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Abstract 

This paper discusses the risk analysis of single stock and portfolio returns. The stock data analyzed are BNI, BRI 

shares and portfolio. After obtaining a stock return, value at risk (VaR) will be estimated using the normal 

distribution approach, logistic distribution, and historical simulation. From the VaR results, a backtest is then 

conducted to test the validity of the model and the backtest results for BNI and the portfolio produce a smaller QPS 

on the historical simulation method compared to the normal distribution and logistics distribution approaches. This 

shows that BNI VaR and VaR portfolios with the historical simulation method are more consistent than other 

methods. While the backtest results for BRI produced the smallest QPS on the normal distribution approach 

compared to the logistical distribution and historical simulation approaches. This shows that the VaR BRI using the 

normal distribution approach is more consistent than the other methods. 
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1. Introduction 

Every company, especially those engaged in finance or financial institutions are very vulnerable to 
risk, and financial activity is also very unstable. In the financial world, if there is a crisis that destroys the 
economic sector so that it can result in losses, then one of the losers is an investor. So investors should be 
able to face all the risks that might occur in order to obtain the results as expected and also be able to 
calculate these risks properly in order to avoid losses (Redhead, 1997; Husnan, 1994). 

Therefore, a risk measurement method is needed that is able to translate these risks in a quantitative 
form so that they can be widely used and serve as an early warning in the financial sector that can be 
dealt with immediately (Dowd, 2002). Quantitative risk measurement can use Value at Risk (commonly 
abbreviated as VaR) which has been widely used in finance and has become a general standard in risk 
calculation because it can be applied to all types of risk (Marrison, 2002). 
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The purpose of this paper is to estimate VaR using the normal distribution approach, logistic 
distribution, and historical simulation methods. Of the three methods will be tested for validity called 
backtest and compare which method is best for estimating VaR. 

2. Methodology 

2.1. Single and Portfolio Investment Returns 

For example the stock price for k shares on the i and i – 1 days is equal to Pi and Pi – 1. So that in the 
time horizon of 1 day (24 hours), the return obtained on the i-day is 
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The calculation of portfolio returns on day i which is denoted by rpi with N number of shares is 





N

k

kikpi rr
1

 .                                                                          (2) 

where ωk is the weight of stock k with the total number of shares formed must be 1 and rki is the stock 
return k at time i (Ruppert, 2004). 

2.2. Distribution and parameters 

2.2.1. Normal distribution and parameters 

The general form of a normal distribution model is as follows. Refer to Dudewicz and Mishra (1988) 
& Walpole and Myers (1978), the random variable X which has a mean μ and variance σ2

 < ∞ is said to 
be normally distributed, if the probability density function is 

 





xexf
x

,
2

1
)(

2

2
1






.                                                        (3) 

Following is the estimated mean ̂  and the variance 2̂ : 
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2.2.2. Logistics Distribution and Estimated Parameters 

Bassed on Hogg and Craig (1995) & Mood et al. (1963), the logistics distribution has a symmetrical 
continuous probability density function and has two parameters, namely location μ and scale σ. The 
probablility density function is 
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Following is the estimated mean ̂  and the variance 2̂ : 
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2.3. VaR Estimation with the Normal Distribution Approach Method 

VaR estimation with the normal distribution approach is a parametric estimation of VaR assuming that 
returns are normally distributed and VaR is estimated using parameters such as mean and variance 
(Ruppert, 2004: 348). 

VaR estimation for stock k (single investment) with confidence coefficient (1 – α)100% is 

 kkk SVaR  ˆ)(ˆ)( 1
0

                                                             (7) 

where S0 is the initial investment, k̂  and k̂  are the mean and standard deviations of stock return k, 
respectively, and )(1   shows the inverse of the normal standard value Z which can be seen in the 
normal distribution table. 

VaR estimation for portfolio investment is 

 ppp SVaR  ˆ)(ˆ)( 1
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where S0 is the initial investment, p̂  and p̂  are the mean and standard deviations of portfolio, 
respectively. 

2.4. VaR Estimation with the Logistics Distribution Approach Method 

VaR estimation using logistic distribution approach is parametric estimation VaR. In this case, the 
return is assumed to be logistically distributed. 

VaR estimation for stock k (single investment) with confidence coefficient (1 – α)100% is 

 kkk ZSVaR  ˆ)(ˆ)( 0                                                                (9) 

where S0 is the initial investment, k̂  and k̂  are the mean and standard deviations of stock return k, 
respectively, and )(Z  shows the inverse of the logistic distribution value Z, that is  

VaR estimation for portfolio investment is 

 ppp ZSVaR  ˆ)(ˆ)( 0                                                              (10) 

where S0 is the initial investment, p̂  and p̂  are the mean and standard deviations of portfolio, 
respectively (Dowd, 2002; Sukono et al., 2019). 

