P CoPY |

ZDOT’ FAAIPM-87/2 Very Short Range Statistical
Program Engineering Forecasting of Automated Weather

and Maintenance Service

Washington, D.C. 20591 Observations

1]

3 FAAWJH Technical Center
;' (] lllUllﬂ[!!)ﬂyM!ﬂﬂl!llﬂ ]

f’" ’ ” —
W % fetd
coues WARS
%‘W’ﬂa L wa Robert G. Miller, Ph. D.

C
~

February 1987

Third Interim Report

L

This document is available to the public
through the National Technical Information

* Service, Springfield, Virginia 22161.
DOTIFAA
PM-87/2
o Q
US.Department of Transportation

Federal Aviaﬁon Administration



NOTICE

This document is disseminated under the sponsorship of the
Department of Transportation in the interest of information

exchange. The United States Government assumes no liability
for its contents or use thereof.



Technical Report Documentation Page

1. Report No. . 2. Government Accession No. 3. Recipient's Catalog No.

DOT /FAA/PM-87/2

4, Titie and Subtifle/ 5. Report Date
February 1987

6. Performing Organization Code

Very Short Range Statistical Forecasting of
Automated Weather Observations

8. Performing Organization Report No.

7. Author’s)
Robert G. Miller

9. Performing Organization Name and Address 10. Work Unit No. (TRAIS)

U.S5. Department of Commerce, National Oceanic and Atmos+ 156-410-010

pheric Administration, National Weather Service, Office|11. Contract or Grant No.

of Systems Development, Techniques Development Labora- | DTFAQ1-83-Y-20625

tory, 8060 13th Street, Silver Spring, Maryland 20910 [13. Type of Report and Period Covered

12. Sponsoring Agency Name and Address Interim Report (Srd)
U.S. Department of Transportation, Federal Aviation October 1985-September 1986
Administration, Program Engineering and Maintenance.
'Service, Helicopter Program, APM-450; Washington, D.C. |4 Seonsoring Agency Code
20591 . | FAA/APM-450/APM-650

15. Supplementary Notes

Prepared under FAA/NWS Interagency Agreement No. DTFAQ1-83-Y-20625, managed by
Weather Sensors Program, APM-650, Flight Information Division; and Helicopters
Program, APM-450, Navagation and Landing Division.

16. Abstract

A procedure is developed for providing weather forecasting guidance over the short
range period of 10, 20, 30, ..., 60 minutes. It uses thé automated weather observing
system (AWOS) elements as predictors and predictands. The model is founded on
Markov assumptions and uses multivariate linear regression as the statistical opera-
tor. Details are given on how the Generalized Exponential Markov (GEM) model compares
with persistence. Tests are performed on an independent data sample. Overall, GEM
succeeds in bettering current short range weather forecasting techniques (i.e.,
persistence) over the six projection periods of 10, 20, 30, ..., 60 minutes.

DOT/FAA Very short range statistical
PM-87/2 forecasting of automated
weather observations.

00026390
17. Key Words 18. Distribution Stotement
Short-range weather forecasts Document is available to the public
Statistical weather forecasts through the National Technical Information
Markov Service, Springfield, Virginia 22151.
Generalized Equivalent Markov (GEM)
Multivariate linear regression
19. Security Classif. (of this report) 20. Security Classif. (of this page) 21. No. of_ Pages 22. Price
Unclassified Unclassified 134

Form DOT F 1700.7 ©-72) Reproduction of completed page authorized



ACKNOWLEDGMENTS

Help on this project was ably performed by a very special group of dedicated
individuals. They are Joseph Lang, Susan Knott, and Timothy Dye. I wish to
thank them for giving so much of their extraordinary talents to this work. For
a short time, we had the benefit of Robert Southworth, a Research Science
Institute intern. Field sites are being supported by the FAA's Jack Sackett.
(ACT-140) and Dave Kiester, FAA Indiana sector, Indianapolis NAV/COM terminal
unit. We thank them for their assistance. Richard Lewis of the NWS has been
helpful at our Sterling, Virginia AWOS. We appreciate the encouragement of
Frank Melewicz of the FAA during the course of this work.

ii



Table of Contents

Background .
Development of AWOS-GEM

2.1 Data Structure
Improved Technique Development

3.1 Nonlinear Experimentation (DLF, Boolean)
3.2 Thresholding Experimentation

Comparative Verification Between AWOS-GEM and Persistence

4.1 Ceiling

4.2 Visibility

4.3 Total Cloud Amount

4.4 Wind

4.5 Gustiness of Wind

4.6 Precipitation .
4.7

Demonstration Plans
Downwash Problem
Summary and Future Plans
References

Appendix

10 Minute Projections

20 Minute Projections

30 Minute Projections

40 Minute Projections

50 Minute Projectiouns
60 Minute Projections

iii

Cloud Conditions (Other than ceiling and total cloud amount)

Page

15

20
21
21
21
21
22
22

22
25
30
31
32
33
49
65
81

97
113



List of Tables

Table 2.1 Percent reductions of variance associated with the 30-predictor
AWOS~GEM regression equations (REEP) for each predictand for the 10-minute
projection are in column 4. Column 3 shows conditional persistence's percent
reduction of variaance, while column 5 gives their difference.

Table 3.1 Percent reductions of variance obtained from the 30 linear predictor
equations at the 10-minute projection are in column 3 and those obtained from
the 20 linear plus 15 boolean predictor equations are in column 4. These are
giveu for each predictand category. Also shown are the differences in
percent reduction between the two equatiomns.

Table 4.1. Brier scores obtained from the independent sample forecasts made by
GEM and by conditional persistence for all weather elements and for each

10-minute projection.

Table 4.2. The percentage of correct forecasts obtained by choosing the
category for which GEM predicted the highest probability. Shown also are the
percentages of correct forecasts achieved by persistence.

‘Table 4.3. A summarization of the comparative skill between GEM, "G", and
persistence, "P", (ties are denoted by "T") for appropriate scores at
projections of 10, 20, 30, 40, 50, and 60 minutes with a tally for each.
Percent correct (PC), Heidke skill score (H), and threat score ('T') are
shown for the predictands listed in Table 2 except precipitation occurrence.
The actual data from which this table was constructed are given in the
appendix.
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1. BACKGROUND

In 1983, the National Weather Service's (NWS's) Techniques Development Labora-
tory (TDL) was approached by the Federal Aviation Administration (FAA) to
develop a very short range weather forecasting procedure for 1-60 minutes in
advance. This contact resulted in an interagency agreement between the NWS and
FAA that is now (December 1986) in its fourth year. The procedure being
employed is the generalized exponential Markov (GEM) model which has been under
development at TDL since 1980. The basic data to be used in the procedure is
that contained in the automated weather observing system (AWOS). 1In particu-
lar, the AWOS site at Sterling, Virginia is providing minute-by- minute surface
weather data through a semi-permanent microcomputer installation. Additional
data archival sites at Atlantic City, New Jersey and Indianapolis, Indiana were
added in 1986.

A time/activity chart is shown in Fig. 1.1 covering the 3 years of the inter-
agency agreement. The major activities appear under the general headings of:

Computers

Data collection
Data processing
Statistical analyses
Verification

FAA presentations
Reports

Technical papers
Personnel

000 0000 O0O0

At the end of each year's effort, an interim report was published which
documented the progress made to date (see Miller, 1984; 1986). These two
reports describe the mathematical model in some detail; that material will not
be covered here, nor will the portions of those reports relating to the GEM
model as it was applied and verified on AWOS sensor output. These results were
sufficiently encouraging to prompt additional research. This interim report
will concentrate on those follow-on research efforts. In particular, it will
cover the research conducted by applying GEM to the variables created, through
the use of algorithms applied to the sensor measurements, to make AWOS
observations emulate human observations.

A recent analysis of rotorcraft operations (Taylor and Adams, 1986) indicates
that the "... typical flight mission consists of point A to point B flights
that average 22 minutes in length, incorporating 5 interim stops for a total
round robin flight averaging 1 hour 48 minutes.” The granularity (geographical
and time) of weather information for rotorcraft operations is very small in
comparison with what is required for fixed wing operations. Thus, the rotor-
craft pilot has little interest in mid-range (4-6 hours) weather forecasts.
What is needed is short range (10-120 minutes) forecasts for short range
distances. The unique characteristics of rotorcraft allow them to land at
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places where airplanes cannot. Many of these landing areas have low density
traffic which does not justify a weather observer, much less a forecaster. The
rotorcraft community is extremely interested in an automatic weather sensor and
an associated system for short term weather forecasting. It is for this reason
that the FAA is sponsoring the NWS effort described in this report.

There are not many alternative ways to make 1-120 minute weather forecasts:

l. Persistence represents one approach; that is, forecast that the cur-
rent conditions will prevail into the short term future. Even though
it does not constitute a forecast per se, it does reptresent a formi-
dable scheme against which to show skill.

2. Human forecasts represent another alternative. All current weather
information can be placed at the disposal of the forecaster. This
information includes radar, satellite, numerical prognoses, statisti-
cal guidance, spatial and temporal weather conditions at the surface
and aloft, and, of course, the local AWOS observation. Combined with
the forecaster's experience and training, this would constitute the
best source from which to obtain 1-120 minute forecasts. However, it
may not be economically feasible to produce forecasts frequently and
to distribute this information quickly to the user community.

3. GEM represents another alternative. It uses only the most recent
" locally available AWOS observation for its input and can easily be

automated. The key to GEM is that it usually is developed on millions
of past observations from which statistical relationships are derived.
The fact that it has been found not to need the previous-to—-the-
current observation has been viewed as curious. The Markov principle
of needing only what condition presently exists and not how it got
there has been shown in the past to apply (see Miller, 1981).

One point to make in GEM's comparison with advection or trajectory models is
that should the parcel of air that is expected to constitute the forecast be
located, it is very unlikely to be located at the spot of an available obser-
vation because of the sparsity of observations. The consequence of this is
that a network interpolation would likely be required of highly discontinuous
elements such as clouds, visibility, and precipitation types. - This necessary
step would surely weaken the resulting forecast.

