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Abstract 

 
Risk assessment is one of the major challenges that must be addressed by each insurance company. To assess 

risk we need to know the value of losses as well as the probability of losses, since the risk cost is the basic com-
ponent in evaluating the insurance indemnity. Statistical methods should be used for objective evaluation of insur-
ance processes, but because of complexity in real life processes of insurance, statistical modelling techniques 
would be preferable. It is particularly important to develop and practically apply these methods in Latvia as in re-
cent years (starting from 1992) the insurance market in Latvia has experienced steady growth. To improve the 
competitiveness of the insurance companies, especially small companies, it is simply impossible to do without 
methods allowing us to estimate the parameters of the insurance process. Taking this into consideration it be-
comes important to study information systems related to the processes of insurance and to use modern informa-
tion technologies for processing the available empirical information and the dynamic scenario forecasting perform-
ance of the insurance process taking into account different assumptions about the factors that could affect the 
insurance process. The article deals with the various statistical models that assess the risks and losses of the in-
surance company allowing us to simplify the calculation of insurance premiums, insurance reserves and assess the 
financial stability of the insurance company with a sufficiently wide range of parameters of the real process of 
insurance. At the present time transition from local information systems to corporate information systems based 
on network technologies is being accomplished in the Baltic countries. Therefore, in the future it is important to 
include such statistical models into the integrated European information system of processing insurance informa-
tion. 
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Introduction 
Risk assessment is one the basic tasks to be 

tackled by any insurance company that wants to 
remain stable in the insurance market. To assess 
the insurance risk it is necessary to know the 
value and the probability of losses since the 
value of the insurance risk is the key component 
in assessing the insurance indemnity. For objec-
tive evaluation of insurance risks mathematical 
statistical methods and methods of actuarial 
mathematics should be used. The complexity of 
real life processes of insurance substantiates the 
necessity to apply the statistical modelling meth-
ods which due to the development of computer 
technologies are being more widely used in mod-
elling insurance processes at all levels, starting 
with small insurance companies and ending with 
modelling of insurance processes at the level of 
big insurance companies. The development and 
application of statistical methods is of particular 
importance in Latvia since in recent years (start-
ing from 1992) the insurance market in Latvia 
has experienced steady growth.  

In 2010 the volume of non-life insurance 
grew up to 315 million lats (448 million Euros). 
In 2010 insurance indemnities constituted 193,1 
million lats (274,8 million Euros). However, dur-
ing the first two months of 2011 the volume of 

gross premiums totalled up to 31,46 million lats 
(44,76 million euros) which is 35% less than 
during the same period in 2010. To a certain ex-
tent it may be explained by falling prices of the 
insurance policies as well as by the overall finan-
cial instability in Europe. In 2011 three-quarters 
of the insurance company was working with 
profit of 1,5 million lats (2,13 million euros). In-
surance companies gross premiums written by 
the 2011th the first three quarters year-on-year 
increase of 27,7% and was 176,8 million. lats, 
as well as the amount of gross claims paid in-
creased by 12,1% and was 95,3 million lats. 

Further improvement of the competitiveness 
of the insurance companies cannot be realized 
without applying methods which could estimate 
the parameters of the insurance process to guar-
antee sufficiently accurate and adequate deci-
sion-making process. This research deals with 
the various statistical models that assess the 
risks and losses of the insurance company and 
allow us to accurately enough assess insurance 
premiums, insurance reserves and the financial 
stability of the insurance company for a suffi-
ciently wide range of parameters of the real 
process of insurance. 
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Approach to task modelling 
The first works on the mathematical theory of 

insurance were published by F. Lundberg and X. 
Cramer who proposed and investigated the so-
called classical model of the insurance process. 
The classical model allows us to calculate the 
probability of ruin and survival of the insurance 
company, the principles of choice of premium 
load and analyzes the survival time, the probabil-
ity of insured accident, insurance rates and in-

surance claims. 
This paper focuses on the development of 

economic and mathematical models of non-life 
insurance and their statistical modelling to esti-
mate the overall losses of the insurance com-
pany. Let us consider the model of individual 
risk, which can be schematically represented as 
follows (see Fig. 1). 

 

 
 

Fig. 1. Scheme of structure of individual risk model  
Legend: n – number of contracts of insurance portfolio; j – index of the client; q – probability of the insured event; 

Nj – index of the insured event j, in the simplest case 
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j XNYZ ;   - level of guarantees of the insurance company (usually in the range of 0,8 to 0,95); U0, U 

– value of the initial insurance fund and after a certain period of time. 
 
