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In order to run a modern business in uncertain times, business forcasting is very important for evaluation
of company’s future financial performance. This paper shows an example of premium forecast based on
the assessment of risk sources in insurance system. Due to uncertainty that is one of the characteristics
of loss occurrence and indemnity amount, it is important to hold sufficient assets to cover the risk. For
asset-liability matching, one should first assess the impact of risk on premium movement per insurance
lines. This is the main concept of development and performance of insurance companies.

This paper shows an experimental research of risk ranking based on projected model of decision
support system. Decision support system is used with the aim to generate hierarchy of influential
criteria and alternatives of risk assessment model for stated insurance lines. Suggested model sup-
ports the idea according to which one should first determine insurance lines with the highest risk and

then, on that basis, make a decision on premium amount in the following period.
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INTRODUCTION

Using relationship between the values of income,
expenses and profit to define business objectives
is one of the main goals of business forecast in a
certain period of time. Analysis of business fore-
cast seeks to determine potentially critical periods
which would require additional funding in order to
secure continuous business operations.

Monitoring and forecasting of policy sale flow
(premium) is very important for securing enough
assets to cover the risk, meet the expenses and
make profit. Forecasting of financial results is a
basic development concept and one of the char-
acteristics of insurance company operations.
Forecasting stabilizes business operations,
growth and development and improves the in-
surance market. In addition, it also provides
complete protection of insured’s interests.

Global movement and its influence on narrow
and underdeveloped Serbian market, are un-
doubtedly very risky for company operations. In
order to avoid, anticipate, reduce or mitigate the
risks, the company should first perform risk iden-
tification, analysis and assessment.

A growing internationalization and concentration
of insurance operations, emergence of new and
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dispersion of the existing risks call for a clear
definition of solvency risk management policy in
every insurance company. Risk represents the
probability for occurrence of adverse effects on
business and financial result and position of in-
surance company, while risk management is de-
fined as the process of risk identification, mea-
surement, assessment and control. Financial
position and solvency of an insurer depend on
insurance premium amount.

Analysis of insurance company operations and
significance of business results forecasting were
considered by Gestel et al. [04]. Sanchez used
fuzzy regression to forecast one of the main ex-
penses of insurance companies - claim reserva-
tion [8]. In addition, Shapiro [9] and Lemaire [6]
pointed out the importance and application of
fuzzy logic in insurance.

Chin-Sheng Huang et al. used AHP and fuzzy
logic to suggest an assessment model when
buying the policy of life or pension insurance
since those insurance lines are among the major
individual insurance lines [2]. Model was devel-
oped on the basis of experience of 5 insurance
consultants, with minimum 3 years experience
in insurance companies, where the inputs were:
age, annual income, education and risk.
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AHP model is developed on the basis of ques-
tionnaire which contains expert’'s opinions re-
garding these two insurance lines. Fuzzy logic
is used to form mapping of inputs, while AHP is
used to generate weighted parameters for as-
sessment model. Model from this study might be
used to eliminate subjectivity of policy salesper-
sons when making an offer to their clients.

Fouladvand and Darooneh used an example of
motor vehicle insurance to formulate the model
for forecast of insurance company annual in-
come based on premium [3]. Model shows the
premium amount when a company operates at a
deficit. In addition, it provides detailed statistical
analysis of company financial standing. Naimely,
collected premium has to be sufficient to cover
the insurance indemnity, cost of insurance ser-
vice provision as well as realized profit. Also, the
model predicts realized profit depending on the
corresponding risk and premium amount. In addi-
tion, the model gives quanitified risk assessment
based on premium increase. The link between
the longterm company profit and insurance indi-
cators, especially premium, is illustrated based
on the obtained results.

This paper [7] shows an efficient use of intel-
ligent systems for problem solving in voluntary
health insurance. The model is based on neuro-
fuzzy inference system (ANFIS) and it enables
efficient determination of risk amount based on
the interpretation of health factors of potential
insureds with the set of fuzzy rules. Based on
health factors such as age, occupation, history
of disease, habits (smoker, alcohol consumer)
and the like, it is possible to determine the risk of
potential insured and consequently, the insurer
would be able to determine the amount of insur-
ance premium. Model determines the exposure
of a potential insured to risk and that can be very
useful for the insurers since they can determine
the risk amount and consequently, the premium
amount per policy.