Armed with some degree of success in applying GEM to sensor variables, we
were very optimistic at applying it to AWOS variables. However, there is one
very important difference between the two. Sensor variables have no "memory”
whereas the algorithm that determines the AWOS observation utilizes as many as
30 minutes of past sensor observations temporally weighted in a fixed manner.
The observation derived in this manner is not at all in question. The source
of a problem exists in attempting to make comparative verifications against a
persistence observation that is related in a direct way to the verifying obser-
vation. This will surely make it most difficult for GEM to show skill over
persistence if it is not able to capture this relationship in its equations.
Should GEM's ability against persistence not be demonstrated, as it has been in
the past, the inclusion of sensor variables as predictors would be necessary.
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2. DEVELOPMENT OF AWOS-GEM

The mathematical/statistical method employed in AWOS-GEM is multivariate
regression analysis. Details can be found in previous interim reports (see
Miller, 1984; 1986) and in the original report on GEM (see Miller, 198l1). An
important change was instituted in sensor—GEM from the original GEM in that the
iteration of time projections gave way to direct predictions to the desired
projection time. Sensor-GEM still retains the inclusion of all available
sensor variables in the observations as predictors. AWQOS-GEM is carried out
with a forward predictor selection procedure known as REEP (see Miller, 1964),
The first 30 predictors selected by REEP are included in each equation. The
list of all available predictors and predictands are as follows:

'Predictors Predictands
Pressure (9)
Temperature (14)
Dew point depression (5 )
Wind speed (5)
Wind direction (8)
First cloud height (7)
.Second cloud height (6)
Third cloud height (5)
First cloud amount (5)
Second cloud amount (4)
Third cloud amount (4)
Visibility (6)
Precipitation (2)
Gustiness of Wind (5)
Ceiling (6)
Total cloud amount (5)
Month (12)
Hour of day (12)

Pressure (9)
Temperature (14)

Dew point depression (5)
Wind speed (5)

Wind direction (8)
First cloud height (7)
Second cloud height (6)
Third cloud height (5)
First cloud amount (5)
Second cloud amount (4)
Third cloud amount (4)
Visibility (6)
Precipitation (2)
Gustiness of wind (5)
Ceiling (6)

Total cloud amount (5)

0O 00O 000000 OOODODOODOOO -
C O 0000000 0o oO0OO0OCOQO OO

The figures in parentheses denote the number of categories used to describe
that variable. Predictand projection times were for 10, 20, 30, 40, 50, and
60 minutes in advance. ’ -

-

Column 4 in Table 2.1 contains -the percent reductions of variance obtained
for each regression equation and for each category of every predictand speci-
fied at the l0-minute projection. In column 3, we show the percent reduction
associated with what conditional persistence explains in the variable's
original variance. Conditional persistence is a regression whose predictors
consist of only members of the predictand's initial- conditions producing the
conditional probability of persistence as the forecast. The percentages are
computed in relation to the total variance which comes from using straight
climatological percentage as the element's forecast probability. Column 5 is
the difference between the two percentages.



Table 2.1. Percent reductions of variance associated with the 30-predictor
AWOS-GEM regression equations (REEP) for each predictand for the 10-minute
projection are in column 4. Column 3 shows conditional persistence's percent
reduction of variance, while column 5 gives their difference.

Predictand Percent Reduction of Variance
Conditional Conditional
Element Category Persistence REEP (REEP-Persistence)
Pressure 0 - 29.235 84.01 84.03 0.02
(Inches) 29.236 - 29,530 95.45 95.46 0.01
29.531 - 29.677 92.61 . 92.62 0.01
29.678 - 29.825 93.87 93.87 0.00
29.826 - 29.973 93.99 93.99 0.00
29.974 - 30.120 78.80 78.82 0.02
29.974 - 30.120 94.53 94.53 0.00
30.121 - 30.268 94.46 94.46 0.00
30.269 - 30.563 96.33 96.33 0.00
30.564+ 93.96 93.97 0.01
Temperature <5 . 00.00 00.00 0.00
(Degrees F) 5 - 14 67.59 67.62 0.03
15 - 24 82.55 82.59 0.04
25 - 34 85.24 85.26 0.02
35 - 39 73.18 73.20 0.02
40 - 44 72.06 72.08 .02
45 - 49 73.29 73.32 0.03
50 - 54 71.68 71.69 0.01
55 - 59 72.00 72.02 0.02
60 - 64 72.55 72.59 0.04
65 - 74 84.69 84.72 0.03
75 - 84 84.54 84.58 0.04
85 - 94 86.02 86.05 0.03
95+ 22.86 22.93 0.07
Dew point
Depression 0-1 53.23 57.98 4.75
(Degrees F) 2 -7 69.69 70.57 0.88
8 - 15 69.19 69.46 0.27
16 - 25 75.37 75.48 0.11
26+ 81.31 81.40 0.09
Wind speed 0-1 18.91 21.46 2.55
(Knots) 2 -9 42.67 46.43 3.76
10 - 19 50.42 54.39 3.97
20 - 29 28.27 32.03 3.76
30+ - 1.73 4.77 3.04
Wind direction 0 - 44 34.40 34.94 0.54
(Degrees) 45 - 89 31.16 31.33 0.17
90 - 134 38.70 38.95 0.25
135 - 179 40.65 40.98 0.33
180 - 224 53.72 54.38 0.66
225 - 269 24.97 25.63 0.66
270 - 314 47 .05 48.35 1.30

315 - 359 45.55 45.96 0.41




Table 2.1. Continued.
Predictand Percent Reduction of Variance
Conditional Conditional
Element Category Persistence REEP (REEP-Persistence)
Cloud height
One 0 - 100 48.39 49.50 1.11
(Feet) 200 - 400 72.55 73.80 1.25
500 - 900 66.73 68.02 1.29
1000 - 2900 75.95 76.95 1.00
3000 - 6000 75.03 76.05 1.02
> 6000 83.75 84.77 1.02
Obscure 59.88 63.55 3.67
Cloud height
Two 0 - 100 61.54 62.96 1.42
(Feet) 200 - 400 50.56 51.87 . 1.31
500 - 900 31.83 34.46 2.63
1000 - 2900 13.53 18.55 5.02
1000 - 2900 47.87 50.78 2.91
3000 - 6000 60.66 63.99 3.33
> 6000 62.03 65.18 3.15
Cloud height
Three 0 - 100 0.17 1.92 1.75
(Feet) 200 - 400 1.75 3.69 1.94
500 - 900 7.93 9.12 1.19
1000 - 2900 13.10 16.27 3.17
3000 - 6000 34.55 36.16 1.61
> 6000 39.72 40,49 0.77
Cloud amount
One Clear below 6000 84.40 84.76 0.36
SCT 59.48 60.77 1.29
BKN 31.39 32.29 0.90
ove "75.96 76.72 0.76
Partly obscured 0.07 0.93 0.86
Cloud amount
Two Clear below 6000' 61.86 64.91 3.05
SCT 37.77 40.81 3.04
BKN 31.50 34.18 2.68
ove 36.47 39.15 2.68
Cloud amount
Three Clear below 6000’ 48.14 49.51 1.37
SCT 14.13 19.09 4.96
BKN 24.06 28.60 4,54
ovVC 34.88 37.19 2.31
Visibility 0 -<1/2 54.76 55.31 0.55
(Miles) 1/2 - <1 38.39 40.01 1.62
1 -<3 59.80 60.11 0.31
3-<5 56.68 57.03 0.35
5 -< 7 48.Q7 48.32 0.25
7+ 85.17 85.40 0.23




Table 2.1. Continued.

Predictand Percent Reduction of Variance
Conditional Conditional
Element Category Persistence REEP (REEP~Persistence)
Precipitation

Occurrence No 61.84 62.44 0.60
Yes 61.84 62.44 0.60
Gusts 0-10 48.27 50.19 1.92
(Knots) 11 - 20 23,30 25.27 1.97
21 - 30 43.21 44.15 0.94
31 - 40 29.23 35.67 6.44
41+ 4,15 6.77 2.62
Ceiling Q - 100 61.45 62.91 1.46
(Feet) 200 - 400 81.00 81.56 0.56
500 - 900 66.34 67.56 1.22
1000 - 2900 77.83 79.23 1.40
3000 - 6000 73.53 76.30 2.77
> 6000 86.38 88.25 1.87
Total cloud Clear below 6000 84.44 - 84,77 0.33
Amount SCT 53.14 53.67 0.53
BKN 36.13 36.95 0.82
ovce 86.61 86.89 0.28
Obscure 0.09 0.88 0.79




There are some interesting things to observe about the percent reduction
figures just presented.

— Pressure and temperature show very little predictability over what
persistence terms contribute.

— The lowest dew point depression condition does receive benefit from
other than its own persistence while higher depressions do not.

— All wind speed categories show very good predictability when predictors
are added to persistence.

- Wind direction is among the variables that REEP finds most difficult to
improve upon over persistence.

- Cloud condition predictands (excluding ceiling and total cloud amount)
are greatly benefitted by additional predictors.

- Visibility shows only a mild amount of predictability being added by
terms beyond persistence.

- Precipitation shows very little predictability to be added over
persistence.

- Gusts are aided about like wind speed, as might be expected.
-~ Ceiling is mildly aided by adding linear terms to persistence variables.

- Total cloud amount is among those mildly helped by adding predictors to
persistence.

2.1 Data Structure

A typical minute-by-minute Sterling, Virginia observation, including sensor
variables and algorithm-derived AWOS variables, consists of 200 bytes or
200 x 8 = 1600 bits of data. One year of such data amounts to almgst 1 billion
bits--in terms of floppy disks, over 2000. Each of the FAA's research micro-
computers holds about 1/4 billion bits at one time. Statistical processing of
these data is best served if all of the data reside in the computer at one
time. The architecture we created to do this is defined by the following
steps:

1. Decode and edit the sensor and AWOS variables once and for all.

2. Transform each variable into a binary (0-1) number according to which
category the observation falls into.

3. Pack the bits into integer numbers.



4. Store the integers in files in two forms, i.e., a file with the
observations in rows and variables in columns and a file of its
transpose.

5. Process the data in the files using logical operations ('ANDS', 'ORS',
" and 'NOTS') by way of Turbo Pascal's speedy integer operators.

