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Abstract

In a typical weather broadcast, observed precipitation information such as the daily
amount that fell and the accumulated monthly total are shown and compared to the mean
monthly average or “normal” precipitation. Such information, however, may not adequately
describe whether or not that particular month is fairly typical for the time of year or truly an
unusual occurrence. Here it is shown that monthly average precipitation may not be
representative of the typical value for a particular month at all. Thus it is suggested that the
presentation of precipitation information can be augmented with elementary statistical
information in order to give a more meaningful presentation of precipitation information without
the need to explain the basis of such statistical information. A study of the climatological
behavior of monthly precipitation values over a 118-year period for Columbia, Missouri is

performed in order to provide the rationale for displaying “typical™ precipitation ranges.



1. Introduction

Recently, two papers (Lupo et al., 2003; Holder et al., 2006) have demonstrated that
statistical information could be used to augment daily temperature readings (e.g., maximum and
minimum temperature) and be presented successfully in a three-to-five minute television weather
segment. Both of these articles showed that simple information about the distribution and
variability of daily temperature information could be included in a television graphic that uses
the Tukey box plot (Tukey, 1977) as its basis. These papers suggested that daily maximum and
minimum temperatures could be compared, not only to the daily mean, but to some range of
temperatures that would be considered as “typical” for that date, month, or season. Lupo et al.
(2003) define a range for “typical” daily temperatures using values within one standard deviation
from the 30-year normal (c = 68%; rounded by Lupo et al. 2003 to a “70% range”), whereas
Holder et al. (2006) defined their range using a smaller value than one standard deviation (50%
range). Each paper showed that temperature data at their respective locations was normally (or
near normally) distributed about the mean. Naturally, these graphics should be constructed such
that they are appealing to the general public as well (see Holder et al., 2006 for an example).

Precipitation information would be much more difficult to incorporate using the same
basis as that for temperature, since precipitation does not occur daily. Additionally, (monthly)
precipitation data does not have a normal distribution (e.g. Stephenson et al. 1999; Guinan,
2004), may accumulate on only a handful of days within a month, and is generally tabulated
monthly and then compared to a monthly averaged value. Television meteorologists make this
comparison of the monthly accumulated precipitation to the monthly mean (or a fraction of the
monthly mean by dividing the monthly total by the number of days in the month and assuming

an equal amount should fall daily) using simple subtraction. While this information may be



meaningful to users, it does not provide more detail, or accuracy, regarding the statistical or
historical context.

Generally, television meteorologists only comment on whether or not the month has been
wetter or drier than normal, defined as the arithmetic mean. In the mid-west and plains states,
viewers are very interested in this type of information since these areas have a strong
agriculturally-based economy. Also, most television weather broadcasts are centered on the
information that the broadest segment of the viewing public may be most interested in on a day-
to-day basis, which is mainly temperature and precipitation information and forecasts.

In the last 30 years, there has been a dramatic increase in the attention paid to weather
and climate information such as severe weather (Del Genio et al. 2007), EI Nifio and La Nifa
events, and climate change, including global climate change (e.g., Changnon and Kunkel, 1999;
Kunkel et al., 1999). This has resulted in more than a five-fold increase in the television
coverage of weather related events over that time period (e.g., Ungar, 1999). As such, a broader
segment of the public is interested in weather broadcasts and has become increasingly "weather-
savvy" with regard to the information presented to them.

Thus, this short paper has two simple objectives. The first objective is to perform a short
statistical study by examining monthly precipitation data, their means and distribution, and
variations for the Columbia, Missouri area. The second objective is to demonstrate how such
information can be incorporated into weather broadcasts in order to provide the public with a

more informative presentation.



2. Data and Methodology

a. Data

The data used in this brief study are the monthly precipitation records for Columbia,
Missouri from January 1890 to December 2007. These data were obtained from the Missouri
Climate Center. This temporal period was chosen since this period provided a larger data set for
the statistical analysis. Also, this 118-year period provides for a continuous record for the
precipitation information, and, as such, there was no need to artificially fill in missing
precipitation data. In this study, data from the Columbia region were chosen since the results
found here could be incorporated into local weather broadcasts. Also, precipitation observations
have been taken from the locale named above over the duration of the last 38-year period. Only
one change in the instrumentation was made in 1996, when the Automated Surface Observation
Station (ASOS) instrumentation was installed. However, the airport did change location around
1970. This station moved approximately 22 km south-southeastward, but there are no indications
that this move resulted in significant changes in the precipitation climatology (not shown).
Before 1970, precipitation records were synthesized from records taken at the Columbia
Municipal Airport (1930 — 1969) and an observation station in Columbia, MO (1890-1951).
Each of the previous stations was located within the city limits. Lastly, the precipitation data and
the calculations used in this study carried units of inches since that is still the standard unit for
precipitation measurements in the United States and is still the standard unit for precipitation

used in weather broadcasts.



