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CLIMATOLOGY OF CAPE FOR EASTERN MONTANA
AND NORTHERN WYOMING

Heath Hockenberry and Keith Meier
Nexrad Weather Service Office
Billings, Montana

Development of a warm season climatology of Convective Available
Potential Energy (CAPE) for the Northern Plains Region of eastern Montana
and northern Wyoming provides forecasters with typical convective energy
values. These typical CAPE values may be used to isolate standard and
anomalous convective potential, both monthly and seasonally. To derive the
CAPE averages, daily values of 0000 UTC and 1200 UTC CAPE from April
through September during the 1961-1991 time period were analyzed using
the SHARP Workstation and the statistical applications inherent in Quattro
Pro. The averages and statistics show that July is the month for the greatest
CAPE values with a 31 year average. of 470 J kg'. In addition, seasonal
average CAPE values isolate 1962, 1963,1982, and 1991 as those years
having the greatest seasonal averages. Finally, the CAPE averages show
that maximum daily CAPE values rarely exceed 1000 J kg™ during most of

the warm season.
. Introduction

Convective Available Potential Energy
(CAPE) is an important parameter in the
production of severe weather. Its
influences, in combination with vertical
wind shear, drive sustained convection.
In the Northern Plains area of eastern
Montana and northern Wyoming, CAPE
values and averages are somewhat
enigmatic due to a lack of climatology for
the important severe weather contributor.
This study attempts to provide basic
quantification of eastern Montana and
northern Wyoming (Northern Plains)
values and establishes a 31 year
climatology of CAPE from 1961 through
1991 during the warm season. Average
CAPE values are broken down by year,

month, and location with useful statistics
which correspond to each graph. In
addition, maximum daily CAPE for each
site and month are divided into CAPE
ranges which are directly given
cumulative percentages. The cumulative
percentages illustrate the frequency of
occurrence of a maximum afternoon
CAPE at a specific time of year and
location. This study intends to establish
a CAPE climatology for the plains of
eastern Montana and northern Wyoming,
provide a guide of typical CAPE values
and the relative frequency of maximum
CAPE values over a 31 year period,
illustrate statistical measurements of
CAPE, and serve as a platform for future
individual case studies of severe weather
episodes.



Il. Procedure

The data used to calculate the
Convective Available Potential Energy
values in this study were collected using
North American RAOB data and the
SHARP Workstation program (Hart and
Korotky, 1991). The upper-air mandatory
and significant level data for the warm
season (April through September) from
Great Falls, Glasgow, Lander, and Rapid
City from 1961 through 1991 were copied
to a disk from the CD-ROM of
Radiosonde Data which was produced by
the Forecast Systems Lab - and the
National Climatic Data Center. These
mandatory and significant level files were
then imported into the SHARP
Workstation. Using SHARP’s Database
option, the default CAPE values for each
sounding, both the 0000 UTC and 1200
UTC runs, were calculated and copied to
a disk. SHARP calculates these default
CAPE values using the most unstable
parcel in the lowest 150 mb of the
sounding. The data-based CAPE values
were then imported into Quattro Pro for
final analysis and graph generation.
These were then built into a
comprehensive database for forecasting
reference and any future studies.

The quality control measures taken
during the data collection  included
ranking all the CAPE from largest to
smallest and individually screening those
soundings which produced CAPE values
greater than 6000 J kg' (a
climatologically high value for the
Northern Plains). Those soundings which
appeared to be erroneous, perhaps
because of bad balloon release, were
deleted and not included in the final

results. However, the overall intention of
this part of the study was to be as
objective as possible in the collection of
the data. Only those CAPE values which
were obviously too large were deleted.

Il Analysis and Observations

Figure 1 represents the seasonal CAPE
averages for all sites and at both 0000
UTC and 1200 UTC during the period
1961-1991. The relative peak years for
Northern Plains CAPE average were
1963, 1972, 1976, 1983, and 1991. The
intervals between these years ranged
between four and nine years. Table 1.a
and 1.b, (See Appendix A for definitions
of statistical parameters), shows that the
maximum seasonal value during the 31
year period occurred in 1963 with an
overall average CAPE value of 368.66 J
kg™ and the minimum occurred in 1971
with a CAPE of 194.83 J kg™. The range
of 173.83 J kg™ between the highest and
lowest values along with the relatively low
value of standard deviation shows the
homogenous nature of the Northern
Plains warm season CAPE values from
year to year.