6. Repeat the above structure for each full year of data.

The result of these steps yields four files each of 11.7 million bytes
called:

File Name Period Covered

NOAASARC . DAT APRIL 1984 to APRIL 1985
TRNSNOAA.DAT APRIL 1984 to APRIL 1985
NOAASARC . IND APRIL 1985 to APRIL 1986

TRNSNOAA.IND APRIL 1985 to APRIL 1986

The consequences of designing and implementing such a data structure are:

1. All suspicious observations are identified and henceforth omitted from
any statistical analysis.

2. No further handling of raw data floppy disks.
3. No further data editing is required.

4., To obtain a statistdcal crossproduct of about 400,000 observations
requires under '10 seconds on a table-top microcomputer.

5. Dependent and independent data testing can be performed more easily.

3. IMPROVED TECHNIQUE DEVELOPMENT

3.1. Nonlinear Experimentation

Research efforts were conducted on the discrete likelihood function (DLF)
procedure to investigate the presence of nonlinear predictive information among
the AWOS variables (for a description of DLF see Miller, 1979). Nonlinearity
was found to exist in the interactions among the variables. However, the
procedure showed an inordinate amount of instability. For example, it showed
an ability to predict lowering ceiling conditions correctly but with side
effects that were unacceptable. These were manifest in occasionally predicting
totally unreasonable conditions. This is attributed to the inadequate size of
the dependent sample. DLF should return as a viable approach for capturing
nonlinear predictability when the numerous equations that are required are
based on two years of data.



Since DLF accounts for all paired interactions between variables included in
the set of predictors, it was reasoned that a subset of interactions from among
the most important 30 linear predictors might approximate the DLF capabilities
with fewer side effects. A method published 15 years ago under the acronym
SLAM, for screening lattice algorithm (see Miller, 1969), was employed in this
effort. Specifically, all logical 'ANDS' between the first 20 predictors
selected in REEP were created as additional possible predictors. The best 15
of these, whose joint event occurred at least 500 times, were added to the 20
linear predictors from REEP. Equations for each predictand were determined in
this manner. Each equation consisted of 35 predictors—--2(0 linear and 15 non-
linear booleans.

The results on the dependent data were encouraging. Reductions of variance
over REEP at the l0-minute projection had percentage improvements as high as
5.997% on a variable as tough as visibility. To give perspective to these
improvements in variance reduction, Model Qutput Statistics (MOS) will use
between .17 and 1% on the dependent sample (one with less serial correlation to
be sure) as an indication that the predictor is significant and will include
such a predictor in an operational MOS equation. The full set of percent
reductions of variance for each predictand category can be seen in Table 3.1.

Since the Sterling, Virginia AWOS sample used in the experiment was close to
1/2 million cases, it was a big surprise and a terrible disappointment when the
improvement over REEP failed to hold up on independent data. We had to con-
clude that the minute-by-minute sample of data had too much searial correla-
tion. Obviously a one year sample of l-minute observations is inadequate for
this type of nonlinear investigation. For that matter, the linear equations
also showed a sizeable 'shrinkage,' as Professor Lorenz of M.I.T. calls it, om
independent data. The phenomenon of having the independent data applications
show less predictability than the dependent data did. This comes about because
the equation coefficients are fitted to do their best on the dependent data.

As a result, a natural shrinkage in the verifying statistics occurs. Experi-
ments performed on selecting boolean predictors for 60-minute forecasts
produced percent reduction improvements in double figures. However, they too
suffered from the same shrinkage as 10-minute projections did.

To avoid this kind of shrinkage, a larger sample of data must be utilized in
the derivation of the prediction equations whether they contain linear or
nonlinear predictors. Fortunately, there is now a two year sample in our data
files with a new independent sample that is growing every day.

Just to complete this discussion of our efforts to secure a better set of
results using boolean predictors, we did one other reasonable thing. In the
selection of linear variables with REEP and with the selection of boolean
variables with SLAM, we applied tests of statistical significance in place of
forcing 20 linear predictors and 15 boolean predictors. The results were in
all respects the same. That is, the dependent sample results were impressive
but the independent results were not any better than the linear taken alone.
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Table 3.1. Percent reductions of variance obtained from the 30 linear predictor
equations at the 1l0-minute projection are in column 3 and those obtained from
the 20 linear plus 15 boolean predictor equations are in column 4. These are
given for each predictand category. Also shown are the differences in percent
reduction between the two equations.

Predictand Percent Reduction of Variance
Element Category REEP SLAM (SLAM-REEP)

Pressure 0 - 29.235 84.03 84.59 0.56
(Inches) 29.236 - 29.530 95.46 95.51 0.05
29.531 - 29.677 92.62 92.68 0.06

29.678 - 29.825 93.87 93.88 0.01

29.826 ~- 29.973 93.99 93.99 0.00

29.974 - 30.120 94,53 94.53 0.00

30.121 - 30.268 94.46 94 .46 0.00

30.269 - 30.563 96.33 96.33 0.00

30.564+ 93.97 93.97 0.00

Temperature > 5 00.00 00.00 0.00
(Degrees F) 5 - 14 67.62 75.11 7.49
15 - 24 82.59 82.82 0.23

25 - 34 85.26 85.28 0.02

35 - 39 73.20 73.30 0.10

40 -~ 44 72.08 72.17 0.09

50 - 54 ' 71.6Y 71.79 0.10

55 - 59 72.02 72.14 0.12

60 - 64 72.59 72.59 0.00

65 = 74 84.72 84.72 0.00

75 - 84 84.58 84.65 0.07

85 - 94 86.05 86.28 0.23

95+ 22.93 23.38 0.45

Dew point 0-1 57.98 57.98 : 0.00
Depression 2 -7 70.57 70.85 0.28
(Degrees F) 8 - 15 69.46 69.42 -0.04
16 - 25 75.48 75.53 0.05

26+ 81.40 81.49 0.09

Wind speed 0~1 21.46 26.82 5.36
(Knots) 2 -9 46.43 48.40 1.97
10 - 19 54.39 55.30 0.91

20 - 29 32.03 33.29 1.26

30+ 4.77 6.34 1.57

Wind direction 0 -~ 44 34.94 36.51 1.57
(Degrees) 45 - 89 31.33 32.78 1.45
90 - 134 38.95 39.69 0.74

135 - 179 ) 40.98 41.22 0.24

180 - 224 54.38 54.57 0.19

225 - 269 25.63 25.83 0.20

270 - 314 48.35 48.83 0.48

315 - 359 45.96 46.34 0.38
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Table 3.1. Continued.
Predictand Percent Reduction of Variance
Element Category REEP SLAM (SLAM-REEP)
’
Cloud height 0 - 100 49.50 51.31 1.81
Oue 200 - 400 73.80 74.39 0.59
(Feet) 500 - 900 68.02 68.49 0.47
1000 - 2900 76.95 76.97 0.02
3000 - 6000 76.05 .75.96 -0.09
> 6000 84,77 84.76 -0.01
Obscure 63.55 63.82 0.27
Cloud height
Two 0 - 100 62.96 63.77 0.81
(Feet) 200 - 400 51.87 54.79 2.92
500 - 900 34.46 34.93 0.47
1000 - 2900 50.78 50.86 0.08
3000 - 6000 63.99 64.08 0.09
> 6000 65.18 65.26 0.08
Cloud height
Three 0 - 100 1.92 4.49 2.57
(Feet) 200 - 400 3.69 4.57 0.88
500 - 900 9.12 10.57 1.45
1000 - 2900 16.27 17.93 1.66
3000 - 6000 36.16 36.82 0.66
> 6000 40.49 40.90 0.41
Cloud amount .
One Clear below 6000’ 84.76 84.85 0.09
SCT 60.77 60.93 .16
BKN 32.29 32.66 0.37
ove 76.72 76.81 0.09
Partly obscured .93 1.00 0.07
Cloud amount
Two Clear below 6000' 64.91 65.05 0.14
’ SCT 40.81 40.90 0.09
BKN - 34.18 34.57 0.39
ove - 39.15 39.79 0.64
Cloud amount
Three Clear below 6000’ 49.51 49.86 0.35
SCT 19.09 19.51 0.42
BKN 28.60 29.24 0.64
ove 37.19 37.90 0.71
Visibility 0-<1/2 55.31 57.12 1.81
(Miles) 1/2 - <1 40.01 46.00 5.99
1 -<3 60.11 61.28 1.17
3-<5 57.03 57.34 0.31
5 =<7 48.32 48.60 0.28
7+ . 85.40 85.42 0.02
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Table 3.1. Continued.

Predictand Percent Reduction of Variance
Element Category REEP SLAM (SLAM~REEP)
Precipitation
occurrence NO 62.44 62.90 0.46
YES 62.44 62.90 0.46
Gusts ' 0 - 10 50.19 50.64 0.45
(Knots) 11 - 20 25.17 27.12 1.95
. 21 - 30 44.15 45.87 1.72
31 - 40 35.67 40.42 4.75
41+ 6.77 8.73 1.96
Ceiling 0 - 100 62.91 63.52 0.61
(Feet) 200 - 400 81.56 82.63 1.07
500 - 900 67.56 69.11 1.55 °
1000 - 2900 79.23 80.40 1.17
3000 - 6000 76.30 77.37 1.07
> 6000 88.25 88.28 0.03
Total cloud
amount Clear below 6000' 84.77 84.84 0.07
SCT 53.67 53.86 0.19
BKN 36.95 37.30 - 0.35
ove 86.89 86.96 0.07
Obscure 0.09 0.88 0.79
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3.2. Thresholding Experimentation

GEM's equations predict the probability of each predictand category each time
a forecast is made. These probabilities are of value when a loss function is
available to determine the action of least expected loss. However, operational
loss functions are difficult to determine. In lieu of their availability, it
is still advisable to attempt a conversion from probability forecasts to cate-
gorical forecasts. Choosing the category having the highest probability will
yield the greatest number of correct forecasts. However, as projection times
lengthen the event with the highest climatological frequency eventually becomes
the forecast category. This may not be a desirable happening. It has been
found that an acceptable criterion for making categorical forecasts is to
predict categories about as frequently as they occur in nature. Experience has
shown that this requires a set of threshold probabilities. That is, when a
category's probability exceeds its threshold, that category becomes the fore-
cast category, provided the choice is made with some firm ordering placed on
the category to be tested, e.g., first, second, +.., last. °

Deriving thresholds has most often been done empirically where a run through
the data is made to see the probability values that yield the desired conse-
quences. The difficulty here is that the values chosen are greatly influenced
by the developmental sample from which they are determined. Should the sample
not be representative, operational forecasting based upon their values will not
produce the desired outcome.

