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IMPROVEMENT OF STRESS TESTING OF INSURANCE COMPANIES IN VIEW  
OF EUROPEAN REQUIREMENTS 

Abstract. The paper has identified the essence of the stress testing of the insurance company 
according to results of the morphological analysis. There was developed the classification of 
methods of stress testing for insurers used in national and international practice. Main risks of 
insurance companies’ activities were analyzed. The authors identified, that the main risks of 
insurance companies are insurance, market, credit and operational. Examples of stress scenarios for 
the main types of risks of insurance companies were presented. The authors identified the main 
requirements of the Directive of EU Solvency II, the Standards and Principles of the International 
Association of Insurance Supervisors in stress testing of insurers. There were developed 
recommendations to the adaptation of European requirements in stress testing of insurance 
companies on the insurance market of Ukraine. The economic–mathematical model of stress testing 
of the insurance risk impact on the activities of the insurance company was developed. 
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УДОСКОНАЛЕННЯ ОРГАНІЗАЦІЇ СТРЕС–ТЕСТУВАННЯ СТРАХОВИХ КОМПАНІЙ 
З УРАХУВАННЯМ ЄВРОПЕЙСЬКИХ ВИМОГ 

Анотація. Визначена сутність поняття «стрес–тестування страхової компанії» за 
результатами проведення морфологічного аналізу. Розроблена класифікація методів стрес–
тестування страховиків, які використовуються у вітчизняній та міжнародній практиці. 
Проаналізовано ризики в діяльності страхових компаній. Встановлено, що основними для 
страховиків є страховий, ринковий, кредитний та операційний ризики. Наведено приклади 
стресових сценаріїв для основних видів ризиків страхових компаній. Визначено вимоги 
Директиви Solvency II  та стандартів і принципів Міжнародної асоціації органів нагляду за 
страховою діяльністю до проведення стрес–тестування страховиків. Запропоновано 
рекомендації з адаптації європейських вимог до організації стрес–тестування страхових 
компанії на страховому ринку України. Розроблено економіко–математичну модель стрес–
тестування впливу страхового ризику на діяльність страхової компанії. 

Ключові слова: стрес–тестування, ризики страховиків, стресові сценарії, методи 
стрес–тестування. 
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СОВЕРШЕНСТВОВАНИЕ ОРГАНИЗАЦИИ СТРЕСС-ТЕСТИРОВАНИЯ 

СТРАХОВЫХ КОМПАНИЙ С УЧЕТОМ ЕВРОПЕЙСКИХ ТРЕБОВАНИЙ  
Аннотация. Определена сущность понятия «стресс–тестирование страховой 

компании» по результатам проведения морфологического анализа. Разработана 
классификация методов стресс–тестирования страховщиков, используемых в отечественной 
и международной практике. Проанализированы риски в деятельности страховых компаний. 
Установлено, что основными для страховщиков являются страховой, рыночный, кредитный 
и операционный риски. Приведены примеры стрессовых сценариев для основных видов 
рисков страховых компаний. Определены основные требования Директивы Solvency II, 
стандартов и принципов Международной ассоциации органов надзора за страховой 
деятельностью по проведению стресс–тестирования страховщиков. Предложены 
рекомендации по адаптации европейских требований к организации стресс–тестирования 
страховых компаний на страховом рынке Украины. Разработана экономико–математическая 
модель стресс–тестирования влияния страхового риска на деятельность страховой компании. 

Ключевые слова: стресс–тестирование, риски страховщиков, стрессовые сценарии, 
методы стресс–тестирования. 

