtreme distribution has a poisson frequency of
0.9, based on 9 storms in the period 19%81-1990, with a
conditional probability of a loss below 14p of .333,
bhased on 3 losses below 14p out of the 9 occurring.

The log-normal distribution has a mean of 20.7 and a
standard deviation of 34.7. The underlying normal
distribution has a mean of 2.363 and a standard
deviation of 1.156.
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] Distributi

The first use of the simulation program is to derive the
annual storm loss size distribution for the three sets
of assumptions described above.

The mnodel wae run for 50,000 periods for each set of
assumptions and the results are shown, in graphical
form, on Chart 6.1.1 below. The chart shows "return
periods" defined here as the inverse of the probability
of exceeding the given leoss amount. The thicker line
shows the results for the "select" set of assumptions.

CHART 6.1.1 : ANNUAL UK 8TORM LOSS DISTRIBUTION
.Hlm PERIOD IN YEARS {LOG-SCALE)

\
\:
\
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0 25 B8 75 100 125 150 17 200 22F 280 I8 300
TOTAL STORM LOSSES N YEAR (p per R1004 81

BASIE OF EVALUATION
—om=SELECT (M YAS)  —-HAGH PREQ (B1-00) - LOG-NORM (T YRS)

The annual average losses from these simulations were
14.0, 27.4 and 13.3 respectively, compared to the base
sample average of 12.0. The log-normal distribution
estimate is nearer this sample mean loss and the extreme
frequency assumptions, as is to be expected, result in
an average annual loss which is more than twice the
actual average value.
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The standard deviations of these annual estimates are
35.1, 52.3 and 31.% respectively. The simulated values
are allowed a bigger range than the sample range, with
the Pareto truncated at 500 and the log-normal
unbounded. Truncating the Pareto at alternative limits
doez not appear to affect the rasults to any degree
especially at the range of values likely to be of
interest to practitioners.

The chart indicates that storm losses comparable to
those suffered in 1987, caused by Cat B87J, at around
100p per £1000 ST have a return pericd 40 years. Losses
of twice this sevarity have a return period of about 130
years under the esame "sglect® assumptions. The
comparable figures under the severe assumnptions are
about 15 and 50 years respectively. These periods
illustrate the extremity of these severe assumptions.

Rating implicati : hold Buildi

The previous chart is redrawn below with a restricted
range of loss and with only the "select” line shown.

CHART £.2.1 : ANNUAL UK STORM LOSS DISTRIBUTION
BASED ON SELECT ASSUMPTIONS
AETURN PERIOD W YEARS (LOG-SCALE)
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This chart may now be used to consider the storm risk
rate to be included in the coverall risk rate for
household buildings. 1If, feor the sake of argument,
management decide that they need to cover their storm
losses nine ont of ten years then the required risk rate
te be charged can be read off from Chart 6.2.1 as 35p.
This is two and a half times the underlying annual risk
rate obtained from the simulation.

Cleariy the rate actually charged to cover the risk of
storm will need to reflect the actual cost to the
insurer, given his retained risk, the cost of his
capital and the cost of his reinsurance protections.
Only some of the reinsurance aspects are considered
below,

6.3 Reinsurance considerations

As the program simulates individual losses it can be
used to evaluate any reinsurance programme.

Chart 6.2.1 above can be used, with appropriate care, to
provide answers to guestions likely to arise in the
selection of appropriate priority limits for storm Stop
Loss reinsurance, assuming such a product is on offer.

For example to cover annual storm losses likely to occur
once in ten years requires a lower limit of 35p, as
identified above. The amount of cover available can then
be used to identify +the implicit upper limit of this
cover in terms of return periocds.

The remainder of this section will consider the more
traditional Catastrophe Excess of Loss reinsurance with
the usual single reinstatement at cest proportional to
amcunt only.

The program wuses 10 layers of loss and accumuzlates
results for each of these layers. The priority points
were set aet at 0, 2.5, 5, 10, 25, 50, 1080, 150, 200,
300 and 500. Recall that 100 eguates to an October 1987
size less or approximately half the premium from a
household  buildings acount. The computer program
priority limits can be changed very easily if required
for evaluating a specific reinsurance programme.

