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Abstract

The paper includes the analyzes of a possibility of applying the index to
quantify different climate variables. The calculation methodology was presented as
well as the standard features of the most important weather indices such as tempe-
rature, precipitation (SPI), decile and quantile indices. In addition to the mentioned
indices that can be conditionally classified as simpler, the paper analyzes composite
indices, developed on a complex basis, such as the Guy Carpenter index or the RMS
index. The complex indices have only been in use for the past few years. Based on
the analysis of current indices and their practical use, it is concluded that the weather
index, in order to be applicable in practice, has to be correlated with the effects caused
by the weather variable (in addition to its transparency, verifiability and objectivity).
The paper leads to the conclusion that climate indices can form an acceptable alter-
native and the merits of an insurance contract with index clause, in the case of a lack
of historical data on damages and impossibility of modelling catastrophe climate
events in another way. The calculation of the index is shown in particular examples.
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I. Introduction

Weather derivatives were developed in the US financial market in the
1990s, as a response to the growing need to protect companies in the energy sector
against losses occurred form weather risks. The contracts were based on a weather
index and protected energy companies against losses due to warm winter and cold
summer months. Positive experience in the use of weather derivatives encouraged
the insurance industry to include contracts based on weather indices in their offer.

The American Academy of Actuaries formed a working group with the aim of
considering the possibilities and conditions under which insurers could provide index-ba-
sed insurance coverage. The material developed by the working group of the American
Academy of Actuaries was of crucial significance for further development and practical
application of index-based insurance (The American Academy of Actuaries (1999)). Tho-
se services showed potential for the practical implementation in providing protection
to the agricultural sector against climate risks, the fact that was specially pointed out
by numerous authors such as McCarthy N. (2003) or Alderman H. and Haque T. (2007).
Experience in the practical implementation of index-based insurance in Brazil, Mexico,
India, Ethiopia and other countries were sublimated in research conducted within the
International Institute for Climate and Society Research, Columbia University (Hellmuth
ME, Osgood DE, Hess U., Moorhead A. and Bhojwani H. (eds) 2009.). A number of authors
such as Weinhofer G. and BuschT. (2013) also indicated the possibility of developing new
insurance services, which would provide protection against climate change and would
be based on indices. However, as time passed, such services began to reveal certain
practical shortcomings, the risk of the base being identified as the largest, deeming a
possible situation where the insured would be indemnified for the damage which he had
not sustained and vice versa. This, as well as other risks inherent to such new insurance
services, are currently receiving a lot of attention in the professional literature. Elabeda G.,
Bellemareb MF,, Cartera M. R and Guirkingerz C. (2013) wrote about the risk of the base.

Weather indices, the methodology of their development, characteristics
and experiences in their practical application are the subject-matter of this paper.
The goal of the paper is to test the possibilities of their possible application within
the territory of Serbia by analyzing their basic characteristics and methodology.

Il. Weather Indices, Concept and Characteristics

The nat-cat events continue to be the major cause of property damage.
During the year 2021, natural catastrophes caused a total damage of 270 billion USD
in 306 events, out of the 280 billion USD of total recorded catastrophe damages.*

4 Swiss Re, Natural catastrophes in 2021: the floodgates are open Sigma, No 1 /2022, Swiss Re Institute,
Zurich, 2022, p. 3.
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A third of the world’s population is exposed to the risk of floods, which account for
47% of total hydrological catastrophe events. Storms, unlike floods, have a much
smaller share in the total number of recorded accidents; However, about 40% of
deaths caused by hydrological catastrophes relate to the storms.®

In order for insurers to be able to establish premiums for any one potential
policyholder, or certain groups of policyholders, they must be able to identify, quantify
or at least partially assess the probability of occurrence of loss events and potential
damages. In general, in order to predict and then overcome the consequences of
the occurrence of an adverse event, it is necessary that the risk has certain features
that make it suitable for statistical processing. Modelling catastrophe climate risks is
a complex procedure, the success of which primarily depends on the availability and
quality of quantitative and qualitative inputs that best reflect the characteristics of
the natural phenomenon. In addition to traditional services, the insurance industry
has developed new sophisticated services in response to weather and climate risks,
among which the index-based insurance is leading the way. A weather index is at
the base of every index-based insurance contract, being a relative indicator of the
deviation of climate variables from the selected reference point in the reference
weather forecast station.

