
© 2014 Northstar Risk Corp.  All rights reserved. info@northstarrisk.com 
 

 

 

 

 

 

Historical VaR: A Practitioners Guide 

 

 

 

 

 

 

 

 

 

Research Paper 003 

January 14, 2014 

 



© 2014 Northstar Risk Corp.  All rights reserved. info@northstarrisk.com 
 

Historical VaR: A Practitioners Guide 
 

In this paper we explore practical issues associated with the historical method for 

calculating value at risk (aR). While the historical method is extremely easy to implement 

for some instruments, it can be complicated for others. The solution to these more 

complicated cases often requires the deft touch of a practitioner. The techniques 

explored in this paper may also be applicable to more complex non-parametric models 

such as the hybrid method. 

 

The Basic Model 
The historical method is a simple non-parametric approach to calculating VaR. An overview and a 

comparison to other methods can be found in the first paper in this series An Introduction to Value at 

Risk.  

For many securities, including equities, the historical model is extremely simple. For these 

securities, the model assumes that the future distribution of returns will be equal to the historical 

distribution of returns. For example, if we were calculating the 1-day 95% VaR of a long position in 

Google Inc. (GOOG), we could use the 100 most recent daily returns for GOOG, sort them from highest 

to lowest, and then set our VaR to the 5th worst return. The following chart shows a truncated list of the 

returns for GOOG from 7/23/2013 - 12/11/2013. 

 Date Return 

1 8/27/2013 -1.87% 

2 9/23/2013 -1.84% 

3 7/25/2013 -1.68% 

4 11/7/2013 -1.45% 

5 10/8/2013 -1.39% 

6 10/3/2013 -1.34% 

7 8/14/2013 -1.30% 

  ⁞ ⁞ 

98 10/29/2013 2.09% 

99 10/23/2013 2.42% 

100 10/18/2013 13.80% 

 

In this example the 95% VaR of GOOG would correspond to the 5th worst return, −1.39%.  The standard 

convention is to report VaR in terms of losses, in effect reversing the sign of the return, which gives us a 

final answer for the 1-day 95% VaR for GOOG of 1.39%.  

http://www.northstarrisk.com/Home/Research?pdf=001.IntroductionToVaR.pdf
http://www.northstarrisk.com/Home/Research?pdf=001.IntroductionToVaR.pdf
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In this particular example, we used a 100 day lookback window. We could just have easily have 

used 200 days and chosen the 10th worst return, or 500 days and chosen the 25th worst return. 

Remember, the implicit assumption of the historical approach is that the distribution of returns 

tomorrow will closely match the distribution of the historical returns. As practitioners, we want to make 

sure that we look back far enough that we capture enough extreme points to accurately model the tails 

of the distribution. At the same time, we want to keep the window as short as possible, to capture any 

short-term changes in risk. Balancing these two opposing forces is one of the fundamental challenges of 

the historical approach. 

Securities that Age 
The approach described above accurately describes how to implement the historical approach when 

modeling equity securities, fx rates, and spot commodity prices. The model becomes more complicated 

to implement when we are dealing with securities with fixed maturities such as options, futures, 

forwards, and bonds. We begin by exploring equity options. 

 Suppose that instead of a long position in GOOG, our portfolio contains an at-the-money call on 

GOOG with one month until expiry. Based on our analysis in the preceding section, and assuming we are 

still interested in the 1-day 95% VaR, you might be tempted to gather the returns on the option over the 

past 100 days (or 200, or 500, …), sort them, and select the 5th worst return. This would be wrong. The 

problem is that we are trying to evaluate the risk of an at-the-money call with one month to expiry, but 

100 days ago the option had one month plus 100 days to expiry and may have been far in-the-money or 

out-of-the-money. 

 What we need to do in this case is to go back every day for the past 100 day and determine not 

what the returns of our option were, but what the returns of our option would have been. We do this by 

going back over the past 100 days, observing the change in the inputs to our option price (underlying 

price, implied volatility, dividend yield, risk-free rate, and time to expiry), and then calculating what the 

price of our option would have been. For example, if the current price of GOOG is $1,077.29 and the 

return on GOOG 100 days ago was –0.76%, then we would use an underlying price of $1,069.10, 

$1,077.29 x (1 – 0.76%) = $1,069.10, to price our option. We refer to this approach as backcasting, and 

to the resulting prices as backcast prices. 