The spreadsheet accumulates various statistics for each
layer. +The number of losses in the layer, the cost of
these losses, the amount reinstated and the amount in
excess of the cover are accumulated. The sum of squares
is also calculated and is available for estimating
standard deviations of all these statistics.
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For illuatration purposes only Risk Rates on Line, or
RROL, ara considered.

We define the RROL as the reinsurers expected loss, net
of the pro-rata reinstatement premium, expressed as a
percentage of the layer size. So RROL = Expected net
loss to layer / ( Layer + Expected amount reinstated),

Taking the first layer of 2.5p XS 0p, for illustration,
a typical result may look as follows:

Average simulated gross cost of layer = 1,6793

Average simulated net cost of layer = 1.5830

Average amount reinstated = 1.2246

The RROL is then 1.5830 / { 2.5 + 1.2246)*%100% = 42.5%

Note that the difference between the gross and net layer
costs arise from the uncovered portiong of third or
subsequent claims. The amount reinstated accumulates for
the year up to a maximum of the layer amount.

The chart below shows the RROL’s for the three scenarios
described above from the same simulations of 50,000
pariods each.

CHART 6.3.1: RISK RATES ON LINE
RABED OM OME REMNSTATEMENT AT COST PROPORTIONAL TO AMGUNT ONLY
PRGN IRk MATE OF LA H08-SOALE) _
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4 Rej t s

Under the storm frequency assumptions derived from the
experience over the last seventy or so years the
probability of three or more gtorms in any one year is
fairly small. Combined with the skewnesiz of the loss
aiza distribution this makes the initial value of two or
more reinstatements of little significance.

Table &6.4.1 below shows an extract from rasults of the
simulation using the extreme freguency assumptions.

Lower Upper Layer Full Reduced® Impact

Limit Limit  Amount Cost Cost Reins
0 2.5 2.5 2.181 2.004 B.12%
2.5 5 2.5 2,050 1,899 7.37%
5 10 5 3.698 3.468 6.22%
10 25 15 7.109 6.924 2.60%
25 50 25 4.545 4,531 0.29%
50 100 50 3.66]1 3.660 0.03%
100 150 50 1.712 1.712 0%
150 200 50 978 .978 0%
200 300 100 .988 .988 0%
300 500 200 .503 .503 0%
Totals 27.424 26.667 2.76%

* Reduced by limiting losses to twice layer amount

The table shows that only 2.76% of the losses would not
be covered by the assumed single reinstatement
available. Most of this sghortfall is in the lower
layers. The layer of 25 xs 25, for instance, starting
roughly at a guarter of the cost of Cat 877 is high
enough for the initial value of a second reinstatement
hardly to register.

These calculations consider the wvalue of  more
reinstatements at the inception of the cover and are
not to be confused with the conditional value of
additional reinstatements, sought by some insurers,
after an early {(and sometimes late)} penetration of their
catastrophe covers.



6.5 Risk rates vergus market rates

The model derived Risk Rates on Line are not directly
comparable with actual market reinsurance rates as these
will be for wider cover (i.e. more perils) and will
usually alse cover commercial properties as well as
household Dbuildings and will additionally include
safety, expense and profit margins.

one recent example for catastrophe cover for a UK
household account will be used to illustrate the current
differences between the estimated RROL for storm and the
nmarket rate for UK catastrophe cover,

The cover in guestion, expressed in p per £1000 SI, is
for 60p Excess of 30p and has an indicated market cost
of around 30% rate on line or 18p per 1000 SI.

The estimated Risk Rate on Line for storm using the
"select" set of assumptions is approximately 5% or 3p
per £1000 SI. Under the extreme assumptions these storm
risk rates double.

The comparison may be distorted by the inclusion, in the
current market rating of these covers, of a "pay-back"®
element. However, a premium which appears to be as much
as six times the riak premium level must question the
cost effectiveness of traditicnal catastrophe excess of
loss reinsurance.