b. Methods

The initial step required that the monthly precipitation information for the 118 year
period, 1890 — 2007, was used to generate the statistics discussed here. Based on these monthly
precipitation records, the average monthly precipitation values were generated for each month of
the year, along with the standard deviations (Table 1). These were then tested in order to
determine whether or not a normal or Gaussian distribution would best represent these data. Fig.
1 shows a histogram generated for one month and binned in 0.5 inch intervals. Inspection would
reveal that this distribution is not Gaussian, and thus another distribution needed to be fit to the
data. The observed distribution was tested in order to determine if it followed a standard normal
distribution at a statistically significant level using the chi-square goodness-of-fit test (e.g., Neter
et al., 1988). The statistical testing reveals that the observed distribution is not the same as
(different from) the normal distribution at the 99% confidence level.

Comparing, however, the observed data to a gamma distribution for statistical testing
reveals that the distributions are similar at the 95% confidence level. A gamma distribution was
fitted using the standard parameters for the gamma probability density function following

Guinan (2004) (see also Stephenson et al. 1999):

f(x,a,pB) = ﬁ“lj"- ‘X:x“e_ﬂ (1)

where X represents a bin value, and o and 3 are parameters needed to calculate the distribution

and are as follows:
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where a controls the shape of the distribution (shape parameter), and p is the scale parameter.
The parameter o controls whether the distribution takes on the form of a skewed normal
distribution, or appears more like the tail of a normal distribution (see Fig. 1).

Table 2 shows the monthly values of o and 3 for our data set. These demonstrate that
these values do vary throughout the year. Values of o (B) are relatively low (high) during the
wettest months (April and May) when the distribution would be expected to extend father along
the abscissa. Our values here are not consistent with Guinan (2004) who used gamma
distributions for two week periods to examine drought, but our values for o are more consistent
with Stephenson et al. (1999). They studied the frequency and amounts of monsoonal
precipitation events in India. Our winter month values for o and 3 were consistent with a study
of precipitation frequencies from the University of Bergen in Norway".

Clearly, the Tukey box-plot (e.g., Fig. 2 — adapted from Lupo et al. 2003) which is
typically based on normally distributed data would not be the proper basis for a precipitation
graphic, and further discussion below will illustrate this point. Another strategy is proposed here
and bases the graphic on dividing the observed data into quintiles, and the new graphic is
described in the next section. Using observed data allows for yearly adjustment of the values in

Table 3 if necessary. Additionally, the gamma distributions were generated and tested versus the



observed distribution using commercially available software such as spreadsheets and

mathematical / statistical software.

3. Results and Graphical Depiction

a. Results and Discussion

Figure 3a shows the proposed template for a new graphic. The monthly precipitation data
for any month could be classified as within the range of “normal” (20% of the data, the third
quintile — Table 3). The second and fourth quintiles would represent below and above average
rainfall for that month, respectively. The first and fifth quintiles could represent extremely dry
and wet conditions, respectively. Finally, a record wet month could also be represented as
extremely wet. Two strategies could be used in representing this kind of information and these
will be described below. Note also that the graphic could be color coded in a way that would be
consistent with the color of land or the vegetation during dry or wet conditions, or colors that are
associated with, for example, water (extreme wet). This suggested color scheme also corresponds
roughly to the natural color spectrum, but alternative schemes could be experimented with and
then implemented to better convey the information (e.g., Brewer, 2005). Additionally, the
graphic could be made more viewer-friendly by using a rain gauge image in a similar manner
that Holder et al. (2006) show the use of a thermometer in their temperature graphic (Fig. 4).

Probability Density Functions (PDF) for the entire 118-year period and for each month
were tested as opposed to PDFs for individual days or seasons since precipitation is archived as

monthly totals. Since precipitation does not occur every day, the daily precipitation information



(for individual calendar days) over a 30-year climatic averaging period would represent a small
sample from which it might be difficult to obtain statistically meaningful results. Similar to
temperature anomalies, precipitation anomalies for each month can be viewed as being produced
by the cumulative impact of a set of random synoptic-scale disturbances guided by quasi-
randomly generated large-scale flow regimes which may be strongly influenced by the
underlying surface of the earth (e.g., Lupo et al., 2007 and references therein).