In the original development of GEM, a parametric procedure based on the beta
distribution was proposed. It succeeded in producing acceptably balanced
results where the forecast frequencies were like the observed frequencies.
However, there have been occasions where the actual distributions differ
greatly from beta distributions. As a result, one of the tasks undertaken in
this year's effort was to seek out alternative thresholding methods. The
following are some of those that were investigated.

o Beta (accumulated, unaccumulated)
o Empirical (accumulated, unaccumulated, maximum probability ordering)
0 Persistence~based loss function
o Calibration to adjust beta thresholds based on the dependent sample

The comnclusions drawn from these experiments are that empirically determined
thresholds from cumulative probabilities (with maximum probability ordering)
were extremely good on the developmental sample. For example, for predictions
of 60 minutes with thresholds determined by empirical methods, the ratio of
skill scores (percent correct, Heidke,, and threat) was 24 to 5 favoring GEM
over persistence with 3 ties. This was accomplished by merely imposing a
condition of balancing the forecast frequencies with the observed frequencies
through empirical thresholding. The balancing was so well accomplished that
the chi square for goodness of fit was lower (better) for GEM than for persis-
tence. The disappointment came when these same threshold values failed to
maintain this superiority over persistence on the independent data for just
about all variables. The only thresholding method testing consistently better
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than the rest was the cumulative beta. Unfortunately, the beta method still
leaves much to be desired. We intend to rederive the empirical thresholds on
two years of developmental data to make them more stable and reliable. We feel
this disappointment is temporary, and the application of 2 years of develop-
mental data will show that empirical thresholding is the way to go.

4. COMPARATIVE VERIFICATION BETWEEN AWOS-GEM AND PERSISTENCE

Independent data forecasts were made on the second year of Sterling,
Virginia's AWOS observations covering the period from April 25, 1985 to
April 25, 1986. To keep the amount of computing time needed to make forecasts
within reason and because the minute-by-minute observations would be so depen-
dent with one another as to render them as almost redundant, the sample actual-
ly processed in the comparison between GEM and persistence was created by tak-
ing only one observation in every 15 (the high order bit in each integer of the
NOAASARC.IND file). Depending upon the projection interval, the samples ranged
from 25493 for 10 minutes to 25089 for 60 minutes. The sample sizes are not
the same because there needs to be a pair of good observations satisfying the
interval being tested, one for making the forecast and one for verifying it.

The initial test was to compare GEM's forecast probabilities with
persistence's conditional probabilities as applied to observations in this
independent sample. The test parameter is the Brier score. This score
measures how well a procedure's forecast probabilities agrees with the
occurrence or non-occurrence of the event being predicted. That is, high
probabilities are desired when the'event occurs and low probabilities when it
does not occur. The equation for the Brier score is as follows:

(b, - 0, )2/

1 1] 1]

([~
ne1 @

i=l1 ]
where P, . is the predicted probability for observation i and weather element
category-j. O signifies whether event j occurred (1) or did not occur (0).
The independent sample size is N.

Low Brier scores signify better forecast probabilities, and in the field of
statistics is referred to as the residual variance. Table 4.1 displays the
Brier scores for both GEM and persistence on all weather elements in this study
and for all projections 10 ... 60 minutes in advance.

The results indicate conclusively that GEM's probability forecasts are better
than conditional persistence. The elements that do not favor GEM are pressure,
temperature, dew point depression, and wind direction at 10 minute
projections. Fortunately, these are among the least important elements for
aviation.

Tangible evidence of this superiority is provided in Table 4.2. 1In this
table are the results of choosing the weather element category for which GEM'S
probability was highest.
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Table 4.1, Brier scores obtained from the independent sample forecasts made by GEM and by conditional persistence for
all weather elements and for each 10 minute projection.

Brier scores

Projection
Gem Persistence
10 20 30 40 50 60 10 20 30 40 50 60
Pressure - .04054 .06795 .08856 .10939 .13046 .14886 «04051* .06785* .08836%* ,10911* ,13008*% ,14837%*
Temperature 19871 .29347 .36500 .41604 .45783 .48801 .19852* .29293* .36427* .41482*% .45611% .48609%*
Dew point depression 21110 .29347 .33962 .37977 .41390 .44025 .20762*% .27649% .33294% .37387* .40833*% ,43550%
Wind speed .18543* ,19684%* .20922*% ,21329*% .21583* ,22257%* 19722  .20971 .22202 ,22749 .22725 .23392
Wind direction 50158 .57551*% .61881* ,64606* .66248* .67622% .50142% ,57556 .61980 .64674 .66302 .67798
Cloud height one .09052% ,13822*% .17017% .19106% .20933*% ,22294% .09560 .14823 .18001 .20139 .21929 .23133
Cloud height two .07189*% ,09914* ,11409* .12074% .12683* .13180% 07719 .10747 .12296 .13012 .13633 .13990
Cloud height three .02989*% ,03507* .03779* .04080* .03957* .03967* .03199 .03735 .03999 .04305 .04175 .04169
Cloud cover one .12258% ,17591*% ,20317* .22061% .23336% .24316%* 12712 .18264 .20959 .22692 .23928 .24851
Cloud cover two .08459% ,11021* .12435% ,12956* .13334% .13730%* .08958 .11738 .13163 .13667 .14039 .14328
Cloud cover three .03511% .04286* .04606* ,04965*% .04909* .0Q4844% .03699 .04514 .04808 .05180 .05137 .05017
Visibility «10683* .13403* .14837* .,15942*% ,16996* .17727%* 10728 13471 .14888 .15962 .17035 .17745
Gusts .11039% .11347%* .11853* .12363* .12472% .12736% .11850 .11967 .12633 .13011 .13137 .13307
Ceiling .05152*% ,08287* .10575* .12106%* .13372* .14305% .05624 .09226 .11721 .13327 .14633 .15534
Total cloud amount J11214% ,16213*% ,19187*% ,21072*% ,22359*% ,23454% 11420 .16412 ,19344 ,21223 .22484 .23554
Totals Totals
*'s for GEM 11 12 12 12 12 12 71
*'s for persistence 4 3 3 3 3 3 19

* signifies superiority
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Table 4.2. The percentage of correct forecasts obtained by choosing the category for which GEM predicted the highest
probability. Shown also are the percentage of correct forecasts achieved by persistence.

Percentage correct

Projection

Gem Persistence

10 20 30 40 50 60 10 20 30 40 50 60
Presssure 97.94 96.51 95.42 94.29 93.13 92.10 97.94 96.51 95.42 94.29 93.13 92.10
Temperature 88.99 82.88 77.72 73.68 70.18 67 .46 89.10*% 82.98*% 77.81*% 73.76* 70.23*% 67.51%*
Dew point depression 88.33 83.58* 78.86 75.95*% 73.,55*% 7]1.48% 88.33 83.57 79.21*% 75.80 72.97 70.86
Wind speed 88.06* 87.65% 86.88* 86.62*% 86.30% 85.83% 86.84 85.48 84 .37 83.68 83.64 83.00
Wind direction 67 .49 60.62 55.75 52.59 50.77 48.83 67.49 60.72*% 56.02*% 52.,96% 51.07* 48,92%
Cloud height one 94,84 91.62 89.61*% 87.88*% 86.63 85.72 94.84 91.62 89.58 88.12* 86.73* B85.86%*
Cloud height two 95.50 93.,52* 92.43* 91,86* 91.65*% §1,33% 95.50 93.23 91.84 91.11 90.51 90.10
Cloud height three 98.06*% 97.75*% 97.79% 97.67* 97.76*% 97.80% 97.91 97.25 96.86 96.62 96.60 96.50
Cloud cover one 92.34*% 88.26*% 86.32*% 84,.93*% 83.94*% 83.17% 92.32 87.93 85.64 84.21 83.13 82.26
Cloud cover two 94,27 92.21* 91.50% 91.27* 91.21*% 91.,15% 94.28* 91.69 90.16 89.48 89.09 88.82
Cloud cover three 97.63*% 97.17* 97.28% 97.,14*% 97,22% 97.30% 97.59 96.66 96.24 95.89 95.81 95.83
Visibility 93.35 91.15 89.91 88.88 87.91 87.16 93.35 91.15 89.91 88.88 87.91 87.27%
Gusts 92.27*% 92.17*% 91.98*% 91.64% 91.67*% 91.60% 92.04 91.88 91.20 90.87 90.65 90.52
Ceiling 96.98 94,79 93.14% 91,98 91.04 90.28%* 96.98 94.79 93.13 91.99*% 91.04 90.24
Total cloud amount 93.15* 89.24*% 86.70*% 85.01 84.01* 83.46%* 93.14 89.09 86.63 85.{@* 83.98 83.16
Totals Totals

*'s for Gem 6 9 10 8 9 10 52
*'s for persistence 2 2 3 5 3 4 19

* signifies superiority



These results confirm that GEM's predicted probabilities possess skill
relative to persistence. However, as was mentioned previously, applying the
principle of wmaximum probability has a tendency to predict conditions that have
the highest climatological frequencies as projection times lengthen. This is
not as crucial for thesé very short range predictiouns since there is consider-~
able balance between predicted and observed frequencies. Nevertheless, we have
employed a thresholding procedure to GEM for the purpose of making categorical
forecasts possessing as much balance as possible at this time.

The appendix to this report gives a complete set of tables depicting GEM's
threshold-controlled predicted category against the verifying observation.
Similar tables are provided depicting persistence's predicted category against
the verifying observation. 1In addition to these so called contingency tables,
verification scores for percent correct, Heidke skill score, and threat score
(when appropriate), as well as biases and chi-squares for goodness of fit are
given. Table 4.3 is a summary of the comparisons between GEM and persistence.

i

18



Table 4.3. A summarization of the comparative skill between GEM, "G", and
persistence, "P", (ties are denoted by "T") for appropriate scores at projec-
tions of 10, 20, 30, 40, 50, and 60 minutes with a tally for each. Percent
correct (PC), Heidke skill score (H), and threat score ('T') are shown for
the predictands listed in Table 2 except precipitation occurrence. The
actual data from which this table was constructed are given in the appendix.