It is assumed that for the insurance portfolio 

the following conditions are met: 
- number of contracts in the portfolio is 

constant;  
- risks to customers are independent of 

each other; 
- all payments are made without delay; 
- function F(x) is equal for all clients. 
 

 
 

Insurance portfolio modelling 
Making use of the simplest Monte Carlo 

method when modelling the insurance portfolio 
with parameters: n=1000, q=0,1, F(x) - func-
tion of a uniform distribution in the interval (0; 
1000) when assessing the average losses, dis-
persion of losses and coefficient of variation of 
the insurance portfolio, the relative errors com-
pared with the exact results are as follows: (see 
Table 1). 
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Table 1. Insurance portfolio modelling results 
 Model Theory  Relative errors 

M(Z) 49934,74 50000  e_M(Z)= 0,13% 
D(Z) 31215305 30833000  e_D(Z)= 1,24% 
Kvar(Z) 11,19% 11,11%  e_Kvar(Z)= 0,75% 

 
Insignificant relative errors (less than 2%) in-

dicate the possibility of a sufficiently accurate 
analysis of the simplest insurance portfolio using 
the statistical Monte Carlo method. Further the 
possibility of using the statistical Monte Carlo 
method as an alternative to analytical methods 
for studying more complex insurance processes 
will be shown. To a large extent the insurance 
fund depends on how well the calculation of in-
surance premiums is done. To state the financial 
stability of the insurance company it is necessary 
to satisfy the following inequality:  
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with the given probability   (usually =0,1 or 
0,05). Since U0>0, the inequality (1) will follow 
from the inequality:  
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Knowing the distribution F of the vari-

able , we may find such value C of the 

variable , where with probability 
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In many real life situations the analytical solu-

tion of the equation (3) turns out to be a com-
plex mathematical problem not always having 
precise or sufficiently precise solution. In this 
case, a good alternative is the Monte Carlo 
method. 

Assume that it is necessary to evaluate the 
possibility of reducing the ruin, using the process 
of reinsurance in the following case: the insur-
ance portfolio contains N insurance contracts for 
1 year from which the insurance sum of N1 con-
tracts is S1 and the insurance sum of N2 con-
tracts is S2. The probability of a claim is equal to 
q. We assume that the level of deductibles is C. 
Let us compare the solution of this problem by a) 
analytical method and b) using the Monte Carlo 
methods: 

a) where N=8000, N1=5000, N2=3000, 
S1=10000Ls, S2=20000Ls, p=0,02 due 
to reinsurance when С=16000Ls, the 
company seeks to reduce the probability 
of ruin from 0,14 to 0,13; 

 , the ine-

quality (2) as well as the inequality (1) hold. The 
value C shows the required level of aggregate 
premiums ensuring the stability of the insurance 
company with probability  . 

b) having applied for modelling the Monte 
Carlo method, we obtain a fairly accurate 
(R2=1,0) regression dependence of the 
probability of bankruptcy depending on 
the value of losses (see Fig. 2). 

 
Fig. 2. Ruin probability of the insurance portfolio without reinsurance – the dotted line and polynomial approxima-

tion – solid line 
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After the introduction of the reinsurance 
process the probability of bankruptcy decreased 
from 0,15 to 0,13 (see Fig. 3). This agrees well 
with the result obtained by the analytical 
method, which in this case is rather time-
consuming and requires a good knowledge of 
actuarial mathematics. Comparing the two 

methods for solving this problem conclusion may 
be made that the application of the Monte Carlo 
method is simpler than using the analytical 
method. Modelling ensures quicker and easier 
adaptation to various changes in the insurance 
situations which is practically very difficult to 
reach using analytical methods. 

 

 
Fig. 3. Ruin probabilities of the insurance portfolio without reinsurance – the dotted line and with reinsurance – the 

solid line 
 

Application of the modelling methods does 
not necessarily require knowledge of the analyti-
cal representation of the distribution functions, 
thus knowledge of the empirical distribution 
functions is quite sufficient (i.e., the existence of 
empirical information about the insurance situa-
tion in the country, about the values of insurance 
claims, etc.). If there is no empirical information 
about the losses of the insurance company 
which is typical at the initial stage, consider us-
ing benchmarking, finding and making compari-
son with a more or less similar insurance com-
pany in the given country or in the world. Ex-
perience shows that stable insurance companies 
in the same cluster of insurance (having ap-
proximately the same volume of services and 
providing the same kinds of insurance services, 
having the same insurance strategy) are similar 
and have very similar characteristic parameters. 