The universal classification of the Center for Research on the Epidemiology
of Catastrophes classifies all weather catastrophe events according to the type of
hazard into three groups. Meteorological events caused by short-term atmospheric
and weather conditions which can last from a few minutes to a few days, include
extreme temperatures, fog and storms. Extreme temperatures mean cold waves, heat
waves and severe winter conditions (snow, ice and frost), while storms are divided
into tropical, supertropical and convective storms (rain, thunderstorms, sandstorms,
blizzards, tornadoes, etc.). The hydrological ones, caused by the appearance, mo-
vement and surges of surface and subsurface fresh and salt water include floods,
landslides and waves. Floods can be coastal, river, torrential and floods caused by
the emergence of ice in the watercourse. The climate events caused by long-term
atmospheric processes includes drought, melting glaciers and fires.®

One of the actual problems that occur when assessing and eventually mo-
delling direct losses occasioned by the cat weather events is the fact that loss data
is unavailable, especially in the emerging countries. In addition to the initial recog-
nition and identification of the negative impact of a certain weather phenomenon
on business or property, it is essential that the recognized climate variable can be
measured. With the development of meteorology, along with more sophisticated
and computerized measuring instruments, it became possible to use an ever wider

> UNSIDR, Economic Losses, Poverty and Disasters 1998-2017,2017, p. 11 (14.01.2023) https://www.unisdr.
0rg/2016/iddr/CRED_Economic%20Losses_10oct_final.pdf.
¢ Ranke U,, Natural Disaster Risk Management: Geosciences and Social Responsibility, Springer, 2015, p. 55 and 56.
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range of weather variables on the basis of which it is possible to develop the insu-
rance services. Unlike the very beginnings, when temperature change was the only
weather phenomenon against which the financial market provided protection, it is
now possible to provide protection against almost all weather variables.

It is relevant to briefly comment on the difference between measuring the
effectiveness of traditional types of insurance and index-based insurance. Namely, in
the case of traditional types of insurance, models are created based on the frequency
and intensity of adverse occurrences and the historical damage records and, based
on such models, the basic elements of the insurance contract and projected losses
are assessed. Statistics are used as starting values and provide a basis for measuring
the expected results of risk transfer. The index, which is the basis of index-based in-
surance services, must be correlated with yields (if we are talking about agriculture)
or with the Insured’s profit. Otherwise, it will not form a sound basis for developing
an insurance service. The fact is that the payment under such contracts does not
depend on the level of the caused loss but on the deviation of the achieved values of
the index compared to the reference values. For the aforementioned reasons, in order
to evaluate the effectiveness of index insurance, all other important elements must
be taken into account, such as the payment function, coverage of the area by mea-
suring stations or the distance of a specific site from the reference measuring station.

In order for the index to be a suitable basis, it must meet several additio-
nal conditions that affect the level of reliability, i.e. for the index to be trustworthy,
reliable, not subject to human manipulation, whereas the risk of measuring the
index must be low.” Publicly available measurements of weather meet the above
specified requirements to the greatest extent. In the case of weather indices, the
units of measurement should provide meaningful information about the condition
of the weather variable during the contractual period and are often defined by the
needs of market participants. Indices often represent cumulative measures of pre-
cipitation or temperature over a specific time period. In some applications, average
precipitation or temperature values are used instead of cumulative measurements.
New technological innovations, including sophisticated satellite images from which
high-resolution weather data can subsequently be extracted and low-cost weather
stations installable in many locations, will expand the number of areas where weather
variables can be measured, as well as types of measurable variables.?

The index should be relatively easy to understand and conceptually simple.
Apart from purely statistical measures, the index and the loss recovery procedure
should basically have a reasonable common causality. In other words, the level of
losses and the value of the index should have common causal factors. It is important
that the time frame for changing the value of the index be consistent with the onset

7 Hess U.,“Weather index insurance for coping with risks in agricultural production’, in Motha RP, Sivaku-
mar M. V. K., Managing Weather and Climate Risks in Agriculture, Springer, Berlin Heidelberg, 2007, p. 382.
8 lbid, p. 384.
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of the loss process. In other words, and more generally, the value of the index sho-
uld not significantly lag behind the occurrence of losses. Instead, the index should
essentially react to losses as soon as they occur. ° Likewise, the index should not be a
source of moral hazard. Moral hazard refers to the possibility of increasing reported
losses by the Insured in order to increase the indemnity. Such potential does not exist
if the trigger is based on paid losses, as the benefit of any debt forgiveness would be
offset by additional loss payments. On the other hand, there is a small potential for
moral hazard in index-based contracts. Therefore, from the point of view of reducing
moral hazard, it is desirable that the index be set as widely as possible.