.6 yeness e

Catastrophe reinsurance pricing is clearly judgemental
although this paper has set out an approach which
provides a theoretical framework where both actual
experience and simulated futures can be examined. In the
recent past, this cover has been relatively cheap in the
UK but the consequence is the demand for huge increases
in order to achieve yback" following the recent
storms. The period in whggh reinsurers seek to recover
their outlay is often as 1little as 4 or 5 years, a
fraction of the shortest return period we  have
postulated. This is compounded by reinstatement premiums
and aggregate deductibles which severely limit the value
of the cover at present.

The volatility of catastrophe prices significantly
erodes the stability of results which insurers seek
through their reinsurance programmes. Further, these
covers are denerally placed on an accident year basis,
leaving jnsurers without the ability to incorporate the
new premiums inte their own rates until the following
renawval.
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It is scarcely surprising, therefore, that many of the
old gentlemen’s agreements to renew and offer payback
are being formalised through spread loss contracts.
However, this very formalisation can be their undcing
since off-balance sheet liabilities or assets are then
created which the DTI requires to be recognized in its
returns.

If the traditional reinsurance market is unable to offer
a stable environment, insurers may elect to move towards
greater retentions, aided by the establishment of a
catastrophe reserve. There are tax implications here, of
course, and the outcome of the ABI's lobbying is awaited
with interest. We have indicated a possible rating
approach where the aim is to cover losses in nine years
out of ten; reinsurance plus the reserve would be geared
for the exceptional tenth year (which could be 1992 1)
and the simulation prograw used to investigate possible
rules for operating a storm catastrophe equalisation
reserve,

Although this is considered outside the scope of this
paper and has not been investigated further the results
of such an investigation are likely to show that the
cost of the traditional forms of reinsurance are
disproportionate and their "smoothing" inefficient.

6.7 Managing the jmpact of Catastrophe losses

Cne concern is whether reinsurance is the right medium
for protection against catastrophe. In this arena,
reinsurers are in danger of becoming concentrators
rather than spreaders of risk bscause of the rarity and
scale of the losses. Indeed, time is the only spreading
mechanism they can offer and that peried is all too
brief. So, perhaps we should stand back and take a frash
view of the problem.

Who else takes riasks about the future? Futures exchanges
are a potential source of capacity with the bonus that
financial and weather-related catastrophes are gensrally
independent. This is closer to the risk spreading
concept of insurance than traditional reinsurance
conpanies can offer. While abortive attempts have been
made by some exchanges before, in Chicago they seem to
be making real progress. Recent prass coverage
indicates, +that in the US at least, such hedging may
become available at a cost of around 5% of the amount at
risk. 1t would appear that this minimum cost will then
determine the priority limits of the cover, rather than
be determined by the required cover. The evaluation of
thn:o contracts may well be the next application of our
work.
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APFENDIX 1

EXTRACTS YROM THE THE UEA REFORT OF UK STORMA [11]

Dates, duration in hours, mpaximum wind
speads, area affected by winds exceeding 60
knots and the unadjusted sevarity index

. e =]

Brief descriptions and Maps for the 7 storms
identified as the most costly in Table 4.1.1
of the main report.

Al.2 Sample Jtorm Tracks

Each of the Maps in Al.2 also plots the
position of the low pressure centres, or
depression tracks, that these storms "hung on",
Thege are meteorological maps and do not show
the position of the maximum wind speeds or the
mayimum damage.

For these stormg damage occurs to the right of
the storm track and maximum damage can occur at
locations which are very far from this actual
low pressure track. & review of the Map for
Storm 2, the October 19287 storm, illustrates
this point.

L ] - [ ] * *

We are grateful to the authors of the UEA
Report, and to Commercial Union, for allowing
us to include these extracts from the UEA
Report in this Appendix.

