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We thought we would apply our "back of the envelope" Monte Carlo price risk analyzer app 
MCarloRisk to the question of:  how likely is APPL to fall to $320, given a minimum of 
assumptions?

This target price was discussed in Forbes magazine by Peter Cohen: Analyst Who Got 
Apple Right Sets $320 Price Target
 
http://www.forbes.com/sites/petercohan/2013/02/09/analyst-who-got-apple-right-sets-320-price-target

By minimum assumptions, we mean:  assume a random walk of stock prices.  No technical 
analysis, no fundamental analysis, just random re-samplings of prior AAPL daily returns.

Random what?

Now, as we shall see, just because we are modeling a random walk doesn't mean that we 
think the stock price will wildly oscillate on a day to day basis.  However, we don't expect 
AAPL prices to randomly walk the same way that a conservative utility company's prices will 
walk.  And indeed, we don't model the walk this way.  We take into account how AAPL's price 
has "walked" in the past and apply that knowledge to our estimates.  All random walks are not 
created equally and cannot be interchanged without reducing the accuracy of our forward 
estimates.  In other words, even in random walk theory, we rely on the past to estimate the 
future.  However, we don't rely upon a specific series of past events (such as curve fitting to 
prior data and extrapolating forward); rather, we rely upon "remixes" of various actual pasts to 
compute various possible future scenarios (50000 possible futures, in fact).  

Now, onto the model building.

The "to $320" claim was made the week of Feb 4 2013, and AAPL closed at $442.32 on Feb 
4 2013 (which was the Monday of that week).  So, we will use Feb 4 as our baseline day.  The 
estimated percentage drop ($442 to $320) is about 28%, which may be of note later when 
checking or tuning our model by withholding various amounts of data using the "days 
withheld" feature of the app.

Launching the app, we enter the ticker symbol AAPL on the first screen at the top and press 
Download.  Yahoo Finance closing prices are used for the historical data reference. 

Since this analysis is done on Feb 19 2013, eleven trading days have passed since Feb 4. 
Our app deals with trading days, not calendar days, so we go to the Monte Carlo tab and 
enter the following parameters (see Figure 1 below):

11 days withheld
252 days forward (a year's worth of forward predictions, which should be enough)
252 days backward to sample (meaing re-sample AAPL prices up to one year prior to Feb 4 
2013).

http://www.forbes.com/sites/petercohan/2013/02/09/analyst-who-got-apple-right-sets-320-price-target


We press the Opt button and enter a strike price of $320, then press Close to go back to the 
Monte Carlo main screen (see Figure 2 below).

In these types of studies, the user will find that the days backward to sample is a critical 
model tuning parameter.  When we enter a value of 252 days, what we are saying is that "we 
think AAPL prices will behave similarly to how they have behaved in the last year."  We could 
also have entered (for another example) the number of days that Apple's current CEO was in 
his current job.  This is where judgement comes in when building the statistical model. 
Traditional risk analysis might involve using 10 years of prior data, to capture historical events 
(or even all the historical data that we have).  But is the market, and Apple Inc. itself, the 
same as it was 10 years ago?  Should we really be using data from 10 years ago in our 
model?  We leave that discussion as an exercise for the reader.

The risk free rate (RFR%) we just leave at the default 1.5%; we will not be doing present 
value analysis, so it doesn't matter.  The other settings we can also leave at their pre-sets.

Then we press the Run MC button to resample the past and estimate the future.

Figure 1 model setup  Figure 2    Figure 3 after Run MC,   Figure 4 same as Figure 3
param entry  Strike price setup   with Traces on   with Traces off for clarity

  under Opt
 menu

The app generates 50000 random walks based on the recent 1 year's worth of AAPL daily 
returns and shows estimated probability envelopes (the red and pink curves) of future 
estimated prices based upon these walks.

Figure 3 shows a small sample of the 50000 random walks to give the user an idea of what's 
going on.  Figure 4 shows the envelope curves without the random walks for clarity and speed 
of app response.  

The small blip on the blue curve (the actual price curve) on the left is the 11 days of actual 
price data that are intruding into our forecasted zone.  Recall that we had asked the app to 
start 11 days back from "today" when the analysis was run, due to the specifics of the 
analysis, and the app displays this withheld data into the forecast zone.  The blue actual price 



curve is then displayed "flatline" at the last known price for reference.