Itis also desirable that the index can be modelled based on exposure or based
on a historical database. It should be noted that extensive historical data might not be
available for recently developed indices, but an index that proves useful will encourage
the collection of relevant information. In addition to the testing in practice, the opening
of new markets and insurance services would certainly contribute to the development
of a framework for assessing the index the efficiency. It is of crucial importance that
the data required for the construction of the index are not subject to manipulation.
Depending on the extent to which the index consists of data derived from several
sources, manipulation of one data source should not result in significant manipulation
of the overall index. To the extent possible, the data that make up the index should
be verifiable. The International Association of Insurance Supervisors suggests paying
particular attention to indices developed by one company, or based on one source
only. The mentioned indexes should require greater attention from the Insured and
supervisory authorities, in order to protect themselves against possible manipulation.'®

lll. Temperature Indices

Temperature indices, which were the first ones to be developed, are still
the most common type of weather indices, which is quite understandable given the
ubiquitous influence of temperature variations on almost all economic activities.
Likewise, the temporal and spatial representation of meteorological capacities and
the achievements of meteorological science indicate the most consistent approach
in the study of this particular weather variable.

The most well-known temperature indices are indices that express the cu-
mulative variations of daily air temperatures during the observed period compared

° In order to eliminate the possible consequences of a poorly defined index, the International Associa-
tion of Insurance Supervisors proposes the existence of arbitration, which would additionally affect the
credibility of the index. 12). 1AIS, “Issues Paper on Index Based Insurances’, Particularly in Inclusive Insurance
Markets, International Association of Insurance Supervisors, 2018, p. 19, https.//www.iaisweb.org/upload-
5/2022/01/180618-Issues-Paper-on-Index-based-Insurances-particularly-in-inclusive-Insurance-Markets.pdf
(29.12.2022).

% 1bid, p. 32.
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to the reference 18°C or 65°F and, in accordance with the names in English, they are
marked by the internationally recognized designations HDD (Heating degree days
- HDD) and CDD (Cooling degree days — CDD).

The HDD index is used during the winter period and is calculated using
the following formula:

HDD = maks{0,(Trer — Tpros)} (M
wherein
T, o r —reference temperature,
Tpms - average temperature.
The average temperature is calculated according to the formula:
T _ Tmaks +Tmin
pros — 2 (2)
wherein,
T, aks — Maximum daily temperature,
Toin — minimum daily temperature."
The reference temperature is a preselected value. In Europe, it is expressed
on the Celsius scale and equals 18°C, while in America it is expressed in the Fahren-
heit and equals 65°F. The index cannot take on the negative values. Tables 1 and 2

below show an example of HDD index calculation.

Table 1 Example of calculation of HDD index / colder weather

Reference temperature (A) | 18°C | 18°C | 18°C | 18°C | 18°C | 18°C | 18°C | cumulative
Maximum temperature 14°C | 16°C | 15°C | 12°C | 10°C | 12°C | 15°C /
Minimum temperature 12°C | 10°C | 9°C | 6°C | 6°C | 8°C | 11°C /

Average temperature (B) | 13°C | 13°C | 12°C | 9°C | 8°C | 10°C | 13°C /
HDD (AB) 5 5 6 9 10 8 5 48

Source: author's calculation

" Asseldonk M. A., Insurance against weather risk: Use of heating degree-days from non-local stations
for weather derivatives, Theoretical and Applied Climatology , 74 (2003)., 2003., p.138.
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Table 2 Example of calculation of HDD index / warmer weather
Reference temperature (A) | 18°C | 18°C | 18°C | 18°C | 18°C | 18°C | 18°C | cumulative
Maximum temperature 20°C | 19°C | 21°C | 18°C | 22°C | 18°C | 17°C /
Minimum temperature 18°C | 17°C | 15°C | 16°C | 18°C | 16°C | 15°C
Average temperature (B) 19°C | 18°C | 18°C | 17°C | 20°C | 17°C | 16°C
HDD (AB) 0 0 0 1 (1] 1 2

Source: author's calculation

D~ ~

As can be seen on the basis of tables 1 and 2, a higher value of the HDD index
indicates a lower air temperature in the observed period and vice versa. Based on
the results of the previous hypothetical example, we can see that an HDD index of
48 correlates with an average weekly air temperature of 11.14°C, while in the second
case, an HDD index value of 4 correlates with an average weekly air temperature of
17.85°C. The situation in the second case can cause serious adverse consequences
for the energy industry, because warmer weather during the winter period will lead
to lower consumption of heat energy.