L & ] L] *
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APPl.1: Characteristics of storms in storn Catalogue

Storm RO, Date uration [Max.wind
[Ars] TRn.]
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Storm No.2 : 25 January 1990
Unusual features of this storm include:
i) explosive deepening:;

i) the associated vorticity pattern was characterized
by marked descent to the rear of the trough and
agcent ahead of it (as in the October 1987 storm}:

iii) the low was embedded in a strong baroclinc zone
which resulted in it moving very rapidly (at
around 50 knots) and deepening rapidly as it
crossed the UK. As in the October 1887 storm, the
rapid speed of movement was an important addition
to the surface wind.

25th Jantraey 1990
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Storm No.6 :© 15-16 October 1987

A small intense low formed close to the British Isles on
14 October and changed the pattern of air flow bringing
moist warm air towards Britain from the SW. At the same
time, in the mid-Atlantic, there was a deepening of ceold
agir from the north.

The polar front at the surface in the early hours of 15
October lay at latitudes 38°-45°N, associated with a
strong upper-air jet stream, with the exit zone lying
over the south of England. Incipiant wave disturbances
began to form along the frontal zone, and ultimately one
developed into a cyclone centre over the Bay of Biscay,
with pressures as Jlow as 952mb. This system crossed
England from SW to NE in the early hours of 16 October,

Une remarkable feature of +this storm is that the
strongest winds did not occur until after the passage of
the c<old front. The onset of southerly winds in the
warm sector brought unusually high temperatures, with a
rise of 7.9°C in one hour observed in parts of the SE of
England. Pressure increases of 8mb in one hour were
measured in the same region,

16th October 1987
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Storm No.28 : 31 January - 1 February 1953

This storm affected the North Sea especially the east
cozt of England and Scotland, The greatest damage and
loss of 1life was wcaused by a great sea surge in
Lincolnshire, East Anglia and the Thames estuary. The
coincidence of strong northerly winds blowing down the
North Sea with & high spring tide was responsible for
this flooding. The strongest pressure gradient was
measured over the central North Sea at around midnight,
and the gradient wind was described as ‘phencomenal': in
the range I00-130 knots.

This storm developed in the cold air from the Arctic in
the rear of a depression which had approached the
Faeroes from the WSW on 30 January and then moved SE to
the German Bight. As the depression moved SE, pressure
rose rapidly to the west, producing a very Ssteep
presgure gradient.

Although this storm brought tremendous damage and loss
of life to the UK (around 350 1lives lost) and mainland
Europe, this was due largely to flooding rather than
diraectly to the high wind speeds. The storm track of
thizs event has been used by Munich Reinsurance to
specify their probable maximum loss scenario {Munich Re,
1990).

1953

63



Stoxm No.34 : 7 April 1543

This storm was associated with an intense depression
moving rapidly SE from Iceland. North-westerly gales
were experienced over Scotland and the eastern half of
England. In parts of Scotland, hourly wind speeds of
greater than 50 knots were recorded.

7th April 1943
- ;




Storm No.35 : 23-24 November 1938

when this frontal cyclone was forming in the western
Atlantic, it was already drawing in very cold air to the
rear from Greenland and the Davig Strait. It deepened
rapidly to cross the British Isles as a 960nmkb centre on
23 January. This storm advanced 1000 nauticzl wmiles in
24 hours (a speed of 43 knots) from 22-23 January but
then slowed to half this speed in its passage to Noxway,

Storm 3% brought widespread scuth-westerly and westerly
gales to England, with unusually high wind speeds in
inland areas. A storm surge occurred in the German
Bight.

23rd-24th November 1938
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Storm No.1B8 : 1I4-15 January 1968

This gale was part of a westerly seguence which lasted
about one week. The main depression centres lay in a
belt betwean 58° and 63°N. vigorous secondary
depressions developed from the waves on a trailing cold
front running between the Azores and the North Sea.

Gale-force winds first affected HWW Ireland, at around
1800h on 14 January, +then moved to affect the whole of
Scotland and northern England. Wind directions within
the gale were SW to westerly. The greatest intensity

lay in a narrow belt ascross central Scotland, especially
Glasgow.

