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Abstract: -The global COVID-19 pandemic has greatly affected people, especially in the economic and 

banking sectors. The Indonesian Financial Services Authority (Otoritas Jasa Keuangan, OJK) issued a 

credit restructuring policy, effective from March 2020 to March 2022, to reduce credit and bank capital 

risk. This study proposes the bank risk scenario after the credit restructuring policy of the OJK 

moratorium in March 2022 and proposes the internal bank policy simulation to mitigate credit and 

capital risks in terms of Non-Performing Loan (NPL) and Capital Adequacy Ratio (CAR). The difficulty 

of this study is how to develop the risk scenario and to simulate the bank risk mitigation policy after the 

policy moratorium, while the COVID-19 pandemic is still ongoing and the economy is not yet normal. 

To that purpose, this study uses a system dynamics methodology with Powersim Studio 10
©

 software 
that is able to make scenarios on the level of credit risk (NPL) and bank capital (CAR) and able to 

simulate internal bank policy to overcome the risk by considering the environmental and policy 

changes.  Based on the policy simulation, it is recommended that bank can implement the restructuring 

policy to control the credit risk and strengthening the NPL monitoring activity in order to manage and 

decrease the loan impairment expenses. To increase CAR, the result shows that the combined policy 

consists of the NPL monitoring program, the interest rate and the operating cost management program 

is able to produce a significant increase in bank’s capital (CAR). The original contribution of this study 
is to provide new model of credit and capital risk scenario and risk mitigation simulation during the 

COVID-19 pandemic.  The advantage of this study is that the model can be tested and implemented to 

other banks.  
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1. Introduction 
 

The COVID-19 pandemic has led to the 

closure of several sectors and worsening the 

economic crisis [1].  This pandemic has also 

interfered with education and mental health of 

the people [24], [48], a different situation from 

the previous global financial crisis [25]. The 

tourism, aviation, and other service industries 

have stopped operating, leading to 

unemployment. The impact of the COVID-19 

pandemic on economic destruction was 

illustrated by the decline in several 

macroeconomic indicators, including 

production aggregate, supply, trade flows, 

savings, investment, and employment [11].  

Furthermore, the pandemic affected the bank 

operations.  

Banks could not easily generate funding 

from the communities and businesses during 

the pandemic because economic deterioration 

hampered public life. Consequently, there were 

difficulties in increasing banks’ lending 

because the COVID-19 affected the borrowers’ 

capability to repay the loans.  This implies that 

the volume of unpaid credit would increase in 

case the pandemic prolongs. This would reduce 

bank liquidity, increase the Non-Performing 
Loan (NPL) and loan impairment expenses, 

and decrease bank income and capital [9], [18]. 
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Studies on the pandemic’s impact on banking 

show an increase in NPL and a decline in bank 

CAR [11], [19].  

The COVID-19 pandemic affected 

Indonesian banking sector, leading to increased 

NPL and low CAR.  For this reason, OJK issued 

a policy in March 2020 Number 11/2020 

extended to Number 48/2020. This policy made 

it easier for banks to restructure their 

outstanding credit. As a result, the bank's NPL 

level has been lowered, and the CAR ratio 

maintained. However, there are uncertainty 

concerns in the banking industry that NPL 

would increase and CAR decrease in case the 

COVID-19 pandemic prolongs since the policy 

is effective only until March 2022. Therefore, 

this study proposes the bank risk scenario after 

the OJK loan restructuring policy moratorium 

in March 2022. Additionally, it proposes the 

internal bank policy simulation to mitigate the 

effect of credit (NPL) and insolvency (CAR) 

risks. The system dynamics methodology was 

used to generate scenarios and internal bank 

policy simulations on credit risk and banking 

capital after the OJK policy moratorium. This 

methodology overcomes the weakness of 

historical data-based statistical modeling to 

simulate the bank NPL and CAR risks during 

the COVID-19 pandemic [8], [47]. 