Sub-dividing the seasonal average CAPE
values into its individual site components
illustrates each site’s average seasonal
CAPE value from 1961 to 1991 (Figs 2.a-
d) and shows the corresponding
descriptive statistics for each site’'s 31
yearly averages (Table 2). Comparison
of these graphs clearly shows that Rapid
City generally yields higher seasonal
CAPE averages than any of the other
three locations. The year of 1963
resulted in seasonal average spikes in
Glasgow, Lander, and Rapid City. Both



Glasgow and Rapid City show a
maximum in 1983. During the rest of the
years, each station shows average spikes
in different years with little correlation
between locations.

Table 2 illustrates that Great Falls has
the highest central tendency with Rapid
City showing greater variability. As many
of the statistics- show, Rapid City once
again has the highest absolute values of
CAPE with Great Falls showing the
lowest numbers. This is most likely the
result of the Guif of Mexico moisture
influence on Rapid City’s boundary layer
moisture profile while Great Falls lies.in a
downsloping and typically drier area.

In addition, CAPE values may be broken
down by month for each upper-air site to
represent the average of the 0000 UTC
and 1200 UTC averages for the years of
1961 through 1991 (Figs 3.a-d). All the
graphs show maximum values in July with
June coming in second. The figures ailso
illustrate dramatic CAPE average drops
from August to September. Table 3 is the
corresponding statistical breakdown of
the 0000 UTC and 1200 UTC
combination average for each site by
month. Low averages and small standard
deviations for each location clearly show
that April and September are the least
favorable months for deep convection.

Consolidating the individual site data for
each month illustrates an average of the
0000 UTC and 1200 UTC values from
1961 to 1991 for all four upper-air
locations used in this study (Figs 4.a-f).
These then are stratified by month. Table
4 is the standard statistics for all of the

248 included values for the Northern
Plains warm season.

Little variation in yearly seasonal CAPE
can be noted in April. May brings a
general doubling of average seasonal
values with maxima occurring in 1977 and
1991. During the transition from May to
June, there is a dramatic jump in
seasonal CAPE values. ‘July displays the
highest overall values along with the
greatest variability from year to year with
a standard deviation of 383 J kg™
August becomes more homogenous with
an obvious seasonal average spike
during 1983. Finally, September returns
to April-like averages while still retaining
a lower central tendency than the values
from April. . '

The groups of figures from 5.a to 10.d
show the cumulative percentages of all
the collected CAPE values from 1961 to
1991 versus 50 J kg”' CAPE bins for each
month and station. The charts keep a
running percentage of exactly which
percentage of CAPE values fall below the
value displayed along the y-axis. Tables
5 through 10 show the corresponding
statistics for each station’s CAPE values,
broken down by month. All the values
were analyzed at 0000 UTC, which was
used to represent the maximum CAPE
values of the day.

The charts give useful information about
those CAPE values which are
anomalously high during a given month
as well as general information on the
frequency of particular CAPE values.

Comparing cumulative percentages
illustrates the amount of observations



during a 31 year period which fell above
and below a certain CAPE value. For
example, using figures 5.a through 10.d,
April contains CAPE values which are
mostly in the 0 to 200 J kg™’ category.
About 75 percent of all the values at 0000
UTC collected for each site fall below 200
J kg in April. Butin May, 75 percent fall
below 400 J kg™, a generally doubling of
values. In June and July, 75 percent of
the collected CAPE values exist in the 0
to 1550 J kg' area. All of the charts
together show that the majority of all
CAPE values for any station at any time
of the warm season fall within the O to
800 J kg™ group.

In addition, the figures illustrate the

extreme small percentage of those CAPE
values which come close to those which
are considered as being “high” over the
Central Plains. For example, in Rapid
City only five percent of 919 cases over
the past 31 years have resulted in CAPE
values which are greater than 3,000 J kg™
at 0000 UTC.