14th—15th January 1968

Knhots
>80
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<80
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Storm No.l13 : 2-3 January 1976

The Capella Storm was notable for +the great area
affected by damaging winds, not only in the UK (see
accompanying map)} but also across Burcope, and for its
prolonged duration, up to 24 hours in eastern Englend.

A low pressure area formed in the central Atlantic
batween 20° and 50°N in <the laest few days of 1975,
Meanwhile, on the eastern side of the Atlantic, a strong
thermal gradient developed, between temperatures of 11°*C
over England and temperatures of -11°C over southwest
Iceland. A breakaway depression from the low pressure
area, moving sastward across the Atlantic, encounteraed
this zone of thermal Contraest and deepened rapidly as it
crossed the British Isles, The pressure fell as low as
g68mb, over Denmerk.

2 January 1976
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APPENDIX 2
CONVERTING THE UEM MAPS TO LOSBES

Az.1 Estimatino oayst speeds for postcode areas

The conversion of the UEA storm maps into insurance
loases involves a number of stages. Firstly some method
is needed to obtain gust speed estimates at postcode
area level from these maps. Secondly a formula is
required to estimate the percentage loss from a given
gust speed, storm duration and exposed sum insured.
Finally an actual exposure value is required for each
postcode area for the portfolio being evaluated.

To obtain gust speed estimates it was assumed that the
closeness of the gust speed iscolines could be
interpolated, somehow, to obtain an estimate of gust
speed for «ach postcode area. This speed gradient
assumption appeared to correspond reasonably well when
Octoher 87 storm was c¢onsidered as this had a clearly
defined, and relatively narrow, speed bands as can be
seen from the map for Storm € in Appendix 1.

As a sinple example a postcode with a centre roughly in
the middle of the 60-80 knot bhand would be have a value
of 70 knots. Where possible the distance from the
nearest 60 knot line was estimated for each postcode and
related to the width of the 60-80 knot band nearest to
this area to estimate the speed by linear interpolation.

This process was first applied to the three storms for
which exposure and loss data were available and could be
used to validate and calibrate a damage formula. With
over 120 postcode areas and 47 maps this was ultimately
a laborious procees with an uncertain outcome.

An alternative, which should produce more reliable
estimates, would be to use actual figures of maximum
wind and gust speeds published, at least monthly, for
all the UK Weather Stations. This approach was not
followed due to lack of time, and uncertainty about the
availability of this intormation for the whole of the 71
year period concerned as well as the difficulty of
obtaining exposure and claims informatien to correspond
to the weather station areas. This may, however, be a
good starting point for a subsequent study.

A2.2 The damage or loes severitv formula

The severity index formula, described in Section 2.2,
provided a starting point here.
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This formula, used by meteorologists te index stornm
severity, has the severity proporticnal to the area
affected, duration of the storm and the cube of the
maximum speed.

Severity = k * Duration * Max Area * { Max Speed ) * 3

The October 1987 produced a much wider range of
percentage logses at postcode area level (see Appendix 3
Table A3.1) and this storm was chosen te test <the
reasonableness of a formula of the above type. The
losses from the ABI sample were used, together with the
speed astimates obtained by the process described above,
and the values plotted in an X-Y chart.

The crosses on the following chart show the actual
damage against estimated gust speed for the postcode
areas that suffered damage. The thick line is a cubic
curve finally adopted as the damage formula. This curve
is defined by :

Damage = .00345 * (Speed in knots - 47} ~ 2
These values were chosen to replicate the losses for the

ABT samples for both storms, after an adjustment tor the
longer duration of the 1980 storm.