Backovi¢ and Babi¢ showed in practice how suc-
cessful AHP method might be for reaching opti-
mal decision regarding the selection of the most
afordable life insurance policy [1]. Model pro-
vides numerous possibilities, therefore, alterna-
tives might be compared per one criterion or few
criteria, depending on the decision maker prefer-
ences. Also, insurance companies might use the
model to make a comparison with the competi-
tion, as well as to discover its own weaknesses
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that should be improved in order to attract the cli-
ents. This paper shows that multi-criteria analy-
sis, when selecting the most afordable insurance
policy, undoubtedly provides a solution based on
the authentic data from insurance companies.

DEVELOPING RISK ASSESSMENT MODEL
AND INSURANCE PREMIUM FORECAST

An insurance company has to monitor risks per
insurance lines (life and non-life insurance).
Measuring, i.e. risk assessment, should be done
by the insurer through qualitative and quantita-
tive assessment of identified risks and events.
The risks should be classified according to their
impact on overall risk. When an insurance com-
pany sells the policy, it grants that it is able to as-
sume the risk through its technical and financial
capacities.

Risk management implies identification, mea-
surement, assessment and control of risk in
company operations. In order to provide compa-
ny solvency, i.e. in order to enable the company
to provide adequate indemnity for all claims, it is
necessary to manage the risks in a manner that
would provide general and preventive risk iden-
tification and permanent maintenance of a de-
gree of risk exposures which is not threatening
to property and business operations. Therefore,
this paper deals with forecast and profit man-
agement through the application of basic risks
present on the market. Forecast and profit man-
agement are directly dependant on policy sales
per insurance lines.

Basic risk groups included in the model are the
following:

* insurance risk (R1),

* market risk (R2),

» fraud risk (R3),

+ solvency and liquidity risk (R4),
* legal risk (R5) and

* environment risk (R6).

Each of the aforementioned risks includes a set
of subrisks, defined by the Rulebook on insur-
ance company risk management /9/, which are
graded and included in weighted grade of the
stated risk. Within the basic risk group there is
a set of subrisks that are being separately as-
sessed. Regarding the insurance risk, the fol-
lowing risks are explained in details: risk of in-
adequate insurance premium level (R11), risk
of inadequate assessment of the insured risk
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(R12), risk of inadequately set retention limit of
the company (R13), risk of unmatched and dam-
aging tariff policy of the company regarding risk
dispersion (R14), risk of inadequate specification
of insurance terms (R15) and risk of inadequate
allocation of technical reserves (R16).

The second group of risks is divided into the com-
petition risk regarding the premium amount — scope
of cover (R21) and the risk of disloyal competition
when participating in public tender biddings (R22).
The risk of fraud, the third group of risks, is di-
vided into the risk of assessment, settlement and

L

indemnity payment (R31) and risk of collection of
recourse and other debts (R32). Legal risk means
the risk of losses arising from insurance and other
disputes, failure to collect debt and other risks.
Regarding the abovementioned subgroups, only
subrisks that relate to risk of inadequately defined
insurance premium are further divided.

Given that all the necessary risks are defined,
decision support system is used to develop deci-
sion model. Figure 1 shows the hierarchy struc-
ture of risk source.
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Figure 1: Hierarchy for risk assessment used for insurance premium forecasting

After having defined the hierarchical structure, it
is important to assess the risk impact on insur-
ance lines that are being analyzed: 01 — Accident
Insurance, 02 — Voluntary Health Insurance, 03
— Motor Vehicle Insurance, 07 — Goods in Transit
Insurance, 08 — Property Insurance against Fire
and Allied perils, 09 — Other Property Insurance
Lines, 10 — Motor Vehicle Liability Insurance,
13 — General Liability Insurance, 14 — Credit In-
surance, 18 — Road Assistance Insurance, 20
— Life Insurance and 22 — Supplementary Insur-
ance along with Life Insurance (according to the

Journal of Applied Engineering Science 14(2016)1, 348

Codes of the National Bank of Serbia).

Risk levels are determined through the applica-
tion of matrix model for measuring of identified
risks. Model uses, among other things, results
obtained through the process of assessment, by
applying the corresponding weighting system.
Numercal scale is used for allocation of weighted
risk assessment, where 1 means low risk while
10 defines extreme risk. Naimely, formed risk
matrix consists of columns (insurance lines) and
rows (management and financial risks) while the
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elements of matrix are numerically defined and
they represent assessment of risk impact on in-
surance lines.

The values of defined risks are given based on
risk impact on policy sale and premium in the
period from 2008 to 2014 with the application of

AHP technique (Analytical Hierarchy Process).
AHP is a multi-criteria technique which decom-
poses the complex problem into a hierarchy.

Assessment of alternatives for a specific example
of a company — insurance company, per identi-
fied risk sources (R1-R-32) is shown in Table 1.