 The next step in backcasting with options is to take the backcast price of the option, and 

calculate a backcast return. For example, if the current price of our GOOG option is $10 and the backcast 

price calculated in the previous step was $11, then our backcast return would be 10%, ($11 – $10)/$10 = 

10%. Notice that our starting price for calculating the backcast return is the current price of the option. 

If we are evaluating the risk of the option on 12/12/2013 and our 100 day backcast window runs from 

7/23/2013 - 12/11/2013, then the first backcast return would use the 12/12/2013 and the backcast 

price on 7/23/2013. The second backcast return would use the 12/12/2013 and the backcast price on 

7/24/2013.  We repeat this process for each day in our backcast window (100 days, 200 days, 500 days, 

…).  
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The final step in backcasting with options is the same as it would be for any security: we sort the 

backcast returns and then select the return corresponding to our VaR (e.g. the 5th worst of 100 for 95% 

VaR). 

In summary, for equity options the historical method is a four step process: 

1. Calculate backcast values of input parameters. 

2. Calculate the backcast price of the option on each of the backcast dates. 

3. Calculate the backcast returns for the option. 

4. Sort the backcast returns, and determine the VaR. 

As we will see in the next two sections, this first step, while straightforward for some inputs, is more 

complicated for others. 

Returns or Price Changes? 
We can talk about VaR in terms of security returns or price changes. For example in the first section the 

calculated VaR for GOOG corresponded to a return of −1.39%. If the current price of GOOG is $1,077.29, 

then the VaR of GOOG could also be described as a loss of $14.97 per share, $1,077.29 x (−1.39%) = 

−$14.97. 

 It’s tempting then to think that we could just also calculate this price VaR by observing historical 

changes in the price of GOOG directly. That is, rather than calculating the returns over the past 100 days 

and then calculating the change in the price, why not just calculate the change in price of GOOG every 

day over the past 100 days? For example if the price of GOOG was $910.70 on 7/22/2013 and $903.80 

on 7/23/2013, we could record a change of −$6.90, $903.80 − $910.70 = −$6.90. If we did this for the 

same 100 days as in our original example, we would find that the 5th worst price change was −$12.07. 

The answer is different than our original answer of −$14.97, but why is one more correct than the 

other? 

 In the case of equities, the VaR based on returns, not price changes, is correct. The reason is that 

returns are more stable in the long run than prices. Consider IBM: over the past 30 years, the price of 

IBM has ranged from a low near $10 to a high near $200, yet the 100-day annualized return volatility has 

only ranged from 11% to 54%. Looked at another way, when IBM was trading at $10 per share, price 

changes of $1 or more were rare. When it was trading at $200 per share, price changes of $1 or more 

were common. 

 In statistics, if the mean, standard deviation and serial correlation of a random process are 

stable over time, we say that the process is stationary1. If the historical method is going to work well, 

then it needs to be based on a stationary process (or nearly stationary process). The inputs to our model 

                                                           
1 For a more complete discussion of stationarity, see Miller, Michael B. 2014. Mathematics and Statistics for 
Financial Risk Management. Hoboken, NJ: John Wiley & Sons, Inc.  
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need to behave tomorrow in a way that is consistent with how they have behaved in the past. In the 

case of equities, this suggests that returns will be a better input than price changes.  

Bonds and Interest Rates 
Bonds can be viewed as interest rate derivatives, in the most general sense of the term. After all the 

price of a bond is influenced by (derived from) the level of interest rates. To calculate the VaR for bonds, 

we first need to calculate backcast interest rates (if the bonds have credit risk or are callable/putable we 

will also need to calculate backcast credit spreads and implied volatilities). 

 How do we calculate backcast interest rates? Based on our analysis of equity options and 

equities, it is tempting to think that we should first calculate interest rate returns and then use these 

returns to calculate different backcast rates. For example if an interest rate changed from 1.50% to 

1.65% in our historical sample, this would be a return of 10%, (1.65% − 1.50%)/1.50% = 10%. If the 

current rate is 2.00%, then the corresponding backcast return would be 2.20%, 2.00% x (1 + 10%) = 

2.20%. 

 Based on our discussion in the previous section, we should immediately ask ourselves: are 

interest rate returns stationary? Oddly enough, there is a lot of evidence to suggest that interest rate 

returns are not stationary. If the price of stock ABC goes from $1 to $10 and returns are stationary, then 

we would expect the volatility of price changes to increase 10x. When interest rates go from 1% to 10%, 

though, the volatility of interest rates increase, but typically by less than 10x. 