However, summer-season flow regimes may possess different kinematic and dynamic
characteristics from winter-season flow regimes over North America. Data sets which are
produced by two different forcing regimes and which also produce clearly differing distributions
(if analyzed separately) are called “mixed distributions” or “mixture distributions” (e.g., Wilks,
2006). In order to minimize this problem of differing seasonal flow regimes, the data sets were
analyzed monthly over the 118 year period. This same assumption does not preclude the use of
seasonal statistical results instead of, or in addition to, the monthly data sets.

In displaying precipitation information, it would be useful to show some measure that
represents a typical range of monthly values or the typical variability for a particular month.
Most television broadcasts only show the monthly accumulated precipitation and compare this to
the monthly mean total or a portion of this value that depends on how much of the month has
already past. However, when examining the gamma distributions for each month, it is revealed
that the mean value is commonly near the top of the third quintile (compare Table 1 and 3), or in
the case of October — December (see Table 3) is at the top of this quintile or even into the fourth
quintile. Then, the implication of comparing observed precipitation to the arithmetic mean is that

in the fall, most months will appear to the viewer to be dry (drier-than-normal), or conversely, an



“average” month is actually one of the wetter months historically. Thus, comparing monthly
precipitation to an average value is misleading.

Some television broadcasts show the record monthly high and low precipitation amounts,
but typically only when the month approaches a record. These represent in a statistical sense (and
loosely in a physical sense) the absolute range of the precipitation amounts that may be expected
for a given location for a given month. Here, the graphic we chose (Figs. 3 and 4) is based on
variability. Lupo et al. (2003) chose to use standard deviation (c), which represents a measure of
absolute variability in a data set (in their case, the 30-year daily temperature anomalies). For data
in a set that are normally distributed, o can be used to construct an interval (range) about the
mean for which approximately 68% of the data points in a particular set of data should reside.

By using quintiles, we followed the method used by Guinan (2004), and the frequency of
extreme events (1% and 5" quintile) will be similar to that of Lupo et al. (2003) or Holder et al.
(2006), or would occur less than 50% of the time. Using January 2005 (Figs. 4 and 5) as an
example would show that 5.94 inches of rain fell at the Columbia, Missouri, regional airport.
This is shown in comparison to the monthly mean 1.85 inches and clearly depicts that January
2005 was extremely wet (occurring only 20% of the time, or once every 5 years), the range of
which is 2.48 - 6.87 inches. This demonstrates also that January in this region of the country is
usually quite dry. Over the course of a year, the astute viewer / weather observer would realize

that winter in this region is the driest time of the year (Tables 1 and 3).

b. Application
In the previous section (3a), it was stated that two strategies could be used when applying

this graphic. The first is to simply accumulate the daily precipitation data and the regular viewer



would watch the monthly precipitation increase versus the historical record. This method would
be simple to apply and would not require daily maintenance of the graphic. The second strategy
would involve identifying each of the quintile values on the right hand side of the plot and
dividing these by the number of days in a month, and then tallying up the rain daily as well as
“stretching” out (re-calculating) the numbers on the ordinate of the graph with each passing day.
The latter is recommended, since this would account for the fact that months could become
progressively drier or wetter during the month, or as shown in Fig. 6 for March 2005, the month
stays extremely dry in spite of precipitation occurring on two different occasions. Fig. 6a shows
the graphic as it would appear on 10 March, and as no precipitation occurred during the next ten
days, Fig. 6b shows the graphic as it would have appeared on 20 March. Finally, Fig. 6¢ shows
the graphic as it would have appeared for the end of that month. Note that the numbers on the
right side of the graphic grew progressively larger as the month progressed. Additionally, Fig. 7
shows an example during a month in which precipitation categories changed from dry month
early to a record wet month by mid-month.

Such information could be presented as in Fig. 6 and 7 without the need to explain to the
general public the concept of standard deviations, quintiles, and other statistical concepts. A
similar display to these figures showing seasonal or annual means could be considered as well

for the presentation of this kind of information.

4. Summary and Conclusions

In this study, the statistical properties of the 118-year record (1890 - 2007) of monthly

precipitation observations for Columbia, Missouri, were examined with the goal of providing
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more information about the representativeness of observed monthly precipitation amounts with
respect to climatological mean in television weather broadcasts. The data used in this study were
obtained from the Missouri Climate Center and analyzed using standard statistical techniques. A
118-year period was chosen because the record for this time period has been continuous and is
long enough to present a reasonable sample size for each month.

In general it was found that maximum and minimum monthly precipitation in the 118-
year period occurs during the warm and cold seasons, respectively. For each month, the data
were fitted to a gamma distribution which provided a better match than a normal distribution as
was used for the mean temperature values by Lupo et al. (2003) and Holder et al. (2006).
Quintiles were then used as a measure of variability and these were applied to the monthly
samples. The third quintile was considered “typical”, while the second and fourth quintiles were
considered dry and moist, respectively. Together, these three quintiles constituted 60% of the
observations. The first and fifth quintiles were considered extremely dry and moist, respectively.

