Thirty Minute Statistics Lesson

Micro-Watershed Forecasting Under Uncertainty
John McKenzie

I. Central Tendency

People from countries all over the world have collected data for many centuries. Raw
data by itself without converting it to some other form can be somewhat unusable. For
that reason, data is simplified and summarized,; statistics are derived. Statistics, such as
averages, are various ways of describing the data that is collected. As a result mere data
becomes information that can be beneficial in describing and solving problems.

When analyzing data, usually the first thing that comes to mind is what is the essence of
the data? How can | summarize it using statistics? Usually, the first course of action is
to look at the central tendency of it, i.e. where is most of the data situated. Three
methods of central tendency are used:

e Mean - The average.

e Median - The value that is in the middle. Half of the values are below it
and half above.

e Mode - The value that occurs most frequently.

Table 1. describes the average bushels per acre for dryland wheat for the years 1986 to
2000 in Yuma County.

Table 1: Average Yields of Dryland Wheat
Yuma County 1986-2000
Source: Colorado Agricultural Statistics

Year Bushels

1986 37
1987 40
1988 36
1989 28
1990 38
1991 38
1992 27
1993 41.5
1994 31.5
1995 42.5
1996 38
1997 32.5
1998 33
1999 43

2000 25



Table 2 is a transformation of Table 1; the bushels are sorted in ascending order. This
gives us a clearer picture of how the three measures of central tendency: mean, median,
and mode are related. Note that the three measures are situated at different points.

Table 2: Average Yields of Dryland Wheat
Yuma County 1986-2000

Source: Colorado Agricultural Statistics
Year Bushels

2000 25

1992 27

1989 28

1994 31.5

1997 32.5 The average is

1998 33
1988 36

1986 37
1990 38
1991 38
1996 38

The median is 37. Seven
values are below and
seven values are above

1987 40 this number
1993 41.5
1995 425
1999 43

The mode is 38. The number
38 occurred most often (three
times).

This analysis is continued by including the years 2001- 2004. (Tables 3 & 4) Note that
the mean has changed while the mode and median have not with the inclusion of the four
years.

Table 3: Average Yields of Dryland Wheat
Yuma County 1986-2004

Source: Colorado Agricultural Statistics
Year Bushels

1986 37
1987 40
1988 36
1989 28
1990 38
1991 38
1992 27
1993 41.5
1994 315
1995 42.5
1996 38
1997 325
1998 33
1999 43
2000 25
2001 37
2002 24
2003 38
2004 22



Table 4: Average Yields of Dryland Wheat
Yuma County 1986-2004
Source: Colorado Agricultural Statistics

Year Bushels

2004 22
2002 24
2000 25
1992 27
1989 28
1994 315

1997 325
1998 33
1988 36

1986 37 <
2001 37

The median is 37. Nine
values are below and eight
values are above this

1990 38 number

1991 38

1996 38

2003 38

1987 40 The mode is 38. The number
1993 415 38 occurred most often (four
1995 42.5 times).

1999 43

I1. Dispersion

After a measure of central tendency is established and most of the time the mean is
selected even though it may not be the best indicator - we are concerned next with how
the data deviates or varies from the mean. The average of the years from 1986-2000 is
35.4 bushels. If every season during these fifteen years produced a yield of 35.4 bushels,
then each year’s yield doesn’t vary from the mean. However, in our case the yield varied
from 25 to 43 bushels. Statisticians came up with ways to measure how the data varies or
deviates from the mean. One, standard deviation, is commonly used which compares
each year’s value with the mean. Table 5 shows how it is derived. Standard deviation
can be used as a proxy or a way to measure risk. The bigger the standard deviation, there
is more risk present. Again, if every season during the past fifteen years produced the
same yield of 35.4 bushels, then the standard deviation would be zero.



Table 5: Standard Deviation of Dryland Wheat Yields
Yuma County 1986-2000

Difference Between the
Actual Yield and the Differences

Year Bushels Average Average Yield Squared
1986 37 354 1.6 2.56
1987 40 354 4.6 21.16
1988 36 35.4 0.6 0.36
1989 28 354 -7.4 54.76
1990 38 354 2.6 6.76
1991 38 35.4 2.6 6.76
1992 27 354 -8.4 70.56
1993 41.5 354 6.1 37.21
1994 315 35.4 -3.9 15.21
1995 425 354 7.1 50.41
1996 38 35.4 2.6 6.76 @
1997 325 35.4 -2.9 8.41
1998 33 354 -2.4 5.76
1999 43 354 7.6 57.76
2000 25 35.4 -10.4 108.16
Average of the Squared Differences 30.1733 / S;i?:t?gi

Square Root of the Average of the Squared Differences 5.49303

Table 6: Standard Deviation of Dryland Wheat Yields
Yuma County 1986-2004

Difference Between the

Actual Yield and the Differences
Year Bushels Average Average Yield Squared
1986 37 34.32 2.68 7.20
1987 40 34.32 5.68 32.31
1988 36 34.32 1.68 2.84
1989 28 34.32 -6.32 39.89
1990 38 34.32 3.68 13.57
1991 38 34.32 3.68 13.57
1992 27 34.32 -7.32 53.52
1993 41.5 34.32 7.18 51.61
1994 315 34.32 -2.82 7.93
1995 425 34.32 8.18 66.98
1996 38 34.32 3.68 13.57
1997 32.5 34.32 -1.82 3.30
1998 33 34.32 -1.32 1.73
1999 43 34.32 8.68 75.42
2000 25 34.32 -9.32 86.78
2001 37 34.32 2.68 7.20
2002 24 3432 1032 106.42 Standard
2003 38 34.32 3.68 13.57 Deviation
2004 22 34.32 -12.32 151.68

Average of the Squared Differences 39.4266
Square Root of the Average of the Squared Differences  6.27906



I11. The Normal Distribution

People in different disciplines use the average and the standard deviation (deviations of
each years yield from the average) in concert. These two statistics can be referred to as
parameters. Many times, data is normally distributed such as people’s weights. A
normal distribution is one that resembles a bell shape curve. The characteristics of a

normal distribution are:

e The most likely value is at the top of the curve and this value is the same
for the mean, the median, and the mode.

e The curve is symmetrical, i.e., the left side of the curve looks like the right
side.

e The values are more likely to be centered around the mean.

