
* Corresponding author.  
E-mail address: farokhhessami2004@yahoo.com  (F. Hessami) 
 
 
© 2018 by the authors; licensee Growing Science, Canada  
doi: 10.5267/j.msl.2017.12.003 
 

 

 
 

   
 

Management Science Letters 8 (2018) 91–102 
 

 

Contents lists available at GrowingScience
 

Management Science Letters  
 

homepage: www.GrowingScience.com/msl 
 
 
 

 
 
 

 
Business risk evaluation and management of Iranian commercial insurance companies 

 

Farokh Hessamia*  

 

aDepartment of Management Science, University of Tehran, Iran 
C H R O N I C L E                                 A B S T R A C T 

Article history:  
Received: November 26, 2017 
Received in revised format: No-
vember 26, 2017 
Accepted: December 12, 2017 
Available online:  
December 12, 2017 

 Nowadays, with the expansion of economic businesses and also the dependency of economic ac-
tivists on the insurance industry to provide the capitals security, there is now a growing need to 
identify and evaluate risks of the insurance industry. Therefore, in this study, a comprehensive 
model was developed to evaluate and manage business risk by reviewing the research literature, 
extensively.  For this purpose, an adaptive neuro-fuzzy inference system (ANFIS) was developed 
for every business risk after identifying the relevant dimensions and the criteria and collecting the 
necessary data from the central insurance databases.  Finally, a general model was presented to 
evaluate and manage risks of the insurance industry. Four major problems were also considered: 
optimal and efficient normalization, optimal training for testing ratio for every neural network, 
model validation, and the easiness of user communication with the system. The results show that 
the model can provide an accurate estimation for risk evaluation and management. Thus, this sys-
tem can be considered as an appropriate tool for business risk evaluation and management of in-
surance companies. Furthermore, the effectiveness of this method in evaluating and managing the 
risk at insurance companies can be turned into a neural network and such a neural network can be 
used as an appropriate decision-making support tool. 
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1. Introduction 
 
Nowadays, insurance has been considered as a vital institution in the financial market. It contributes 
people to reduce the risks that they face in their daily lives. On the other hand, insurance companies are 
faced with various risks due to insurance policies they issue for policyholders. However, such compa-
nies seek certain solutions to reduce their risks (Soleymani et al., 2014). Nowadays, with the expansion 
of economic businesses and also the dependency of economic activists on the insurance industry to 
provide the capitals security, and at the same time, the concerns of business companies to fulfill certain 
obligations to policyholders and maximize their own benefits, there is now a growing need to identify 
and evaluate risks of the insurance industry (Ghorbani Golsefidi, 2016). In today’s complicated world, 
with the increasing interactions and exchanges, it is greatly important to provide security for economic 
activists. Since economic activists or investors seek proper solutions to secure their capitals and reduce 
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the effects of potential risks, insurance companies can be very helpful. In addition, risk and loss are the 
first words coming to mind when the concept of insurance is discussed (Karimi, 2013). 

Nowadays, insurance companies are mainly concerned to fulfill certain obligations for policyholders 
and maximize their own benefits. For this purpose, monitoring organizations approved specific laws 
and regulations to maintain the solvency of insurance companies at an acceptable level in every country. 
Furthermore, managers take precautionary measures and come up with new technical and financial 
solutions to take the necessary steps in the same direction. One of such cases is proper use of financial 
mechanisms. Hence, the use of financial mechanisms can improve the financial evaluation power of 
insurance companies and increase the level of policyholders’ trust in such companies. These mecha-
nisms also improve the performances of insurance companies (Paton et al., 2015). The insurance com-
panies should evaluate their solvency to take the risks of policyholders. Risk evaluation is one of the 
pillars of insurance whether in pricing insurance policies or in reciprocal contracts (Ansah-Adu et al., 
2012). In recent years, insurance companies have adopted new methods of risk evaluation for the opti-
mal capital allocation, capital adequacy, and solvency. In traditional insurance companies, the manage-
ment system of an organization often considers managing the risk of each of obligations and policies; 
however, it does not pay enough attention to the entire risk of the organization resulting from the ag-
gregation of these risks. Due to the importance of risk evaluation and its application for the management 
and solvency of insurance companies in this study, we tried to present a system for risk evaluation. 

