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Torturing the Data

When is a prediction more than just wishful thinking?
Donald J. Wheeler

Management requires prediction.  However, when making predictions it is
easy to torture the data until they surrender and tell you what you expect to hear.
Even though this torture may be unintentional, it can keep you from hearing the
story the data could tell.  This paper is about how to avoid torturing your data
while making predictions.

A few years ago a correspondent sent me the data for the number of major
North Atlantic hurricanes for a 65 year period.  Major hurricanes are those that
make it up to category 3 or higher.  I have updated this data set to include the
number of major hurricanes through 2021.  The counts of these major hurricanes
are shown in a histogram in Figure 1.  In what follows we shall look at two
approaches to using these data to make predictions.
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Figure 1:  Major North Atlantic Hurricanes per Year, 1935-2021

APPROACH  ONE

Approach one begins by finding a probability model to use in characterizing
the data.  Given that we have a skewed histogram of counts of events, the typical
choice here would be a Poisson probability model.  Since the Poisson model only
has one parameter, we only need to compute the average number of hurricanes
per year to fit a Poisson distribution to the histogram of Figure 1.  With 230 major
hurricanes in 87 years we have an average of 2.64 major hurricanes per year.  A
Poisson model for 87 counts having an average of 2.64 is shown in Figure 2.
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Figure 2:  The Poisson Probability Model for 87 Counts with Mean of 2.64

With no detectable lack of fit between the model and the histogram, we can
proceed to use the model to characterize the number of major hurricanes and
make predictions.

Since the standard deviation for a Poisson model is equal to the square root of
the mean, we can compute an approximate 95% confidence interval for the mean
number of major hurricanes per year as:

Approximate 95% CI for Mean  =  2.64  ±  2 √2.64

√87
   =   2.29  to  2.99

Prediction 1:  Based on this confidence interval, in any reasonable multi-year
period we would expect the average number of major hurricanes to fall between
2.3 and 3.0.

Prediction 2. Summing up the probabilities for counts of 1, 2, and 3 in Figure 2
we get a combined probability of  0.656.  Based on this we might predict that, for
any reasonable multi-year period, about two years out of three will have either 1,
2, or 3 major hurricanes.

Prediction 3: At the same time, the probability of seven or more major
hurricanes in one year is about 1.8%.   Inverting this probability we get 55.2.  This
means that we would expect seven or more major hurricanes to occur once every
55 years on the average.

Prediction 4:  The probability of six or more major hurricanes in one year is
about 5.2%.  Inverting this probability we get 19.4.  This means that we would
expect six or more major hurricanes to occur once every 19 years on the average.

EVALUATING  APPROACH  ONE

When we compare the predictions with the actual histogram in Figure 1 we
find no problem with predictions 1 or 2.  This is hardly surprising given that the
model was made to fit the histogram.
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However we have problems with predictions 3 and 4.  Prediction 3 said that
extreme years with 7 or more major hurricanes should happen about once every
55 years.  Figure 1 shows 4 out 87 years had seven or eight major hurricanes.
This is one extreme year every 22 years on the average!

Prediction 4 said that extreme years with 6 or more major hurricanes should
happen about  once every 19 years.  Figure 1 shows 9 out of 87 years had six or
more major hurricanes.  This is an average of one extreme year  every 10 years on
the average!

So what is happening?  We fit the model to these data, so why are these data
misbehaving?  Oops!  It is not the data that are wrong, but rather the model that
is erroneous.  The first clue as to why the model is wrong can be found by simply
plotting the data in a running record.  Figure 3 shows this running record for
1935 to 2012.
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Figure 3:  The Numbers of Major North Atlantic Hurricanes by Year 1935-2012

As our eye follows the data from left to right we immediately see that there
are two different patterns of hurricane activity.   Before 1948 and from 1970 to
1994 there were low numbers of major hurricanes, while the periods from 1948 to
1969 and from 1995 to 2012 had higher numbers of major hurricanes.

Thus, the histogram in Figure 1 is a smash-up of data from two different
systems.  A better picture of these data would use two different histograms as in
Figure 4.
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Figure 4:  Actual Histograms for Number of Major Hurricanes per Year
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So here we see that prediction 1 is also erroneous.  No reasonable period of
years has an average of 2.3 to 3.0 major hurricanes per year.  The 95% confidence
interval for the mean was completely bogus.

Likewise, prediction 2 is wrong.  In the years of low activity 33 out of 38 years
(87%) have 1, 2, or 3 major hurricanes.  In the years of high activity 25 out of 49
(51%) had 1, 2, or 3 major hurricanes.  The fact that the erroneous histogram of
Figure 1 has 65% of the years with 1, 2, or 3 major hurricanes is meaningless.

Approach one missed the time-order structure within the data simply because
it assumed the data were homogeneous.  When the data are not homogeneous the
whole statistical house of cards comes tumbling down, your predictions will be
incorrect, and decisions built on those predictions may be wrong.