This paper simulates the credit and capital 

risks of BNI Bank, one of the state-owned 

banks in Indonesia affected by the pandemic. In 

2020, the NPL ratio of BNI increased by 

86.96%, return on assets (ROA) decreased by 

79.17%, and the capital adequacy ratio (CAR) 

fell by 12.36%. Furthermore, the total 

outstanding loans were IDR 586 trillion in 

2020. These included non-performing loans of 

IDR 24.6 trillion (4.2%) and loans restructured 

due to the pandemic, amounting to IDR 148.94 

trillion (25.41%). Restructured loans are the 

NPL treated as performing loans based on OJK 

policies. Based on the analysis report of the 

Indonesia banking industry in 2020, there 

would be a potential NPL of 50% of the 

outstanding restructured loans when the OJK 

policy is a moratorium on March 2022. 

Regarding this prediction, BNI’s NPL and CAR 

ratios would be at a high risk and increasing the 

bankruptcy risk. All those are the background 

for this study, that used the words of loan and 

credit as well as equity and capital 

interchangeably.  

 

 

 

2. Literature Review 
 

NPL is the loan risk arising when the 

borrower does not pay loan obligations 

according to the schedule.  When the loan is 

non-performing, the bank is delayed in cash 

inflow, resulting in increased loan impairment 

expenses. Furthermore, the constrained cash 

inflow reduces the available funds for new loan 

growth, while the increase in impairment cost 

decreases the bank's capital. Consequently, 

reduced capital increases the risk of bank 

bankruptcy [30], [37], [39]. 

Previous studies implemented parametric 

statistical models with accounting ratios and 

market data to predict the credit and capital 

risks [5], [31], [29], [16], [15].  Some studies 

showed that during the COVID-19 pandemic, 

loan quality declined, NPLs increased, bank 

capital deteriorated and the operations of large 

banks were affected [2], [18, [19], [11], [25], 

[26].  Similarly, the COVID-19 pandemic 

affected the performance of the profit of banks 

in Indonesia [35]. Those studies indicate that 

the NPL and CAR ratios are good predictors of 

a bank's bankruptcy risk [22], [12], [14]. 

However, the studies did not provide 

information on scenarios of NPL and CAR risk 

levels during the Covid-19 pandemic and policy 

simulations to overcome them. There are some 

solutions to respond the condition, including 

the recommendation that banks increase the 

credit lending to the businesses that unaffected 

by the COVID-19 pandemic, increasing the 

effectiveness of loan monitoring, implementing 

the operating cost efficiency and managing the 

interest rates [43], [23].  In order to provide the 

risk scenario of the bank, some studies used the 

system dynamics approach by analyzing the 

loan, capital, and bank bankruptcy risks using 

system dynamics approach [28], [33], [34], [4], 

[20], [47], [21].  System dynamics are also 

useful in predicting bank risk scenarios, 

modeling mitigation policies and can provide 

some early information to mitigate the risks 

[20], [32]. Studies with system dynamics in 

banking sectors were using the data of the bank 

balance sheet and a profit and loss statement 

[6], [20], [33]. 

System dynamics modeling is a future-

oriented simulation that helps management to 

formulate the best policies [46], [10], [1], [3].  

Simulation is a model or replication that 
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emulates the operation of a real-world system 

over time. It uses computer software models to 

understand better the interactions between the 

many structures within the system [38]. 

The tools used to describe the structure and 

interactions between structures in system 

dynamics modeling are Causal Loop Diagrams 

(CLD) and Stock Flow Diagrams (SFD) [27]. 

CLD is a visual map to determine the 

relationship of feedback and cause-effect 

between interacting variables in the system. 

Also, it serves as a hypothesis for the system's 

behavior being modeled [41], [36]. Stock & 

Flow Diagram (SFD) is a CLD formulated in 

the relationship diagram between variables in 

the stock (level) and flow (rate). Stock is the 

variable indicating the accumulation of change, 

and flow shows the level of change [17], [13]. 