Tables 5 through 10 give descriptive
statistics of the individual data points
used in generating Figures 5.ato0 10.d. A
very useful statistical theorem may be
applied using the numbers in these
charts. The theorem gives information on
the percentage of values which should
fall between a certain number of standard
deviations above and below a mean,
using any shape of frequency distribution.
The following equation illustrates
Chebeyshev’'s Theorem (Twark 1991):

P(u-ko<p<u+ko)=1(k?)"

where P is Probability, p is the sample
mean, K is an arbitrary constant, and ¢ is
the sample standard deviation.

This means that 75 percent of all values
of a population of numbers should fall
between plus or minus two standard
deviations from the mean and 89 percent
of all values should be expected to fall
between plus or minus three standard
deviations from the mean. For example,
Table 8 shows the 0000 UTC statistics for
July in Rapid City. According to
Chebeyshev's Theorem, 75 percent of all
values from the population of values at
0000 UTC in July in Rapid City should
range between 3130 J kg™ and -962 J kg
' ( The -962 J'kg CAPE value is
unrealistic, but the theorem still holds).
This illustrates the rarity of finding CAPE
greater than 3138 J kg” in Rapid City
during the evening in July.

V. Conclusions and Future
Possibilities.

During the years from 1961 through 1991,
seasonal CAPE averages for the warm
season in eastern Montana and northern
Wyoming have generally varied between
299 Jkg' and 218 Jkg'. The only yearly
averages which have exceeded the
maximum of this range have been in
1962, 1963, 1983, and 1991. The
synoptic and mesoscale reasons for
these yearly peaks are beyond the scope
of this study. However, this study has
provided information on those years
which could be studied in more detail.

Yearly averages at individual sites
indicate that Rapid City has twice as
much CAPE during most years than



Glasgow, Great Falls, and Lander. This
doubling occurs during June, July and
August as illustrated by Table 3. The
table shows the results from further
subdividing -the data into individual
monthly averages from 1961-1991.

Finally, Fig. 5 -10 illustrate those months
with the least and most deep convection
potential. From April through May and
August through September, which
includes 14,903 soundings, 72 percent or
greater of all the maximum afternoon
CAPE values have been below 1000 J kg
' According to Bluestein, most moderate
to strong convection occurs when CAPE
values are greater than 1000 J kg’
(Bluestein 1993), This would lead to the
conclusion that most severe weather in
eastern Montana and northern Wyoming
occurs in July. However, future studies
will have to verify this.

Follow-up work is clearly necessary to
explain why CAPE averages exist as they
do in the Northern Plains region of
eastern Montana and northern Wyoming.
This study provides the background
information necessary to isolate the years
and months in which the CAPE averages
and values were in the range where
moderate to strong convection did or may
have occurred. The CAPE values used in
this study could then be stratified based
on reports of severe versus non-severe
weather during those periods of
anomalously high convective potential.
This may prove to be a valuable learning
tool for the prediction of severe weather
in eastern Montana and northern
Wyoming, especially for anomalous
events of severe weather.

V. References

Bluestein, H.B., 1993: Synhoptic-Dynamic
Meteorology in Midlatitudes: Volume I -
Observations and Theory of Weather
Systems. Oxford University Press, Inc.
594 pp.

Hart, JA. and J. Korotky, 1991. The
SHARP Workstation-a Skew-
T/Hodograph analysis and research
program. NOAA/NWS  NWSFO
Charleston. z

Panofsky, H.A. and Brier, G.W., 1958:
Some Applications of Statistics to
Meteorology. The Pennsylvania State
University Press, University Park, Pa. 224

Pp.

Twark, Richard, 1991: Quantitative
Business Analysis 200.4 & .5. The
Pennsylvania State University Press,
University Park, PA. 140 pp.



SEASONAL CAPE VALUES
ALL SITES 1961-1991

400

375

350

325

2300

| 2215

A 250

<C
O 225
_I B
< 200 -
z 1
O 175 |
2 ]
g 150 -
D 405
> 100 -
75
50 -
25 |

61 65 70 80 85

75
YEAR

Fig. 1




YEAR
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988

1989

1990
1991

CAPE
217.31
311.6
368.66
288.64
298.68
250.91
216.28
212.46
233.3
228.47
194.83
277.04
195.47
225.87
247.41
295.94
251.17
253.13

272.98

233.54
260.98
294 .92
329.44
263.56
222.19
282.32
264.38
236.22
247.95

230.92
317.58

Table l.a

SEASONAL CAPE (ALL SITES)

