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Abstract: The Value at Risk (VaR) is a technique that is used in risk management to measure the amount of risk associated with an 

investor’s or a company’s portfolio within a specified time frame. This research concludes that the VaR is an extremely important, 

but fragile risk measure. It is also important for decision-making process for proper implementation and precision of estimates. It 

has proven to be an effective and intuitive risk measure with convenient properties when calculated and used appropriately to the 

market conditions and risk management needs. Here in this paper, we will try to understand how the techniques are working 

actually by making certain experiments on data. The data is taken from www.yahoofinance.com of Mc Donald’s from 1st January 

2000 to 31st December 2015 on monthly basis. The data is first tested for Normality with chi-square test and the different 

characteristics are validated by different graphs. The necessary parameters are estimated by taking the help of Minitab and Excel. 

The main aim is to calculate the VaR by specifying the confidence intervals, time period, the mean and the standard deviation and 

the behavior of the VaR using the Anderson-Darling statistic... 
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I. INTRODUCTION 

Risk is a chance that an actual return on any investment will 

be lower than the expected return.  It can also define as the 

degree of uncertainty about the future return. There are lots 

of methods to control the future risk such as: probability of 

default [16], credit default risk, loss given default, VaR etc.  

The VaR has become the standard measure in order to 

measure the risk. Value at risk (VaR) is a part of the 

evolution of the risk management and it is an accepted 

methodology for quantifying market risk. VaR is also 

known as new science of risk management. “It is the 

maximum loss that a person can occur with (say 97.5%) 

level of confidence over a holding period of n days”. For 

example, if VaR is Rs 100 at 97.5% confidence level, this 

means that duration a period there is only 2.5% chance that 

a person can lose in the next period greater than Rs 100 

[7][5]. There are many models which are used to find VaR 

such as historical Simulations, linear model, quadratic 

model, but our focus is restricted to a statistical model. VaR 

measures market risk. VaR can be estimated through 

parametrically or non-parametrically [3, 1]. Non-parametric 

model to discuss and estimating the VaR [9].The number of 

portfolio strategies for predicting VaR [8].  In 2012 Mc 

Kinsey report that 85% banks are using historical simulation 

[10]. The Monte Carlo methods are used approximately 

15%. The main aim of risk management is to keep away a 

portfolio that may suffer grater losses in investment. The 

VaR is a basic model for modeling the market risk, the 

Basel Committee (Banking Supervision) recommended. 

VaR does not satisfy the sub-additively axiom and it is not a 

coherent risk measure [12]. It means that the VaR is 

inconsistent with the financial principle that diversification 

decreases the risk. The coherent risk model is a conditional 

value at risk that constitutes the average loss lower the VaR 

[4]. Rockafellar and Uryasev explained the conditional 

value at risk for a continuous distribution and defined it for 

a general distribution [13, 14]. Topaloglou et al. applied 

multistage Stochastic programming with the conditional 

VaR to an international portfolio [11]. Stochastic 

programming is a measure for modeling optimization 

problems involving unreliability. Deterministic optimization 

problems are typically formulated by using known 

parameters [2]. Thomas and pearson explained the concept 

of VaR and compute it with the delta normal method, 

historical simulation, and Monte-Carlo Simulation [15]. 

 The main aim of this paper is to study Chi square test and 

VaR. The data have taken from Mc Donald’s (close price) 

on monthly basis used in this paper from 

www.finance.yahoo.com. Calculated the return of the Mc 

Donald’s and different characteristics of data have been 

showing by plotting various graphs of data vs. time like 

closing price, returns with the help of Excel. In order to 

check whether the return of Mc Donald’s follows a normal 

distribution i.e., X follows N (µ, σ^2) by using Chi-square 

test.  

 The VaR model assume that the price (return) of a firm 

follows normal distribution with mean (µ) and standard 

deviation (σ) but in this paper it is shown that how the 

return follows normal distribution with mean (µ) and 

standard deviation (σ). “VaR assesses the potential losses on 

a portfolio over a given future time period with a given 

degree of confidence”. For example, if a person adopt a 

97.5% confidence limit, the VaR is an amount of loss that 

will be exceeded only one time in a hundred over a given 

time period and he would need to find “t” such that 

P(X<t)=p. 

