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Competitive Advantages after Pandemic”. This proceeding contains several researches articles from 

many fields in Business & Marketing, Banking & Sharia Banking, Accounting & Financial 

Management, Human Resources Management, Operations Management, Investasi, Insurance & 

Capital Market, Strategic Management, Technology Management, and Information System. 
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Macroeconomic Stress test of Credit Risk in 

Indonesian Banking using Monte Carlo Simulation 
(An Empirical Study on Commercial Banking in Indonesia during 

2010-2020)
 

Nanda Diyah Syarifah S.M1, Prof. Dr.  Abdul Mongid, MA., P.hd1

1,2 Universitas Hayam Wuruk Perbanas, Surabaya, Indonesia 

Coresspondenr Author:: nandasyarifah17@gmail.com  

ABSTRACT 

The paper presents the model macroeconomic stress test credit risk for the banking system of Indonesia during 

2010 to 2020. The aim of this research is to evaluate the vulnerability of the banking system through the credit 

risk to the country's economic shocks. The variables used are GDP, exchange rate, inflation, policy rate and total 

credit. Economic growth and interest rate have negative non-significant correlation to credit risk. Total credit 

has significant negative correlation to credit risk. Inflation has positive non-significant and exchange rate has 

positive significant correlation to credit risk. Stress test result showing that the forecast of NPL change is 

maximal at –o,83. This shows that commercial bank in Indonesia have a tendency declining the NPL value in 

upcoming period.    According to the obtained results generally, it is still necessary for Indonesia commercial 

banks to increase their capital in order to cover their unexpected losses. 

Keywords: Macro Stress Test, Credit Risk, Monte Carlo Simulation 

1. INTRODUCTION

Based on banking law, bank is defined as a business

entity that collects funds from the public in the form of 

savings and distributes them to the public in the form of 

credit or other forms in order to improve the standard of 

living of the people at large. In practice, of the total 

financing disbursed to the community, not all are 

categorized as healthy, but some of them are financing 

that has poor quality. Credit quality in the banking 

industry is important to consider due to one of the 

indicators for measuring bank health. Credit risk is the 

risk of loss due to the possibility of counterparty fail to 

pay its obligations. The increase in the value of credit 

risk is indicated by an increase in the ratio of non-

performing loans as measured by the NPL ratio (Non-

Performing Loan). 

Based on data obtained from the average NPL level 

on commercial banks in Indonesia, it shows a 

continuous rising trend during January 2019 to January 

2020 at 2.77% with a value of IDR 

5,502,812,000,000,000 (www.ojk.go.id). 

Aviliani et al., (2015) explained that macroeconomic 

conditions are generally seen through economic growth, 

inflation rates, interest rates and exchange rates. Stable 

macroeconomic conditions can be seen from high 

economic growth, low loan interest rates, and controlled 

inflation so it can provide a positive environment for the 

development of the banking business itself. 

The first quarter of 2020, economic growth was 

recorded at only 2.97% compared to last year 5.02%. 

The reason of the decline in economic growth cannot be 

separated from the impact of handling the spread of the 

Covid-19 virus that affect all aspects of life and 

economic activity, both in terms of production, 

distribution, consumption, investment, and foreign 

trade. 
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Exchange rate is one of the macroeconomic 

variables that can be defined as the price of one 

currency in the currency of another country. The 

exchange rate variable has a close relationship with 

debtors whose main business is in the import-export 

sector. The effect of the exchange rate on non-

performing loans (NPL) occurs when the value of the 

domestic currency depreciates it can cause capital 

outflows or people's capital flight abroad because when 

compared to other countries' currencies, the rupiah 

exchange rate is too low. The increasing exchange rate 

of the Dollar will increase the demand for Dollars. For 

large bank debtors whose business activities are in dire 

need of the dollar exchange rate, they will experience 

pressure from the depreciation of the exchange rate so 

that it will increase the risk of default or bad credit. The 

increase of dollar or the weakening of rupiah will 

increase the risk of non-performing loans. 

Inflation realization in 2020 is under the target that 

set by the government at 2% to 4%. The decrease of 

inflation in 2020 is in line with the downward trend in 

purchasing power demand due to Covid19. Covid19 has 

caused the inflation trend in Indonesia to slow down as 

a result of a spike in layoffs, changes in work schemes, 

thereby suppressing demand which has an impact on 

supply. This causes the income of business actors and 

companies to decline, so it will be difficult for debtors 

to pay bank loan. 