The CDD index is used during the summer period and is calculated accor-
ding to the formula:

DD = maks{0, (Tyros — Trer)) 3)
wherein
T,,05 — average temperature,
Tref - reference temperature.'

A higher value of the CDD index indicates a higher than average air tem-
perature and vice versa. Moreover, like the previous one, the CDD index also cannot
take negative values. The temperature indices are used and measured most often for
a specific period. For example, the cumulative CDD index for harvest time or HDD
for sowing time will be used to create insurance services for agricultural purposes.
Table 3 shows the method of calculating the CDD index.

2 |bid, p. 139.
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Table 3 Calculation of the CDD index

Reference temperature (A) | 18°C | 18°C | 18°C | 18°C | 18°C | 18°C | 18°C | kumulativ
Maximum temperature 25°C | 26°C | 28°C | 18°C | 22°C | 25°C | 27°C /
Minimum temperature 15°C | 16°C | 14°C | 16°C | 12°C | 11°C | 15°C /

Average temperature (B) | 20°C | 21°C | 22°C | 17°C | 17°C | 18°C | 21°C /
CDD (BA) 2 3 4 0 0 0 3 12

Source: author’s own presentation

IV. Other Weather Indices

In the past few decades, special attention has been dedicated to researching
the phenomenon of drought, which affects a large number of countries and leaves
catastrophe consequences. A comprehensive approach to the study of drought
was developed in Brazil, where, in addition to the National Academy of Sciences,
several national institutions deal with this phenomenon on a daily basis, including
the National Institute for Space Research (INPE), the National Institute of Meteoro-
logy (INMET) ) and the National Center for Monitoring and Early Warning of Natural
Catastrophes.* The mentioned institutions dealt with drought assessment with the
help of the standardized precipitation index (SPl index), presenting results that allow
the use of information for forecasting and mitigating the negative effects.

The standardized precipitation index (SPI) proposed by the American
scientist Thomas McKee corresponds to the number of standard deviations, where
the observed amount of precipitation is out of the climatological average during a
particular time span. To create the SPI, rainfall data sets for m months are prepared,
whereby it is deemed that the most suitable observation period is not less than
thirty years. Thereupon, averages for i months are created from the data sets, where
i takes on the values of 3, 6, 12, 24 and 48 months. Each new data set of precipita-
tion is compared to the previous period. A period of drought is confirmed when
the value of the index is continuously less than -1. When the time scale is small (eg,
1, 2, or 3 months), the SPI often moves above or below zero, observing a drought
meteorological regime. With an increase in the averaging scale (e.g. 12-24 months),
the SPI reacts less to precipitation changes observing the drought hydrological
regime. The obtained index values are comparable with series from other areas,
however, a certain relationship can be established between the range of SPI values
and the qualitative assessment of precipitation observed during a particular time

'3 In the first decades of this century, Brazil was hit by several catastrophic weather events caused by dro-
ught. The drought was in the period 2012-2016. It hit the territory inhabited by about 33.4 million people
and caused damage of USD 30 billion. 17). Marengo J. A,, at all, “Climatic characteristics of the 2010-2016
drought in the semiarid Northeast Brazil region’, Annals of the Brazilian Academy of Sciences , 2018, p. in 1975
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span. Columbia University's International Center for Climate and Society Research
determined the most frequent relation between the index and precipitation, which
we can see in the Table 4 below.

Table 4. Relation between SPI index values and climate categories

SPI values Categories
SPI > 2 Extremely humid

1.50< SPI<1.99

Quite humid

1.00< SPI <1.49

Moderately humid

-0.99<SPI< 0.99

Almost normal

-1.00>SPI> - 1.49

Moderately dry

-1.50>SPI> - 1.99

Severely dry

SPI <-2.00 Extremely dry
Source: Brunini O., at all, “Coping Strategies with Agrometeorological Risk and Uncertainties for Drought
Examples in Brazil’; in Motha RP, Sivakumar M. V. K., Managing Weather and Climate Risks in Agricul-

ture, Springer, Berlin Heidelberg, 2007, p. 286.