 Формул: 2; рис.: 1; табл.: 3; библ.: 17 
 
Introduction. Insurance supervisors worldwide are actively implementing stress testing in 

insurance. It is necessary to identify the potential impact of stressful situations on the financial condition 
of insurers for decision–making and application of sanctions. The importance of stress testing in 
Ukraine has increased significantly due to the deployment of financial and economic crisis, the growth 
the number of insurance companies with the interim administration, reducing the ability of insurers to 
fulfill their obligations and falling consumer confidence in insurance services. Requirements of National 
Insurance supervisors is the main incentive for insurance companies to exercise a stress testing. 
Therefore, the National Commission for the State Regulation of Financial Services Markets has to 
improve approach of insurers’ stress testing according to the leading international experience, which 
determines the relevance of research topic. 
 The analysis of research and problem definition. The organization of stress testing of 
insurance companies has institutional and theoretical prerequisites. The institutional prerequisites 
include international and national legislative acts, for example Requirements of National Commission 
for the State Regulation of Financial Services Markets about regular stress testing of insurers and 
disclosure of key risks and the results of stress testing [1], Directive of EU Solvency II [2], Standards 
and Principles of the International Association of Insurance Supervisors (IAIS) [3], recommendations of 
European Insurance and Occupational Pensions Authority (EIOPA) [4] etc.               
 The theoretical prerequisites of stress testing in insurance are scientific works of national and 
foreign scientists, such as S. Achkasova [5], L. Klapkiv [6], M. Ionin and N. Karlova [7], G. Tlusta [8], 
K. Yarantseva [9] etc.       
 Although the problems of stress testing of insurers were investigated by different scientists [2–
4], the issue of implementation of international experience of stress testing of insurance companies in 
the insurance market of Ukraine are not enough developed. Therefore, the purpose of the study is to 
develop practical recommendations on improvement of stress testing of insurance companies according 
to the leading international experience. 
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The results of the research. It is necessary to develop particular recommendations for 
stress testing to ensure sustainable development of insurers. The main task for improving the 
organization of stress testing of insurance companies is to determine the essence of the notion 
«stress testing of the insurance company» according to the investigations of national and foreign 
scientists [1, 9], national legislation [1] and international experience [2, 3, 4, 10]. 

In Ukraine, the procedure of stress testing of insurers is regulated by the Order of National 
Commission for the State Regulation of Financial Services Markets «Requirements for regular stress 
testing of insurers and disclosure of key risks and the results of stress testing» [1]. According to this 
legal act [1], stress testing is method of measuring the potential impact of the exceptional, but 
plausible events (stresses), on the financial position of insurer. Now it is necessary improve stress 
testing of insurers in Ukraine according to the principles of the Directive of EU Solvency II [2]. 

The Directive Solvency II [2] requires insurance companies regularly conduct stress testing 
to verify the adequacy of their capital to fulfill the obligations. In some European countries, stress 
testing is current requirement of insurance supervisors.      

According to the Standards and Principles of the IAIS, stress testing is a standard risk 
management tool that can be used to identify potential threats due to exceptional but adverse 
plausible events to a licensed institution’s financial condition. The results of stress testing should be 
incorporated into the licensed institution’s capital management plan. Specifically, it should be used 
to determine: the extent by which capital will be eroded to mitigate the threats identified and the 
impact on the licensed institution’s financial health; the actions that will be required to mitigate the 
threats identified [3]. 

In recommendations of EIOPA stress testing is determined as an important risk management 
tool. It is used by financial institutions, micro–prudential and macro–prudential supervisors to 
explore vulnerabilities and assess the resilience of financial institutions (e.g. banks, insurers) and 
whole systems (e.g. the banking sector, the insurance sector) to severe, but plausible external 
shocks. Stress tests assess adverse outcomes under a variety of risks. They provide an indication of 
the impact and potential losses on materialization of these risks, and help to indicate areas where 
further supervisory actions are needed [4].  

According to the definition of Bank for International Settlements, stress testing is the term, 
which defines the different methods used by financial institutions to assess their own vulnerability 
to the impact of exceptional, but possible events [10].       

S. Achkasova gives her own definition: stress testing of insurance company is an risk 
identification tool, which used by insurance supervisors and managers of insurance companies to 
assess the readiness of insurers to possible crisis situations, the amount of required capital to cover 
possible losses in case of risks, when using promising methods to assess the impact of risk factors 
on the financial position of insurance company [5]. 

In the work of M. Kudryavceva stress testing is determined as general term, which 
comprises different methods for assessing the impact of adverse exceptional, but possible events on 
the financial position of insurer [11]. 