The scenarios produced by the system 

dynamics contained of some parameters of NPL 

and CAR level, that should be compared with 

the respective bank regulation.  The maximum 

standard of loan risk measured by the NPL ratio 

is 5% of the total loan, while the standard of 

CAR is at least 10%. An NPL ratio is greater 

than 5%, and CAR less than 10% increase the 

risk of bank bankruptcy [9]. 

 

3. Research Methodology 
This research used the system dynamics 

methodology to simulate the increase in loan 

and capital risks before and after the OJK loan 

restructuring policy for banks affected by the 

pandemic. The model is prepared based on 

some accounts in the bank’s balance sheet and 

profit and loss statement [6], [20], [33].  The 

causal loop diagram shows the relationship 

between variables that affected the loan and 

capital behavior in the modeling.  Furthermore, 

the stock-flow diagram shows the loan and 

equity (capital) quantitative transactions in the 

monetary unit.  

 

3.1. Modeling Causal Loop Diagram of 

Credit and Capital Risk 
This research analyzed credit risk and capital 

risk. Figure 1 shows the causal loop diagram on 

the effect of the COVID-19 pandemic on credit 

and capital risk. Also, the figure shows the cash 

flow from TPF (Third Party Funds) to be the 

liquid asset to increase the availability of funds 

for lending.  Loan instalments that consist of the 

principal and interest payment will increase 

liquid assets and bank capital.  When a loan has 

a problem with its repayment, it is classified as 

a non-performing loan (NPL). In this case, bank 

should advise borrowers and restructure the 

loan to be performing. However, when the NPL 

becomes worst, it needs to be written off by the 

bank. 

 

Figure 1: Causal Loop Diagram of Loan Risk and Capital Risk 

 
 

Credit risk arises due to an increase in NPL 

and is measured by the NPL ratio to total loan. 

A high NPL requires bank to incur loan 

impairment expenses, which reduce their net 

income. To counter this, bank must establish a 

higher allowance for impairment losses to 

reduce the minimum capital adequacy ratio 

(CAR). This is the risk of bank capital, which 
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leads to bankruptcy in case it significantly 

declines. 

The COVID-19 pandemic has caused an 

abnormal increase in loan risk. As a result, OJK 

issued a loan restructuring policy to overcome 

this risk. Therefore, loans with the potential to 

be NPL are restructured and performed to 

reduce impairment expenses and maintain the 

CAR ratio.  Table 1 shows the relationship 

between NPL, CAR, the COVID-19 pandemic, 

and the Credit Restructuring Policy. 

 

Table 1: Predicted Impact of Variables on 

CAR and NPL 

 

3.2. Modeling Stock Flow Diagram of 

Credit and Capital Risk 

The next modeling step translates the causal 

loop diagram of credit and capital risk into 

stock and flow (rate) categories of loan 

mechanism, as shown in Figure 2. The stock 

category comprises the variables with 

accumulation or storage characteristics capable 

of determining the balance at any time. All the 

accounts in the balance sheet are stocks that 

consisting of liquid assets, loans, third party 

fund (TPF) and equity. The liquid asset and 

loan are the bank’s investment portfolio that 

generate interest and fee-based income at the 

expense of a certain risk. 

 

Figure 2: Stock Flow Diagram of Loan 

Mechanism 

 

The loan investment structure is classified 

into the following four stocks to control loan 

risk and return: 

 Performing loans paid installment on time 

and regularly. An additional loan is added to 

this stock and deducted based on time and 

regular payment. 

 Restructured Loan is a potential NPL 

classified as a performing loan due to the 

OJK policy to lighten the borrower's burden 

during the pandemic. 

 Non-Performing Loan (NPL) is loan that 

delayed in payment for more than 90 days. 

The NPL inflow is determined by a rate 

calculated from historical data assumed in a 

normal condition and affected by COVID-

19. It represents the behavioral change in the 

borrower's ability to pay.  

Variable CAR NPL 

COVID19 Pandemic - + 

Credit Restructuring Policy + - 
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 NPL Write off Accumulation is associated 

with non-performing loans that are less 

likely to be repaid. Bank issue a policy to 

write off these loans, which are booked as 

NPL Write Off Accumulation. Therefore, 

they are not included in bank accounts but 

are charged to the borrower. 