BI rate also known as interest rate policy in 

Indonesia is one of the macro variables that affect the 

condition of the banking sector. The BI rate is a policy 

made by Bank Indonesia regarding interest rates that 

reflects the stance of monetary policy. Bank Indonesia 

plays an important role in the policy of setting interest 

rates every year in order to maintain the country's 

economic stability. This policy will be implemented in 

monetary operations conducted by Bank Indonesia 

through the management of liquidity in the money 

market in order to achieve the operational targets of 

monetary policy. The determination of interest rates in 

Indonesia on the cost of funds and lending rates refers to 

the BI rate. 

Commercial bank chosen as the object of study 

because in 2020 at the time of the pandemic, the NPL 

value of commercial banks was much higher than the 

NPF of Islamic banks. The main reason is that many 

Islamic banks do not yet have a corporate segment so 

that the NPF risk is smaller. In addition, Islamic bank 

financing tends to be in the non-productive or consumer 

sector with a lower risk character. 

       Using Monte Carlo simulation and calculating the 

risk value and expected losses for each of the 

macroeconomic variables, the capital required by banks 

to cover losses is obtained. When a common scenario is 

applied to bank with similar method, the authority will 

have certain information from stress test result. It is 

going to provide consistency supervisory information. 

Remaining the main goal of this research is to ensure 

that banks have sufficient capital to cope with the credit 

risks they face so the bank can still maintain its business 

continuity. The stress test is conducted by the bank and 

the supervisor collects the result after the test has been 

performed. Comprehensive study an macroeconomic 

stress test is done by Boss (2002). 

Based on the research gap and the phenomena 

described above, it is necessary to conduct further 

research to obtain consistent results regarding 

macroeconomic stress tests and to determine the 

resilience of commercial banks to macroeconomic 

factors such as GDP, inflation, interest rates, and 

exchange rates on the quality of general banking credit. 

Conventional methods in Indonesia use the stress test 

method.  

 VARIABLES & MEASUREMENT 

     In this study, the theoretical basis used is the basic 

concept of macroeconomic factors, namely interest 

rates, GDP, inflation, exchange rates, financing growth, 

and the theory of credit risk. Therefore the author will 

present thee detail with the formulas are explained 

below: 

1.1. Credit risk  

         Credit risk is the possibility of a loss resulting 

from a borrower's failure to repay a loan or meet 

contractual obligations. Credit quality is a measurement 

of an individual's or company's creditworthiness, or the 

ability to repay its debt. Credit quality is an indicator of 

credit risk.  It refers to the risk that a lender may not 

receive the owed principal and interest, which results in 

an interruption of cash flows and increased costs for 

collection.       

          Zerman et al (2008), explained that credit risk is 

one of the most important factors to see the strength of 

the banking sector in dealing with the possible risks 

faced. The greater the risk of bank credit, the bank has a 

large potential for failure. Therefore, Non-Performing 

Loans are one of the most important indicators to 

measure banking performance in achieving profitability.  

  𝑁𝑃𝐿 =   X 100%   (1) 

1.2 Gross Domestic Product  

       GDP defines as the value of goods and services 

produced by a country in a certain period of time. The 

interpretation of the statement indicates that what will 

be calculated in the GDP category are products or 
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outputs in the form of goods and services in an economy 

that are produced by inputs or production factors owned 

by the citizens of the country concerned as well as by 

foreign nationals living geographically in the country 

(Sunyoto 2014).  

       Gross Domestic Product is the value of goods and 

services produced by a country within a certain time. 

GDP can be measured by the following formula: 

 

                 (2) 

1.3 Inflation 

       Inflation is the process of increasing the price of 

goods continuously which has an impact on the decline 

in people's purchasing power because in real terms the 

level of income also decreases with the assumption that 

the income level of the c is constant (Mankiw, 2013). 

Financial risk rising when there is an unexpected 

increase in inflation that causes purchasing power risk. 

When inflation occurs, it will make cost of living higher 

because the cost of consumption will increase as a result 

of rising prices. So when inflation occurs, the income of 

the society and companies decreases, so it will be make 

the counterpart difficult to pay the bank loan.  