Among the new modeling methods, fuzzy systems are of special importance in different sciences. They 
are daily used to investigate a wide variety of phenomena (Nilosey, 2016; Tao et al., 2010). Such sys-
tems are mainly characterized by the ability to implement human knowledge with the use of specifically 
verbal concepts and fuzzy rules, nonlinearity, adaptability, and a higher level of accuracy in comparison 
with other methods when the available data are limited (Gocić et al., 2015). A fuzzy system runs in 
accordance with the logical if-then rules. The starting point of developing a fuzzy system is to obtain a 
set of fuzzy if-then rules by using an expert’s knowledge or the relevant knowledge (Jamshidi, 2003; 
Zadeh, 2007). A useful tool can be a method of using the available numerical information to develop 
fuzzy logic rules. Another new modeling method is an artificial neural network. Such networks are so 
powerful mainly due to the fact that they can be trained according to training patterns (consistent inputs 
and outputs) and different training algorithms. Therefore, they can determine the relationships between 
input and output variables. The initial plans of such models are based on the learning pattern of the 
human learning system (Pérez-Gandía et al., 2010). 

The term ANFIS stands for Adaptive Neuro-Fuzzy Inference System. It has been used widely to inves-
tigate phenomena with nonlinear equations (Goodarzi & Freitas, 2010; Nikolic et al., 2016). Therefore, 
the hybrid of fuzzy systems based on logical rules, and artificial neural networks which are able to 
extract knowledge from numerical information, enables us to use the available information to develop 
a model in addition to benefiting from the human knowledge. Thus, the resultant method is an adaptive 
neuro-fuzzy inference technique (Riahi-Madvar et al., 2009; Ebrat & Ghodis, 2014). According to In-
surance Bylaw 69 (approved by the High Insurance Council), policyholder risk classifications of Inter-
national Actuarial Association (IAA), the requirements of International Associations of Insurance Su-
pervisors (IAIS), statistical and modeling constraints on Iranian commercial insurance industry, the 
risk of a commercial insurance company consists of the following items in Iranian solvency model: 
insurance or underwriting risk, market risk, credit risk, and liquidity risk (Shahriar, 2014). The aim of 
this study was to use an intelligent mathematical model to evaluate the risk of the insurance industry to 
introduce a solvency calculation model for Iranian commercial insurance companies. 

Given the fact that the risk of an insurance company was resulted from the aggregation of insurance or 
underwriting risk, credit risk, market risk, and liquidity risk, four ANFISs were designed in this study. 
The input of the unwriting risk ANFIS included the premium and compensation obtained from fire 
insurance, the premium and compensation obtained from cargo insurance, the premium and compen-
sation obtained from accident insurance, and the premium and compensation obtained from passenger 
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accident insurance. The input of the market risk ANFIS includes portfolio value and real estate value. 
Moreover, the input of the credit risk ANFIS included the value of domestic demands and the value of 
foreign demands. Finally, the input of the liquidity risk ANFIS included current assets and current 
debts. Therefore, the aim of this study was to evaluate and manage business risk at Iranian commercial 
business companies with respect to the available information in 2015. 

2. Review of literature 
 

Many studies have been conducted on risk management and evaluation. However, no comprehensive 
studies have been carried out on this subject in the insurance industry. Niemeyer (2015) presented a 
new to evaluate the risk in life insurance. Another goal of the study was to examine the correlation 
between the two consecutive states at different times. Guo and Huang (2013) presented a theoretical 
model to determine different risks in the property insurance market in China. For this purpose, the 
structured VAR model was used. Lu et al. (2012) conducted a study to reach an optimal time insurance 
agreement facing several sources of risk. The results of the study showed that the optimality of time 
fractional insurance including expected insurable or uninsurable risks which would be positive, inde-
pendent, or utility dependent. Then this model was compared with previously riskless models. Moreo-
ver, the optimally expected fractional and beneficial changes were analyzed by correcting the depend-
ency and boundary structure. 

Ghorbani Golsefidi (2016) conducted a study in which the treatment damages paid by Mellat Insurance 
(143000 records) were used to develop a data warehouse for multidimensional exploitation and report-
ing. After eliminating the defects and contradicting data, OLAP processing was used to design a data 
warehouse of the star topology. Considering the designed model, managers and other employees can 
observe all the factors affecting the insured risk at the same time. According to the reports on the model, 
then they can make the necessary decisions. Identifying risk factors contributes insurance companies 
to reduce the percentage of loss as much as possible by providing clients with an appropriate rate. On 
the other hand, customer satisfaction and loyalty can be obtained from the clients imposing little loss 
on the company by providing them reasonable discounts. Nazeri (2013) conducted a study to develop 
a decision-making model so that insurance companies could predict customer risk and adopt necessary 
policies. The research methodology was based on a standard data mining process. In other words, the 
data of previous customers were collected and refined to identify the variables affecting the risk behav-
iors of customers who were then classified as good (low-risk) and bad (high-risk). A class label was 
considered for each customer. The results of study showed that the C5 algorithm has better performance 
in customer classification in comparison with other algorithms. Hanafizadeh and Rastakhiz (2011) in-
tended to provide solutions for insurance companies to determine the premium rate of car insurance 
based on the risk level of every customer. They also wanted to contribute insurance organizations to 
meet their goals and adopt appropriate strategies for each group of customers in order to improve their 
current positions in the market (Hanafizadeh & Rastakhis, 2011). 