 Performing loans is the main source of 

interest income and liquidity. During normal 

business, part of it becomes NPL. Therefore, 

bank needs to allocate loan impairment 

expenses.  

Figure 3 shows the COVID-19 impact on 

loan mechanism in NPL rate and loan activity.  

The figure shows the COVID-19 time hit (3rd 

month of 2020) and how long NPL rate and 

credit risk are affected by the pandemic. Also, 

it shows the adjusting starting time for Bank, 

with borrowers starting from when the 

pandemic was discovered, and adjusting time 

for Bank borrowers based on when the 

pandemic would end. 

 

Figure 3: Diagram of COVID-19 Impact on 

Loan 

 
  

The performing loan is restructured to 

change its tenor and interest to comply with 

OJK regulation as a countercyclical of COVID-

19 pandemic. Based on the regulation, the loan 

is restructured extraordinarily.  Loan 

restructured increased loan quality without 

additional impairment expenses. The model 

shows that the bank's compliance with OJK 

regulation affects performing loan, NPL, and 

write-off accumulation. Additionally, the 

model illustrates the behavior of loans, NPL, 

and equity during the pandemic.  

Figure 4 shows the simulation of COVID-19 

period and its impact to NPL and loan 

mechanism. A value of 1.0 indicates that the 

pandemic is still active and reduces the loan 

activities, while 0.0 means they are at a normal 

level. Also, the graph shows that loan activities 

may return to normal after the 36th month (on 

December 2022).  

 

Figure 4 Simulation of COVID-19 Impact on 

Loan 

 
 

Figure 5 shows that the stock-flow diagram 

of bank equity.  The equity increases through 

profit after tax and decreases by the payment of 

dividends. Profit after tax is calculated by 

subtracting expenses from the income. The 

income is sourced from the interest and 

operating income, while expenses consist of 

interest, operating and loan impairment 

expenses. During the economic crisis and 

COVID-19 pandemic, loan impairment 

expense increases significantly, creating bank 

losses and reducing equity. Consequently, 

reduced capital increases the risk of bank 

bankruptcy.   

 

Figure 5: Stock Flow Diagram of Bank Equity (Capital) 
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4. Model Configuration and 

Test  
 

The model configuration comprises the set-

up process, including initial parameters values, 

time set-up, and simulation time. The Initial 

Values and Constant Values of the Baseline 

Model are shown in the Appendix of this paper.  

The model is set to run in a 0.25-month time 

step, with the simulation time of the 1st month 

starting on 1 January 2020 and ending on the 

36th month, which is on 31 December 2022. 

Historical data is available from 1 January 2020 

(1st month) until 31 December 2020 (12th 

month).  

The model was validated and used to 

compare the simulation and historical data to 

build the model confidence [40]. Several results 

of comparison between model simulation and 

historical data are shown in Figures 6 and 7. 

The model comparison has a similar trajectory 

with the historical data from the 1st to the 12th 

month.  

 

Figure 6: Historical and Simulation Data of 

Loan

 

 

Figure 7: Historical and Simulation Data of 

Capital 

 
 

To test the ability of the model to represent 

the data on the system created, this study used 

the Behavior Reproduction Test [41].  It uses 

several parameters to ensure the system is 

functioning properly, including R2, Root Mean 

Square Percentage Error (RMSPE), Mean 

Square Error (MSE), and Theil’s Inequality 

Statistic, as shown in Table 2. 

R2 is the coefficient of determination or the 

fraction of the variance in the data determined 

or explained by the model. This parameter 

includes r for the correlation coefficient 

between the model and the data series.  In this 

case, R2 = 1 when the model shows actual data. 

Theil’s Inequality Statistics decomposes MSE 

into bias (UM), unequal variation (US), and 

unequal covariation (UC), in which UM + US + 

UC = 1. To check the capability of the model, 

the test is carried out on the Loan by comparing 

the historical data in 2020 and the simulation.  