      Inflation is a condition where the price level 

increases continuously or can be interpreted as a value 

where the level of prices for goods and services has 

increased.  Inflation can be measured by the following 

formula: 

         (3) 

 

1.4 Exchange Rate 

       Exchange rate can be defined as the number of 

units of currency that can be purchased or exchanged for 

one unit of foreign currency or the price of a currency 

expressed in another currency.  

      The fluctuation of the exchange rate might 

significantly affect the stability of the whole economy 

and output. An appreciation of the exchange rate can 

have mixed implications. On the one hand, it could 

weaken the competitiveness of export-oriented firms 

and adversely affect their ability to service their debt. 

On the other, it can improve the debt-servicing capacity 

of borrowers who borrow in foreign currency.  

      According to Hasad (2001), the exchange rate is the 

amount of domestic currency that can be reduced by a 

certain amount of currency of a certain country needed 

to obtain or obtain one unit of foreign exchange. In this 

case, the exchange rate is proxies by the middle rate of 

Bank Indonesia, which is the average sum of the buying 

and selling rates of exchange prevailing at the end of the 

quarterly reporting period, sourced from Bank 

Indonesia. The formula for exchange rate changes is 

obtained by the following formula: 

               (4) 

  1.5 Interest 

Rate 

       According to Kasmir (2011), interest rates can be 

interpreted as remuneration provided by banks based on 

conventional principles to customers who buy or sell 

their products. An increase in interest rates will worsen 

the quality of the loan, the higher the cost of debt, 

making it more difficult for debtors to repay their loans. 

Therefore, an increase in interest rates will increase the 

level of NPL bank credit (Messai & Jouini, 2013). 

       The interest rate can be defined as the compensation 

paid by the borrower of funds to the lender. For 

borrowers, the interest rate is the cost of borrowing or 

the price paid for the money borrowed, which is the 

exchange rate of current consumption for future 

consumption, or the current dollar price of future rupiah. 

The interest rate is defined as the percentage per year 

charged on money borrowed or lent. BI rate data comes 

from the Bank Indonesia website in the form of monthly 

data from January 2010 to August 2020. 

1.6 Total Credit 

The greater the loan disbursed by the Bank, the 

credit growth will also increase. Good credit growth will 

increase the Bank's profit growth in the form of Bank 

interest income. Therefore, credit management must be 

carried out as well as possible, starting from planning 

the amount of credit, determining interest rates, lending 

procedures, credit analysis to controlling bad credit. 

Before the realization is implemented, the bank 

must be able to assess the smoothness of loan 

repayments and interest payments. In addition, it is 

necessary to conduct research on the business feasibility 

of prospective debtors to determine the amount of 

income so that the Bank can avoid Non Performing 

Loan Risk. The lower the ratio, the lower the level of 

non performing loans that occur, this means the better 

the condition of the Bank. 

The greater the growth of credit disbursed will 

determine the profits obtained. However, this does not 

mean that the large number of loans disbursed will 

provide large profits; this will have an impact on the 

level of Non Performing Loan. The data of total credit 

obtained from OJK website. 

2. LITERATURE REVIEW 

    Several studies have used macroeconomic variables 

to estimate a banks probability of default. Most studies 

that connect credit risk to macroeconomic variables 

have used such variables to explain macroeconomic 
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effects to credit risk. The theories of credit risk relate 

non-performing loans external and internal factors. 

There are three theories that have provided insight into 

how these factors influence nonperforming loans levels.  

 

 

 

2.1 Deflation Theory  

      The first is deflation theory, Fisher (1933), which 

suggests that when the debt bubble bursts the following 

sequence of events occurs; debt liquidation leading to 

distress selling and contraction of deposit currency, as 

bank loans are paid off. This contraction of deposits 

cause a fall in the level of prices, which leads to greater 

fall in the net worth of business, hence precipitating 

bankruptcies which leads the concerns running at a loss 

to make a reduction in output, in trade and in 

employment of labor. These cycles cause complicated 

disturbances in the rates of interest and a fall in the 

money value. 