According to the work of D. Kondratenko, stress testing is method of quantitative risk 
assessment that defines excess of liabilities over assets and determines changes in the external 
factors, such as demand for insurance, competition among the insurers, foreign exchange rate and 
interest rate [12].         

K. Yarantseva defines stress testing as a model, which requires consideration of positive and 
negative scenarios of insurer’s development [9].  

According to the recommendations of IMF, stress testing is a forward–looking technique 
that aims at measuring the sensitivity of a portfolio, an institution, or even an entire financial system 
to events that have a small probability of occurrence, but a significant impact, if they were to occur 
[13].  

M. Ionin and N. Karlova mention, that the final goal of stress testing is forecasting the cost 
of assets at the end of the reporting period and the trends of the insurer's capital [7].   

In the work of M. Bhatia stress testing is a risk management technique used to evaluate the 
potential effects on an institution’s financial condition of a specific event and/or movement in a set 
of financial variables [14].     

G. Tlusta considers stress testing with two opinions: 1) as a tool to control risk; 2) as a 
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method of quantitative risk assessment. According to the first approach, stress testing is risk 
management technique, which used to assess potential financial effects of specific events and/or 
changes in several financial variables. According to the second approach, stress testing is a range of 
methods, which aimed to measure the sensitivity of any financial portfolio to a number of 
extraordinary, but plausible shocks [8].              

L. Klapkiv defines stress testing as method of analyzing and assessing the impact of 
financial risk on the activities of insurance companies [6]. 

There are many definitions of notions «stress testing of the insurance company» [1–14], 
which are different from each other. Therefore, it is necessary to conduct the morphological analyze 
of the notions. The results of analyze are presented in the Table 1.    

 
 Table 1 

The morphological analyze of the notion «stress testing of the insurance company» 
Criterion of 
comparison 

Structural composition of the notion  

Keyword Method [1, 6, 8, 10, 11, 12]; tool [1, 3, 4]; model [9]; technique [8, 13, 14]      

Purpose of the 
stress testing 

Measuring the potential impact of stresses on the financial position of insurer [1, 5, 6, 10, 11, 
14]; to identify potential threats to the financial condition of licensed institution [3]; to assess the 
readiness of insurers to possible crisis situations [1]; to assess the amount of required capital to 
cover possible losses [1]; to define excess of liabilities over assets and determine changes in the 
external factors [12]; consideration of positive and negative scenarios of insurer’s development 
[9]; measuring the sensitivity of a portfolio, an institution, or even an entire financial system to 
stresses [4, 8, 13]; forecasting the cost of assets and the trends of the insurer's capital [7] 

Subjects of the 
stress testing 

Financial institutions [1, 3, 4, 10]; micro–prudential supervisors [1, 4]; macro–
prudential supervisors [4]   

Types of 
stresses 

Exceptional, but plausible events [1, 3, 10, 11]; severe, but plausible external shocks 
[4]; possible crisis situations [1]; events that have a small probability of occurrence; 
but a significant impact [13]; specific event [8, 14]; extraordinary, but plausible shocks 
[8]       

Object of the 
stress testing 

Financial position of financial institution [1, 3, 11, 14]; financial institution [1, 4, 6, 9, 
10, 13]; financial system [4, 13]; net–assets of financial institution [7, 12]; portfolio of 
financial institution [8, 13], financial variables [8, 14]            

Source: author’s development 

 
As shown in Table 1, scientists [1 –14] determine stress testing as a method, a tool, a model 

or a technique. The analysis of the definitions of these concepts (methods, tools, methods, models) 
in the explanatory dictionary showed that method (way of knowledge, study something or practical 
implementation) is the most appropriate definition of stress testing. Most scientists [1, 5, 6, 10, 11, 
14] agree that the purpose of the stress testing is measuring the potential impact of stresses on the 
financial position of insurer. According to the authors’ opinion, it is necessary to expand the list of 
objects of the stress testing. Thus, the purpose of the stress testing is the assessment the impact of 
stressful events not only on the financial condition of financial institutions, but also on the financial 
portfolio and the financial system as a whole. In the definition of subjects of the stress testing, 
authors agree with EIOPA’s approach, whereby the stress testing is conducted by financial 
institutions, micro–prudential and macro–prudential supervisors. Definitions the types of stresses in 
different works are related. 