Column 1

Mean 258.84355
Median 251.17
Mode NA
Standard Deviation 40.707175
Variance 1657.0741
Kurtosis 0.3329717
Skewness 0.6797226
Range 173.83
Minimum 194.83
Maximum 368.66
Sum 8024.15
Count 31
Confidence Level(0.950000) 14.329737

Table 1.b
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GGW YRLY CAPE AVES
Column 1

GTF YRLY CAPE AVES
Column 1

Mean
Median
Mode
Standard Deviation
Variance
Kurtosis
Skewness
Range
Minimum
Maximum
Sum
Count

195.34
190.88
0
61.55
3788.5
-1.348
0.439
248.35
67.354
315.68
6055.7
31

Confidence Level(O.95000O) 21.667

Mean
Median
Mode
Standard Deviation
Variance
Kurtosis
Skewness
Range
Minimum
Maximum
Sum
Count

190.38
179.59
0
38.742
1501
-1.65
0.2138
163.2
126.36
289.55
5901.7
31

Confidence Level(0.950000) 13.638

LND YRLY CAPE AVES RAP YRLY CAPE AVES

Column 1 Column 1

Mean 241.31 Mean 405.72
Median 235.1 Median 385.37
Mode 0 Mode 0
Standard Deviation 56.023 Standard Deviation 110.11
Variance 3138.6 Variance 12125
Kurtosis -1.546 Kurtosis -1.498
Skewness 0.2742 Skewness 0.3426
Range 252.2 Range 426.8
Minimum 133.26 Minimum 192.81
Maximum 385.46 Maximum 619.57 -
Sum 7480.7 Sum 12577
Count 31 Count 31

Confidence Level(0.950000) 19.721

Table 2

Confidence Level(0.950000) 38.762
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APRIL GGW MAY GGW

Column 1 Column 1

Mean 32.575 Mean 105.44
Median 20.7 Median 79.89
Mode 0.1 Mode 24 .67
Standard Deviation 33.766 Standard Deviation 84.2559
Variance 1140.1 Variance 7099.06
Kurtosis 0.1126 Kurtosis -0.1624
Skewness 1.011 Skewness 0.77585
Range 119.13 Range 314.18
Minimum 0.1 Minimum 5.61
Maximum 119.23 Maximum 319.79
Sum ‘ 2019.6 Sum 6537.25
Count 62 Count 62

Confidence Level(0.950000) 8.4048 Confidence Level(0.950000) 20.9726

JUN GGW JUL GGW

Column 1 Column 1

Mean 291.27 Mean 415.288
Median 229.3 Median - 302.825
Mode NA Mode NA
Standard Deviation 223.66 Standard Deviation 304.104
Variance 50022 Variance 92479.1
Kurtosis -0.5774 Kurtosis 0.12144
Skewness 0.7491 Skewness 0.97362
Range 797.59 Range 1230.62
Minimum 14.34 Minimum 14.61
Maximum 811.93 Maximum 1245.23
Sum 18059 Sum 25747.8
Count 62 Count 62

Confidence Level(0.950000) 55.672

Table 3
()

Confidence Level(0.950000) 75.6962



NG GGW SEP GGW

volumn 1 Column 1

" Mean 257.53 Mean 69.961
Median 233.88 Median 4965

" Mode NA Mode NA
Standard Deviation 169.26 Standard Deviation 61.3554
Variance 28649 Variance 3764.49
Kurtosis 1.0321 Kurtosis 1.21143
Skewness 1.0088 Skewness 1.30351
Range 790.29 Range 255.35
Minimum 14.26 Minimum 2.03
Maximum 804.55 Maximum 257.38
Sum 15967 Sum 4337.58
Count 62 Count 62

Confidence Level(0.950000) 42.132 Confidence Level(0.950000) 15.2723

APR GTF MAY GTF

_ lumn 1 Column 1

Mean 54723 Mean 136.245
Median 31.81 Median 123.065
Mode 0.93 Mode NA
Standard Deviation 62.459 Standard Deviation 130.016
Variance 3901.1 Variance 16904 .1
Kurtosis 3.6709 Kurtosis -1.0334
Skewness 1.5116 Skewness 0.53064
Range 317.96 Range 436.71
Minimum 0.17 Minimum 0.77
Maximum 318.13 Maximum 437.48
Sum 3392.8 Sum 8447 .2
Count 62 Count 62