For the sake of an example, let’s suppose that the yields for the past nineteen years are
normally distributed in that they adhere to the characteristics of a normal distribution.
Figure 1 shows a normal distribution with the following parameters: a mean of 34.315
and a standard deviation of 5.279. The tails on each side go out to — and + infinity. The
distribution can generate a yield that is a large negative number or a large positive one.
Think of the area under as 1 or 100%. One hundred percent of the possible yields will
occur within the area of the curve.
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Figure 1: Normal Distribution for Dryland Wheat Yields
Yuma County 1986-2004

When we compute the mean and the standard deviation and assume that it is distributed
normally, we are able to infer the probability of certain wheat yields that will occur next
year. Figure 2 shows that approximately 68% of the values are between 1 standard
deviation on each side of the mean (68% of the area). That is 68% of the time the wheat
yield will be between 28.07 and 40.56 bushels.
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Figure 2: Normal Distribution for Dryland Wheat Yields
One Standard Deviation from the Mean
Yuma County 1986-2004

Figure 3 shows that approximately 95% of the values are between 2 standard deviations
on each side of the mean (95% of the area). That is 95% of the time the wheat yield will
be between 22.00 and 46.62 bushels. In other words, we are 95% certain that the wheat
yields will be between these two values. Only 5% of the time will the yields be below

22.00 or above 46.62 bushels.
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Figure 3: Normal Distribution for Dryland Wheat Yields
Two Standard Deviations from the Mean
Yuma County 1986-2004




The same reasoning can be applied for Figure 4. Three standard deviations capture most
of the possible values.
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Figure 4: Normal Distribution for Dryland Wheat Yields
Three Standard Deviations from the Mean
Yuma County 1986-2004

1VV. Limitations of “Stock” Distributions

A variety of distributions are used in numerous disciplines. For instance, agronomists
may use gamma distributions for crop yields. Lognormal distributions are used
extensively in the oil and gas business to describe underground reservoirs of oil. The
Poisson distribution is used by the insurance industry to predict the rate that an event may
occur in order to ascertain an appropriate insurance premium. However, these
distributions have their limitations.

e The distribution is an equation and this equation is trying to explain the behavior
of crop yields. Perhaps no equation can do that.

e The distribution relies on parameters for its input. A normal distribution requires
a mean and a standard deviation. As described earlier, the mean may not be an
accurate representation of the central point of the data. The mean is usually
derived from a sample and perhaps, more observations are required in order to
adequately describe the data and to limit the margin of error. See Section V.

e When we summarize data into parameters like a mean and then further try to force
the data into an equation, accuracy is lost and the distribution may not explain the
real data adequately and truthfully.

Figure 5 shows a frequency distribution for the wheat yields between 1986-2004. The
frequency of achieving those yields is displayed on the y axis and the yields are grouped
into bins on the x axis. Note that the distribution does not look like the normal one that
was portrayed earlier. First, there is no bell shape curve with most of the values
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occurring close to the mean. The 34-37 bin is represented only once even though the
actual mean of 34.315 is included in this grouping. Secondly, the distribution occurs to
be somewhat bi-modal (two humps) with yields of bad years and ones of good years.
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Figure 5: Frequency Distribution for Dryland Wheat Yields
Yuma County 1986-2004

V. Alternatives to “Stock” Distributions

Distributions based on some underlying equation are important today and were necessary
before the advent of computers. During the pre-computer age, in order to take into
account uncertainty, analysis was performed using paper and pencil. Nowadays,
computers, especially personal computers, have changed the playing field. A reliance on
strict mathematical modeling using common distributions is less imperative. An
alternative is to use the brute force of the computer and to use the actual data as the
distributions. For instance, Figure 6 can be used as a distribution itself rather than trying
to force the data into some commonly used distribution. The Yuma County farm
portfolio model will strive to use the various data themselves as the distributions.
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Figure 6: Custom Distribution for Dryland Wheat Yields
Yuma County 1986-2004

V1. Averages are Approximations

As explained, the expected value of a variable in a model is usually determined by
using some measure of central tendency: average, median, or mode. The average is
typically used because of convention and its ease of calculation and interpretation.
The Colorado Agricultural Statistics Service collects a diverse and comprehensive
amount of data on agricultural industry in the state. Statistics are reported for data
collected but the statisticians are bound not to identify particular respondents and
thus, the results are presented in statistical summaries, i.e. averages. The average
wheat yield in 2000 was 25 bushels per acre. This average derived from a sample is
used to inter what is characteristic of the population, the true average wheat yield of
the Yuma County growers. Confidence intervals around the average are usually not
reported. A confidence interval of the 2000 average dryland wheat was computed
using the bootstrap method and displayed in Figure 7. We are 95% confident that the
true mean is within 22.87 and 26.27 while the mean reported is 25 bushel per acre. In
models which require inputs of averages these confidence intervals can be used to
more accurately reflect the range of the true mean.
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Figure 7: Bootstrap for Mean Dryland Wheat Yield for 2000