According to results of the morphological analysis (Table 1), authors determines stress 
testing of insurance companies as a method of measuring the potential impact  of exceptional, but 
plausible events on the assets’ portfolio, financial condition of insurer or insurance market, which is 
conducted by insurer or insurance supervisor.    

 The main stage of the stress testing is to choose the modeling method and types of stress 
event. There are many approaches to classification the methods of stress testing. Synthesis of these 
approaches is presented in the Fig. 1. 
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Methods of stress testing of 
insurance companies

By the number of factors: 
   - single-factor analysis;
   - multifactor analysis

By the method of conducting: 
   - scenario analysis;
   - sensitivity analysis;
   - inverse stress testing;
   - analysis of elasticity; 
   - method of assessing the losses;
   - index method

By the types of stressful scenarios: 
   - historical;
   - hypothetical; 
   - expert 

By the types of adverse events: 
 - analysis of probabilistic-uncertain 
events;
 - analysis of the most possible events;
 - analysis of moderately-adverse events;
 - analysis of extraordinary events 
(exceptional, but possible)

By the approach to aggregation of 
different types of risks:

- individual;
- complex;
- integral

By the level of severity of stressful 
scenarios:

- pessimistic; 
- critical;
- disastrous

According to the organizational level 
of the insurance company: 

- aggregated (consolidated);
- sub-consolidated;
- individual;
- local

 

Fig. 1. Classification of methods of stress testing of insurance companies 

Source: author’s development 

 
The classification of methods of stress testing of insurance companies (Fig. 1) creates 

conditions for the development of modern tools to assess the impact of adverse events on the 

activities of the insurance company and determine the optimal measures to neutralize such events.  

The important task in stress testing is to determine the risk factors that will effect on the 

financial stability of the insurance company. Solvency II [2] and Standards of the IAIS [3] 

identified four main risks (insurance, market, credit and operational) that must be covered in the 

stress testing.    

 Classification of risks and examples of stressful scenarios under EU law [2, 3] are presented 

in Table 2.               
Table 2 

Classification of risk factors and stress scenarios of insurance companies 
Type of risk Factors of risk Stressful scenarios 

1 2 3 

Insurance 

risk 

Inappropriate setting of 

insurance rates; inappropriate 

calculation of technical 

provisions; occurrence of 

catastrophic events etc. 

Variations in frequency, the average size of loss and time 

to payment of insurance claims; changes in the level of the 

cost of doing business; variations in the levels of early 

termination of the contracts; inaccurate forecasting of 

catastrophic events; change in volume of underwriting 

portfolio 

Market risk 

Interest rate risk for the «up» 

shock; interest rate risk for the 

«down» shock; equity risk; 

property risk; spread risk; risk 

concentrations; currency risk; 

illiquidity premium risk 

Fluctuations in the market value of shares; fluctuations 

in the yield of government securities; fluctuations in 

foreign exchange rates; fluctuations in the difference in 

yield between corporate bonds and government bonds; 

fluctuations in market prices for real estate; changes in 

the level of assets portfolio diversification      

dit risk 

Unexpected default of the 

counterparties and debtors of 

undertakings in relation to 

reinsurance arrangements, 

securitizations and derivatives, 

any other risk mitigating 

contracts, cash at bank, deposits 

with ceding institutions, 

receivables from intermediaries,  

policyholder debtors etc.  

Downgrade in credit rating of the reinsurers; 

deterioration in credit worthiness of other counterparties 

and intermediaries; default by reinsurers and debtors; 

greater losses from bad debts than anticipated 
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Continuation of Table 2 

Operational 
risk 

Risk of loss arising from 
inadequate or failed internal 
processes, or from personnel 
and systems, or from external 
events 

Error in pricing or reserving; fraud on insurance claims; 
failure of back–up systems or failure in the efficiency 
and effectiveness of off–site back–up facilities; loss of 
confidence in the insurer and high surrender rates  

Source: author’s development 

 
The process of stress testing include assessment of risks (Table 2), determining the impact of 

these risks on the financial position of the company, development the measures of risks 
management.  

