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Abstract. In insurance theory and practice reinsurance is one of the most complex Business Intel-
ligence decision-making procedures (Bl-solutions), that is, operation between two insurance compa-
nies, in which one of them transmits and the other receives a part of the risk in exchange for insurance
premium payment. Since the objectives of reinsurance decisions inevitably involve risk, so the formu-
lation of relevant tasks should be to reduce this risk to a minimum. Therefore, a common approach to
their development on the basis of risk theory and decision theory should include some probability as-
sessment of parameter optimization. In the present article, based on stochastic modelling techniques
the technique of reinsurance risk assessment is developed. An optimization criterion on the level of
net profit under constraints on the probability of ruin is applied. The solution, which determines the
parameters of the optimal strategy.
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BMJIMB NEPECTPAXYBAHHA HA MMOBIPHICTb BAHKPYTCTBA CTPAXOBOI KOMIMAHII

AHomaujis. Y meopii i npakmuui cmpaxysaHHsi 00Hiet0 3 Halbinbuw cknadHUx npoyedyp npuliH-
amms Business Intelligence piweHb (Bl-piweHb) € nepecmpaxysaHHsi, mobmo onepauis mix deoma
cmpaxoeumMu KoMraHisMu, rpu kit oOHa 3 HUX nepedae, a iHwa rpuliMae 4acmuHy pu3uky 8 ObmiH
Ha surninamy cmpaxogoi npemii. OcKinbku 6 3adavyax nepecmpaxy8aHHs MPUUHAMI PiLUEHHS HEMUHYYe
rnoe'si3aHi 3 pusUKoM, mo i nocmaHogka 8idrnogidHuUx 3aedaHb MOBUHHa nonszamu 8 momy, w06 380-
Oumu yel pusuk 0o MiHiMymy. Tomy 3azanbHuli nidxid do ix po3pobKu Ha OCHO8I Meopii pusuky ma
meopii npuliHaMmMs piuieHb, No8UHEH eKtoYamu OesiKi UMOSIpHI OUiHKU rnapamempie onmumisauji. Y
npedcmasneHiti cmammi Ha ridcmasi Memodie cmoxacmu4Ho20 Moderio8aHHs po3pobrieHa memo-
OuKka OUIHKU pu3ukie rnepecmpaxysaHHsi. 3acmocoeaHi Kpumepii onmumisauii 3a pieHeM 4ucmozo
npubymky rpu obmMexXeHHsIX Ha UMoesipHicmb 36aHKpymiHHSA. OmpuMaHO pilleHHs, W0 eu3Hadae na-
pamempu orimumaribHOI cmpameaii.

Knroyoei croea: cmpaxosi pusuku; nepecmpaxygaHHs; cmoxacmuydHi mooderni; aHOepalmuHe.
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BIMUAHUE NEPECTPAXOBAHUA HA BEPOATHOCTb BAHKPOTCTBA CTPAXOBOM
KOMNAHUMN

AHHOMauyus. B meopuu u npakmuke cmpaxogaHusi 00HoU U3 Hauboriee crioXHbIX npouedyp npu-
Hamus Business Intelligence peweHul (Bl-peweHull) sensemcsi nepecmpaxogaHue, m.e. onepayusi
Mex0y d8yMsi cmpaxoebIMU KOMIaHUsIMU, rpu Komopol o0Ha u3 Hux nepedaem, a Opyaasi npuHUMa-
em Yacmb pucka 8 obMeH Ha ebinsiamy cmpaxosoul rnpemuu. ockonbKy 8 3adadyax nepecmpaxosa-
HUSI TPUHUMaeMble pelweHUs1 Heu3bexxHO cesi3aHbl C PUCKOM, MO U 1ocmaHo8Ka coomeemcmayouwux
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3aday OormKkHa 3aks4Yambscss 8 moM, 4Ymobbl c800UMb 3MOmM PUCK K MUuHUMymy. [losmomy obwul
nodxo0 K ux paspabomke Ha OCHO8E MeOPUU pucka U meopuu npUHIMuUst peweHul, OOMMKEH 8KITH0-
yamb HEKOMOpble 8ePOSIMHOCMHbIE OUEHKU napamempos onmumu3ayuu. B npedcmaesneHHol cma-
mbe Ha 0CHOBaHUU MemoO08 Cmoxacmu4eckoeo ModenuposaHusi paspabomaHa MemoduKka OUeHKU
puckos nepecmpaxogaHusi. [lpumMeHeHbl Kpumepuu onmumu3ayuu o yposHo Yucmod npubsinu rnpu
o2paHUYeHUsIX Ha eeposimHocmb pa3opeHusi. [onydyeHo peweHue, onpedensioujee napamemps! oOrl-
mumaribHoU cmpameauu.

Knroueeble crnoea: cmpaxoebie PUCKU; repecmpaxosaHue; cmoxacmuyeckue Mooesiu; aHoep-
palimuHe.

Urgency of the research. A question of ensuring the financial stability of the insurance companies is a
complex one. Many solved problems in this case have mathematical nature. Number of authors developed
mathematical methods that quantify the financial risks of the insurance company.