 

Table 2: Model Fits Historical Data (error analysis) 

Variable RMSPE MSE 𝑈𝑚 𝑈𝑆 𝑈𝐶 𝑅2 

Loan 0.008902259 7.92502E-05 0.00265 0.02297 0.97431 0.972 

Capital 0.014364056 0.000206326 0.07996 0.02683 0.89105 0.9754 

 

The R2 value in the simulation data is 0.97 

or close to 1, which is relatively high. This 

means the simulation results can explain the 

dynamics of the historical-comparative data. 

However, there is a relatively small difference 

in each component of Theil Statistics. 

Furthermore, the UM value of 0.00265 or close 

to 0 indicates a relatively small bias or deviation 

between the two data. The US and UC values are 

0.02297 and 0.97431 (close to 1), respectively. 

The UC value shows that most errors are 

concentrated in the covariance inequality. In 
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comparison, UM and US are small, with the 

same mean and variance but a time shift of the 

two data. The model allows unsystematic error 

qualification, meaning it functioned properly 

[40].  

The R2 value in the simulation for the equity 

(capital) parameter is 0.9754 (close to 1), which 

is relatively high. This means that the 

simulation results can explain the dynamics of 

historical data. Moreover, the UM value is 

0.07996, the US is 0.02683, and the UC is 

0.89105. Therefore, the UM, US, and UC values 

show no relative bias or deviation. The model 

is categorized as unsystematic error, meaning it 

is useful in proposing policy simulations. 

The RMSPE decomposition shows that the 

UC values are bigger in both cases, meaning that 

the model reasonably represents the data's mean 

and underlying trends. Also, the error is related 

to a difference from point-to-point estimation 

[41]. Previous studies showed that projections 

from the calibrated model are more trustworthy 

than forecasts from other methodologies [47]. 

A comparison was carried out between the 

historical and the simulation data. The results 

showed that the simulation perfectly mimicked 

historical data. Several differences occurred in 

the comparison due to the delay function in the 

model to replicate its behavior and averaging 

process and smooth cyclical pattern in the 

historical data. 

5. Model Simulation 
This study used simulation modeling with 

Powersim Studio 10© software. The stages of 

the model included baseline, NPL, and CAR 

ratio simulation.  Baseline simulation was 

conducted to generate NPL and capital risk 

indicators when the bank operates during the 

COVID-19 pandemic while the OJK loan 

restructuring policy is ongoing. This first 

simulation resulted in the Baseline Data. The 

second simulation was conducted to determine 

the level of NPL and CAR risks after the 

moratorium of the OJK loan restructuring 

policy. The third simulation is performed on the 

internal bank policies to mitigate the NPL and 

CAR risks after the moratorium. 

5.1 Baseline Data  

Baseline data refers to the banks’ financial 

performance from the 1st to the 36th month, or 

the period between 1 January 2020 to 31 

December 2022. The baseline data was 

compiled from historical data during 2020 and 

projections for 2021 and 2022 based on 

historical performance. Also, several 

assumptions were considered, such as TPF and 

loan growth, NPL ratio, and CAR projections. 

The baseline data provides some financial 

information of NPL and CAR levels in the 

COVID-19 pandemic under the OJK policy of 

loan restructuring.  This information is a 

reference or comparison for simulating loan and 

capital risks after the OJK policy moratorium 

policy. Furthermore, it compares the 

simulations for internal bank policies after the 

policy moratorium. 

Figure 8 shows baseline data for credit and 

TPF growth.  The TPF is the main source of 

bank funding that grows with the assumption of 

8-9% until the end of 2022. In the 6th to 8th 

periods, TPF experienced a significant increase 

compared to the previous period due to the 

additional Government deposits.  This boosted 

credit growth and net bank income. In this case, 

by the end of 2022, the loan is estimated to grow 

to IDR 630.52 trillion or by 86% of the TPF. 

The loan consists of performing and 

restructuring loans, as well as NPLs. 