Table 1: Assessment of risk sources
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Table 1: Assessment of risk sources
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RESULTS AND ANALYSIS

Application of AHP method generated synthe-

sized results shown in Table 2.
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Table 2: Results: Weighted assessment of insurance lines per risk sources

Lowest | VO VO VO VO VO VO VO VO Model
Level 01 L] Wt | IS i 13 10 09 08 07 03 02 | Weights
R165 0,065 | 0,032 0,323 0,065 | 0,065 | 0065 | 0,065 | 0,065 | 0065 | 0065 | 0065 0065 0,007
R6 0,049 | 0,148 0,148 0,082 | 0098 | 0098 | 0033 | 0098 | 0098 | 0049 | 0049 | 0049 0,158
R5 0172 | 0,034 | —— 0,034 | — 0.138 | 031 || 0,069 | 0,069 | 0034 | 0,103 | 0,034 0,158
R4 0214 | 0,024 0,024 0,024 | 0,024 | 0048 | 0024 | 0214 | 0,095 | 0071 0,19 | 0048 0,158
R153 0368 | — | — | — | — | — 0263 | — 0368 | — | — | — 0,012
R147 0333 | — | — | — | — | — 0333 | — 0333 | — | — | — 0,005
R133 0149 | — | — | — [ — | — 0,106 | 0,149 | 0149 | 0,149 0,17 | 0128 0,012
R125 0,071 | 0,057 0,086 0,057 | 0,086 | 0071 | 0114 | 0,086 | 0,071 01 | 0114 ] 0086 0,007
R115 0,098 | 0,098 0,049 0,098 | 0,061 | 0073 | 0,061 | 0,098 | 0098 | 0085 | 0,098 | 0085 0,007
R114 0,134 | 0,075 0,075 0,06 | 0075 ] 0075 ] 006 ] 0075 ] 0134 | 0075 ] 0075 ] 009 0,007
R113 0,082 | 0,098 0,098 0,049 | 0082 | 0082 | 0,098 | 0066 | 0082 | 0082 | 0098 | 0082 0,007
R112 0,075 0,09 0,104 0,075 0 009 ] 0075 0,09 | 0075 | 0,104 | 0,119 | 0,104 0,007
R111 0,083 | 0,083 0,083 0,042 0 | 0069 | 0125 ] 0111 | 0125 | 0083 | 0111 | 0,083 0,007
R121 0,119 0,09 0,09 0,045 | 0,075 | 0075 | 0,09 0,06 | 0119 | 0,075 0,09 | 0075 0,007
R124 0,08 | 0067 0,093 0,067 | 0093 ] 008 0107 | 0093 ] 008 008 0093 0067 0,007
R123 0,072 | 0,087 0,072 0,058 | 0087 | 0072 | 013 | 0,116 | 0072 | 0072 | 0,101 | 0,058 0,007
R122 0,078 | 0,065 0,078 0,065 | 0065 | 0117 | 0,104 | 0,091 | 0078 | 0078 | 0,104 | 0078 0,007
R132 01 | 0063 0,05 0,063 | 0,063 | 0063 | 0,112 | 0,087 01 | 0112 0.1 | 0,087 0,012
R131 0,111 | 0,086 0,074 0,037 | 0062 | 0062 | 0111 | 0,099 | 0111 | 0,074 | 0,099 | 0,074 0,012
R141 0385 | — | —— | | | — 0231 | — 0385 | — | — | — 0,005
R146 0286 | — | — | — | —— | — 0429 | — 0286 | — | — | — 0,005
R145 033 — | — |— [ — | — 0333 | — 033 | — | — | — 0,005
R144 0375 | — | — | — | — | — 025 || — 0375 | — | — | — 0,005
R143 033 | — | — | — | — | — 0333 | — 0333 | — | — | — 0,005
R142 0417 | — | — | — | — | — 0,167 | — 0417 | — | — | — 0,005
R152 0235 | — | —— | - | — | — 0529 | — 0235 | — | — | — 0,012
R151 0357 | — | — | — [ — | — 0286 | — 0357 | — | — | — 0,012
R164 0,121 | 0,086 0,086 0,086 | 0052 | 0086 | 0,155 | 0,034 | 0086 | 0,086 | 0,034 | 0,086 0,007
R163 0,148 | 0,019 0,093 0,037 | 0,019 | 0093 | 0167 | 0,148 | 0,093 | 0,019 0,13 | 0037 0,007
R162 0,05 | 0,025 0,025 0,025 | 0,125 01 | 0225 0,15 | 0125 | 005 ] 0075 0025 0,007
R161 0,082 | 0,102 0,102 0,02 0,02 | 0061 | 0,184 | 0143 | 0102 | 002 | 0143 | 002 0,007
R22 0,114 | 0,063 0,063 0,063 | 0063 | 0114 | 0063 | 0114 | 0114 | 0063 | 0,101 | 0063 0,079
R21 | — | — | —— | —— | — | — | — 0,5 05 | — | — | — 0,079
R32 0,021 | 0,021 0,021 0,021 0213 || 0191 | 0,149 | 0,106 | 0,085 | 0021 | 0128 | 0,021 0,079
R31 0,159 | 0,045 0,091 0,068 | 0,023 | 0045 | 0,114 | 0,182 | 0,045 | 0023 | 0,136 | 0,068 0,079
Results | 0,129 | 0,052 0,053 0,041 0,051 | 0082 | 0,123 | 0,145 | 0138 | 0,044 | 0,098 | 0,043