Confidence Level(0.950000) 15.547 Confidence Level(0.950000) 32.363

Table 3
(2)



JUN GTF JUL GTF

Column 1 Column 1

Mean 282.4 Mean 320.486

Median 224.82 Median 232.96

Mode NA Mode NA

Standard Deviation 258.93 Standard Deviation 275.212

Variance 67043 Variance 75741.6

Kurtosis -0.472 Kurtosis -0.8301

Skewness 0.7568 Skewness 0.70662
Range - 888.33 Range 968.2

Minimum 1.81 Minimum 59.
Maximum 890.14 Maximum 974 .1

Sum ‘ 17509 Sum . 19870.2

Count 62 Count | 62

Confidence Level(0.950000) 64.451

Confidence Level(0.950000) 68.5046

AUG GTF SEP GTF

Column 1 Column 1

Mean 254 4 Mean 90.865
Median 200.51 Median 70.84
Mode 604.65 Mode 4.33
Standard Deviation 222 .4 Standard Deviation 90.4946
Variance 49461 Variance 8189.27
Kurtosis , 2.6464 Kurtosis 1.29056
Skewness 1.4864 Skewness 1.16644
Range 1109.4 Range 405.97
Minimum 1.65 Minimum 0.5
Maximum 1111 Maximum 406.47
Sum 15773 Sum 5633.63
Count 62 Count 62

Confidence Level(0.950000) 55.359

Confidence Level(0.950000) 22.5255

Table 3

(3)



R LND MAY LND

volumn 1 Column 1

" Mean 75.622 Mean 170.995
Median 46.845 Median 115.4

"Mode 0 Mode NA
Standard Deviation 85.211 Standard Deviation 180.536
Variance 7261 Variance 325934
Kurtosis 0.4382 Kurtosis 1.30278
Skewness 1.1233 Skewness 1.2133
Range 305.27 Range , . 742.59
Minimum 0 Minimum 0.93
Maximum 305.27 Maximum 743.52
Sum 4688.6 Sum 10601.7
Count 62 Count 62
Confidence Level(0.950000) 21.21 Confidence Level(0.950000) 44.9383
JUN LND JUL LND

_ Aumn 1 Column 1
Mean 351.85 Mean 385.709
Median 277.78 Median - 202.73
Mode NA Mode NA
Standard Deviation 314.86 Standard Deviation 344 986
Variance 99135 Variance 119015
Kurtosis -0.8368 Kurtosis -0.5744
Skewness 0.5825 Skewness 0.68131
Range 1196.6 Range 1294.87
Minimum 3.97 Minimum 18.81

~Maximum 1200.5 Maximum 1313.68
Sum 21814 Sum 23914
Count 62 Count 62

Confidence Level(0.950000) 78.373 Confidence Level(0.950000) 85.8724

Table 3
(45



AUG LND .. SEP LND

Column 1 - Column 1

Mean 328.12 Mean | 135.595
Median 247.47 Median 83.68
Mode NA Mode NA
Standard Deviation 316.88 Standard Deviation 144.398
Variance - 100413 Variance 20850.8
Kurtosis -0.0347 Kurtosis 3.88072
Skewness 0.8764 Skewness 1.56308-
Range 1169.9 Range 748.94
Minimum 7.61 Minimum 1.13
Maximum 1177.5 .Maximum 750.07
Sum 20343 Sum ‘ 8406.9
Count 62 Count 62

Confidence Level(0.950000) 78.877 = Confidence Level(0.950000) 35.9429

APR RAP MAY RAP

Column 1 Column 1

Mean _ 50.325 Mean 229.474
Median 39.6 Median 177.36
Mode 0 Mode NA
Standard Deviation 44,99 Standard Deviation 211.746
Variance 2024 .1 Variance 44836.4
Kurtosis -0.3513 Kurtosis 3.77783
Skewness - . 0.7709 Skewness 1.59367
Range 161.33 Range 1093.29
Minimum 0 Minimum 1.61
Maximum 161.33  Maximum 1094.9
Sum 3120.2 Sum : 14227 .4
Count 62 Count 62

Confidence Level(0.950000) 11.199 ~ Confidence Level(0.950000) 52.7069

Table 3
(5)