Sehat and Alavi (2010) explained the factors affecting the increase in the payable compensation and 
the risk intensification related to the third-party insurance activities of companies in details. Finally, 
they dealt with certain solutions to reduce the risks of the third-party insurance in addition to the effect 
of the new law of the third-party insurance (approved by the Guardian Council on August 6, 2008) on 
the risk of this type of insurance. Mousavi et al. (2009) carried out a study in which a fuzzy expert 
system was introduced as an efficient tool for project risk analysis. Such a fuzzy expert system was 
designed to evaluate and prioritize project risks was validated scientifically. Manouchehri (2009) be-
lieved that risk is a subject which stands right against the luck. All of the insurance contracts, especially 
the insurance of individuals, are evaluated in accordance with risk and the estimation of risk affecting 
the destiny of contracts based on the rates of increase or decrease. Therefore, determining the risk of 
contracts and calculate the premium rate is important. For this purpose, different effects of risk on the 
insurance contracts of individuals were explained and defined along with different types of risk. 
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3. Methodology 
 

This study in term of goal is applied and in term of data collection method is quantitative study.  The 
knowledge data base includes knowledge of managers and experts in the field of insurance industry. 
These experts had enough knowledge about the insurance industry in Iran and with more than ten years 
of job experience. So, the indicators of insurance such as underwriting risk, market risk, credit risk, and 
liquidity risks were extracted by using insurance expert opinions.  Then the exploratory factor analysis 
was used in SPSS1 to reduce the available parameters to measure the insurance or underwriting risk, 
credit risk, market risk, liquidity risk.  Data were collect from the almanac published by the Central 
Insurance in 2015.  Then an ANFIS model was developed and evaluated. Fig. 1 shows the schematic 
view of the research method. 

 

Fig. 1. Research Conceptual Model 

In this study, the data were normalized and turned into numbers between 0 and 1. Then 70% of data 
were used to train the research model in which the system use training data to initiate the learning 
process with a neural network. Furthermore, 15% of data were used to validate the model. These data 
were actually used to check the fitness of model and validate the system. Finally, the other 15% of data 
were used to test the model. These data were used to check the generality and generalizability of the 
system. In this model the data were randomly divided into training, validation, and evaluation groups. 
There are two methods of using a neuro-fuzzy system: grid partitioning and sub-clustering. These two 
methods are mainly different in how they determine the fuzzy membership function. In the grid parti-
tioning method, users determine the type and the number of membership functions for the input infor-
mation vector. However, ANFIS determines the type of membership function with respect to the fea-
tures of input information vector and the available classifications. In this study, the grid partitioning 

                                                            
1 See Statistical Analyses in SPSS by Momeni 
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method was used along with a bell curve input membership function named Gbellmf and a linear output 
membership function with four input variables and three membership functions at 100 iterations for the 
system of calculating insurance or underwriting risk. There were two input variables and five member-
ship functions at 100 iterations in the systems of calculating market risk and credit risk. Finally, there 
were two input variables and seven membership functions in the system of calculating liquidity risk. 
These inputs and functions resulted in the desired output which was the score of each risk at insurance 
companies. A hybrid method of neural networks and fuzzy techniques was used to train the research 
model. The studies (Alamdari et al., 2013; Riahi & Ayoob Zadeh, 2009) include the details on how 
ANFIS was developed. After designing previous steps and ANFIS and system validation, the system 
was modelled in Simulink.2 According to Fig. 1, the inputs are entered into the model after they are 
obtained. In ANFIS, the inputs (including the premium, maintenance share, and the outgoing revenue 
of maintenance share in fire, cargo, accident, and passenger accident insurances) are first multiplied by 
the risk factor declared in Bylaw 69 of the Central Insurance. Then the maximum result is entered into 
the system. In the next step, the received data are entered into ANFIS, the outputs of which are insur-
ance or underwriting risk, market risk, credit risk, and liquidity risk of an insurance company, respec-
tively. Then the total risk is calculated after denormalizing outputs. The total risk results from the root 
of total squared risk of the insurance company.  