Figure 8: Third-Party Fund and Loan Baseline 

  
 

Figure 9 shows the NPL Ratio and CAR 

baseline of BNI Bank. There was an increase 

and significant decrease in NPL ratio and CAR 

in the 1st to 10th month period, respectively. 

Therefore, bank increase impairment expenses 

to anticipate an increase in NPL, though this 

decreases CAR. The NPL Ratio decreased after 
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the 10th month because the bank applied the 

OJK credit restructuring policy. Bank should 

conduct simulations to anticipate the increase in 

NPL risk and a decrease in CAR when the OJK 

policy ends in March 2022. Additionally, they 

should simulate internal policies to minimize 

the decline in CAR. 

Figure 9: NPL Ratio & CAR Baseline 

 
Bank increases allowance for impairment 

loss to anticipate the potential increase in credit 

risk during the pandemic. Figure 10 shows that 

the bank has an equity balance and allowance 

for impairment losses (accumulation of 

impairment expenses) of IDR 155.66 trillion 

and IDR 53.13 trillion, respectively. This is 

higher than the projected NPL balance of IDR 

20.05 trillion, meaning that the bank is 

financially capable of anticipating the future 

increase in NPL risk.  

Figure 10: Baseline Simulation for Equity, 

Allowance for Impairment Losses and NPL 

 

 

5.2 Bank Risk Simulation on the 

Scenario of OJK Policy 

Moratorium 
 

Credit and capital risks are simulated with 

the scenario of discontinuing the OJK credit 

restructuring policy in March 2022.  It is 

necessary to determine several new simulation 

parameters to project the conditions after the 

policy moratorium as shown in Figure 11. 

These parameters include: 50% of the 

restructured loan outstanding is considered 

NPL, the revocation of the OJK policy is in 

March 2022, and there is a 2-month lag time for 

loans to become NPLs. 

Figure 11: Policy Structure of Restructured 

Loan 

 
 

 

 

 

 

 

 

NPLs could rise in case the economy 

remains abnormal after the OJK policy 

moratorium in March 2022. It is estimated that 

around IDR 73.5 trillion, or 50% of the total 

outstanding restructured loans of IDR 147 

trillion, would become NPLs. Based on the 

published bank financial statements, more than 

50% of the restructured loans were distributed 

to the industrial, trade, hotel, and restaurant 

sectors. These sectors experienced a significant 

decrease in business performance during the 

COVID-19 pandemic.  However, the outcome 

of this scenario may change in case credit is 

restructured effectively before the moratorium. 

Figure 12 shows that for 2-3 months after the 

moratorium, the NPL ratio increased from 

3.33% to 11.16% in the 33rd month and became 

relatively stable until December 2022 (36th 

month). 
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Figure 12: Scenario Simulation for NPL Ratio 

 

There is a potential for CAR to decrease, 

similar to the NPL risk simulation. However, 

the simulation results show that the decrease in 

CAR was not as high as the increase in the NPL 

ratio. The CAR baseline data was at 23.23% in 

the 28th period, though it would decrease to 

22.17% in the 36th month after the moratorium 

as shown in Figure 13. This is because the bank 

has the allowance impairment losses at a 

sufficient level (Figure 10). During this period, 

the CAR level was still higher than BNI Bank's 

mandatory CAR at the minimum level of 

9.95%. 

 

Figure 13: Scenario Simulation for CAR 

 

5.3 Simulation of Bank’s Internal 

Policy for Risk Mitigation 

 

There is a potential increase in credit and 

capital risk in case the COVID-19 pandemic 

prolongs after the OJK restructuring policy is 

revoked. These risks could be mitigated by 

simulating and selecting the most effective 

policy to reduce NPL and increase CAR. The 

mitigation policy includes the implementation 

of the NPL monitoring program, management 

of operational cost and loan interest and deposit 

rates, and policy combination (policy mix) [43], 

[23].  The simulated policies are shown in Table 

3. 

Table 3: Policy Definition to Mitigate Credit and Capital Risk 

Policy Definition Parameter changes in model 

1) NPL Monitoring Program A program to monitor the loan 

restructuring performance of the 

borrowers unable to fulfill 

obligations but still have the 

capacity to repay the credit and 

are considered cooperative. 