 

2.2 Financial Theory    

      Financial theory” pioneered by Minsky in 1974 also 

known as financial instability hypothesis, attempted to 

provide an understanding and explanation of the 

characteristics of financial crisis. The theory suggests 

that, in prosperous times, when corporate cash flow 

rises beyond what is needed to pay off debt, a 

speculative euphoria develops, and soon thereafter debts 

exceed what borrowers can pay off from their incoming 

revenues, which in turn produces a financial crisis. As a 

result of such speculative borrowing bubbles, banks and 

lenders tighten credit availability, even to companies 

that can afford loans and the economy subsequently 

contracts. 

       Credit quality is determined by collectability, 

namely whether or not the payment of interest and 

principal is smooth and the ability of the debtor in terms 

of business conditions. Therefore, credit collectability is 

categorized into current, substandard, doubtful, and loss. 

Financial theory underpin this study in that, a hedge 

borrower would have a normal loan and is paying back 

both the principal and interest; the speculative borrower 

would have a watch loan; meaning loans’ principal or 

interest is due and unpaid for 30 to 90 or have been 

refinanced. The primary sources of repayment are not 

sufficient to service the loan. The loan is past due for 

more than 90 days but less than 180 days. Substandard 

loans are nonperforming loans. 

2.3 Stress Test Theory 

      A bank stress test is an analysis conducted under 

hypothetical scenarios designed to determine whether a 

bank has enough capital to withstand a negative 

economic shock. These scenarios include unfavorable 

situations, such as a deep recession or a financial market 

crash. Banking stress tests assess how banks can cope 

with severe economic scenarios. We look at banks’ 

resilience, making sure they have enough capital to 

withstand extreme shocks and are able to support the 

economy. The scenario is calibrated to robustly test and 

challenge business models and support firms in 

identifying key sensitivities and vulnerabilities within 

their balance sheets in the context of a severe downside 

outcome with an intensification of the macroeconomic 

shocks seen in 2020. To support the process data stress 

test, this research use Monte Carlo simulation method. 

Monte Carlo simulation is a computerized mathematical 

technique that allows people to account for risk in 

quantitative analysis and decision making. Monte Carlo 

simulation furnishes the decision-maker with a range of 

possible outcomes and the probabilities they will occur 

for any choice of action. In other word, Monte Carlo 

Simulation used to estimate the possible outcomes of an 

uncertain event. They are most useful when it is difficult 

or impossible to use other approaches. In principle, 

Monte Carlo methods can be used to solve any problem 

having a probabilistic interpretation. 

3. METHOD 

      This study presents a model for assessing a banks 

default risk through a multiple regression based on 

simultaneous estimates of the impacts macroeconomic 

variables such as inflation, GDP, exchange rate, and 

policy rate, loan growth using panel and time series 

data. Data spans from January 2010 to August 2020. 

The approach used in this research is a quantitative 

approach. While the type of data used is secondary data. 

Secondary data is obtained from literature, journals, and 

documents from various institutions such as the (BPS), 

Bank Indonesia, and OJK. 

         In conducting stress test analysis on the banking 

system, in general, the focus is on credit risk. The stress 

test on the banking system includes several things, 

including;  

(1) Analysis of the influence of the variables being 

observed and related to the quality of bank credit, 

(2) Preparing stress scenarios that will be used later in 

stress testing analysis,  

(3) Calculating credit risk and reserves against potential 

losses under stress conditions in accordance with 

prepared scenario 

 
 
 

Figure 1. Stress Test Analysis Framework  
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        Multiple regression analysis technique is used 

because this study uses more than one independent 

variable. Multiple regression analysis technique serves 

to determine the effect of the independent variable on 

the dependent variable. This research has the following 

equations: 

NPL t = β0+ β1GDPt-1 + β2 LI t-1 + β3BI t-1 + β4 

lKURS t-1 + β5 lLTC+ ε t  

With the following explanation: 

NPL          =  Credit risk 

GDP          =  Economic growth  

BI              =  Policy Rate  

INF           =  Inflation  

KURS       =  Exchange Rate 

lLTC         =   Total Credit 

α                =  Regression equation Constanta 

β1,2,3,4,5  =  Regression coefficient  

ε      =  Error term  

 

       The stress test in this study uses a stress test 

scenario with Monte Carlo simulation that will be 

explained as follows: 

1.  Using a linear regression model 

2. Determine the regression coefficient and standard 

error in line with the distribution assumptions. 