Empirical research has established that the probability distribution function
of rainfall corresponds to the gamma distribution, ™ for which the following density
function is adequate:

—x

1 _ -
Bﬂc[a)xa Le'B  forx>0 (4)

gx) =

wherein

a - shape parameter,

[ - size parameter,

X —amount of precipitation,

G(a) - gamma function defined by the expression

G(c.):foDo y* le Vdy. (5)

The probability density function of the gamma distribution gives different
forms based on the variations of a. Values of this parameter below 1 show a strongly
asymmetric distribution (exponential shape) with g(x) which is infinite when x reac-
hes 0. When a=0, the function intercepts the vertical axis at § for x=0. An increase
in the parameter decreases the asymmetric degree of the distribution. Values for
a greater than 1 result in a density function to the right with a maximum value in

* McKeeT.B., Doesken N. J,, Kleist J., 1993.,,The relationship of drought frequency and duration to time scales”,
Eighth Conference on Applied Climatology, 17-22 January 1993, Anaheim, California, (24.01.2023) http:/ /www.
droughtmanagement.info/literature/AMS_Relationship_Drought_Frequency_Duration_Time_Scales_1993.pdf.
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B* (a-1). Anincrease in the parameter (3 reduces the level of the density function and
reduces the probability of the occurrence of a modal value. Similarly, as the density is
compressed to the left (decreasing the level of ), the level of the function becomes
larger and the possibility of the occurrence of a modal value increases.

Precisely because of this, the variations of a and 8 in the country show the
areas with the highest degree of asymmetry in the temporal distribution of pre-
cipitation (irregularity of the amount of precipitation). Considering droughts, the
irregularities associated with environmental conditions in each area, such areas are
at the highest risk of becoming subject to meteorological droughts.'

One of the most significant steps in correctly assessing the occurrence of
droughtisthe calculation of precipitations. Climatologically adequate conditions (P)
can be understood as the amount of monthly precipitation required for a particular
area in order for it to remain under normal climate conditions. That parameter was
calculated and described by Wayne Palmer. To calculate the monthly anomalies in
the water inflow (d), the precipitation observed in the month (P;) is compared with
the adequate climatological conditions P in the same period:

d=P;-P ©)

Since Palmer developed a standardized index based on the comparison of
data obtained from different locations in any period, its specific application when
analyzing data at a specific location requires that it be standardized on a regional
basis. To this end, Palmer developed a climatological categorization factor denoted
by the letter K:

1

K
k176755 57 (7)

wherein

=

K'=15log;,|["2%] + 0,5 ®

T - ratio of water consumption and supply in the region,
D - monthly average of absolute values for d.

Palmer suggested the following relationship of indices, rainfall and drought:

5 Brunini O, at all, 2007, p. 287.
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Table 5 Relationship between the Palmer index
and drought categories

Palmer index Categories
=3.00 Extremely humid
2.00< a< 2.99 Severely humid
1.00 <a <1.99 Moderately humid
0.51<a<0.99 Low humid
0.50 > a>-0.50 Close to normal
-0.51 >a> -0.99 The beginning of the drought
-1.00 >a >-1.99 Moderate drought
-2.00 >a>-2.99 Severe drought
<-3.00 Extreme drought

Source: Brunini O., at all, 2007, p. 288.

In a number of countries, such as Australia, the decile method is used to
assess the degree of drought. The decile method consists first of the organization
in ascending order, and then of the classification of historical data on precipitation
accumulated in a certain period of time, generally 1, 3, 6, 12 or more months, at 10
intervals of equal frequency. So the probability of occurrence in any interval is 10%.
Those intervals are called deciles and are numbered from 1 to 10. N is the number of
registered historical observations. The first decile contains of the smallest values for
precipitations, where corresponds to an integer (N/10). The second decile contains
the following values ( & ), where = ( N /20) etc. After that, the category will corre-
spond to each decile, that is, the descriptive concept of the amount of precipitation
in which the deciles will be grouped. This means that more than one decile could
be associated with the same category. If each category is marked with a particular
colour, maps can be drawn showing the amount of precipitation, thus checking for
each point the value of the amount of precipitation observed during a certain period
and plotting the point on the map with the colour associated with the category. The
methodology of using the classification of rainfall according to the decile method
is shown in the Table 6 below.
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Table 6 Classification according to the decile method