Note that VaR is a “loss amount”. Therefore: 
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 a negative t (a positive VaR) indicates a 

loss 

 a positive t (a negative VaR) indicates a 

profit 

  VaR is a measure of the worst expected loss that a firm 

may suffer over a period of time that has been specified 

level of confidence. It is measured in a number of ways, 

using a statistical model or by computer simulation but our 

model is based on statistical measure. Every investor thinks 

that how much I can lose on investment? This is a question 

that almost every investor who is investing in risky assets at 

some point in time. VaR provides an answer of above 

question within reasonable boundaries. Finally, the behavior 

of VaR is shown by using Anderson-Darling statistic. 

 

1.1. Objectives of the study 

 To know how to use chi-square test for 

normality. 

 To know the procedure for calculating the 

VaR using statistical method. 

 To know how the VaR follows a certain 

distribution with the help of Anderson-

Darling statistic. 

 

II. DATA ANALYSIS 

 

Over view 

The data have taken from the historical data of prices of Mc 

Donald’s corporation equity-NYSE of 15 years starting 

from 1st January 2000 to 31st December 2015.The expected 

value and standard deviation have been estimated from this 

historical data. All the calculations are done in Minitab and 

Excel and different graphs of stock price to analyze its 

behavior. 

Behavior of stock price 

Fig. 1 shows some characteristics of stock price 

 
Fig. 1: close price vs. Time 

Visualizing the Fig. 1 the following observations have been 

made about stock price 

 Stock prices never reach the zero value 

 Stock prices are continuous everywhere 

 Stock prices are never negative 

 Stock prices show randomness 

 stock prices increase in long run 

 Stock price follows some distribution 

 

Fig. 2 is plot of return 

Return is calculated as:      {S_t – S_(t-1)}/S_(t-1) 

Where S_t is price at time t and S_(t-1) is price on previous 

stock price 

 
Fig. 2:  Returns vs. Time 

From the Fig. 2 where x-axis represent days and y-axis 

represent return, it is shown that the return is showing ups 

and downs but the return is also increasing with number of 

days. It is a random walk. By using the Chi-square test we 

are going to prove how the return follows normal 

distribution. 

 

III. CHI SQUARE TEST FOR NORMALITY 

  

In this paper, the χ2 test is using for normality. In order to 

check whether the return of close price is following a 

normal distribution with mean (µ) and standard deviation 

(σ), here we have data of Mc Donald’s on monthly basis 

from 1st January 2000 to 31st December 2015.  

Total number of data is 192(n=192). For test the data 

specific steps are required that are: 

1. Determine specific distribution to be fitted to the 

data, in this paper the distribution is normal. 

2. Hypothesis or estimate the values of each 

parameters of a selected probability  

3. distribution (such as mean and standard deviation) 

4. Finally, use χ2test statistic 

The χ2 (Chi square) test statistic is 

      
  = ∑     

 
      

     

 

Where,    = Observed frequency,    = expected frequency, k 

= number of parameters estimated from the data and n = 

number of classes remaining after combination classes. We 

have a sample of Mc Donald’s and need to find down that   

(return) follows normal distribution. By using the sample of 

Mc Donald’s on monthly basis from 1 January to 31st 

December 2015, we will show how it works.  

The null and alternative hypotheses are as follows: 

  : The return follows a normal distribution. 

  : The return does not follow a normal distribution 

We are going to divide the normal distribution into 8 equal 

parts and each having equal probability 1/8 as shown in 

Fig.3.  
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Fig. 3: Normal distribution 

So, how we find  , the upper tail is equal to 1/8=0.125 and 

the area from central line    to                    

as shown in Fig. 3. See the normal distribution table and 

find the value of    . In the normal table we can easily find 

the value of        . Repeat this process for each one of 

Z’s that is           .Given in the Fig. 3 above. 

There are two parameters, the mean μ and the standard 

deviation σ in the case of the normal distribution,  If we 

don’t know the mean and standard deviation of the data then 

we will use the sample data (return) to calculate the sample 

mean (µ) and standard deviation ( ). 

Mean (µ) = 0.007739 and Standard deviation (σ) = 

0.058374 

Now we know that:      Z =  
   

 
 .......... (1)  

From Eq (1) the value of   :          ...... (2) 

Now, each one of     we would like to find the 

corresponding     in our distribution. The upper  

side of Fig. 3 is a standard normal distribution and lower 

Fig. 3 is distribution of the given data (return). 