The initially assumed 50% of the 

loan restructured to become NPLs 

is reduced to 10%.  

2) Interest Rate Management Policies to increase loan interest 

and lower deposit interest. 

 

Increasing the loan interest rate 

from 7,9% to 9,5% annually and 

lowering the deposit rate from 

1,68% to 1,2% annually. 

3) Operating Cost 

Management 

Policies to reduce bank operating 

expenses on salaries, office 

utilities, and marketing. 

The bank operating cost to income 

ratio to be reduced from 39% to 

32%. 

4) Combination Policies 

(Policy Mix) 

Policies that combine policies 1, 

2, and 3. 

Using the changed parameters 1, 

2, and 3. 
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The results of the bank internal policy 

simulation to mitigate risk are presented in 

Figure 14.  A policy could be implemented to 

bring NPL closer to the baseline ratio to reduce 

credit risk. The NPL Monitoring Program is the 

most effective policy to reduce the NPL ratio 

from 11.89% to 4.56%.  The program involves 

providing additional new credit facilities, 

extending terms, and reducing loan interest 

rates. Consequently, borrowers are enabled to 

continue their business and pay the credit in 

installments.  The NPL Monitoring Program 

should be implemented in the economic sectors 

that survived the pandemic, such as 

pharmaceutical, telecommunications, social 

services, and agricultural industries.  

Policies 2 and 3 are the operational options 

that indirectly affect the NPL ratio. In this case, 

policy 2 is accomplished by bank to increase net 

interest income, while 3 reduces the operational 

expenses.  Policy 4 is a mix that results in a 

reduced NPL Ratio similar to 1. 

The simulation of the four policies on 

changes in capital risk due to the OJK credit 

moratorium resulted in different patterns as 

shown in Figure 15. The order of policies that 

increase the CAR from the highest is 4, 

followed by 2, 1, and 3. Policies 4 and 2 

increased CAR to 23.38% and 22.99% above 

the baseline level, respectively.  Policies 1 and 

3 increased CAR beyond the OJK Policy 

Moratorium of 22.57% and 22,42%, 

respectively, but still below the baseline level. 

Policy 4 is a combination policy that 

increases capital significantly compared to 

other policies. The source of additional capital 

is the net interest income from policies 1 and 2 

and cost efficiency from policy 3. The 

additional capital as the result of policy 4 

proportionally increases the CAR ratio. 

Figure 14: Comparison Policy Scenarios to Credit Risk (NPL Ratio) 
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Figure 15: Comparison Policy Scenarios to Capital Risk (CAR) 

 

 

5.4 Discussion 

The current global pandemic has affected 

many aspects of human life. This has prompted 

studies on the impact of the COVID-19 

pandemic in economic sectors including the 

banking sector as well as in other sectors such 

as in the higher education institutions and 

mental health [24], [48]. This study examines 

several bank efforts to maintain credit risk 

(NPL) and bank capital adequacy (CAR) during 

the pandemic.  

The simulation result of the OJK credit 

restructuring policy moratorium shows that the 

COVID-19 pandemic caused an increase in 

NPLs. This is similar to some previous studies 

in Indonesia, Bangladesh and Poland, in which 

confirmed that there was an increase in NPL 

during the COVID-19 pandemic [18], [19], 

[11], [26]. The increase in banks’ NPL could be 

mitigated through various ways, such as NPL 

monitoring activity [23], [43]. This study 

confirmed that the NPL Monitoring Program 

could significantly reduce the NPL ratio.  

An increase in NPLs causes a decrease in 

CAR [35]. However, this study shows the 

increase in NPL is not always proportional to 

the decrease in CAR, provided the bank still has 

an adequate allowance for impairment losses. 

Based on the simulation test on credit and bank 

operation, each policy produces different 

impact. The bank operational policies such as 

the interest rate and operating cost management 

program could improve the level of CAR.  