Originally posted Classification Classification adopted by
Decile classification adopted in Australia INMET (Brazil)
Category Category Category Index
1 The lowest Extremely 3
Much below normal | Much below average | below normal
2 Below normal -2
3 Below average Slightly below 1
Below normal normal
4 0
5 1
6 Close to normal Average Normal 5
7 3
8 Above normal Slightly above 1
Above average average
9 Above average 2
10 Much above normal Much above average Extremely 3
The highest above average

Source: Brunini O,, at all, 2007, p. 289.

As can be seen in Table 6, in addition to the general classification, the Au-
stralian Bureau of Meteorology and the National Institute of Meteorology of Brazil
(INMET) have developed some modifications and adopted their own classifications,
shown in the second and third columns of the table, which are linked to a numerical
index with range between -3 and 3 for each category. Modelled after the decile
method, the quartile method consists of classifying the accumulated amounts of
precipitation during a particular period of time (time scale) X into five categories,

which can be seen in Table 7

below:

Table 7 Classification of precipitations applying quantile method

Precipitation level Associated probability ( obser\f:;‘:)grz:i:sitation )
Quantile 1 15% Very dry
Quantile 2 20% Dry
Quantile 3 30% Normal
Quantile 4 20% Humid
Quantile 5 15% Very humid

Source: Brunini O., at all, 2007, p. 290.
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The first quantile, 0<X<Q;, where (; such that the probability is P(X<(Q;)=0.15

The second quantile, Q; <X<@Q,, where @, is such that the probability is
P (X<Q,)=0.35

The third quantile, Q;<X<Q3 where Q3 is such that the probability is P
(X<Q3,)=0.65

The fourth quantile, Q3 <X<Q4 where s is such that the probability P (X<
Q4,)=0.85

The fifth quantile, X > Q3.

As with the SPlindex, to determine the value of Q;,i=1,...,5, the probability
model is adjusted (normal gamma distribution) by historical data in the observed
period. Xis the amount of precipitation for a certain period, while F(x) is the density
function, which is fitted to the historical values for X, while it is fitted to the inverse
F function, so that:

Q;=F1(0.15), 0, = F1(0.35), Q3 = F1(0.65)i Q4 = F 1 (0.85).

Each of the five described quantiles is associated with a qualitative clas-
sification from Table 7. As with other models, the specified periodis 1, 3,6, 12 or
more months.'

With the exception of the Palmer index, the essence of the methods descri-
bed above is the same and their results will differ only in terms of the existence of
certain variations in the categorization of the weather phenomenon, in this case
drought. In order to identify and then determine as realistically as possible the cau-
se-and-effect relation between the weather phenomenon and the particular damage
caused, the existing, traditional meteorological indices have been supplemented.
It is important to mention that the phenomenon of drought can be determined in
relation to meteorological, hydrological, agronomic and socioeconomic aspects.
However, from an agronomic point of view, any management and forecasting must
be based on methods that include agronomy and agrometeorological knowledge. To
this effect, composite weather indices were developed, such as evapotranspiration
standardized index, humidity index, index of water influence on the crops and index
of crops growth as a function of humidity.

IndexCo is the world’s most eminent company that deals with the creation of
indices for the needs of the insurance industry and the financial market in a broader
sense. Guy Carpenter Catastrophe Index, which is owned by Index Co, is designed to
measure the level of insured damage occurring from atmospheric hazards such as

6 Brunini O,, at all, 2007, p. 290.
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hurricanes, tornadoes, storms, hail and freezing to U.S. homes. The index is expressed
as a ratio of damage to value, that is, as a ratio of insured damages to insured value.
The index is published for all 50 states and the District of Columbia, while Texas is
published in a separate process. The index can be adjusted to almost any area in
the US. Itis calculated on a specific event basis and on an aggregate basis. In case of
event-based calculations, the index measures the damage of the largest catastrophe
weather event that hit a specific location in a specific time period. In the case of cal-
culation on an aggregate basis, the index measures the total damage arising from a
particular type of weather catastrophe in a certain time period.