3. Determine the value of variables such as mean, 

standard deviation and distribution assumptions. All 

data are assumed to be normally distributed. 

4. Entering regression efficiency data, variable values 

and distributions into the Monte Carl Simulation with 

the help of the Oracle Monte Carlo Simulation tool. 

5. Determine the number of trials and the assumption of 

a level of confidence of 500,000 times with a level of 

confidence of 95% 

6. Simulation implementation 

7. Downloading simulation result data 

8. Analyze data 

9. Draw conclusions 

      The next step is to predict the macro economy in 

2022 using data from GDP, inflation, interest rates, 

exchange rates, loan growth in 2022 using the standard 

deviation and average data from 2011 to 2020 with the 

following description: 

Table 1. NPL Simulation 

 

4. RESULTS 

The first step is doing some statistics test to knowing 

whether the data is fit or not by using classic assumption 

using Heteroskedasticity Test, Variance Inflation 

Factors, normality test, and autocorrelation test. After 

the data is fit and fulfil the criteria of that test, then it is 

continued to doing t-test and F test.  

This research using data D (data differential) in 

order to obtaining the realistic result remaining the 

impact of NPL in nowadays is caused by the variables 

in prior year. 

The following tables are the result of several 

statistics process: 

Table 2. Result of Heteroskedasticity and 

Autocorrelation  

Based on Heteroskedasticity test and Serial 

Correlation LM test, the value of Prob. F is more than 

0.05, means the data is homogens and fulfilling the 

criteria so the data can be process further.  After 

obtaining the result of autocorrelation and 

Heteroskedasticity test, the next step is testing whether 

the data has the similarity between the independent 

variables in the regression model because the similarity 

that occurs between the independent variables indicates 

a very strong correlation. While the good regression 

model can be defined there is no correlation between the 

independent variables. If there is a correlation, it 

indicates a multicollinearity problem. 

 

  Coefficient Uncentered Centered 

Variable Variance VIF VIF 

D(EGRW)  3.48E-09 1.042.845 1.038.250 

D(LKYD)  0.000193 1.804.780 1.040.552 

D(LKURS)  1.48E-05 1.094.815 1.059.742 

D(RATE)  1.10E-07 1.038.550 1.030.835 

D(INFLASI)  1.84E-08 1.030.045 1.028.876 

 

Table 3. Multicolleniarity Test Result 

 

Table 3. shows that the hat the value of centered VIF 

< 10, so the model is not multicollinearity.  

Descriptive Statistics Result 

Heteroskedasticity Test: ARCH 

F-

statistic 0.143025 Prob. F(1,124) 0.7059 

Obs*R-

squared 0.145165 

Prob. Chi-

Square(1) 0.7032 
Breusch-Godfrey Serial Correlation LM Test: 

F-

statistic 0.128226     Prob. F(2,119) 0.8798 

Obs*R-

squared 0.273104 

    Prob. Chi-

Square(2) 0.8724 
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Table 4. Descriptive Statistics 

 

Based on the descriptive statistics above, it shows 

that the mean value of each variable is greater than the 

standard deviation. This is showing that during the 

research period are good, because the criteria of good 

data are when the value of standard deviation lowers 

than the mean value. The lower the standard deviation, 

the closer the data range to the average and less 

variation.  

The highest NPL value was 3,54%. While the lowest 

NPL was 1,76%. The highest economic growth was 

5.588000 in February to May 2010, while the lowest 

economic growth was -5.325000 in September to 

December 2019. The highest inflation rate was 

8.363000 in November 2014, while the lowest inflation 

rate was 1,323 in February 2019. The highest interest 

rate was 7.750 in December 2015, while the lowest 

interest rate was 4,000 in April 2012. The highest 

LKURS was 9.663452 in March 2020, while the lowest 

LKURS was 9.051227 in July 2011.  

 

 

REGRESSION ANALYSIS 

 

 
Table 5. Regression Result 

 

Table 6. F test result 

 

Table 6 F-test shows that the value of Prob (F-

statistic) < 0.05, means the variables economic growth 

(GDP), inflation (INFL), interest rate, and (RATE) 

exchange rate (LKURS), and total credit (LTCR) are 

significantly effect on NPL and regression model is fit. 