The most complex subjects for the study of 
financial stability are the models of collective 
risk. The theory of collective risk was developed 
in 1909 by a small group of actuaries, mainly 
Scandinavian. In the theory of collective risk an 
insurance company is seen as a reservoir which 
produces a continuous stream of premiums and 
from which payments are made. The model con-

sists of the following three elements: 
1. the flow of premiums P (t) - the total 

amount of premiums received during the 
period (0, t); 

2. q (N, t) - the probability that the nth pay-
ment will be claimed during the period (0, 
t); 

3. G (x) - probability with which the pay-
ments are made, and the amount paid 
does not exceed x. 

From these three elements it may be derived 
that the probability for payment in the interval 
(0, t) does not exceed x what can be repre-
sented as a function F (x, t): 

 



0

n )x(G)t,n(q)t,x(F ,         (4) 

where  
  )x(G n  for N>0; nth convolution of the func-

tion G(x) и G(0)=H(x) (Heaviside function). 
 
For the statistical simulation of correlated 

random variables with distributions derived from 
empirical data, the authors used the method of 
copulas. 

The copula for random values X1, X2,…, Xn 
can be described by equation: 

)),x(F),...,x(F),x(F()u,...,u,u(C n
1

n2
1

21
1

1n21
  (5) 
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where  
Fi - marginal distribution for random value Xi, 
i=1,2,…,n. 
 
The algorithm of simulation of random n-

dimensional vector X=(X1, X2,…, Xn) is: 
I. Simulate a variable X with distribution 

function G such that the Laplace trans-
form of G is the inverse of the generator. 

II. Simulate n independent variates V1,... , 
Vn. 

III. Return U=(�-1(-log(V1)/X),..., (�-1(-
log(Vn)/X)). 

Frank, Clayton and the Gumbel copula can be 
simulated using this procedure. For example, for 
the Clayton copula simulation the algorithm is as 
follows: 

I. Simulate a Gamma variate 
X~Gamma(1/θ,1)). 

II. Simulate n independent standard uniform 
variates V1, ..., Vn. 

III. Return U = ((1-log(V1)/X)-1/θ,..., (1-

log(Vn)/X)-1/θ)). 
The modeling of random vector X=(X1, X2, 

X3) has been realised by using of MatLab pro-
gramme. The algorithm of simulation of random 
vector X=(X1, X2, X3) with known ρ(Rho) corre-
lation matrix is: 

MatLab code: 
n=5000; 
Rho=[1 -0,417 -0,522; -0,417 1 0,420; -
0,522 0,42 1]; 
Z=mvnrnd([0 0 0], Rho, n); 
U=normcdf(Z,0,1); 
X=[logninv(U(:,1),4.75,1.32) 
logninv(U(:,2),2.53,0.55) 
wblinv(U(:,3),10.24,1.16)]; 
plot3(X(:,1),X(:,2),X(:,3),'.'); 
grid on; view([-50, 50]); 
xlabel('Izm'); ylabel('NorIzm'); zlabel('Laiks'); 
 
The illustration of the process of modelling of 

incidental value C= (C1, C2, C3) is presented in 
Fig. 4. 

 

   
Fig. 4. Examples illustrating the process of modelling of incidental value X=(X1, X2, X3) with N=5000 and 

50000 Monte-Carlo trials 
 
Fig. 4 shows how different from the usual 

distribution the real joint distribution of three cor-
related random variables can be. In this case the 
nonparametric method of histograms is the most 
appropriate.  

By means of a histogram, marginal distribu-
tions are represented for constructing a copula, 
presenting a common distribution of factors. In 
the simplest case, distribution of each incidental 
value may be represented by means of a non-
parametric method – a block chart.  

 
 
 

Conclusion 
The research of the authors shows that unifi-

cation of actuarial calculations after the creation 
of a software product that implements the appli-
cation of Monte Carlo methods of statistical 
modeling to actuarial problems is possible. The 
application of Monte Carlo statistical methods is 
more natural and easier to deal with when solv-
ing urgent tasks of the insurance process. Set-
ting objectives can be realized in a language 
close to the description of the real life insurance 
situation, which allows greater and more flexible 
practical application of methods of actuarial 
mathematics in real life. Methods for solving 
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problems considered in this research can be ap-
plied in the training process for students of eco-
nomic and engineering specialties. 

It is obvious that analytical study of insurance 
processes described by functions of such kind 
may be performed only under some specific as-
sumptions. It should be noted that in the real life 
insurance process the character of distributions 
of random variables is often not described by 
any known closed analytical distributions. In this 
case the Monte Carlo method can also be used 
to investigate the collective risk. Researches of 
the collective risk models conducted for educa-
tional purposes showed good agreement with 
those obtained by analytical methods (with the 
number of 50000-100000 Monte Carlo trials the 
relative error constitutes <5% -10%).  
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