STORM 8: OCTOBER 1987 (CAT 87J) ABI S8AMPLE
s0o CROSSES INDIEATY THE SAMPLE VALUER FOM EACH POSTCODE
3 .
§ ol
[ 3
& i —
-9
g WO ;
g $00 |- : -
S
: m be . e e T
S
'6 00 - - i e BV G e
“ ° il . .
& 30 3 80 & 70 T M S 6 B 100 W W
ESTIMATED SPEED IN KNOTS
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The October 1987 storm had a duration of 8 hours
compared to the 14 hours of the January 1990 storm. The
severity index formula indicates that damage should be
proportional to the duration of the storm. In the
following chart the cresses show the January 1990 actual
ABI sample losses against the estimated gust speeds and
the thick curve is the earlier cubic formula with a
duration factor of 14/8 or 1.75 to adjust for the longer
duration of the 1990 storm.

STORM 2: JANUARY 1990 (CAT 00A) ABI SAMPLE
LIME I8 FIYTED CUBIC DAMAGE FORMULA ADJMISTED FOR DURATION
450 CNOSSES IDICATE THE SAMPLE VALUES FOR EACH POSTCODE
®
P
4
£ 30
@
£ 0
o
a 280
=
- 2
3
S 10
= wo
S
o s
«
0
45 S0 S5 s¢ & 0 78 S0 A 90 9%
ESTIMATED SPEED IN KNOTS

Although there is wide variation around the assumed
cubic line the general shape appears to capture the data
reasonably well in the circumstances. As mentioned above
the constants were chosen by ensuring that the overall
losses projected, based on the speed estimates, matched
the ABI sample losses for both storms. The fitting
process was clearly not rigorous and was adopted for
simplicity and to correspond to the severity formula
generally used by meteorologists. Log-linear regresasion
can be used to derive alternative madels. This would be
a2 more formal process which could be subjected to the
usual validation tests.

75



[= everij a

Returning to the actual formula chosen, the wvalidation
process consisted of projecting losses based on the
smaller CU sample exposures and comparing the estimataed
losses with the actual ones. The choice of the formula
parameters ensured that the ABI losses, for both the
1990 and the 1987 storms, fitted "perfectly”.

For the smaller samples tested the formula produced
higher loss sstimates than the actual losses.

The CU sample for the October 1987 storm had a loss of
90.3p per £1000 SI. The model projected 100.6p.

The CU sample for the January 1990 storm had a loss of
54.0p per £1000 SI compared to the model estimate of
111.0p.

The estimate for the February 1990 loss (Storm 1 in the

Catalogue or Cat 90G) was 22.5p against an actual loss
of 14.2p per £1000 51,

The reasons for these differences were not investigated
further. These may partly arise from differences in sums
insured or types of properties insured. Ideally more
samples should be tested and any differences which

emarge, apd which cannot be explained by random
fluctuations, should be investigated.

The formula used at least overestiwated the losses on
all three test cases. This wae considered to be a more
acceptable outcome than the alternative,

The actual cholce of damage model, and its parameters,
warrants further study. The main differences are likely
to arise at the extremes of the range of gust speeds and
the choice of model may introduce some bias. This Dbias
could result in overprojecting the less gusty storms and
underprojecting the more severe storms, or vice-versa.
The formula, and parameters, chosen at least ensure a
good fit for the two biggest losses and would appear to
overproject rather than underproject storm losses.

The bage exposure and loss data used, and the estimated
speeds for each storm and postcode area, are given in
Appendix 3.
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APPENDIX A3 1 : EXPOSURE AND LOSS (SAMPLE) DATA
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PART I

ESTIMATEZ SPEEDS BY POSTCODE AREA AND STORM

APPENDIX 3.2
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ESTIMATED SPEEDS BY POSTCODE AREA AND STORM

APPENDIX 3.2
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APPENDIX 3.2
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Appendix A3.3: Storm 2 (Jan 90) Losses p @ £1000 Sl




Appendix A3.3: Storm 6 (Oct 87) Losses p @ £1000 SI t




Appendix A3,3: Storm Risk Index Values (Adjusted basis)




APPENDIX 4

THE BIMULATIOM PROGRAN
A4.1 Program structure and outline

The simulation program is a simple, single spreadshest.
Each iteration, or simulation, represents a calendar
year's losses. A set of parameters is used and these can
be changed to re-run the model,

There are three stages to each simulation. These are:

1: Generate the number of events in each period (year);
2: Generate the loss ammount for each event;

3: Calculate layer and other costs and accumulate
results,

The number cf years to be simulated is one of the input
parameters. Each stage is described in more detail
below.