Projection Interval

10 20 30 40 50 60
Pressure PC T T T T T T
H T T T T T T
Temperature PC T T T T T T
H T T T T T T
Dew Point PC T P P P P P
Depression H T P P P p P
© < Wind Speed PC G G G G G G
H G G G G G G
Wind Direction PC T P P P P P
, H T P P P P P
First Cloud PC T P P P P P
Height H T P P P P P
Second Cloud PC T T P p P P
Height H T T P G G G
Third Cloud PC P P P P P P
Height H P G G G G G
First Cloud PC G G G G G G
Cover H G G G G G G
Second Cloud PC G G G G G G
Cover H G P P P G G
Third Cloud PC T G G G P P
Cover H T G P G G G
Visibility PC T T P T P P
H T T p T P P
'T! T T P T P P
Gustiness of PC G G G G G G
Wind - H P P P P P P
Ceiling PC T T P P P G
«H T T T G G P
Tt T T _ G G G G
Total Cloud PC G G G G G G-
Amount H G G G G G G
. Totals

Totals G 9 11 11 T 14 14 14 73

P 3 9 16 11 14 14 67

'T' 20 12 5 7 4 4 52
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Observations about the results as they pertain to aviation elements are:

4.1. CEILING

When predicting ceiling conditions for the 60-minute projection, there were
20 forecast situations in the dependent sample in which GEM broke from persis-
tence and predicted that the ceiling would be in the interval 0-100' when
persistence was in the > 6000' category. Twice the verifying condition was
0-100" and eight times the verifying condition was 200-400' while the remaining
ten cases had the verifying condition as > 6000'. This same capability was
demonstrated in the independent sample as well. Here, there were 13 forecast
situations were GEM broke from persistence hitting 7 and missing 3 by one
category with the remaining 3 having the verifying observation in the > 6000'
category. This information is revealed in the following independent sample
contingency tables:

VERIFYING OBSERVATION

0-100" 200-400' 500-900' 1000-2900' 3000-6000 > 6000 TOTAL
P 0-100" 34 35 4 3 0 33 109
E  200-400' 39 536 91 20 2 04 7152
R 500-900" 38 79 233 108 . 9 60 497
S 1000-2900" 0 19. 90 1052 75 412 1648
I  3000-6000" 0 7 5 100 5350 293 955
S > 6000’ 31 73 82 363 319 20260 21128

T
TOTAL 112 749 505 1646 955 . 21122 25089
VERIFYING OBSERVATION

0-100' 200-400' 500-900' 1000-2900' 3000-6000' > 6000’ TOTAL
0-100' 41 38 4 3 0 36 122
G 200-400' 39 536 ' 91 21 2 64 753
500-900" 8 79 233 107 9 60 496
E 1000-2900' 0 19 90 1051 75 414 1649
3000-6000" 0 7 6 97 532 274 916
M > 6000' 24 70 81 367 337 - 20274 21159
TOTAL 112 749 505 1646 955 21122 25089

We consider this extremely important. It demonstrates a capability that was
heretofore thought to be impossible for a purely linear scheme to accomplish.
That is, to anticipate worsening conditions in 1 hour and to succeed in correctly
predicting this event with a percentage correct of 547 on independent data. The
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actual ability of GEM to predict changes over persistence like these became
apparent starting with the 30-minute projections. For a detailed description
of these 13 forecast situations and the attendant AWOS observations, synoptic
conditions, probability foregasts, categorical predictions when applying
thresholding and other matters, see Section 5, Demonstration Plans, of this
report.

4.2. VISIBILITY

At 30, 50, and 60 minutes, GEM achieved one more correct forecast in the
< 1/2 mile category than persistence. Despite this, all of the skill scores
slightly favored persistence.

4.3, TOTAL CLOUD AMOUNT

GEM successfully changed from persistence and in so doing netted more hits
and better Heidke skill scores at projections 10 minutes and beyond.

4.4, WIND

Wind speed verifications showed GEM changing from persistence beginning at
10 minutes and succeeding in bettering persistence in all scores throughout all
projections tested.

-

Wind direction verifications were slightly but uniformly worse than persis-—
tence beginning with 20-minute forecasts.

4.5. GUSTINESS OF WIND

As with wind speed, GEM bettered persistence in percent correct for all
projections under study. However, GEM failed to obtain a better Heidke score
than persistence for any of those projections. '

4.6. PRECIPITATION

For essentially all of the independent year of data collection, the sensor
for measuring whether precipitation is occurring was not functioning. As a
result, there are no verification statistics presented, even though GEM
prediction equations had been developed. Furthermore, many of the equations
selected precipitation as an important predictor (among its top 30). There was
no effort made at this time to rerun all of the equations to specifically
remedy this inconsistency. Were these to become operational equations or if it
were believed that erroneous conclusions might have been drawn regarding the
results, this would certainly have been done.
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4.7. CLOUD CONDITIONS (OTHER THAN CEILING AND TOTAL CLOUD AMOUNT)

The cloud height and cloud amount variables for the three levels (first,
second, and third) showed mixed results favoring GEM by 36 to 28 on the scores
computed on the independent sample.

Overall, AWOS—-GEM verification results are not as good as those achieved on
sensor—-GEM relative to persistence. That is, comparing the relative number of
better scores, sensor GEM had 84 better and 42 worse (see Miller, 1986) while
AWOS-GEM has 73 better and 67 worse. There are, however, sufficient differ-
ences in the variables in the two schemes to possibly account for this result.
In either case, the results remain encouraging, suggesting that we pursue the
step of using more developmental data such as the 2 years that are on hand,
with independent verification to be performed on the third year of Sterling,
Virginia and from the other two locations, Atlantic City and Indianapolis.

5. DEMONSTRATION PLANS

Prior to discussing a demonstration plan, it is appropriate to first describe
the process that is used in making an AWOS-GEM forecast. In particular, we
will present some of the details performed behind the scenes in creating the
verification sample that was used to compare against persistence. Specifical-
ly, the 13 instances that showed GEM deviating from persistence in going from a
ceiling condition initially at > 6000' to forecasts of 0—100’ and successfully
verifying in 7 will be covered.

In what follows, we give details of the initial AWOS observation: case
number, date, hour, sky condition (ceiling, lowest cloud, second cloud, third
cloud), visibility, pressure, dry bulb temperature, dew point temperature, wind
direction and speed, and altimeter setting. For example, in Case 1, the sky
condition was partially obscured (-X) with 100' scattered clouds (1 SCT), with
zero visibility (0), with pressure at 1013.2 (132), with temperature at 66°F
(66), with dew point temperature at 65° (65), with wind direction 070° (07),
with wind speed at 3 knots (03), and with the altimeter setting of 29.93 inches
of mercury (993). The last column displays the number of the observed ceiling
category.
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INITIAL OBSERVATION

Ceiling
Case # Month Day Year  Hour AWOS Observation Category
1 JUNE 5 1985 1403 -X 1 SCT 0 132/66/65/0703/993 6
2 JUNE 5 1985 1418 -X 1 SCT O 131/66/66/1104/992 6
3 JUNE 5 1985 1433 -X 1 SCT O 132/67/66/0803/993 6
4 JUNE 5 1985 1448 -X 1 SCT O 133/67/67/1503/993 6
5 JUNE S5 1985 1503 =X 1 SCT 1l/4 133/67/67/0000/993 6
6 JUNE 24 1985 1148 -X 1 SCT L/4 168/68/68/0000/004 6
7 DEC 6 1985 1318 -X 1 SCT 1/4 154/32/29/3304/997 6
8 DEC 6 1985 1333 =X 1 SCT 1/4 153/32/29/3604/997 6
9 DEC 6 1985 1348 -X 1 SCT 1/4 155/32/30/3403/997 6
10 APR 7 1985 1148 -X 1 SCT O 117/51/50/2903/988 6
11 APR 7 1985 1218 -X I SCT O 116/51/51/2503/987 6
12 APR 7 1985 1233 -X 1 SCT O 116/51/51/0000/987 6
13 APR 7 1985 1248 -X 1 SCT 1/4 116/52/51/2704/987 ' 6

(Please note that the entire independent data sample of 25089 was composed of
taking one observation every 15 minutes causing the somewhat systematic
looking pattern of hours shown above.)

Next is shown the GEM probability forecasts emanating from each of the 13
initial AWOS conditions.,

AWOS-GEM PROBABILITY FORECASTS FOR THE ABOVE CASES (CEILING ONLY)

CATEGORIES OF CEILING

1 2 3 4 5 6

CASE # 0-100" 200-400"' 500-900' 1000-2900' 3000-6000' > 6000
1 .234 .152 .039 035 .004 +535
2 .232 «145 .055 .063 010 <494
3 «234 .152 .039 .035 .004 «535
4 234 +152 .039 - .035 , 004 +535
5 «232 145 .055 .063 .010 <494
6 »234 <152 .039 .035 004 «535
7 «234 .152 .039 «035 .004 +535
8 .234 .152 039 .035 +004 «535
9 .234 .152 .039 035 .004 «535
10 «234 .152 .039 .035 .004 «535
11 «234 152 .039 .035 -004 «535
12 +234 «152 .039 .035 004 <535
13 «234 .152 .039 .035 .004 «535
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AWOS-GEM 60 MINUTE CEILING CUMULATIVE BETA THRESHOLD PROBABILITIES

Ceiling Category
1 2 3 4 5 6
0-100' 200-400' 500-900' 1000-2900' 3000-6000' > 6000°'

The procedure for making a categorical ceiling forecast for 60 minutes is to
test whether the first category's probability exceeds its threshold prob-
ability. 1In case #1 the forecast probability is .234 while the threshold
probability for the first category is .206. Since the condition for fore-
casting category 1 is satisfied, the forecast is that in 60 minutes the ceiling
will be inside the interval 0-100'. Had the condition not been satisfied, we
would accumulate the first two categories' probabilities (.234+.152=.386) and
compared it with the cumulative probability of .388. Since this would not have
been exceeded, GEM would not have forecast the category 2 (200-400'). The
procedure is continued until a category is chosen. The default selection is
category 6 should no category be selected among the first 5.