Figure 5 lower cursor beam  Figure 6 same as Fig5 but
moved all the way to the  with Opt switch set to 
right (1 year forward)  At Days Fwd

Model observations

1. Based on this model, there is clearly a non-zero probability that APPL will go below the 
strike price of $320 (shown by the horizontal dark line) within the 1 year forward time frame. 
In Figure 5, we have moved the cursor beam on the lower graph all the way to the right. 
Noting the values on the bottom of the graph, we see an estimate of about 6% that the price 
will go below $320 at some time within the next year (252 trading days).

"One in twenty" probability estimate

2. Now we can slide around the vertical cursor beams to slice through the probability surfaces 
and get time-based estimates.  For example, when I slide the bottom cursor such that the pink 
5% probability value is about $320, we see that this occurs at about 111 days forward.   The 
app deals in approximations, not precise to-the-penny estimates, so the closest we get is 
$320.02.  The 5% value is the (estimated) probability that APPL will go below $320 at 111 
trading days forward.  This is shown in Figures 3 and 4.  We show the 5% level because that 
is typically an interesting value to risk analysts (a 1 in 20 chance).  

At this day (+111), we see a 1.7% estimate on the bottom of the screen, which is the 
estimated probability that the value will go below $320 "up to and including" 111 days forward 
(remember, these are trading days, not calendar days).  In calendar days, this implies about 5 
months.  

The top cursor beam can be used to read the price/probability graph (the upper graph with the 
yellow background) for different prices and probabilities, once we have set the days forward 
by dragging the lower graph's cursor beam.

3. Pressing the Opt button, we can set the the calculation to At Days Fwd instead of 
Cumulative %, and go back to the graph (using the Close button).  We don't need to re-run 
the Monte Carlo at this point.  Dragging the lower graph cursor all the way to the right 



(implying 1 year or 252 days forward), here we see a 13.6% estimate on the bottom of the 
screen that the AAPL price will be $320 or lower on Feb 4 2014.  [Figure 6]

Probability comparison

4. Rolling an ordinary 6-sided die, the probability of hitting any given number is 1/6 or 16.6%. 
So, the estimated 13.6% is slightly less probable than betting on a given number to come up 
on one roll of a single die.

Alternate modeling strategies

6. As an exercise, the intrepid risk analyst can go back and change the "days backward to 
sample" to a larger number…say 504 days (implying 2 years) or more, and re-run the 
analysis.  (After changing the Monte Carlo settings, the user should press Run MC to re-run 
the model.)  Of course, AAPL had a stellar run-up in recent years, so more of those "good 
days" will go into the dataset which will be resampled, and the random walks will tend to be 
more upward.  Hence, the estimated probabilities will change.

The point here is that even random walk statistical models have assumptions and analyst 
judgement built into them.  Do we think APPL and the market is the same as it was 5 years 
ago?  Should we use 3 year ago data in our analysis?  Should we use "pre crash of 2007" 
data in our analysis?  These are all interesting questions whose proposed answers can be fed 
into a random walk model using our app or similar software.

Preview of advanced topics

Other analyses can be done with this app, such as running the analysis for more than 1 year 
ahead, adjusting the data re-sampling method to give more weight to recent days (using the 
"linear decay back" option), and checking the model by trying other scenarios (withholding 
data using the "days withheld" value and running various forward scenarios…forward into the 
known withheld days, that is), to see how the model would have performed if we had used it 
in the past.  These will be topics of future tech notes.

Conclusions

Using the minimal assumptions of this random walk model, there is a non-trivial "dice-roll 
magnitude" chance that AAPL will fall to or below $320 by the beginning of February 2014. 
However, it's still 6x to 7x more likely that the price will be greater than $320 on this 
date...again, according to this model.

About the app

The MCarloRisk app can be found on the Apple App Store and can do quick random walk 
studies of individual equity prices.

http://appshopper.com/finance/mcarlorisk
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Wikipedia had a nice writeup of random walks as of this writing:

http://en.wikipedia.org/wiki/Random_walk

The random walk we use is most similar to the Gaussian random walk described in the wiki, 
but we make no assumptions of normality or distribution shape in our app; we merely infer the 
probability distribution from actual prior data of a given stock.