The changes in NPL or the increase of credit 

risk affect the bank's ability to generate profits 

as additional capital [15]. Furthermore, the 

COVID-19 pandemic affected Indonesian 

banks' profit and capital performance [35], [18]. 

The simulation at BNI Bank shows that the 

increase in NPL ratio reduces the CAR level, a 

problem to be overcome through a policy 

scenario. According to the theory of bank 

management, the effective policy options to 

maintain CAR and monitor NPLs ratio include 

interest rate and operating cost management 

program [23]. The policy simulations at BNI 

Bank show that CAR could be maintained by 

implementing a mixed policy. 

6. Conclusion 
The purpose of the study is to provide the 

bank risk scenario after the credit restructuring 

policy of the OJK moratorium in March 2022 

and the internal bank policy alternatives to 

mitigate credit and capital risks in terms of 

Non-Performing Loan (NPL) and Capital 
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Adequacy Ratio (CAR). For this purpose, the 

study develops a system dynamic-based 

simulation model for BNI Bank, an Indonesian 

state-owned bank that impacted the COVID-19 

pandemic.  The result demonstrates that the 

NPL increases as the effect of the pandemic and 

it reduces the level of CAR.  Regarding the 

bank internal policy scenario, the simulation 

proposes 4 policies, in which the best policy is 

the recommendation that BNI Bank can 

implement the NPL Monitoring Program to 

reduce the NPL ratio as well as the interest rate 

and operating cost management program to 

maintain the level of CAR.  

The contribution of this study compare to 

the previous studies is that this study develops 

the new model of risk scenario and policy 

simulation while the COVID-19 pandemic is 

still ongoing and the economy is not yet normal. 

While other studies only calculated the impact 

and the level of credit risk (NPL) that have 

happened.  The advantage of this study is that 

the model could be tested and implemented to 

other banks as far as the bank’s financial reports 

are available.  
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Appendix.  Initial Values and Constant Values of the Baseline Model 

Name Unit Initial Values Variable Type 

Equity Million IDR 116,898,206 level 

Liquid Asset Million IDR 105,336,365 level 

Marketable Securities  Million IDR 108,828,780 level 

National loan market 2020 Million IDR 8,280,811,798 level 

Non-performing loan NPL Million IDR 12,172,350 level 

Performing loan Million IDR 507,181,260 level 

Restructured Loan Million IDR - level 

Third-party fund TPF Million IDR 582,966,966 level 

Adjust time end Month 6 constant 

Adjust time-end credit Month 60 constant 

Adjust time start Month 1 constant 

Adjust time start for credit Month 3.5 constant 

Adjustment delay impairment rate Month 3 constant 

Capital Adequacy Ratio Standard % 10% constant 

Converter month to a year Month/Year 12 constant 

COVID time Month  3.07 constant 

Credit Risk Factor in Pandemic % 80% constant 

Delay time paid NPL Write off Month 24 constant 

Duration Month 12 constant 

Loan maturity Per month 0.20% constant 

NPL 2020 % 2.90% constant 

NPL Ratio Target 2021 % 4.50% constant 

NPL Write off rate Per month 2.40% constant 

Payment Fraction of Write of Loan % 20.00% constant 

Realized NPL rate Per month 0.22% constant 

Response time to credit Month 1 constant 

Rest Loan Fraction to NPL % 0 constant 

Target loan impairment rate Per month 0.0055 constant 

Target NPL restructuring Per month 0.0025 constant 

Time to the average loan market Month 12 constant 

Time to correct performing loan Month 1 constant 

Time to distribute additional loan Month 1 constant 

Time to outflow restructured loan Month 1 constant 

Time to restructuring Month 2 constant 

Transition time rest loan to NPL Month 2 constant 

Profit and loss period Month 1 constant 

BNI market share  % 13.00% Graph 

 Loan market growth Per month 0.20% Graph 

 Loan market growth Per year 2.40% Graph 

Target loan market share assumption  % 6.20% Graph 

Interest rate TPF Per year 2.79% Graph 
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