Table 3

(6)

7N RAP JUL RAP
olumn 1 Column 1

" Mean 664.38 Mean 760.021
Median 529.44 Median 676.405

" Mode NA Mode NA
Standard Deviation 478.07 Standard Deviation 433.942
Variance 228550 Variance 188306
Kurtosis -0.173 Kurtosis 0.44535
Skewness 0.7766 Skewness 0.96153
‘Range 1934.5 Range 1935.67
Minimum 41.4 Minimum 165.65
Maximum 1975.9 Maximum 2101.32
Sum 41191 Sum 47121.3
Count 62 Count 62
Confidence Level(0.950000) 119 Confidence Level(0.950000) 108.015
AUG RAP SEP RAP

~ umn 1 Column 1
Mean 555.9 Mean 180.359
Median 487.89 Median 148.965
Mode 613.42 Mode NA
Standard Deviation 335.25 Standard Deviation 121.239
Variance 112390 Variance 14699
Kurtosis 2.3858 Kurtosis 1.63244
Skewness 1.3758 Skewness 1.17508
Range 1647 Range 580.89
Minimum 7477 Minimum 19.61
Maximum 1721.8 Maximum 600.5
Sum 34466 Sum 11182.3
Count 62 Count 62
Confidence Level(0.950000) 83.448 Confidence Level(0.950000) 30.1784
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APRIL CAPE

Column 1
Mean 53.31121
Median 29.785
Mode NA
Standard Deviation 61.4304
Variance 3773.694
Kurtosis 3.43114
Skewness 1.668628
Range 318.13
Minimum 0
Maximum 318.13
Sum 13221.18
Count 248
Confidence Level(0.95000 7.645495
JUNE CAPE
Column 1
Mean 397.475
Median 325.07
Mode NA
Standard Deviation 366.6001
Variance 134395.7
Kurtosis 2.102554
- Skewness 1.352078
Range 1974.04
Minimum 1.81
“Maximum 1975.85
Sum 98573.8
Count 248

Confidence Level(0.95000 45.62626

MAY CAPE

Column 1

Mean 158.8254
Median 110.09
Mode NA
Standard Deviation 167.3261

Variance 27998.01

Kurtosis 5.008335

Skewness 1.776482
Range 1094.1
Minimum 0.77
Maximum 1094.9

Sum 39388.71

Count 248

Confidence Level(0.950000

20.82504

JULY CAPE

Column 1

Mean 470.3759
Median 398.63
Mode NA
Standard Deviation 383.0151
Variance 146700.5
Kurtosis 1.312841
Skewness 1.100266
Range 20954
Minimum 59
Maximum 2101.32
Sum 116653.2
Count 248

Confidence Level(0.950000 47.66923



-

. JGUST CAPE

Column 1
Mean 348.9863
- Median 282.52
Mode NA
Standard Deviation 295.0357
Variance 87046.08
Kurtosis 2.789377
Skewness 1.420171
Range 1720.15
Minimum 1.65
Maximum 1721.8
Sum 86548.59
Count 248

Confidence Level(0.95000 36.71951

SEPTEMBER CAPE
Column 1

Mean
Median
Mode
Standard Deviation
Variance
Kurtosis
Skewness
Range
Minimum
Maximum
Sum
Count

119.1951
83

4.33
116.3964
13548.13
4.070825
1.622871
750.02
0.5
750.07
29560.39
248

Confidence Level(0.950000 14.48645

Table 4

(2)
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Table 5

GGW APR 0Z GTF APR 0Z
7 ~Column 1 Column 1
Mean 59.19828 Mean 103.89479
Median 1 Median 29
Mode 0 Mode 0
Standard Deviation 174.3984 Standard Deviation 184.2373
Variance 30414.8 Variance 33943.382
Kurtosis 90.60563 Kurtosis 20.603973
Skewness 8.067441 Skewness 3.835401
Range 2487 Range 1731
Minimum 0 Minimum 0
Maximum 2487 Maximum 1731
Sum 54936 Sum 95791
Count 928 Count 922
Confidence Level(0.950000) 11.22061 Confidence Level(0.950000) 11.892145
LND APR 0Z RAP ARP 0Z