Based on the result above, the value of R square is 0,54 

or 54%. Means that the contribution of that variables are 

influencing credit risk as 54% and the rest is influence 

by others variable that did not observe in this research.  

 

Explanation: 

 

       GDP per capita growth rate has a negative and non-

significant relationship with credit risk at 5% significant 

level. A plausible interpretation of these results is that 

an increase in the GDP per capita growth will lead to a 

decrease in credit risk of banks since there will be 

improved economic conditions of both households and 

corporate hence they will be able to repay their 

borrowed amounts owing to the improved economy.  

 

           Total credit has a significant and negative 

correlation to credit risk. If the values of total credit 

increase, the value of NPL will decrease. a probably 

interpretation leads to The greater the total credit, the 

smaller the NPL ratio. This statement can be elaborate 

as if giving credit without any prior analysis will be 

very dangerous for the bank. As a result, if the analysis 

is wrong, then the credit disbursed will be difficult. If 

the disbursement is congestion, then the steps taken to 

save the credit is to increase the distribution of credit. 

The disbursement of credit is increasing it will cover the 

value of bad debt because the analysis of disbursement 

will be more advance. In accordance if only the business 

prospect is good in future. So the bank will inject the 

business process so that the business can run well and 

the borrowed can repay the bank loan.  

Exchange rate has a positive significant to 

credit risk at 5% significant level. A plausible 

explanation of these results is that most of the borrowers 

of money / loan holders borrow in local currency hence 

the exchange rates between the local currency and the 

US dollar effect the credit risk. The increase in the 

exchange rate will affect the performance of bank 

debtors, the weak exchange rate of the rupiah against 

the United States dollar means that the income of the 

public will also decrease. Therefore banks will 

experience credit risk problems. This result in line with 

the Gitonga, 2014.  

 

The policy rate does not have a strong 

influence enough to credit risk. A probable 

interpretation of these results is that increase in the 

policy rate not always lead increase in the credit risk. 

This is because high interest does not make the debtors 

hard to pay the bank loan if the business process and 

business prospect good. So the debtors can pay the bank 

loan well.  

 

From table 5 it show that inflation rate is 

positive non-significant with credit risk at 5% 

significant level. This implies that Non-performing 

loans are not responsive to changes in inflation. A 

probably interpretation of these results is that inflation 

F-statistic Prob(F-stat) Note 

2.871.484 0.000000 Significant 
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leads to more profitability as more money chases few 

goods. Most borrowers are business people who seem to 

pass over the cost of inflation to consumers. For 

instance, when fuel prices go up, road transport players 

raise fare to consumers of their services. Thus business 

people retain their ability to repay their loans.  

 

 

5. STRESS TEST 

 

The stress test in this study used a Montecarlo 

simulation with 500,000 trials, using Crystalball 

software by Oracle. The probability variables used are 

economic growth (GDP), inflation (INFL), interest rate, 

and (RATE) exchange rate (LKURS), and total credit 

(LTCR) assuming the data is normally distributed. 

 

 

 
 
Figure 2. Forecast Change of NPL  

 
 
     Figure 2 saying that the change of NPL in short term 

have is in -0,83 in the level of certainty at 95%. This is 

show that the value of NPL in short team will 

maximally decrease in level 0,83 in future period. This 

shows that commercial bank in Indonesia have a 

tendency declining the NPL value in upcoming period. 

The result is in line with the fact that the value of NPL 

decreasing in level 3%. 

       However, Indonesia commercial bank is still 

necessary to anticipate the high probability of default, 

including by strengthening capital structure so bank be 

able to cover the potential risk of loss.  

 

5. CONCLUSIONS  

     The regression result show economic growth and 

interest rate have negative non-significant correlation to 

credit risk. Total credit has significant negative 

correlation to credit risk. Inflation has positive non-

significant and exchange rate has positive significant 

correlation to credit risk. Stress test result showing that 

the forecast of NPL change is maximal at –o,83. This 

shows that commercial bank in Indonesia have a 

tendency declining the NPL value in upcoming period.    

According to the obtained results generally, it is still 

necessary for Indonesia commercial banks to increase 

their capital in order to cover their unexpected losses. 
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