In the article, authors developed a model of assessing the impact of insurance risk on the 
insurance company activity (formula 1) using multiple regression analysis to improve the 
organization of stress testing. The dependent variable of the model (Yx) is capital adequacy ratio 
(available solvency margin is divided onto required solvency margin) calculated according to the 
Law of Ukraine «About insurance» [17]. This indicator characterizes capital adequacy of insurance 
company to cover unexpected losses. There are four independent variables in the model, such as the 
growth rate of gross insurance premiums (Х1), level of insurance payments (Х2), severity of the 
damage (Х3) and share of the costs of doing business in gross insurance premiums (Х4). 

                          (1) 
 The multiple R–squared (R=0,93) indicates a very strong correlation between the dependent 
variable and independent variables. This provision demonstrates the applicability of the model (formula 
1) to assess the impact of the insurance risk on insurance company activity. The reliability of the model 
is confirmed by significance level of Fisher criterion (0,004), which is much less than 0,05. The 
calculated coefficient of determination (R2=0,86) shows that variation of independent variables (X1–
X4) explains the variation of dependent variable (Yx) on 86%.     
 Authors have calculated the coefficient of elasticity (formula 2) to assess the impact of 
independent variables on dependent variable. 

                                                                                                              (2) 
 where Е is an aggregate coefficient of elasticity; 

Еj is the coefficient of elasticity, which characterize the influence of independent  variable Хj 
on dependent variable Y; 

  is the arithmetic average of the j–th variable; 

  is the arithmetic average of the dependent variable Y; 

  is the coefficient in the regression model. 
 
The results of calculation of coefficients of elasticity are presented in the Table 3.    

      Table 3 
The elasticity coefficient of regression model 

Indicator  
Indicator 

value 
Interpretation of indicator value 

Е1 –1,16 
Capital adequacy ratio reduces by an average of 1,16 % by increasing the 
growth rate of gross insurance premiums by 1%   

Е2 –0,57 
Capital adequacy ratio reduces by an average of 0,57 % by increasing the 
level of insurance payments by 1%   

Е3 –0,07 
Capital adequacy ratio reduces by an average of 0,07 % by increasing the 
severity of the damage by 1%   

Е4 –0,40 
Capital adequacy ratio reduces by an average of 0,40 % by increasing the 
share of the costs of doing business in gross insurance premiums by 1%   

Е –2,29 
Capital adequacy ratio reduces by an average of 2,29 % by increasing all 
factors by 1%   

Source: author’s calculation 
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As shown in Table 3, the growth rate of gross insurance premiums has the main impact on 

capital adequacy ratio of insurance company. The connection between these indicators is the reverse. 

Therefore, if the growth rate of gross insurance premium increases, the dependent variable will reduce. 

This is because the rise of insurance premiums increases the amount of risk of insurance company. In 

addition, these trends indicate that the main factor of insurance premiums growth is the development of 

more risky types of insurance. Therefore, in order to prevent the negative impact of stressful situations 

on insurers’ activity it is necessary to develop less risky types of insurance, improve tariff policy and 

rise the diversification of the insurance portfolio. 

Thus, the proposed model (formula 1) can be used in the activities of insurance companies to 

develop measures to prevent and neutralize the effects of stress events on the activities of insurers. 

Conclusions. Development of the theoretical provisions and practical recommendations to stress 

testing of insurance companies is a necessary condition for successful activity Ukrainian insurers in the 

conditions of Euro integration. According to the requirements of Directive of EU Solvency II and the 

Standards of IAIS, authors improved the definition of the stress testing, developed approaches to risk 

identification and assessment of the impact of stressful events on insurance companies. Further work 

will focus on development the methodological support of impact assessment of market, credit and 

operational risks on the activity of insurance company.  
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