Even under conditions of economic stability insurance companies are not able to create a perfectly bal-
anced portfolio of risks, since in most cases, the number of objects of insurance portfolio are insignificant or
contains large and dangerous risks that contribute imbalances to the portfolio. Furthermore, experience
shows that any insurance company, and in the case of a careful selection of risks when taking them to the
insurance may not create a portfolio of these insurance objects fully isolated from each other, given that the
insurance terms usually cover variety of risks that are insured objects may be exposed to, simultaneously
upon the occurrence of disasters: floods, hurricanes, earthquakes, devastating fires, and so on. However,
due to the fact that the financial resources, and even all of the assets of any insurer is only a small fraction
of the total amount of his or her responsibility before insurers for the entire portfolio of insured objects, the-
se insurance claims can not only considerably undermine the financial base of the insurance company, but
also bring it to complete bankruptcy.

They resort to reinsurance when balancing insurance sums received on risk insurance, bringing the po-
tential liability for the total sum insured and, accordingly, with financial possibilities of the insurer and to en-
sure the financial stability of insurance operations and their profitability, obtaining mutual participation in
risks accepted for insurance by other insurers.

The need for reinsurance is particularly due to large risks the coverage of which one insurance compa-
ny is not able to provide, as well as in connection with the possibility of accumulation of small risks.

The main purpose of reinsurance is risk dispersion that in turn, is based on the law of large numbers,
which can be effectively applied to the probabilistic point of view only when the number of identical risks is
maximum. In practice, no single company may have the identical number of risks and reinsurance task is to
absorb the degree of fluctuation in the amount of losses resulting from inadequate use of large humbers
law.

Actual scientific researches and issues analysis. The need to find new models of insurance risk
management has recently received some coverage in papers. It should be noted that today, as a result of
active risk management development the number of papers on various methods of risk assessment are
increasing. We can note the works [1-3], where mathematic aspects of defining optimal reinsurance securi-
ty structure. The most comprehensive results in this area obtained by the authors [4; 5], which focus on
dynamic models of bankruptcy, different from the statistical fact that these events are considered for some
time. However all the mentioned works cover only accident risk reduce, while other reinsurance risk com-
ponents remain outside the scope of the study, and the task is solved only in a statistical statement. It
should be noted that the study and generalization of the research results showed that at the moment there
is no study on creation of an efficient and simple probabilistic method for estimating reinsurance risks af-
fecting the insurer's financial stability, as well as a common methodological approach to risk determination,
there are no general principles of risk assessment, there are unresolved guestions about its measurement,
selection and evaluation.

Uninvestigated parts of general matters defining. Currently insurance companies licensed for life in-
surance are facing the issue of reinsurance risks. For the European countries in life reinsurance the basic
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element in the calculation of the reinsurance premium is the insurance statistics of morbidity and mortality,
and the risk is determined in a number of cases, the probability of death within a year. Nowadays, such
detailed statistics in Ukraine is not conducted, and the available data provide an incorrect interpretation by
using a low life expectancy of our population, thus arguing in favour of higher reinsurance rates. At present
there are no clear mechanisms that link the mortality and morbidity statistics to the level of underwriting. It
should also be noted that in this situation reinsurance companies unreasonably increase the reinsurance
risk cost.

The objective of the paper is development of efficient and simple probabilistic risk assessment meth-
ods in reinsurance based on stochastic modelling.

The statement of basic materials. We consider the reinsurance contract under which a direct insurer
will pay all losses to certain infF = «, and the remaining amount covered by reinsurance company. From a
mathematical point of view, this problem can be represented as follows:

Y, akmoY <a .
Yi_{a, HKLLIOY>O_’_an(Y'a)
1)

Y _{ 0, akmoY < «
P71l —q gkwoY >«

where Y — the amount that must be paid to the insurer; and Y;— part of the sum paid by the direct in-
surer Y; = h(Y) <Y, Y, =Y — Y, —the differential, which reinsurance company has to pay. The parameter
a is called the limit of the content, if this model is applied to each individual claim and the deductible in the
case of the model description (1) of the general claim for a certain period of time.

The particular form of the function h(Y) is determined by the terms and conditions of reinsurance. In the
present model (1) A(Y) = min(Y, a)

Due to the fact that the company's payouts, that transfers Y; depends on the deductions a we introduce
for this value indication Yi(“). Similarly, the share of which is to pay the reinsurance company will be denot-
ed as Yp(“).

Given that direct insurer transfers part of the risk to the reinsurer, he pays him a certain reinsurance
premiums, thus reducing their income. It should be noted that in general, it does not reduce the probability
of bankruptcy P a company that sells. In accordance with the fact that re-insurance company assumes the
risk of the company, gives its risks, for a premium, the reinsurance company for reinsurance process can
be regarded as an ordinary insurance. it should be noted that the reinsurance contracts are usually con-
cluded at certain fixed points in time, therefore to describe the work of the company, that uses the services
of reinsurer, it is advisable to use a discrete-time model, in particular the classical model of the sampled
Cramer-Lundberg proposed by Uilmont [3]. To analyze this problem it is advisable to use the characteristic
coefficient g (Lundberg coefficient). It should be noted that the coefficient g is the only positive root of the
characteristic equation (2) with respect to Z.

e(Z)=1+1+0)kzZ, 2

where k = EY—the average size of insurance payments, ¢(Z) = Ee?Y — a function that calculates the
time of payment size; 8 — relative insurance premium established before the insurance company. It is gen-
erally accepted [3] that the probability of bankruptcy of the insurance company is small, if the characteristic
coefficient g is large, that is characteristic coefficient includes the basic model parameters (intensity of
payments flow p; the distribution of payments size Y, established before the insurance company; premiums
received rate p).

