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Introduction

Financial risks include uncertainties related to any type of financing, includ-ing
credit, commercial, investment, and operational risks. Among these risks, credit
risk is particularly important. Facilities are the most important part of a bank's
assets whose inappropriate quality causes problems for banks. As a result, due to
information asymmetry between banks and bor-rowers, banks must have a system
that can estimate default risks and man-age credit ones. According to the
traditional approach, banks are the most important source of financing in
economy. The establishment and devel-opment of FinTech has significantly
affected banking systems. FinTech has expanded in many financial areas such as
credit, deposits, capital raising, payments and investments. FinTech has the ability
to identify risky behav-iors. Credit risk assessment is one of the most challenging
issues in the banking sector; the main problem is the correct modeling of this type
of risk. The variety of variables affecting credit risk and the lack of a specific
model are the most important reasons for the failure of traditional models. Based
on this, the aim of this research is to model the credit risks of Tejarat Bank in
different economic regimes. The main problem of the research is the design of the
optimal model in terms of econometrics, which faces two basic problems. First,
identifying the correct model and secondly, a model that can provide a correct
forecast of credit risk.

Literature Review

In domestic and foreign research, researchers have investigated credit risk with
various approaches and variables. For example, in external studies, the
combination of audit analysis and artificial neural networks (Yu et al., 2008),
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decision tree, data envelopment analysis (Min and Lee, 2008); Com-bination of
decision tree and neural network (Kabari and Nwachukwu, 2013); and big data
based method using Monte Carlo simulation and mixed linear model (Pérez-
Martin et al., 2018); Panel data (Barra and Ruggiero, 2022), logistic model
(Motedayen et al., 2022) have been effective in credit risk modeling. In internal
research, support vector machine (Raei and Fallahpour, 2009) and (Mansourfar et
al., 2014), Neural network based on artificial bee colony (Fallahpour et al., 2013),
decision tree and regression (Mirghafouri and Amin Ashouri, 2015); Meta-
heuristic and multi-criteria hybrid algorithm of ant colony-fuzzy neural network
(Horri and Mahdavi, 2015) and (Ghasemi Armaky et al., 2022) and the support
vector machine model and the genetic algorithm hybrid model (Mohammadian
Haji Kord et al., 2016) are among the successful models in predicting credit risk.

Research Methodology

One of the ways to overcome the uncertainty of determining the optimal model is
to use the Bayesian Model Averaging (BMA) method. Another topic is the
difference in the effect of variables on credit risk in different economic conditions.
In order to consider this, the approach of self-regression of regime changes has
been used. The statistical population of the research includes the customers of
Tejarat Bank, and the information of 105,000 bank customers was used to design
the credit risk model. The research data includes information about real and legal
customers, request for the type of service required, on the way to perform the
required service. The customer community of Tejarat Bank has been investigated
during the 5-year period from 2018 to 2022. Algorithm programming and
implementation is in MATLAB software environment. In this article, two
econometric models are used; the application of each approach is explained in the
table below.

Table (1) Application of research models

Method Application
BMA, TVP-DMA TVP-DMS Identification of non-fragile variables to distinguish bank
customers
MS-VAR To investigate non-fragile vgrlables in different economic
regimes

The dynamic averaging model uses the average probability of each variable to
design the best model for predicting credit risk. In this approach, the theoretical
topics of Kalman filter - state space models and MCMCMC approaches are used.
The prediction of a variable at time t, which includes the coefficient and the
probability of its occurrence, is corrected based on the information of t-1, and the
best estimate for the period t is calculated. MS-VAR model is one of the most
useful nonlinear models in time series topics. The MS-VAR model is estimated
based on the number of variables, in other words, it is a multi-equation model.
This approach considers the structural break in the time series in the estimation of
the model. For this reason, VAR models and VECM models that do not consider
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these changes, are not suitable (Kuck and Schweikert, 2017). These methods are
used when the exact time of structural failure is determined in the variables; in
most cases this information is not available (Ghaderi Moghaddam et al., 2022).

Results

The information of indicators of 33 factors affecting credit risk in Tejarat Bank
was entered into BMA, TVP-DMA and TVP-DMS models. Based on the error
rate, the BMA model had the highest accuracy. After estimating the model, eight
main variables were identified; this process is depicted in the diagrams below.

Primary identified variables affecting

A - Final and non-fragile
credit risk in Tejarat Bank

variables affecting credit

Account number, account type, short-term riskin Tejarat Bank

account balance, long-term account balance,
interest free account balance, amount of loan
received from the bank, number of loans
received, amount of arrears, interest on loan
received, interest rate of loan received, interest
rate paid, amount of use Mobile Bank, amount
of internet bank usage, account turnover,
bounced check advance, current balance, non-
current account balance, age of account date,
real customers, legal customers, number of
transactions, variety of service use, time
interval between two transactions (frequency
of use of services), VIP or normality of the
customer, residence (provincial), residence
(local), number after family, type of job
(social base), gender, education, age, owner or
non-owner, single and married

long-term account balance,

The amount of use of
Mobile Bank,

The amount of internet
bank usage,

BMA

TVP-DMA

real customers
TVP-DMS

legal clients,
VIP or regular customer,
Job Type,

education

Chart (1) Identification of the most important non-fragile variables

The effect of non-fragile variables in the Markov switching model on credit risk
was analyzed. Most of the variables, except for the variable of legal clients, have
a significant and negative effect on the level of credit risk, and by moving from
high prosperity to deep recession, the influence of variables on credit risk has
increased. The results showed that the optimal credit risk model is different in
each bank. Based on this, an optimal model was designed solely for credit risk in
Tejarat Bank based on Bayesian averaging models. Based on the Markov
switching approach, it was also concluded that the credit risk in the state of
economic recession has a higher sensitivity to its explanatory variables; also,
based on the results, it was determined that indicators related to FinTech have a
significant effect on the level of credit risk in Tejarat Bank.