APPROACH  TWO

When we use an XmR chart for each of the four periods seen in Figure 3 we
get Figure 5.  We do not have to be meteorologists to examine the behavior of this
time series.  Here we find clear indications of each of the changes in behavior
within the time series itself:  the count for 1950 is above the earlier limit; the
counts for 1970 through 1977 form a run below the previous central line; and the
count for 1995 exceeds the previous limit.  Thus, there can be no question that
this time-series is oscillating between two different behaviors.  The only question
is what is the cause of these changes.
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Figure 5:  X-charts fir  the Numbers of Major North Atlantic Hurricanes 1935-2012

To investigate these changes I went to the NOAA Web site and found the
article: “NOAA Attributes Recent Increase in Hurricane Activity to Naturally
Occurring Multi-Decadal Climate Variability” (Story 184).  This article confirms
the existence of the cycles seen above and attributes them in part to shifts in the
latitude at which the storms form off  the African coast

So, how can we use the X-chart in Figure 5 to make predictions?  We can use
the most recent portion of the chart (the part for 1995 to 2012) to describe what to
expect in subsequent years  In making these predictions it will be helpful to have
an estimate of dispersion.  Here we estimate sigma from the upper limit of 9.35
and the average of 3.72 to get:
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Sigma(X)  =  
[ 9.35 – 3.72 ] 

 3    =  1.88

Prediction 1:  If the high activity cycle continues, we should expect an average
of about 3.7 major hurricanes per year.  With a baseline of 18 years an
approximate 95% interval estimate for the average will be:

95% Interval estimate for mean   =  3.72  ±  2 
 1.88 

√18
  =  2.8  to  4.6

Prediction 2:   The empirical rule tells us to expect roughly 60% to 75% within
one sigma of the average.  So, if the high activity cycle continues after 2012, we
would expect about two thirds of the subsequent years to have 2 to 5 major
hurricanes.

Prediction 3:  The empirical rule also tells us to expect 90% to 98% within two
sigma on either side of the average.  Thus, if the high activity cycle continues
after 2012, we would expect almost all of the subsequent years to have between 0
and 7 major hurricanes.

The data for 2013 to 2021 are shown in Figure 6.
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Figure 6:  X-chart for the Numbers of Major North Atlantic Hurricanes 1995-2021

With 30 major hurricanes in 9 years the most recent period averaged 3.33 per
year.  So prediction 1 was good.

Six out of the last nine years had between 2 and 5 major hurricanes, so
prediction 2 was good.

Nine out of nine years had between zero and 7 major hurricanes, so
prediction 3 was good.

As seen in Figure 6, the last nine years are consistent with the previous 18
years, and we continue to live in a period of high activity.  By using the
information contained in the time-order sequence of the data we not only avoid
the tortured predictions of approach one, but also make predictions that are
consistent with the process behavior and which, in this case, actually came true.

So how many major hurricanes should we expect next year?  Based on the
past 27 years it is most likely that there will be between 2 to 5.  However, there is
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about a 20% chance that there could be as many as 6,  7, or 8.  And there is about
a 10% chance that there could be as few as 0 or 1 major hurricanes next year.

How could we tell if there was a shift to an even higher level of activity?
While meteorologists use a multiplicity of measures to make these
determinations, we are limited to what we can learn from these counts.  So for us,
a signal of increased activity might be a single year with 10 or more major
hurricanes, or two out of three successive years with 8 or more major hurricanes.

How could we detect a shift back to a low-activity period using the counts
alone?  We would need to have four out of five successive years with  no more
than one major hurricane, or eight successive years with no more than 3 major
hurricanes.

GLOBAL  WARMING

So is Figure 6 telling us anything about global warming?  Not directly.
Counts  of major hurricanes are fairly blunt instruments.  They do not take into
account the length of time a hurricane spent as category 3 or higher.  Neither do
they take into account whether the storm hit land nor the amount of damage
done by each storm.  While these counts are sufficient to identify periods of high
and low activity, they only tell part of the overall story.  As always, these data
have to be used in context with all of the other information that is available.

MUCH  ADO  ABOUT  SKEWNESS

When a histogram appears the least bit skewed there usually follows either an
attempt to fit a probability model to the data or an attempt to transform the data
to make them “more normal.”  Both of these actions require the data to be
homogeneous. When the data are not homogeneous fitting a model to the
histogram, or transforming the data, has to be classified as torturing the data in
order to satisfy your presuppositions.

 However, the most common cause of a skewed histogram is illustrated by
these hurricane data.  Figure 1 is made up of layers of data from different
systems.  Figure 7 shows these layers and what happens when they are laid on
top of each other.  Collectively the result is more skewed than any one portion
thereof.
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Figure 7:  How Stratification of the Data Creates  Skewness

So be careful to avoid being misled by a skewed histogram.  It may be the
result of a process that is going on walkabout.

When you ignore the information contained in the time-order sequence of the
data, your analysis looses contact with reality and the results are likely to be
nonsense.  Before the techniques taught in your statistics class will work as
advertised you will need to have homogeneous data.  And the simplest test for
homogeneity is a process behavior chart.

SUMMARY

The primary question of all data analysis is whether or not the data are
reasonably homogeneous.  This trumps questions about what probability model
to use.  It trumps questions about how to estimate the parameters of a probability
model.  It trumps questions about whether to transform the data.  Estimation and
prediction have to wait until after we have characterized the process producing
the data as behaving either predictably or unpredictably.

When the data are not homogeneous, the whole statistical house of cards
collapses.  Hence, Shewhart’s second rule for the presentation of data:
“Whenever an average, range, or histogram is used to summarize the data, the
summary should not mislead the user into taking any action that the user would
not take if the data were presented as a time series.”

The primary technique for examining a collection of data for homogeneity is
the process behavior chart.  Any analysis of observational data that does not
begin with a process behavior chart is fundamentally flawed.
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The best analysis is always the simplest analysis that provides the needed
insight.  And that is why you need to appreciate the difference in the two
approaches to the analysis  of observational data described in this article and
outlined in Figure 8.

Torture the Data:

Assume Homogeneity
for the data

Compute Global Statistics

Estimate Parameters

Fit Probabaility Model

Use Model to 
Make Predictions

Listen to the Data:

Check for Homogeneity
with Process Behavior Chart

If Homogeneous
Estimate Parameters
& Make Predictions

If Not Homogeneous
Forget Making Predictions

and 
Find Out Why Data are

Not Homogeneous Instead

Figure 8:  Two Approaches to the Analysis of Observational Data