A unit uniform randem number iz generated using the
spreadsheet RANDOM function and compared with cumulative
poieson distribution wvalues to obtain the number of
events during the year. In the worksheet this is
achieved by using a Look-~Up table with the cumulative
freguencies scaled by 1000 and rounded te integer values
and the random number generated is multiplied by 1000
and rounded to its integer value and then used to obtain
the number of events in the year. The program allows a
maximum of seven events in any one year.

The following extract shows a typical calculation with a
poisson parameter of 0.9.

FREQUENCY LOOK-UP TABLE

CtM FREQ 0 407 772 937 987 998 1040
NQ EVENTS 0 1 2 3 4 5 6

SIMULATED RANDOM: .91234
NUMBER OF EVENTS: 2

Here the wvalue 912 is used in the look-up table and

results in 2 (as 912 exceeds 772 and is below 937} being
gelected.
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For each of the losses generated at stage 1, if any, two
more unit randoms are generated. The first is used to
decide whether the claim is going to be small, that iz
less than 10, or large. This i1s achieved simply by
comparing the wvalue with an input parapetar.In the
example here it is assumed that .33 of claims are small
so that a unit ramdom at or below .23 results in a small
ciaim and one above in a large claim.

The second unit random is then used to “"generate" the
event Jloss. The extract below shows some actual values
with a year in which two events Y"occur®.

CLATHM CLAIM CLAIM CLAIM TOTAL
1 2 6 7 FGU

LARGE/SM .35753 .13517
SIZE RAN .02769 .84344

LOSS VAL 157.50 7.7786 165.28

For event 1 the claim iz large, as the unit random that
determines size, .3%753, exceeds the set parameter of
+33. The prograe then uses the gecond unit random
generated, ,0276%, to calculate the loss amount from
the assumed pareto distribution. Tha calculatjon here
ensures that only values from 10 to the set upper limit,
500 is used in the example, are produced. This is done
by calculating the range in the unit random variate that
this restriction implies and linearly transforming the
actual unit random above to this range. The transformed
value is .03658 and the simulated pareto value

obtained using the usual pareto random number generating
formpula:

Pareto = Scale * (1 /JRAN) ~ (L / Db}

whera RAN ie random unit rectangular variate and p is
the Pareto parameter, In the case ahove the scale
paramster ig 10, the pareto parameter is 1.2 and the
calculation is then

10% {1/.03658) ~ {1/1.2) = 157.5

The unit transformation is in two parts. First the value
of the unit random corresponding to the set upper limit
loss is calculated using the above pareto generation
formula. In the example setting this to be x, where is
the solution of:
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500 = 10 * (1 /%) ~ ( 1/ 1.2}

Solving produces X = 0,00%146. Unit random numbers below
this +value will generate paretc losses in excess of the
set limit of 500. The truncated pareto that is required
is then obtained by linearly transforming the unit
interval (0, 1) to the interval (0.00%146, 1). The
traneformation, using the value above of 0.02769 is :

L009146 + 0.0267% * (I - ,0091456) = 0.03569

as calculated by the program and used to obtain the
pareto value.

Different distributions can be generated by using
similar technigues. Random numbers of the Weibull
digtribution, for example, with scale parameter b and
shape parameter c can be computed from random numbers of
the rectangular unit variate RAN using the relationship:

W:b, c = b+ (-1lnRAN) ~ (1/c)

where 1ln denotes the natural logarithm.

The second loss in this particular year iz a small
{< 10} leosg as the generated random, .13517, falls below
the large/small loss determining parameter of 0.33. The
actual Jloss is then calculated by using the second unit
random number generated for this loss, .84344, and the
empirical distribution for losses up to 10. The formula
used in this particular example was:

Logs =.45 + 4,05 * X + 5.5 # X * X | where X is in {(0,1)
which has a minimum loss of .45 and the maximum of 10.