Discussion and Conclusion
Investment has a close relationship with economic growth and social welfare, as
a result, equipping and providing investment resources has the most important role
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in the banking system. Considering the role of banks and their impact on the
financial market and the country's economy, it is particularly important to examine
the risks that the banking system faces. Among the risks faced by banks, credit
risk is the most prominent risk during the life of the bank, which can also be the
cause of bank bankruptcy. Based on this, in the present research, modeling of
factors affecting credit risk in Tejarat Bank was done.

Non-fragile variables in the Markov switching model were analyzed and all
regression models were significant in all regimes and the validity of the regression
line was confirmed in all models. Also, most of the variables had a positive and
significant effect on the credit risk situation, and the model was improved with
the inclusion of the mentioned variables. On the other hand, recession is the
dominant and stable mode of credit risk in Tejarat Bank. The results showed that
there is a significant relationship between the proxies defined for FinTech and
credit risk in Tejarat Bank. Two indicators out of eight selected indicators
affecting credit risk were variables related to FinTech; which is due to the high
importance of this variable in identifying the credit risk of banks. Bank Tejarat
must have a control system not only for its portfolio; Rather, it should maintain
and always pay attention to the credit status and have a regular system to
determine the adequacy of its resources and reserves, as well as the information
system and analysis methods. So that the management can measure the existing
credit risk in all banking activities through the mentioned systems and during the
credit evaluation of the overall credit portfolio of individuals. Bank management
should consider the possibility of changes in economic conditions.

Considering many dimensions of indicators affecting credit risk based on the
Bayesian averaging approach; there is a need for a systemic view regarding this
matter and because the human mentality does not have the ability to make this
distinction, it is suggested to prepare computer programs based on statistical
models to predict credit risk based on its components.

Since the dimensions of indicators affecting multiple credit risks and different
effects (positive and negative) are combined, providing a composite index in this
area will help managers, investors and policymakers of the banking sector in
making decisions. Considering the many factors affecting the credit risk of
customers, it is recommended that the managers of the banking system, along with
the used forecasting methods, the effective factors mentioned in the research
consider the history of the company and the individual.

The dependence of credit risk on the economic situation and the variability of the
factors affecting it in terms of the intensity of the effect and the level of the
probability of the effect, causes complex conditions; Therefore, it is suggested to
design different models for different conditions in such a way that managers and
policy makers make policy and make decisions in bank risk management
according to the economic conditions. As a result, managers should consider
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appropriate policies to economic conditions. Researchers are suggested to
consider institutional indicators, audit indicators for legal clients and
environmental indicators such as central bank guidelines, sanctions, business
climate indicators and political and economic stability in future research.

The limitations of this research is lack of information in the field of Blockchain,
Metaverse and Internet of Things and the emphasis of the present research is only
on information and statistics in Internet Bank and Mobile Bank and services in
this field.
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Table (2) Application of research models
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1. Time-Varying Parameters Dynamic Model Averaging
2. Time-Varying Parameters Dynamic Model Selection
3. Kalman Filter

4. Metropolis-Coupled Markov Chain Monte Carlo
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Table (3) Values (a, A) in DMS and DMA models
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1. Markov-Switching Vector Autoregressive
2. Vector Autoregressive
3. Vector Error Correction Model
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Table (4) Prediction performance criteria in different prediction horizons

h=\

LOG (PL) MAFE MSFE MAPE FEV Bias

FNADA <[-¥\ o[+ NAYefeean e[y
RSN o[ 5Y R Y AVN Y P A R
YAL+ ) NNY R AT N P SRR\
PR -[-vs LY NAY N A
AJEAY o[-5Y DERY SERYAY SR Ry SRy PR R

TVP — AR(1) — X DMA (a = A = 0/99)
TVP — AR(1) — X DMA (a = A = 0/95)
TVP — AR(1) — X DMA (a = A = 0/90)
TVP — AR(1) — X DMS (a = A = 0/99)
TVP — AR(1) — X DMS (a = A = 0/95)
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Table (5) The first stage of the sampling process and calculations with the assumption of K = 8
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Table (6) The second stage of the sampling process and calculations assuming K = 8
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Table (7) posterior and prior distribution of non-fragile variables
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Table (8) LR test to check the linearity of the variables of the model
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Table (10) Estimation of MS (5) - AR (3) model parameters of credit risk model variables
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Figure (1) Transfer probabilities of the MS (2) - AR (3) model of the credit risk variable
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Table (11) LR test to investigate the effect or lack of effect of variables affecting credit risk
LR test statistica MS-ARX (In MS-ARX) MS-AR (In L MS-AR)
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Table (12) Inclusion of variables affecting credit risk in the MS-ARX model
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Figure (2) Transfer probabilities of the MS(5) - ARX(3) model of credit risk variable with the
inclusion of independent variables
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Table (13) Probability matrix of transition from one regime to another regime
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