The index is intended for the creation of insurance services for residential
buildings, where it is important to note that these services cannot include protec-
tion against allied perils such as floods, wind, lightning or earthquakes. The most
detailed and relevant reporting unit needed to create an index at the postcode level
is a postcode or a group of postcodes composed so as to cover a larger geographic
area and thus form a credible reporting area. The index can then be aggregated at
any other higher level. For a zip code to qualify as a reporting unit, it must have at
least 1,000 occupied housing units and at least four insurance companies covering
the area and participating in the insurance of said housing units, each of which must
provide data on at least ten homes with a minimum of $700,000 insured housing
values. If it is necessary to create an index, and the postal code is not qualified as
a reporting unit, in order to create an adequate index, the aforementioned postal
code is grouped together with other postal codes until an area is created that can
be qualified as a reporting unit. Once the reporting unit is defined, the index is cal-
culated by adding up the LTV ratios (losses to value) of all insurance companies from
the selected area and then such number is divided by the number of companies.
The index is published for the next two semi-annual periods.

The RMS index compares the catastrophe model with relation to the po-
tential exposure of an industry. When all the parameters of the catastrophe event
are known after the catastrophe (such as central pressure, movement speed and
maximum wind radius, etc.) they are entered into the catastrophe model to deter-
mine the loss generated by the model. Losses generated by the model for hazards
such as hurricanes, typhoons, cyclones and earthquakes can be calculated for events
occurring around the world. The losses generated by the models are divided by $100
million and rounded to the nearest whole number to obtain the index value. The
index is available on both an event basis and an aggregate basis.

The occurrence threshold (Richter scale) for earthquakes varies from 5.0
to 7.0 by region. The event threshold for hurricanes is Saffir-Simpson Category 1 or
above. Losses generated by the model can be reported at the postcode area level
for various periods. Final index values are available 28 days after the event.
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Every year, “Swiss Re’, the Swiss reinsurance company, publishes the Sigma
magazine dedicated to natural and man-made catastrophes. Based on the mentioned
data, the sigma index was developed. It was not initially designed to be an index,
however, as such it can be used in the financial market in derivatives transactions.
Natural catastrophes include floods, storms, earthquakes (including seafloor eart-
hquakes and tsunamis), droughts, wildfires (including heatstroke), cold, frost and
others (including hail and avalanches). Man-made catastrophes include major fires,
explosions, aviation catastrophes, ship catastrophes, road/rail catastrophes, mining
accidents, building/bridge collapses and miscellaneous (including terrorism). The index
is most often used for international securitization. The “Swiss Re” has published tables
with heavy losses since 1970. Data sources are daily newspapers, Property Claims
Service, periodical publications of primary insurance and reinsurance, professional
publications as well as reports of primary insurance and reinsurance companies.

V. Conclusion

Understanding the complex nature of exposure and vulnerability is a prere-
quisite for determining how weather and climate events contribute to catastrophe
occurrences, as well as for designing and implementing effective strategies for
adaptation and catastrophe risk management. Previous experiences with climate
extremes contribute to the understanding of effective catastrophe risk management
and/or the adoption of approaches to manage those risks. The severity of impact
of climate extremes much depends on the level of exposure and vulnerability to
those extremes. Exposure and vulnerability trends are the main drivers of change
when it comes to catastrophe risks. Understanding the complex nature of exposure
and vulnerability is a prerequisite for determining how weather and climate events
contribute to catastrophe occurrences and/or for developing and implementing
effective strategies for adaptation and catastrophe risk management.

One of the most innovative responses to the ever-growing threat of climate
risks are index insurance services. The prerequisite for their application is, it goes
without saying, the possibility of modelling of a particular weather variable with
indices. By sublimating the basic qualitative characteristics that indexes should have,
potential contradictions can be observed, that is, mutually exclusive requirements.
Clearly, it is difficult for any index to satisfy each and every characteristic, to the
extent of its comparability. Therefore, a good index often involves a compromise
between several different characteristics.

The lack of effective market mechanisms for protection against weather risks
in Serbia will have to be compensated, first of all, if we consider the damage caused
by floods. Although, technically observed, there are opportunities to create weat-
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her indices, above all temperature and precipitation, from a network of measuring
stations of the Republic Hydrometeorological Institute, the Insurance Act does not
provide for the existence of such type of insurance services. Based on the practical
implementation of this model, primarily in Latin and North America, its numerous
advantages and benefits can be clearly seen and they would have positive effects
on the economy of Serbia.
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