 

Fig. 2. System Modeling in Simulink 

4. Results 
 

The collected datasets were used to develop a new model to evaluate risks at insurance companies 
based on the capabilities of ANFIS. In neural models, nearly 50% of data were used as testing and 
validating data, and the other 50% were used as training data. Moreover, the optimal percentage for 
MSE, NMSE, MAE and R coefficient was 137.316, 0.2266, 9.6311 and 0.919, respectively (Table 1). 

 
                                                            

2 Refer to MATLAB and SIMULINK Guide Book. 
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Table 1 
Optimal percentage for training, testing and validating for data used in neural networks 
Training% Validation% Testing% MSE NMSE MAE R 
50 25 25 137.316 0.2266 9.6311 0.919 

 

In ANFIS model, 70% of data were used to train the research model in which the system use training 
data to initiate the learning process with a neural network. Furthermore, 15% of data were used to 
validate the model. These data were actually used to check the fitness of model and validate the system. 
Finally, the other 15% of data were used to test the model. These data were used to check the generality 
and generalizability of the system. At final the optimal percentage for MSE, NMSE, MAE and R coef-
ficient was 289.4521, 0.8745, 15.3125 and 0.878, respectively (Table 2). So, ANFIS model in compar-
ison with the neural networks had desired optimal coefficient and validated. 

Table 2  
Optimal percentage for training, testing and validating for data used in ANFIS 
Training% Validation% Testing% MSE NMSE MAE R 
50 25 25 139.8457 0.2546 9.4756 0.899 
70 15 15 289.4521 0.8745 15.3125 0.878 

 

The data were normalized and turned into numbers between 0 and 1. Fig. 3 shows the process of training 
system for the insurance or underwriting risk. Accordingly, the system controls and corrects the training 
output instantly by using the validation data in the process of training the model in each period. In other 
words, validation is done within the training process simultaneously. The same procedure is followed 
in the other three systems market risk, liquidity risk, and credit risk as shown in Figs. (4-7). 

  

Fig. 3. A View of Neural Network Training and Valida-
tion Process in MATLAB 

Fig. 4. The Output of Insurance (or Underwriting) Risk 
Neuro-Fuzzy Network for Testing Data 

  

Fig. 5. The Output of Market Risk Neuro-Fuzzy 
Network for Testing Data 
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Fig. 7. The Output of Liquidity Risk Neuro-Fuzzy Network for Testing Data 

Table 3  
The Statistical Features of ANFIS 

Validation 
Criteria 

Optimal Value Insurance or Under-
writing Risk

Credit 
Risk

Market 
Risk 

Liquidity 
Risk

SSE The smaller, the better 0.8628 0.559 0.02296 9.048e-05 
RMSE The smaller, the better (smaller than 

0.1 is great) 
0.06923 0.06388 0.0125 0.0008474 

R2 Between 0.6 and 0.8 is appropriate; be-
tween 0.8 and 1 is great 

0.8588 0.8662 0.9758 0.9995 

Adjusted-R2 Between 0.6 and 0.8 is appropriate; be-
tween 0.8 to 1 is great 

0.858 0.8653 0.9756 0.9995 

MSE The smaller, the better (compared with 
the two systems) 

0.0048 0.0046 1.5643e-04 0.0025 

 

According to Table 3, the neuro-fuzzy model was very accurate and considerably successful. Charts 1 
to 4, shows that ANFIS models could accurately obtain the pattern of data and estimate it in the training 
phase. 

  

Chart 1. Comparing the Results of Credit Risk 
ANFIS with Real Data in the Training Phase 

Chart 2. Comparing the Results of Insurance or 
Underwriting Risk ANFIS with Real Data in the 

Training Phase 

  

Chart 3. Comparing the Results of Market Risk AN-
FIS with Real Data in the Training Phase 

Chart 4. Comparing the Results of Liquidity Risk 
ANFIS with Real Data in the Training Phase 
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After completing the training process and the phases of exterior system validation, testing data can be 
entered into the system without presenting the real outputs so that the model could predict the requested 
values. However, the following charts show the output values has been predicted by MATLAB in ad-
dition to the fitness of real and predicted outputs in relation to testing data. The following charts (5-8), 
Figs. (8-11), and Tables (4-7) show the success and high accuracy of ANFIS models. 