From Eq (2) we can easily find    . 

So, for         

  =                                   

(Mean (µ) = 0.007739 and Standard deviation (σ) = 

0.058374) 

For           

                                       

So, we will do the same for all     and find the values 

of              given in the above Fig. 3. 

 The idea of this test is to find that the data (return) is 

following normal distribution. Sort the data and calculate 

how many are fall in the 8 intervals i.e. the observed 

frequency. 

Now we will calculate expected frequency 

We know that 

                  
 

 
       

    Aleast one of the probabilities is not equal       to 
 

 
       

Now remember that for goodness of fit the expected value is  

                     

                     

All the expected frequencies are same because of our null 

hypothesis. 

We are going to do chi square test 

The χ2 (Chi square) test statistic is:  

       
 ∑         

    
 
    

Table 1: Chi square test 

 
Note: The minimum value of expected frequency should be 

greater or equal to 5. 

So,          χ
calculated
2 = 

∑  fo 
n
i  fe 

2

fe 
 8 9 24993 

χ
calculated
2  8 9 24993 

Now we have to find rejection region 

To find the critical value, we need degree of freedom and 

confidence interval. 

The degree of freedom is       

Where   is total number of intervals (classes) and   is the 

number of parameters we estimated. Here we estimated 

mean (µ) and standard deviation (σ). 

That means     

We know that there are 8 class intervals as shown in table 1 

i.e. n=8. 

So degree of freedom is 

        

Suppose confidence interval is 95%. 

With         and degree of freedom is 5. 

We can see the chi square distribution table and find the 

value of it. 

χ
5 0 05
2     0705 
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Fig. 4: Rejection level 

 

We can see that X does not fall in the rejection region as 

shown in Fig. 4. 

We fail to reject Ho that means we have insufficient 

evidence to reject the null hypothesis. 

Therefore the data (return) follows the normal distribution.  

 

IV. VALUE AT RISK (VaR) 

  

Value a risk (VaR) has been developed by JP Morgan and 

made it available publically in 1994. VaR is defined as “the 

maximum potential loss expected on a portfolio over a given 

period of time, using a statistical method to calculate 

confidence level”. It is used widely in portfolios managers, 

financial institute, and regulators to forecast potential loss 

[6]. VaR has main four uses that are: financial reporting, 

financial control, computing regulatory capital and risk 

management. Sometimes it is uses in non-financial industry 

also. It is applied to the portfolio, using methods and 

statistical methods to measure what is the probability that the 

value of a certain portfolio will decay below a given value.  

E.g. one of my friends asked me a question what’s the 

maximum amount of money I can lose in MC Donald’s in 

one month. 

First, collect past year’s closing price of MC Donald’s after 

that find the maximum gain percentage or loss percentage 

changes in a day by company t day’s price with t-1 day price 

(return).The maximum gain% and loss% we can calculate 

with the help of excel  

 Maximum loss = 25.6734% 

 Maximum gain=18.25726% 

So if he is really unlucky the maximum loss he can get is 

0.256734 and that happened only once in (15 yrs) that is 

probability of that happening is 
 

   
           

e.g.                                       

It means that there is 97.5% of chance that in a normal 

market Conditions Company will not suffer on the 

investment loses greater than Rs 100. 

Or there is 5% of chance that in a normal market conditions 

company will lose on the investment more than Rs 100. 

Here in this paper our data is following normal distribution  

So, we start by finding    , where  

        , where     μ σ   

μ                    

σ                                 

Standardizing gives: 

 (  
  μ

σ
)   ,  

Where,         and   is confidence interval 

The expected return and standard deviation of return of the 

MC Donald’s-NYSE is: 

   μ            σ                   
Now we will calculate the VaR over one month with a 

97.5% confidence limit for a share price of the MC 

Donald’s. We know that the return of the share price follows 

Normal distribution with mean (μ) and standard deviation 

(σ). 

So, we start by finding    , where  

             

Where                        

Standardizing gives: 

 (  
          

       
)        

 (
          

       
)        

Note:                 is given in normal distribution 

table. 