After signing of reinsurance contract the intensity insurance claims stream p will not change, but the
size Y will look like Y; = h(Y) , with the average amount of insurance payments
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k; = EY; = ER(Y) @)

When setting the problem, we assume that the distribution of the size of payments is described by an
exponential law with parameter distribution u, therefore using the characteristic equation (2), we obtain
pi = (1 +0)uk,

at the same time after reinsurance characteristic coefficient g for the direct insurer will be the only posi-
tive function root

P(Z) =Ee?'i—1—-[(1+ 0k — (1+6,)k,|Z 4

If we assume that reinsurer uses the same relative load, and the company which transmits 8,, = 6, then
(4) can be written as

P(Z) = Ee?i—1—(1+0)k,Z ®)
and the distribution function of the random variable ¥* will have the form:

Fi(“)(x) —p (Yi(a) > x) = P(min(Y; @) = {IS(Y > x), ::Hujgi :Z ®)

We assume that the insurance company's portfolio consists of thousands of life insurance contracts for
a period of 1 year. According to the terms of the contract the company pays a certain amount in case of
death of the insured during the year and do not pay anything if the insured will live until the end of the year.
We also assume that all insured the ones have the same probability of dying within a year, an equal q. Out
of N thousands of insured ones N, an agreement is signed to the amount of b;, N, -to the amount of b,,
N5 - to the amount of b, N, - to the amount of b,. The insurance company set relative insurance premium
to the amount of 8. We assume that the company has signed an excessive loss reinsurance agreement
with retention limits a. Provided that the re-insurance company sets its own rate based on the same mortal-
ity statistics as the previous company with the relative insurance premium, we define the way bankruptcy
probability of the company changes, transmitting its risks, and its expected income. Taking into account (3)
the bankruptcy probability and the expected income in the absence of reinsurance are determined by the
mathematical expectation and variance of total payments and are equal to the sum of average values and

variances of the sum of all individual losses.
N N

EY = ZEX,-, VarX = ZVarX,-

s=1 i=1

Since the possible values of the payments under the individual contract take only two values, O with
probability 1 — g and b; with probability g, we get

EX; = qb;, VarX; = q(1 — q)b} )

It should be noted that calculating the values of (7) can be conveniently grouped into a size of insurance
amount. Accordingly, the sum of the average values and variances of individual losses for contracts of k
group are respectively equal to N,gb,, and N,q(1 — q)bZ. The total amount collected in the form of insur-
ance premiums will be u = (1 4+ 0)EY, and the expected income of the company is u — EY = QEY. As
stated in the work [2], the probability of bankruptcy P is determined from the following equation

_ _ Y-EY _ u-EY\ . u-EY
P= (Y > u) =P (\/VarY > \/VarY) =1 P (\/VaTY) (8)
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We assume that the insurance company has concluded a reinsurance agreement with a limit of de-
tention a. The difference EY — EY® The difference reflects the average total payout of the reinsur-
ance company.. The assets of the company that sells the risks are reduced in this case from the value
of the u to the value u®, and the expected revenue of the company, which transfers the risks is
u@ — EY@_To calculate the probability of bankruptcy, after reinsurance, we get

(@) _ py@ (@ _ gy@
P@ = p(y(@ > y@) = p <Y EY u EY ) .

JVary@ - VVary@

u@ _ py@
11— ———

VVary@

A comparison of the values obtained by using the formulas (8) and (9), allows us to analyze how reinsurance
affects the probability of bankruptcy of the company and find the value of the expected income. For example, an
insurance company with N = 20 thousand contracts, N; = 10 thousand people, b; = 100000 rps, N, = 5000,
b, = 200000 rpH, N3 =4000, b; = 500000 rpH, N, = 1000, b, = 1 maH rpH, with g = 0,01, relative insurance
raise 8 = 15%, u = 500000 rpu and 68" = 20% considering the proposed technique, we find that reinsurance
reduces the probability of bankruptcy from 5.82% to 4.85%. It should be noted that this result is achieved at the cost
of reducing the expected revenue from 7500000 to 6510000.

Conclusions. In hypothesis that reinsurance process described by a sampled Cramer-Lundberg model the
way reinsurance affects the insurance enterprise bankruptcy is analysed. Probabilistic method of calculating the
expected income of the company is presented. It is shown that the case of the exponential distribution of insurance
payments is the only one for which it is possible to solve the characteristic equation analytically. Equations defining
the parameters of optimal strategies are found. Theoretical calculations are illustrated by numerical simulation.
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