Column 1 Column 1

Mean 143.1717 Mean 80.734136
Median 36 Median 0
Mode 0 Mode 0
Standard Deviation 249.0997 Standard Deviation 216.06792
Variance 62050.69 Variance 46685.345
Kurtosis 12.92189 Kurtosis 32.442909
Skewness 3.130038 Skewness 5.0421876
Range 2078 Range 2227
Minimum 0 Minimum 0
Maximum 2078 Maximum 2227
Sum 132577 Sum 73791
Count 926 Count 914
Confidence Level(0.950000) 16.04412 Confidence Level(0.950000) 14.00765
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GGW 0Z MAY

Confidence Level(0.950000)

Column 1
Mean 162.119
Median 26
Mode 0
Standard Deviation 329.801
Variance 108769
Kurtosis 18.7058
Skewness 3.75911
Range 2930
Minimum 0
Maximum 2930
Sum 155148
Count 957
Confidence Level(0.950000) 20.8951
a
- LND 0Z MAY
Column 1
Mean 316.546
Median 160.5
Mode 0
Standard Deviation 446.92
Variance 199737
Kurtosis 12.2664
Skewness 2.88946
Range 3607
Minimum 0
Maximum 3607
Sum 300719
Count 950
28.4195

Table 6

GTF 0Z MAY
Column 1
Mean 248.168
Median 89
Mode 0
- Standard Deviation 412.386
Variance 170062
Kurtosis 16.0288
Skewness 3.39511
Range 3670
Minimum 0
Maximum 3670
Sum 233030
Count 939
Confidence Level(0.950000) 26.3766
RAP 0Z MAY
Column 1
Mean 373.128
Median 77
Mode 0
Standard Deviation 640.175
Variance 409824
Kurtosis 13.6307
Skewness 3.05144
Range 6132
Minimum 0
Maximum 6132
Sum 351860
Count 943
Confidence Level(0.950000) 40.8593
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GGW JUN 0Z
" Column 1

Mean 449 8368
Median 154
Mode 0
Standard Deviation 679.71115
Variance 462007.25
Kurtosis 8.0790639
Skewness 2.508381
Range 5251
Minimum 0
Maximum 5251
Sum 410701
Count 913
Confidence Level(0.950000) 44.089696
" 'LND JUN 0Z

Column 1

Mean 624.99454
Median 478
Mode 0
Standard Deviation 633.41316
Variance 401212.23
Kurtosis 5.5134046
Skewness 1.8487048
Range 4818
Minimum 0
Maximum 4818
Sum 571870
Count 915
Confidence Level(0.950000) 41.041633

Table 7

GTF JUN 0Z

Column 1

Mean 500.1511
Median 291
Mode 0
Standard Deviation 649.9935
Variance 422491.6
Kurtosis 11.8099
Skewness 2.797894
Range 5187
Minimum 0
Maximum 5187
Sum 443634
Count 887
Confidence Level(0.950000) 42.77552
RAP JUN 0Z

Column 1

Mean 999.0978
Median 563.5
Mode 0
Standard Deviation 1102.114
Variance 1214656
Kurtosis 1.639532
Skewness 1.388866
Range 5975
Minimum 0
Maximum 5975
Sum 899188
Count 900

Confidence Level(0.950000) 72.00348
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_Conﬁdence Level(0.950000)

Table 8

~ -GGW JUL 0Z GTF JUL 0Z
" Column 1 Column 1
Mean 588.5825 Mean 559.8277
Median 217 Median 316
Mode 0 Mode 0
Standard Deviation 880.4417 Standard Deviation 706.38336
Variance 775177.5 Variance 498977.45
Kurtosis 6.288153 Kurtosis 6.3184167
Skewness 2.378578 Skewness 2.1980004
Range 5454 Range 4736
Minimum 0 Minimum 0
Maximum 5454 Maximum 4736
Sum 552679 Sum 513362
Count 939 Count 917
Confidence Level(0.950000) -56.31394 Confidence Level(0.950000) 45.719754
LND JUL 0Z RAP JUL 0Z
Column 1 Column 1
Mean 689.9825 Mean 1088.2557
Median 549.5 Median 872
Mode 0 Mode 0
Standard Deviation 652.7268 Standard Deviation 1025.3832
Variance 426052.3 Variance 1051410.7
Kurtosis 10.7433 Kurtosis 1.1621426
Skewness 2.29096 Skewness 1.1322586
Range 6289 Range 5613
Minimum 0 Minimum 0
Maximum 6289 Maximum 5613
Sum 632024 Sum 1000107
Count 9016 Count 919
42.26996 Confidence Level(0.950000) 66.294352
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GGW 0Z AUG