Risk impact on key insurance lines might be
ranked based on the results. According to data
from Table 2, it can be concluded that insurance
risk — R1 has the most impact on stated insur-
ance lines, which stems from the assessment of
its subrisks. However, a special attention should
be paid to liquidity risk — R4 even though it is not
highly ranked. The liquidity risk represents the
possibility that the company, due to lack of funds,
becomes insolvent and has difficulties paying the
indemnity. Therefore, premium collection should
be improved in order to mitigate the risk. Figure
2 shows the results i.e. the ranking of 12 insur-
ance lines listed from the most significant to the
least significant regarding the first level of crite-
ria (basic risk groups). The figure clearly dem-
onstrates that property insurance lines (08 and
09), with total priority of 0,283 are the dominant
ones in relation to other insurance lines, i.e. the
majority of stated risks have the strongest im-
pact on those insurance lines. The third place
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is reserved for Accident insurance with priority
of 0,129, while Motor Third Party Liability Insur-
ance is in fourth place. These four types are the
dominant ones with the total priority amounting
to 54%, which means that those insurance lines
make the most part of portfolio, i.e. they have the
greatest number of policies and consequently,
they have the greatest premium collection.

The following diagram shows the structure of
risks that have impact on insurance lines, Figure
3. Insurance lines might be considered accord-
ing to certain risks which brings us to various
conclusions. Sensitivity graphs show the degree
of significance of a certain insurance line in rela-
tion to other lines within the model. Significance
degree is obtained according to the sensitivity of
results. The diagram brings us to a conclusion
that if we give less significance to a certain risk
in relation to other risks, the ranking of insurance
lines will be changed in terms of the risks includ-
ed in the model (as shown in Figure 2).
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Figure 2: Ranking of insurance lines according to their significance in terms of first level risks
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Figure 3: Percentage share of risk sources per all insurance lines

It is necessary to control basic risks. In order to
avoid bad results, it is necessary to make good
risk assessment, especially the assessment of
first level risks. Sensitivity analysis determines
the impact of risks on insurance lines. This anal-
ysis shows the impact on policy sale per insur-
ance lines depending on the change of risks
used for model assessment. Diagrams allow de-
cision maker to analyse whether within the given
assessment, there is a potential overlapping of
insurance lines. In case of a slight variation in
assessment of significance of certain risk, such
overlapping would indicate the change in struc-
ture of analysed results.

Each of the stated risks is of utmost importance
for company operations. In order to prevent op-
erational risks, an insurance company should
transfer the assets into various forms of reserves.
In this regard, premium is the main source of as-
sets. The risk of model unreliability represents

Journal of Applied Engineering Science 14(2016)1, 348

the risk that the expected premium value will be
incorrectly determined due to mistakenly select-
ed statistical distribution which approximates the
premium flow. The dynamics of risk change that
impacts the premium adequacy should be con-
tinually monitored. Analysis of the results shows
that for the existing risk groups among stated
insurance lines, the insurance lines 09, 08, 01,
10, 03 and 13 are expected to have the biggest
increase in forecasted premium in the following
year.

CONCLUSION

Insurance companies act as institutional inves-
tors in financial system of a country. Risk dis-
persion is an important segment of their busi-
ness. Accordingly, this paper analyses prediction
mechanisms and demonstrates how their appli-
cation in insurance companies’ operations may
decrease the risk of illiquidity.
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Decision support system is used to generate the
hierarchy of influential criteria and alternatives in
the risk assessment model regarding the stated
insurance lines. Suggested model supports the
idea according to which one should first deter-
mine insurance lines with the highest risk and
then, on that basis, make a decision on premium
amount in the following period.
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