 A complete discussion of interest rate models is outside the scope of this paper, but there is 

much evidence that suggests that the standard deviation of interest rates tends to be roughly 

proportional to the square-root of the level of rates. In other words, if rates go from 1% to 4%, then we 

would expect the standard deviation of rates to increase by approximately 2x. The Cox-Ingersoll-Ross 

(CIR) interest rate model assumes rates display this sort of behavior. The Northstar historical and hybrid 

models are based on a modified CIR assumption.  

Are Equity Returns Stable? 
In an earlier section we stated that, for equities, using returns rather than price changes is preferable 

because equity returns are more stable in the long run than price changes. While it is true that returns 

are more stable than price changes in the long run, equity returns are far from being perfectly stable. 

The volatility of equity returns —and indeed the volatility of returns of most financial securities— often 

vary over time. The generalized autoregressive conditional heteroskedasticity (GARCH) model (see Engle 

1982, Bellerslev 1992) is a popular model for describing this type of variability in return volatility.  

 The appeal of the historical method is its simplicity. If we can restrict ourselves to using equity 

returns, and if the volatility of returns is stable enough in the short run, then our historical model may 

work reasonably well. In practice, this variation in the volatility of returns causes the historical model to 

perform poorly. Northstar does not recommend using the historical method, except for benchmarking 

other models. As we will see in the next section, though, all is not lost. 
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More Complex Models  
While the historical model does not work well in practice, some slightly more complex non-parametric 

models do work well. These more complex models often build on the simpler historical model, reusing 

and modifying the same basic techniques. Understanding the historical method and its shortcomings is 

essential to understanding more complex non-parametric models. 

 After the historical model, one of the most popular non-parametric models is the hybrid model 

(see Miller 2014, or Allen et al 2004). The hybrid model is basically the historical model with a decay 

factor. More recent returns are weighted more heavily. This reweighting of returns is better able to 

capture changes in return volatility. The hybrid model, in contrast to the basic historical model, often 

works very well in practice. 

 To implement the hybrid model, we follow the same steps as we do for the historical model to 

calculate our backcast returns. The only difference is at the very last step, after we have sorted the 

backcast returns. For the historical model we simply split the backcast returns in two, with the 95% of 

the returns greater than our VaR return, and 5% worse. For the hybrid method we assign weights to 

each return, with more weight given to more recent returns, and split the backcast returns so that 95% 

of the weight is greater than our VaR return.  

 In addition to being used in more complex non-parametric VaR models, backcast returns can 

also serve as the basis of stress test and factor analysis calculations. 

Conclusion 
In this paper, we outlined methods for implementing the historical VaR model for various financial 

instruments. The implementation of the historical method for some instruments is more difficult than 

for others, but the basic concept of backcast returns remains the same. While the historical model is of 

limited use in practice, the concept of backcast returns can be used in a number of settings. 
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Appendix 
This appendix suggests notation for calculating backcast returns for equities and equity options. 

We first define an evaluation date, τ, for which we are calculating the VaR. For example, at the end of 

each day, an asset manager may calculate the VaR of a portfolio. That date, when they are calculating 

the VaR is the evaluation date. 

We also define the backcast date, t. This is the what-if date, the date on which we are basing our 

backcast return. 

For equities, the backcast return, RBC, corresponds to the simple return on the backcast date2: 

𝑅𝐵𝐶 =
𝑃𝑡

𝑃𝑡−1
− 1  (A.01) 

For options, to calculate the backcast returns, we start with the current price, Pτ, and then calculate 

what the return would have been if the price had moved to the backcast price, PBC,t, at time on backcast 

date t. 

𝑅𝐵𝐶 =
𝑃𝐵𝐶,𝑡

𝑃𝜏
− 1  (A.02) 

(A.02) is true in general. In the case of equities, we could just have easily have used (A.02). In this case 

the equity backcast return would be: 

𝑃𝐵𝐶,𝑡 = 𝑃𝜏(1 + 𝑅𝐵𝐶) = 𝑃𝜏
𝑃𝑡

𝑃𝑡−1
  (A.03) 

By substituting (A.03) into (A.02), you can see that this is the same as (A.01). Remember this version, 

(A.01), is only applicable to equities and similar instruments. 

  

                                                           
2 We have decided to repress subscripts for the sake of succinctness. To be unambiguous in other settings, we 
could refer to RBC,τ,t, as the backcast return at time τ based on backcast date t.   
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