2.5. VaR Estimation with Historical Simulation Method 

VaR estimation using historical simulation method is a nonparametric VaR estimation, without 
assuming the return distribution is part of the parametric family distribution (Ruppert, 2004: 346; Sukono 
et al., 2019). 

Estimating VaR with the historical simulation method, returns are ordered from the largest to the 
smallest, then quantile each data is sought to obtain a return value that is close to confidence coefficient 
(1 - α)100%. So we get the VaR estimate for stock k (single investment) is 

kk quantileSVaR  0)( .                                                               (11) 

VaR estimation for portfolio investment is 

pk quantileSVaR  0)( .                                                              (12) 

2.6. Backtest 

After getting the results of VaR estimation, a validity test (backtest) is performed on the VaR model 
used. In this paper, a backtest is conducted to test the consistency of the VaR method for the actual loss 
incurred and in its calculation the Lopez II approach is used which states the size of the loss function as 
follows 
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where Li is the daily return. After getting the loss function, the QPS (Quadratic Probability Score) is 
calculated as follows 
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Where p is the value of α of the confidence coefficient of (1 - α)100%. For QPS values, the smaller the 
VaR model, the better (Dowd, 2002; Sukono et al., 2019). 

3. Results and Discussion 

3.1. Calculation of Return for a Single Investment and Portfolio 

Share data used in this paper are shares of BNI, BRI and portfolio. The portfolio formed, weighs 0.5 
BNI and 0.5 BRI shares. Using equations (1) and (2), a single investment return and portfolio can be 
calculated. 

3.2. VaR and Backtest Analysis 

After the VaR and backtest estimation steps, the following will be analyzed the VaR and backtest 
estimation results for both single and portfolio investments. 

3.2.1. VaR and Backtest Analysis for a Single Investment 

Based on the results of the backtest that has been obtained, the greater the confidence coefficient will 
result in a smaller QPS. Therefore, for the biggest confidence coefficient, which is 99.9%, in BNI shares, 
the smallest QPS is obtained by the historical simulation method. Whereas for BRI’s shares, the smallest 
QPS was obtained using the normal distribution approach. This shows that the most consistent or best 
method used to estimate VaR on BNI and BRI shares sequentially is the historical simulation method and 
the normal distribution approach. 

Then based on the results of the analysis will be applied to the following example. Suppose an 
investor wants to invest their capital in BNI and BRI with an initial investment of 10,000,000.00 IDR 
and a confidence coefficient of 99.9%, then based on the results of the previous VaR estimation, obtained 
VaR with the best method as follows 

BNI VaR = 10,000,000.00 × 0.1175400 = 1,175,400.00 IDR, 
BRI VaR = 10,000,000.00 × 0.0631635 = 631,635.00 IDR 

From these results, it can be seen that BRI VaR yields a smaller value than BNI VaR. In other words, 
investing in BRI shares will have a smaller risk of loss than investing in BNI shares. So, with an 
investment of 10,000,000.00 IDR in BRI shares and a 99.9% confidence coefficient, the investor will risk 
a loss of 631,635.00 IDR. 

3.2.2. VaR and Backtest Analysis for Portfolio Investment 

Similar to the results of the backtest for a single investment before, namely for the greater the 
confidence coefficient will result in a smaller QPS. Therefore, for the biggest confidence coefficient, 
which is 99.9%, in portfolio 5, the smallest QPS is obtained by the historical simulation method. This 
shows that the most consistent or best method used to estimate VaR in portfolio 5 is the historical 
simulation method (Sulaiman, 2003). 
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Then based on the results of the analysis will be applied to the following example. Suppose an 
investor wants to invest their capital in portfolio 5 with an initial investment of 10,000,000.00 IDR and a 
confidence coefficient of 99.9%, then based on the results of the previous VaR estimate, obtained 
portfolio VaR 5 with the best method as follow 

Portfolio 5 VaR = 10,000,000 × 0,0776643 IDR = 766,643.00 IDR. 
So, with an investment of 10,000,000.00 IDR in portfolio 5 and a 99.9% confidence coefficient, the 

investor will risk a loss of 776,643.00 IDR. 
Furthermore, from the overall VaR estimation results for both single and portfolio investments, 

investing in a portfolio will be more profitable or have less risk than investing singly. This is because the 
standard deviation of portfolio returns is smaller than the standard deviation of returns on a single 
investment, which in turn will reduce VaR. 

4. Conclussion 

The results of the validity test (backtest) of the three VaR methods show that the best method used in estimating 

VaR, in this case, is the historical simulation method for BNI shares and portfolios, as well as the normal 

distribution approach method for BRI shares. Based on the VaR estimation results using the best method, the risk of 

investment loss in BRI shares is less than the investment in BNI shares. So investing in BRI will be more profitable 

than investing in BNI. Portfolio investment has a smaller risk value than a single investment, so that in order to 

minimize losses in investing it is better to diversify investments by forming a portfolio. 
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