-~ Column 1
Mean 337.9916
Median 91
Mode 0
Standard Deviation 507.0769
Variance 257127
Kurtosis 4.845293
Skewness 2.104239
Range 3185
Minimum 0
Maximum 3185
Sum 322782
Count 955

Confidence Level(0.95000 32.16031

" [ ND 0Z AUG

Column 1

Mean 602.5087
Median 475
Mode 0
Standard Deviation 580.5021
Variance 336982.7
Kurtosis 3.289554
Skewness 1.561529
Range 3674
Minimum 0
Maximum 3674
Sum 554308
Count 920

Confidence Level(0.95000 37.51094

GTF 0Z AUG

Column 1

Mean 409.391
Median 193
Mode 0
Standard Deviation 541.572
Variance 293300
Kurtosis 7.31743
Skewness 2.23671
Range 4055
Minimum 0
Maximum 4055
Sum 380734
Count 930
Confidence Level(0.9500 34.8067
RAP 0Z AUG

Column 1

Mean 709.947
Median 410.5
Mode 0
Standard Deviation 833.732
Variance 695109
Kurtosis 3.21906
Skewness 1.63653
Range 5243
Minimum 0
Maximum 5243
Sum 668770
Count 942
Confidence Level(0.9500 53.2413
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GGW SEP 0Z

GTF SEP 0Z

PN

Confidence Level(0.950000)

~—

—~Column 1
Mean 103.59697
Median 0
Mode 0
Standard Deviation 293.64996
Variance 86230.297
Kurtosis 71.723245
Skewness 6.668681
Range 4521
Minimum 0
Maximum 4521
Sum 95620
Count 923
Confidence Level(0.950000) 18.94424
LND SEP 0Z
Column 1
Mean 241.99674
Median 70
Mode 0
Standard Deviation 364.94289
Variance 133183.31
Kurtosis 12.167169
Skewness 2.7403903
Range 3564
Minimum 0
Maximum 3564
. Sum 222395
Count 919
23.594742

Column 1

Mean 149.835
Median 12
Mode 0
Standard Deviation 312.4584
Variance 97630.25
Kurtosis 23.8677
Skewness 4.116955
Range 3229
Minimum 0
Maximum 3229
Sum 137099
Count 915
Confidence Level(0.950000) 20.24556
RAP SEP 0Z

Column 1

Mean 223.762
Median 2
Mode 0
Standard Deviation 467.2807
Variance 218351.3
Kurtosis 11.22228
Skewness 3.136008
Range 3123
Minimum 0
Maximum 3123
Sum 205861
Count 920

Confidence Level(0.950000) 30.19479

Table 10



Appendix A
Definitions

Central Tendency- Central or average values which describe the usual behavior of an element
which varies in a distribution.

Mean - Addition of all values in a sample divided by the total number of cases used in that
sample.

Median - The middle or central value of a numeric array.

Mode - The number in an array which occurs with the greatest frequency.

* Variance - The average squared distance between a set of ciata points and their mean.
Standard Deviation - The square root of variance.

Kurtosis - A measure of a distribution’s normality or the degree of peakness or flatness. Few
sample points near the median indicate low kurtosis. Most of the observations near the center
yield high kurtosis numbers.

Skewness - A measure of the degree of asymmetry around a distribution’s mean value. A
positive value yields a distribution which is skewed to the right (the median is less than the
mean).

Confidence Interval for the Mean - A way to test, with a pre-specified amount of certainty, that a
population’s true mean will be within a certain interval around the sample mean. The parameters
used to calculate the interval number are the chosen alpha value (1.00-the confidence level), the
standard deviation, and the size of the sample.

Example ‘

A mean was calculated from 1000 data points and this mean was exactly 490. If the
population standard deviation is 0.50 and a confidence level of 95% is chosen, then
the confidence interval number is 0.03099

This means that the true mean of the population will lie between plus or minus
0.03099 from the mean with 95% confidence.
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