In the example X=.84344 and the calculated wvalue 7.7786.

H U cos a C

results.

The final stage is to use the individual loss data to
calculate and accumulate the reguired results for
further analysis. This will depend on the purpose of the
exercise.

In the actual version used for this paper four sets of
*"layer™ information were collected.
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The first is a counter of annual losses that exceed the
set priority values, and is wused in deriving the
aggregate gross loss distributions and return periods.
The second calculated and accumulated actual costs, and
their squared wvalues, to each of 10 layers of loss
arising from the losses in the year. These values
measure the insurers gross 1losses for each of these
layers.

The third set of values is a repeat of the second set
with a limit, for any one layer, of two total losses.
This measures the reinsurers (maximum) losses assuming
that the cover has one reinstatement. The fourth set of
values calculates the amount of loss, for each layer,
which would be reinstated under the normal catastrophe
contract.

In the example akove, as there are only two losses, the
gross costs to the insurer are egual to the reinsurers
costs. The amount of cover reinstated equals the cost of
larger of the twe losses. The program calculated values
for the two losses above, for the layers chosen for
illustration purposes in this paper, are as follows:

Low  High Gross Reduced Reinstated

0 2.5 5.00 5.00 2.50
2.5 5 5.00 5.00 2.50

=] 10 7.78 7.78 5.00
10 25 15.00 15.00 15.00
25 50 25.00 25.00 25.00
50 100 50.00 50.00 50.00
100 150 50.00 50.00 50.00
15¢ 200 7.50 7.50 7.5Q
200 300 .00 .00 .00
300 500 .00 -00 00

Totals 165.28 165.28 157.50

The spreadsheet also accumulates these figures, and
their sgquares, sc that averages and standard deviations
can be calculated.

ayers and reinstat N

As seen above it is possible to use the simulation
programme to obtain estimates of any Ilayer cost
required. The nunber of rejinstatements can be
incorporated in the calculations, one is assumed in the
above, and both risk rates on line and the impact of
reinstatements estimated from output.
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The spreadsheet package used for these calculations is
CA Supercalc¢ 5.1. The main reason for this choice, apart
from familiarity, is the wvery flexible ITERation
function available in the package. In this model the
ITER function is used in logical statements to
accumulate results and to terminate the simulation once
a set number of iterations has been reached.

The ITERation function does not appear to be availlable
in Lotus 123. Accumulating results would be more
cumbersome and could well impact program execution
times. No attempt was made to run the complete model in
Lotus, or any other spreadsheet package, alithough the
simulation part only requires the random number function
and could be run in any of the popular spreadsheets.

4 . 1 limitati

The actuyal time taken to run any numerically demanding
model will depend on hardware configuration as well as
the efficiency of the software package used and the
efficiency of the actual model design. No attempt was
made to speed the calculations of the model described
above and the actual spreadsheet was allowed to evolve
rather than undergc a complete rewrite once completed.

For indication purposes using a 3865X Notebook running
at 20mhz and fitted with a maths co-processcr the model
takes approximately one (1) minute to simulate losses
For 1000 periods. In order to calculate and accumulate
all the infermation outlined above the time increases to
four and a half minutes per 1000 periods.

The actual spreadsheet model (disk) size is 15k, which
is wvery small, and could ba fitted on a singla screen.
It will run easily, but slowly, on an 8086 machine such
as the original PC or an Amstrad 1512,

The only (serious) 1limitation of the model in this
environment arises from the use of the spreadsheet
RANdom function as there is no facility to "replicate" a
geries of random numbers by specifving a seed or some
starting condition. The actual process used by the
spreadsheet to generate its unit random numbers is also
not specified in the manuals and its characteristics can
only ke determined by actually genherating and then
testing sets of random numbers. Ko such testing was
undertaken in this instance and it was implicitly
agsumed that any inaccuracy arising from this source
would not be material.
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