This information was incorporated into routine television weather broadcasts at KOMU
and KSNT, the NBC affiliates in Columbia, Missouri and Topeka, Kansas, respectively,
beginning with the fall of 2007. Meteorologists and weather broadcasters created graphics that
used the monthly climatological values of precipitation. Thus, the viewer will not only have seen
how observed precipitation compared to that which is typical rather than the mean, but how
representative these observations were within the historical context for this region. In an era
when weather information is presented more and more often, information regarding a typical
range for precipitation can be used to separate out unusual monthly accumulations of

precipitation from those that are more typical.
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Table 1. Calculated monthly average precipitation and standard deviations (inches) for the
base period 1890 — 2007 using monthly precipitation data from the Columbia,

Missouri Regional Airport.

Month Average Precipitation | Standard Deviation
January 1.85 1.38
February 1.88 1.19

March 2.93 1.68

April 3.87 2.08

May 4.77 2.32
June 4.49 2.56
July 3.50 2.16
August 3.76 2.42
September 4.14 2.83
October 3.01 2.03
November 2.48 1.79
December 2.00 1.31
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Table 2. Calculations of the monthly parameters for o and 3 from Equations 1 and 2 for
the monthly precipitation for the base period 1890 — 2007 using monthly

precipitation data from the Columbia, Missouri Regional Airport.

Month o (shape parameter) B (scale parameter)
January 0.163 11.34
February 0.128 14.43

March 0.166 33.52

April 0.073 53.24

May 0.065 73.27

June 0.116 38.53

July 0.118 29.75

August 0.156 24.05
September 0.148 27.96
October 0.124 24.19
November 0.155 16.02
December 0.110 18.19

Table 3. The calculated values for the maximum precipitation value (inches) for each

quintile. The record value represents the top of the fifth quintile (100%).

Month first quintile second third quintile Fourth record
quintile quintile

January 0.82 1.22 1.91 2.48 6.87
February 0.90 1.40 1.97 2.50 6.80
March 1.51 2.41 3.04 3.72 10.09
April 2.16 2.86 4.21 5.07 11.69
May 2.89 4.05 4.94 6.21 13.34
June 2.35 3.30 5.02 6.71 14.86
July 1.70 2.69 3.72 4.97 12.14
August 1.45 2.80 4.08 5.83 10.19
September 1.75 2.99 4.33 5.79 13.34
October 1.37 2.17 2.86 4.38 13.44
November 1.00 1.64 2.49 3.81 10.42
December 0.99 1.46 1.94 2.72 7.82
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Figure Captions

Binned monthly precipitation amounts (bars) for each January from 1890 — 2007.
The first bin on the left is monthly precipitation amounts from 0 — 0.50 inches,
and each bin is successively 0.50 inches greater. The dotted line represents a fitted
gamma distribution, while the long dashed line represents a normal or Gaussian
distribution.

Suggested templates for incorporating seasonal standard deviation information
into weather graphics depicting daily temperature observations (adapted from
Lupo et al. 2003 - a Tukey box plot (Tukey, 1977)).

A proposed sample template for a new precipitation amount graphic.

A second proposed sample template for a new precipitation amount graphic. This
includes data from January 2005.

The generic template from Fig. 3 with data from January 2005. All precipitation
amounts are shown in inches.

As in Fig. 5, except for March 2005. This figure shows a monthly progression for;

a) March 10, b) March 20, and c) the end of the month.

As in Fig. 5, except for August 2005.
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Binned monthly precipitation amounts (bars) for each January from 1890 — 2007.

The first bin on the left is monthly precipitation amounts from 0 — 0.50 inches,
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High Temperature: January 4™ 2002

Figure 2.

Record: 66° F (1939)

50° F

43° F (Today)

37° F (Average)

24" F

Typical Temperature Range

Suggested templates for incorporating seasonal standard deviation information
into weather graphics depicting daily temperature observations (adapted from
Lupo et al. 2003 - a Tukey box plot (Tukey, 1977)).
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Figure 3. A proposed sample template for a new precipitation amount graphic.
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Figure 4.
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A second proposed sample template for a new precipitation amount graphic. This
includes data from January 2005.
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Figure 5. The generic template from Fig. 3 with data from January 2005. All precipitation
amounts are shown in inches.
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Figure 6. As in Fig. 5, except for March 2005. This figure shows a monthly progression for;

a) March 10, b) March 20, and c) the end of the month.
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Figure 7.
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