By following this procedure, each of the 13 cases above produced a category 1
forecast for GEM. The corresponding verification observation is shown in the
last column of the following vevification-observation display:

VERIFYING OBSERVATION

Ceiling

Case # Month Day Year Hour AWOS Observation Category
1 JUNE 5 1985 1503 =X 1 SCT 1/4 133/67/67/0000/993 6
2 JUNE 5 1985 1518 =X M1 BKN 1/4  134/67/67/3003/993 1
3 JUNE 5 1985 1533 -X MLl BKN 1/4 132/67/67/0403/993 1
4 JUNE 5 1985 1548 -X M1 BKN 3/4 127/68/68/1606/991 1
5 JUNE 5 1985 1603 -X M1 BKN 1 1/4 128/69/69/2005/991 1
6 JUNE 24 1985 1203 -X 1 SCT 1 170/68/68/0000/004 6
7 DEC 6 1985 1418 -X Ml OVC 1 1/4 157/32/31/3504/998 1
8 DEC 6 1985 1433 -X M1 OVC 1 1/4 157/33/32/3304/998 1
9 DEC 6 1985 1448 -X M2 OVC 1 3/4 159/33/33/3304/999 2
10 APR 7 1985 1248 =X 1 SCT 1/4 116/52/51/2704/987 6
11 APR 7 1985 1318 =X Ml OvVC 1 116/52/52/3104/987 1
12 APR 7 1985 1333 M2 OVC 4 116/53/53/3205/987 2
13 APR 7 1985 1348 M3 OvVC &+ 117/53/53/3105/988 2

For Case 1, the sky condition section of the observation signifies that there
is still partial obscuration (-X) and with 100' scattered (1 SCT) but with
1/4 m visibility (1/4).

24



To complete the description of these interesting and important situations, we
thought it would be worthwhile to present the attendant synoptic conditions.
Reproduction of the appropriate daily weather maps for the 4 days are provided
in Figs. 5.1 to 5.4 for this purpose.

Getting back now to the issue of a demonstration plan, the following
questions need to be addressed:

o Should the capability of making an AWOS-GEM forecast reside at the
location at which the observation is taken, say, with a portable
microcomputer or from a centralized installation?

o What form should the output take-—-probabilities, categories, best single
value estimates, or expected values?

o How many projections should be given for the span of 1-120 minutes?

o Will the mediums for dissemination be voice, hard copy, CRT, aund/or
others?

o Is it necessary to have the forecasts produced automatically or will a
manual entry suffice, i.e., using a user friendly prompting?

o Will the forecasts be issued on a continuous basis, on demand only, or
both? N

o Should there be an archiving made for the on-demand forecasts since they
will not be representative but will constitute important situations and
will show a bias? ‘ '

o Where should a test demonstration be held?

This incomplete list is only a start. We feel that the users of the
forecasts--those who have the operational requirements--will answer such
questions. We hope the contents of this report will help.

6. DOWNWASH PROBLEM

There is no solid AWOS data archived for the purpose of studying the problem
of helicopter downwash or its effect on the variables in an AWOS observation
quantitatively. If we did possess such data, a study could be undertaken to
determine whether the lingering effects of downwash are sufficiently perverse
to prevent the use of the most recent AWOS observation prior to downwash inci-
dent from acting as the input to an AWOS-GEM forecast. It would be unreason-
able to think an AWOS-GEM forecast would be expected to verify under circum-
stances in which downwash was influencing the sensors. Studying the contri-
bution wind speed and wind direction have on the prediction of AWOS variables
without knowing the source or cause of the wind would not appear to be
scientifically based.
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Figure 5.3. Daily weather map for Friday, December 6, 1985.




MONDAY, APRIL 7, 1986
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It is our feeling that the desired forecast is of the subsequént sensor and
the resulting AWOS observation unaffected by downwash. Thus, we would use the
last observation unaffected by downwash and refrain from having a verification
performed on a downwash-affected AWOS observation.

7. SUMMARY AND FUTURE PLANS

This year's efforts to develop an AWOS-GEM produced somewhat surprising
results in three areas. First, the same advantage over persistence did not
occur on the AWOS variables as it did on the sensor variables. This is partly
attributed to the built-in relationship that the algorithm creates between
persistence and the verification observation. Another possible explanation is
that the cases used in the sensor independent sample covered only summet
situations whereas the AWOS verification sample spanned the entire 12 months of
the year.

Second, the inclusion of nonlinear variables, in addition to linear vari-
ables, helped immensely on the predictions in the dependent sample but failed
to show any improvement over linear ‘alone on the independent sample. It is our
opinion that when a larger dependent sample is used, overfitting will fail to
wipe out the advantage the boolean predictors showed over linear predictors on
the dependent sample.

Third, the efforts taken to produce a better thresholding procedure by using
empirical methods did not prove to outperform the beta method that has been
part of GEM since its inception. Again, it is our opinion that taking a larger
dependent sample on which to base the empirical thresholds will produce results
akin to the impressive results achieved on the dependent sample.

Plans for the coming year call for the inclusion of our second year of
Sterling, Virginia data into the developmental sample. The year being
collected at present will constitute the new independent sample. The bottom
line conclusion is that a single yeat of minute-by-minute AWOS data or, for
that matter, sensor data is not sufficient for developing GEM equations that
will withstand the rigors of independent data testin®. Thus,

The issue of instability can be resolved by increasing the developmental
sample size. ‘

-.The issue of bettering persistence can be resolved by adding sensor
variables as predictors.

~ The issue of thresholding can be resolved through larger sample sizes.
- The issue of nonlinear predictability can be aided by larger samples.

We intend to create a quality control procedure founded on either sensor or AWOS
variables to help prevent the situation that occurred when the precipitation
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element was inoperative without being detected until it caused us to lose a
variable of considerable importance as a predictor over a protracted period of
time.

Statistical experiments will be performed to determine the feasibility of a
single equation set applicable to other locations to AWOS-GEM based on the data
being collected at the current three sites, and others should they become
available. Success in this effort, as it was in TDL's hourly GEM (see Miller,
1981), would suggest that one set of prediction equations would be applicable
anywhere.

Microcomputer upgrading would enhance our research efforts. These should
take the form of additional hard-disk capability and a backup system which
would avoid completely the use of floppy disks, which are both expensive and
tedious to use
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APPENDIX
Contingency tables, percent correct, Heidke skill score, chi square, threat

score, and sample size for each predictand element. These are presented for
GEM and persistence at 10-, 20-, 30-, 40-, 50—, and 60-minute projections.
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10 MINUTE PROJECTION

PRESSURE (INCHES

VERIFYING QBSERVATICY.
0- 29.236- 29.331- 29.678- 29.826- 29.974~ 30.121- 30.26%- 30.364 +
29.235 29.530 29.677 29.825 29.973  30.120 30.268  30.563 RCA TOTALS
0-29.238 0 0 ¢ 0 0 0 0 0 0 0
29.236 - 29.530 0 463 4 0 0 0 0 ] 0 463
29.531 - 29.677 0 6 1162 Y 1 0 0 0 0 1196
29.678 - 29.825 0 0 2% 2673 7 0 1] ¢ 0 2761
GEY 29.826 - 29.973 0 0 0 42 5950 9 1 0 0 6086 .
29.97 - 30.120 0 0 0 0 8 7572 81 0 0 7716
30.121 - 30.268 0 0 0 0 1 54 2 ) 0 456
30.269 - 30.563 0 0 9 0 0 0 ¥4 2593 0 26335
30.564 » 0 0 ¢ 0 0 0 ] 1 as 86
COLUMY TOTALS: ] 471 1190 748 - 8092 l7719 ' 4587 2621 3 28493
BIASES: 99.39 1.00 1.01 1.00 1.00 1.00 0.99 1.02 1.01
PERCENT CORRECT: 97.9406
HEIDKE SKILL SCORE: 0.97408 -
- CHI SCORE: 0.3
CGRSES = 25493
PRESSURE _(INCHES
VERIFYING OBSERVATICH
0~ 29.236~ 29.531- 29.678- 29.826- 29.974- 30.121- 30.269- 30.364 +
9.235  29.530 29.677 29.825 29.973  30.120  30.268  30.583 BOW T0TALS
0-29.235 0 0 0 0 0 ) a a 0 ¢
29.236 - 29.530 0 465 4 0 0 0 0 0 0 463
29.531 - 29.677 0 6 1162 ¥y L ] 0- 0 9 1156
29.678 - 29.825 0 ] 24 2679 57 ] 1 0 0 2761
PERSISTENCE  29.826 - 29.973 ] 0 0 42 5950 93 i ] 0 6086
29,974 - 30.120 0 9 0 0 a3 7572 61 0 0 T8
30.121 - 30.268 ¢ 0 [ ¢ 13 S4 4462 27 0 4544
30.265 - 30.563 0 0 0 0 ¢ 0 42 2533 9 2838
30.566 + 0 0 0 ¢ 0 ¢ 0 1 85 86
COLMN TOTALS: 0 7)1 1190 2748 6092 719 4567 2621 S 25433
BIASES: 99.99 1.00 1.01 1.00 1.00 1.00 0.9 1.01 1.0t

PERCENT CORRECT: 97.9406
HEIDRE SKILL SCCRE: 0.97408
CHI SCORE: 0.31

3
CASES = 25493 3



ve

TEMPERATURE (DEGREES FAHRENHEIT)

VERIFYING OBSERVATION

5-14  15-24 25-34 35-39 40-44 45-49 50-34 55-59 60-64 65-74 75-84 85-94 95 + ROW TOTALS

«5
t5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
5-14 0 64 0 0 0 0 0 0 0 0 0 0 0 0 64
15 - 24 0 2 748 78 0 1 0 0 0 0 0 0 0 0 829
25 - 34 0 0 60 2207 104 2 0 0 0 0 0 0 0 0 2373
35 -39 0 0 0 115 1545 149 0 0 0 0 0 0 0 0 1809
GEM 40 - 44 0 0 0 2 130 1935 131 0 0 0 0 0 0 0 2198
45 - 49 0 0 0 1 2 136 1742 162 2 0 1 0 0 0 2044
50 - 54 0 0 0 0 0 i 162 1579 179 1 0 0 0 0 1922
5 -59 0 0 0 1 0 0 2 173 1971 154 1 0 0 0 2302
60 - 64 0 0 0 0 0 1 1 1 146 2131 190 ] 0 0 2470
65 - 74 0 0 0 0 1 0 0 1 210 4972 140 0 0 5324
75 - 84 0 0 0 0 0 0 0 0 2 0 152 2893 84 0 3131
85 - 9% 0 0 0 0 0 0 0 0 0 0 0 77 887 12 976
95 + 0 0 0 0 0 0 0 0 0 ) 6 - 0 12 39 51
COLUMN TOTALS: 0 66 808 2404 1782 2223 2038 1915 2301 2496 5316 3110 983 51 25493