Chart 5. Comparing the Results of the Insur-
ance or Underwriting Risk ANFIS with Real 

Data in the Testing Phase 
 

Chart 6. Comparing the Results of Credit Risk 
ANFIS with Real Data in the Testing Phase 

Chart 7. Comparing the Results of Market Risk 
ANFIS with Real Data in the Testing Phase 

Chart 8. Comparing the Results of Liquidity 
Risk ANFIS with Real Data in the Testing 

Phase 
 
 

Fig. 8. Displaying real values and the values 
calculated by the insurance or underwriting risk 

model for testing data 

Fig. 9. Displaying real values and the values 
calculated by the credit risk model for testing 

data 
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Fig. 10. Displaying real values and the values 
calculated by the market risk model for testing 

data 

Fig. 11. Displaying real values and the values 
calculated by the liquidity risk model for testing 

data 
 

Table 4  
Comparing the Outputs of Insurance or Un-
derwriting Risk Evaluation Model with Real 
Outputs 

 
Table 5 
Comparing the Outputs of Credit Risk Evalu-
ation Model with Real Outputs 

Real Outputs System Output 

 

Real Outputs System Data 
5.951073 5.6438034 7.541863 7.300358194 
14.8001 14.248623 8.0020411 7.671326058 
13.04388 13.099556 5.8690365 6.124778497 
5.36044 4.9073868 8.8507744 8.854441146 
16.06725 17.157441 5.6218553 5.642688195 
13.05951 12.445654 5.0954197 5.227879389 
9.761846 9.4205489 6.5226524 6.401113842 
10.41269 10.83212 6.8951929 6.65319125 
15.5467 15.979347 6.9363679 6.78416766 
12.25592 11.699862 3.6318102 3.223890057 
9.688525 9.3080406 2.3611756 2.353280617 
8.690064 8.7175469 3.3923974 2.983418511 
17.30602 13.00958 2.7301778 2.529286792 
14.18065 14.034397 5.213519 5.392508438 
10.51672 10.0757 5.4902332 5.713954966 
11.9218 11.794939 5.3981194 5.486986412 

  5.4845735 5.727758581 
  3.5514244 3.195259187 

 

However, the above charts show the output values has been predicted by MATLAB in addition to the 
fitness of real and predicted outputs in relation to testing data. Also the above results show the suc-
cess and high accuracy of ANFIS models. 
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Table 6  
Comparing the Outputs of Market Risk Eval-
uation Model with Real Outputs 

 
Table 7  
Comparing the Outputs of Liquidity Risk Eval-
uation Model with Real Outputs 

Real Output System Output 

 

Real Output System Output 

14.0614976 14.6508314 581083.7 581080.732 

8.74686892 14.6789876 95936.15 98909.6744 

9.64026876 8.53795142 150813.5 118274.168 

5.84302262 9.15205951 38936.52 58637.5858 

7.38259822 7.4558175 16490.88 24747.0357 

9.11167555 7.79709668 77711.32 84648.2766 

9.85046913 8.44455891 16503.77 32163.5275 

14.2233135 9.71166586 55030.88 59917.928 

14.5204995 14.964536 22849.53 29593.4673 

4.85331523 15.631846 79205.35 67722.1748 

5.06102229 7.17562433 

  

5.05120083 7.2409061 

5.09960319 7.23700879 

10.5182394 7.25701571 

10.542159 9.45497235 

 

5. Conclusion 
 

In this study, ANFIS was used to evaluate and manage the risks of Iranian insurance companies. Many 
of the conventional techniques due to probabilities and random processes cannot apply properly the 
relationships with ambiguous and fuzzy data. Therefore, ANFIS was validated by collecting a proper 
number of data and executed and trained in the software.  The results have shown that ANFIS could be 
used to provide appropriate estimates for the future and the evaluation of the current status. What the 
outputs show clearly is that numerous data were used in this system so that it could perform the fol-
lowing way: First, a neural network was designed. Then nearly 30% of data were used as testing and 
validating the data, and the other 70% were used as training the data. Then the system was reconfigured. 
The same data were reused to evaluate the behavior of the system. The resultant numbers showed that 
the system could provide an accurate estimate of risk evaluation. 

Therefore, the resultant system can be considered as the proper tool for risk evaluation. Unlike statisti-
cal and mathematical modeling methods, ANFIS is based on data. Thus, it eliminates the assumptions 
which may lead to oversimplification. So ANFIS relies only on the nature of realities, and it can be 
considered a reliable method. 

Furthermore, the effectiveness of this method in risk evaluation of Iranian commercial insurance com-
panies can contributes to take the steps and consider factors such as adequate data, the appropriate 
neural network configuration, the use of proper training methods, appropriate performance evaluation, 
and conversion into a neural network. Therefore, ANFIS can be considered as a beneficial decision-
making support tool. 
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