So, 

 (
        

     
)           

Now 
          

       
       

                                    

             

Since t is a percentage investment return per month, the 

97.5% VaR over one month on a 37.375 (close price at 

1/3/2000 shown in table 2) portfolio is         
                   this means that, we are 97.5% 

certain that we will not lose more than 3.98445 over the next 

month. The same method is used to calculate the values of 

all 192 months as shown in table 2. 
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Table 2: Value at risk (VaR) 
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The table 2 simply shows the value of VaR at 97.5% 

confidence interval 

 

V. BEHAVIOUR OF VALUE AT RISK (VaR) OF A MC 

DONALD’S 

 

Fig. 5 shows probability plot of VaR at 95% Confidence 

interval (CI) 

 

Fig. 5: Probability plot of VaR at 95% CI 

Interpreting the results 

A distribution with a mean 8.776 of and a standard deviation 

of 1.871 appears to fit your sample data fairly well: 

 The plotted points form a reasonably straight line. 

 The plotted points follow the fitted distribution line 

fairly closely. 

 The p-value for the Anderson-Darling test is below 

0.005 

5.1 Fitted distribution line 

 Use to determine how well sample data follows a specific 

distribution. Minitab generates a fitted distribution line using 

parameter estimates derived from a sample or user inputted 

historical values. These distribution lines are generally 

overlaid with the actual data so you can directly compare the 

empirical data to the hypothesized distribution. Fitted 

distribution lines can appear in Histograms, Probability 

Plots, and Empirical CDF plots. 

Now we will investigate the strength of our VaR of Mc 

Donald’s. As an initial step, you would like to determine if 

our response data follow a normal distribution. To do this, 

we generated the following histogram Fig. 6 with the fitted 

normal distribution. 

 
Fig. 6: VaR vs. Frequency 

  

A visual inspection reveals that the fitted normal distribution 

is not a perfect fit. There are more data than expected to the 

left of the tail and in the right tail. In order to test for 

normality we can use the Anderson Darling statistic on 

Probability Plots to quantitatively test how well the data 

follow a particular distribution. 

5.2 Anderson-Darling statistic 

The Anderson-Darling statistic measures how well the data 

follow a particular distribution. For a specified data set and 

distribution, the better the distribution fits the data, the 
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smaller this statistic will be. For above data, we can use the 

Anderson-Darling statistic to determine whether data meets 

the assumption of normality for a t-test. 

The hypotheses for the Anderson-Darling test are: 

H0: The data follow a normal distribution 

H1: The data do not follow a normal distribution 

Use the corresponding p-value (when available) to test if the 

data come from the chosen distribution. If the p-value is less 

than a chosen alpha (usually 0.05), then reject the null 

hypothesis that the data come from that distribution. Minitab 

does not always display a p-value for the Anderson-Darling 

test because it does not mathematically exist for certain cases 

but our p-value for the Anderson-Darling test is below 0.005 

and our alpha value 0.05. it conclude that we don’t have 

sufficient evidence to reject the null hypothesis H0. 

Therefore the values of VaR(97.5%) follows a normal 

distribution. We can also use the Anderson-Darling statistic 

to compare the fit of several distributions to determine which 

one is the best. However, in order to conclude one 

distribution is the best, its Anderson-Darling statistic must 

be substantially lower than the others. When the statistics are 

close together you should use additional criteria, such as 

probability plots, to choose between them. 

VI. CONCLUSION 

  

VaR is a necessary tool for financial institutes in the last 

number of years. While the notion of VaR is simple- we are 

 % certain that we will not lose more than V amount in the 

next period. There are so many models to measure the VaR 

but in this paper, we focused only a statistical model. The 

return of the MC Donald’s follows a normal distribution 

with mean (0.007739) and standard deviation (0.05834) 

which we showed with the help of chi square test. The 

portfolio was a hedge fund then modeling the return using a 

normal distribution may not be appropriate. 

   One approach to calculating VaR is a statistical method. 

The probability distribution of return follows a normal 

distribution and there is a standard formula for VaR is: 

 (  
  μ

σ
)    

 VaR shows a random behavior, but has certain 

characteristics and tends to follow some pattern. Most 

probably it follows a normal distribution. On the 1st date 

(1/3/2000) we are 97.5% certain that we will not lose more 

than 3.98445 over the next month as shown in table 2 and 

that information every investor wants to know. It means that 

we can easily use the statistical method to calculate the VaR 

and it reduces the future loss. As per Anderson-Darling 

statistic test, the VaR follows a normal distribution. The 

Excel and Minitab are used to draw the different Figures and 

gave a fairly comparative answer.  
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