BIASES: 99.99 0.97 103 0.99 1.02 0.9 100 100 1.00 0.99 t.00 1.001 0.99 1.00

PERCENT CORRECT: 89.0950
HEIDKE SKILL SCORE: 0.87719
CHI SCORE: 2.21

CASES = 25493



139

-~
o

¢5
5-14
15 - 24
25 - 34
-3
PERSISTENCE 40 - 44
45 - 49
S0 - 54
55 - 59
60 - 64
65 - 74
75 - 84
85 - 94
95 +

o000 oo

COLUMN TOTALS: 0
BIASES: 99.99

PERCENT CORRECT: 89.0950
HEIDKE SKILL SCORE: 0.87719
CHI SCORE: 2.2

CASES = 25493

5-14

L]
oo

OO C OO OO O SN

66
0.97

15-24

0

0
748
60

D

OO OO O oo

808
1.03

TEMPERATURE (DEGREES FAHRENHEIT)

25-34

0

0

78
2207
115
2

QO QO O e O

2404
0.9

35-39

VERIFYING OBSERVATION

40-44

-_—o o

149
1935
134

[~ — Y = e ]

2223
0.99

45-49  50-54
0 0

0 0

t 0

0 0

0 0
131 0
1742 162
162 1579
2 173

1 1

0 0

0 0

0 0

0 ¢
2038 1915
1.00  1.00

55-59

OO0 o O o o

2
179
1971
146
1

2
0
0

2301
1.00

60-64

- O o 0o C oo

154
2131
210
0

0

0

24%6
0.9

65-74 75-84
0 0

0 0

0 0

0 0

0 0

0 0

1 0

0 0

1 0
190 0
4972 140
152 2893
1 77

0 0
5316 3110
1,00 1.01

85-94

CoOc o0 oo Cc oo O

o2
3

887

—
(5]

983
0.99

95 + ROW TOTALS

0

64
829
2313
1809
2198
2044
1922
2302
2470
5324
3131
976
Si

—
OUNooococooococooo o

[

51 25493
1.00



DEW POINT DEPRESSION (DEGREES FAHRENHEIT)

0-1

2-7

GEM 8-15
16 - 25

26 +

COLUMN TOTALS:
BIASES:

PERCENT CORRECT: 88.3262

VERIFYING OBSERVATION
0-1 -7 815 16-25

1842 583 0 0
395 8487 455 2
0 408 6428 3%

0 4 ¥%7 4616

0 1 2 93

2437 9483 7252 5067
.00 1.0t 0.5 1.0t

HEIDKE SKILL SCORE: 0.83994

CHI SCORE: 1.19

CASES = 29493

26 + ROW TOTALS

0

0

1
109
1144

1254
.99

2425
9539
7193
5096
1240

25493

DEW POINT DEPRESSION (DEGREES FAHRENHEIT)

0-1

2-7

PERSISTENCE 8-15
16 - 25

26 +

COLUMN TOTALS:

BIASES:

PERCENT CORRECT: 88.3262

VERIFYING OBSERVATION

.0-1 2-7 8-15 16-25

1842 583 0 0
595 8487 435 2
0 408 6428 356
0 4 367 4616
0 1 2 93

2437 5483 7252 5067
1.00 101 099 1.0t

HEIDKE SKILL SCORE: 0.83994

CHI SCORE: 1.19

CASES = 25493

36

26 + ROW TOTALS

2425
9539
7193
5096
1240

25493



WIND SPEED (KTS)

VERIFYING OBSERVATION

0-1 2-9 10-19 20-29 30 + ROW TOTALS

0-1 440 725 0 0 0 1165

2-9 678 19423 903 1 0 21007

GEM 10 - 19 0 831 2227 ” 0 3195
20 - 29 0 0 7 53 0 126

30+ 0 0 0 0 0 0

COLUMN TOTALS: 1118 21041 3197 137 0 25493

BIASES: 1.04 1.00 1.00 0.92 99.99

PERCENT CORRECT: 86.8905
HEIDKE SKILL SCORE: 0.36609
CHI SCORE: 2.92

CASES = 25493
WIND SPEED (KTS)
VERIFYING OBSERVATION
0-1 2-9 10-19 20-29 30 + ROW TOTALS
0-1 440 725 0 0 0 1165
2-9 678 19425 906 1 0 21010
PERSISTENCE 10 - 19 0 891 2219 82 0 3192
20 - 29 0 ] 72 54 0 126
30 + 0 0 0 0 0 0
COLUMN TOTALS: 1118 21041 3197 137 0 25493

BIASES: 1,04 1.00 1.00 0.92 99.99
PERCENT CORRECT: 86.8395
HEIDKE SKILL SCORE: 0.56429
CHI SCORE: 2.9

CASES = 25453
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WIND DIRECTION (DEGS)
VERIFYING OBSERVATION

0-44  45-89 90-134 135-179 180-224 225-26% 270-314 315-359 ROW TOTALS

0 - 44 1605 280 48 32 9 18 61 587 . 2640

45 - 89 244 735 181 a5 1 15 45 77 1353

90 - 134 44 163 500 261 &3 24 48 3 1529

GEH 135 - 179 18 12 237 2029 680 52 61 28 3117
T 180 - 224 20 12 48 597 3777 389 115 33 4991

225 - 269 13 9 43 80 340 1110 398 38 2032

270 - 314 63 36 46 64 82 403 3281 630 4610

315 - 359 653 80 | 47 27 ) 55 585 3748 5221

COLUMN TOTALS: 2665 1347 1550 3113 4978 2066 4595 5177 25433

BIASES: 0.99 1.00 0.99 1.20 1.00 .98 1.00 1.0t
PERCENT CORRECT: €7.4891
HEIDKE SKILL SCORE: (.61703
CHI SCCRE: 1.56

CASES = 25493

WIND DIRECTION (DEGS)

VERIFYING OBSERVATION

0-44  45-89 90-134 135-179 180-224 225-269 270-314 315-359 ROW TOTALS

.

0 - 44 1605 280 48 32 9 18 61 587 2640

45 - 89 244 755 191 25 i3l 15 45 77 1383

90 - 134 44 163 900 261 53 24 48 36 1528

PERSISTENCE 135 - 179 18 12 237 2029 680 52 61 28 3117
180 - 224 20 12 48 597 3777 389 115 33 4991

225 - 269 13 9 43 80 340 1110 399 38 2032

270 - 314 68 36 46 64 82 403 3281 630 4610

315 - 359 653 80 47 7 26 35 585 3748 5221

COLUMN TOTALS: 2665 1347 1550 3115 4978 2066 4595 5177 25493

BIASES: 0.99 1.00 0.99 1.00 1.00 0.98 1.00 1.01

PERCENT CORRECT: 67.4891
HEIDKE SRILL SCORE: 0.61703
CHI SCORE: 1.56

CASES = 25493
38




0 - 100
200 - 400
500 - 900
GEM 1000 - 2900
3000 - 6000
CLR BELOW 6001
PART. OBSCURE
COLUMN TOTALS:
BIASES:
PERCENT CORRECT: 94.8378
HEIDKE SKILL SCORE: 0.87977
CHI SCORE: 1.62
THREAT SCORE: 0.80548
CASES = 25493
0 - 100
200 - 400
500 - 900
PERSISTENCE 1000 - 2900
3000 - 6000
CLR BELOW 6001
PART. QBSCURE
COLUMN TOTALS:
BIASES:
PERCENT CORRECT: 94.8378
HEIDKE SKILL SCORE: 0.87977
CHI SCORE: 1.62
THREAT SCORE: 0.80548
CASES = 25493

CLQUD HEIGHT ONE (FEET)

VERIFYING OBSERVATION

n- 200- 500-  1000-  3000- CLR BELOW PART.
100 400 900 2900 6000 6001  OBSCURE
206 2% 1 1 { 16 1

29 859 43 8 3 35 14

1 50 650 61 4 18 4
1 8 45 2276 67 124 5
0 4 3 52 1421 137 4
17 &7 19 128 128 18549 8
6 13 7 2 2 .9 216
260 1005 768 2528 1636 18970 326
0.9 0.99 1.03 1.00 0.99 1.00 1.03
CLOUD HEIGHT ONE (FEET)
VERIFYING OBSERVATION

0- 200- 500-  1000-  3000- CLR BELOW PART.
100 400 900 2900 6000 6001  OBSCURE
206 2% | 1 1 16 1
29 859 43 8 3 35 14

1 50 650 61 4 18 4
1 8 45 2276 67 124 5
0° 4 3 52 1421 137 4

17 47 19 128 138 18549 82

6 13 7 2 2 91 216
260 1005 768 2528 1626 18970 326

0.9% 0.99 1.03 1.00 0.9 1.00 1.03

39

ROW TOTALS

250
991
788
2526
1621
18980
337

25493

ROW TOTALS

250
991
788
2526
1621
18380
337

25493



GEM

PERCENT CORRECT:
HEIDKE SKILL SCORE: 0.73353

CHI SCORE:

1

CLOUD HEIGHT TWO (FEET)

0 - 100

200 - 400

500 - 900

1000 - 2900
3000 - 6040
CLR BELCW 5001

COLUMN TOTALS:
BIASES:

95.5007

.79

THREAT SCORE: 0.52903

CASES =

PERSISTENCE

25493

CLOUD HEIGHT TWO (FEET)

VERIFYING OBSERVATION

0-
100

28

DD O e

1.2t

200-
400

6
44
4
2
0
21

77
0.9

500-
900

2

5
136
32
1
60

236
1.00

1000-
2900

32
506
35
184

0 - 100

200 - 400

500 - 900

1000 - 2900
3000 - 6000
CLR BELOW 600t

COLUMN TOTALS:
" BIASES:

PERCENT CORRECT: 95.5007
HEIDKE SKILL SCORE: 0.73353

CHI SCORE:

t

.79

THREAT SCORE: ¢.52903

CASES =

25493

VERIFYING OBSERVATION

0-
100

2

D OO e

39
1.21

200-
400

6
44
4
2
0
A

77
0.96

40

500~
900

2
5
136
32
i
60

236
1.00

1000-
2500

32
506
35
184

759
1.00

3600~
6000

o Lo
Q._.G(.;Oo

[ASERY o]

1179
1.00

3000-
6000

9

]

3
25
931
220

1179
1.00

CLR BELOW
6001

11

19

59
197
216
22701

23203
1.0d

CLR BELOW
6001

11

19

59
197
216
22701

23203
1.00

ROW TOTALS

47

74
235
762
1183
23192

25493

ROW TOTALS

47

74
235
762
1183
23192

25493



'CLOUD HEIGHT THREE (FEET)

0 - 100

200 - 400

500 ~ 900

1000 - 2900
3000 - 6000
CLR BELOW 6001

GEM

COLUMN TOTALS:

BIASES:

PERCENT CORRECT: 97.7719
HEIDKE SKILL SCORE: 0.52123
CHI SCORE:  6.82

THREAT SCORE: 0.05000

CASES = 25493

CLOUD HEIGHT THREE (FEET)

VERIFYING OBSERVATION

0- 200- 500- 1000~
100 400 900 2900
0 0 0 L
0 2 0 4
0 0 14 0
0 4 i Ky}
0 2 13 23
2 13 22 61

2 2 50 126
1.00 0.81 1.12 0.87

¢ - 100

200 - 400

500 - 900

1000 - 2900
3000 - 6000
CLR BELOW 6001

PERSISTENCE

COLUMN TOTALS:
BIASES:

PERCENT CORRECT: 97.9053
HEIDKE SKILL SCORE: 0.52768
CHI SCORE: 3.7

THREAT SCORE: 0.05000

CASES = 25493

VERIFYING OBSERVATION

0- 200- 500- 1000~
100 400 900 2900
¢ 0 0 1
0 2 0 4
0 0 13 0
0 4 1 37
0 2 21
2 13 27 63
2 21 50 126
1.00 0.81 1.06 0.88

41

3000-
6000

13
15
227
135

394
1.09

3000-
6000

0

4
13
15
219
143

394
0.95

CLR BELOW
6001

1

7

29

53
165
24645

24900
1.00

CLR BELOW
6001

1

7

27

54
123
24688

24500
1.00

ROW TOTALS

2

17

56
110
430
24878

25493

ROW TOTALS

2

17

53
111
374
24936

25493



CLR BELOW 6Q01
T

BKN

e

OBSCURE

GEM

COLWMN TOTALS:
BIASES:

PERCENT CORRECT: 92.3381
HEIDKE SKILL SCORE: 0.81867
CHI SCORE: 1.75

CASES = 25493

CLR BELOW 6001
T

BKN

ove

OBSCURE

PERSISTENCE

COLUMN TOTALS:
BIASES:

PERCENT CORRECT: 92.3234
HEIDKE SKILL SCORE: 0.81826
CHI SCORE: 0.17

CASES = 25493

CLOUD COVER ONE

VERIFYING OBSERVATION

CLR BELOW

6001 SCT BRN
18498 421 1
444 2589 280

0 300 611

L 49 201

0 0 0

18943 3359 1093
1.00 1.00 1.03

CLOUD COVER ONE

VERIFYING OBSERVATION

CLR BELOW

6001 5CT BEN
18498 421 1
444 25% 289

0 294 602

1 49 201

0 1 0

18943 3359 1093
1.00 1.01 1.01

42

OVC  OBSCURE ROW TOTALS
2 0 18922
43 1 3357
210 0 1121
1842 0 2093
0 0 0
2097 i 25493
1.00 0.00

OVC  OBSCURE  RCW TOTALS

2 0 18922

43 1 3377
204 0 1100
1842 9 2093

0 8 1
2097 1 25493
1.00 1.00



CLR BELOW
6001 SCT BKN
CLR BELOW 6001 22764 230 99
GEM SCT 246 568 109
BKN 101 132 301
ove 163 11 108
COLUMN TOTALS: 23374 941 707
BIASES:  1.00  0.98  1.04
PERCENT CORRECT: 94.3082
HEIDKE SKILL SCORE: 0.65562
CHI SCORE:  2.77
CASES = 25433
CLOUD COVER TWO
VERIFYING OBSERVATION
CLR BELOW
6001 SCT BRY -
CLR BELOW 6001 22764 230 99
PERSISTENCE SCT 248. 576 125
BKN 99 124 375
ove 163 11 108
COLUMN TOTALS: 23274 941 707
BIASES:  1.00  1.02 0.9
PERCENT CORRECT: 94.2769
HEIDKE SKILL SCORE: 0.65370
CHI SCORE:  2.08
CASES = 25493

CLOUD COVER TWO

VERIFYING OBSERVATION

43

ove

141

108
319

571
1.05

ove

141

10
101
319

571
1.05

ROW TOTALS

23234
926
732
601

25493

ROW TOTALS

23234
959
699
601

25493



CLOUD_COVER THREE

VERIFYING OBSERVATION

CLR BELOW
6001
CLR BELCW 6001 24545
GEM 3CT 86
' BKN 62
v 74

COLUMN TO0TALS: 24767
BIASES: 1.00

PERCENT CORRECT: 97.5915
HEIDKE SKILL SCORE: 0.53819
CHI SCORE: 4.00

CASES = 25493

SCT

96
76
28

0

200
1.03

BEN

N
44
123
33

an
0.89

CLOUD_COVER THREE

VERIFYING OBSERVATION

CLR BELOW
6001
CLR BELOW 6001 24545
PERSISTENCE SCT 86
BXN 62
ove 74

COLUMN TOTALS: 24767
BIASES: 1.00

PERCENT CORRECT: 97.5915
HEIDKE SKILL SCORE: 0.55819
CHI SCORE: $.00

CASES = 25493

SCT

9%
76
28

0

200
1.03

44

BRN

n

44 -

123
33

271
0.89

ove

a1
0
29
135

*255

0.95

ove

9

29
135

255
0.95

RON TOTALS

24803
208
242
242

25493

ROW TOTALS

24803
206
242
242

25493



VISIBILITY (MILES)

VERIFYING OBSERVATION

0¢1/2 1/2¢1 1¢3 3¢5
0¢1/2 39 20 10 1
12 < 1 8 40 40 12
GEM 143 6 A 608 186
3¢5 1 0 172 1166
5¢7 1 2 0 248
74 1 0 4 43
COLUMN TOTALS: S 103 864 1656
BIASES: 130  1.04  1.00 0.9
* PERCENT CORRECT: 93.3472

HEIDKE SKILL SCORE: '0.77150

CHT SCORE:  6.73
THREAT SCORE: 0.46121
CASES = 25493
VISIBILITY (MILES)
VERIFYING OBSERVATION
0¢1/2 1/2:¢1 1¢3 3¢5
L)
0« 1/2 39 20 10 1
1/2 < 1 8 40 40 2
PERSISTENCE 1 ¢ 3 6 31 608 186
3¢5 1 10 172 1166
5¢7 1 2 0 248
7 1 0 4 43
COLUMN TOTALS: 56 103 864 165
BIASES:  1.30  1.06  1.00  0.98

PERCENT CORRECT: 93.3472
HEIDKE SKILL SCORE: 0.77150
CHI SCORE: 6.73
THREAT SCORE: 0.46121
CASES = 5493

45

230
945
274

1473
1.02

7 + HOW TOTALS

1 73

0 107

17 863

44 1623

280 1506

20999 21321

21341 25493
1.00

7 + ROW TOTALS

1 73

0 107

17 863

4 . 162]

280 1506

20999 21321

21341 25493
©1.00



GUSTS (KTS)

VERIFYING OBSERVATION

0-10

0-10 22459

i1 -20 467

GEM 21 -30 108
-4 0

41 + 0

COLUMN TOTALS: 23034
BIASES:  1.02

PERCENT CORRECT: 92.2410
HEIDKE SKILL SCORE: 0.52357
CHI SCORE: 149.89

CASES = 25493

11-20 21-30 31-40 41 + ROW TOTALS

956
567
144
1
0

1668
0.71

93 1 0
150 0
479 29 0
28 10 0

0 0 0

750 41 Q
1.0t 0.95 99.99

GUSTS (KTS)

VERIFYING OBSERVATION

g-10

0 -10 22203

11 -20 723

PERSISTENCE 21 - 30 108
31 - 40 0

41 + 0

COLUMN TOTALS: 22034
BIASES:  1.00

PERCENT CORRECT: 92.0410
HEIDKE SKILL SCORE: 0.55339
CHI SCORE: 0.39

CASES = 25493

11-20

751
772
144

1
0

1668
0.99

46

23509
1185
760
39

0

25493

21-30  31-40 41 + ROW TOTALS

86 2 0
157 ) .0
479 29 0

28 10 0

0 0 0
750 41 0

1.0t 0.95 99.99

23042
1652
760
33

0

25493



0 - 100

200 - 400

500 - 900

1000 - 2900
3000 - 6000
CLR BELOW 6001

G

COLUMN TOTALS:
BIASES:

PERCENT CORRECT: 96.9736
0.89344

HEIDKE SKILL SCORE:
CHI SCORE: 0.85
THREAT SCORE: 0.86123
CASES = 25493
0 - 100
200 - 400
500 - 900
PERSISTENCE 1000 - 2900
3000 - 6000
CLR BELOW 6001
COLUMN TOTALS:
BIASES:

PERCENT CORRECT: 96.9756
0.89344

HEIDKE SKILL SCORE:
CHI SCORE: 0.85
THREAT SCORE: 0.86123

CASES = 25493

CEILING (FEET)

VERIFYING OBSERVATION

47

0- 200- 500-  1000-

100 400 900 2900

83 19 4 0

24 687 3 3

2 37 403 52

1 3 3 1482

0 1 2 32

9 21 19 102

113 768 ;498 1671

0.96 0.98 1.03 1.00
CEILING (FEET)

VERIFYING OBSERVATION

0- 200- 500-  1000-

100 400 900 2900

83 19 4 0

24 637 3t 3

2 7 403 52

1 3 39 1482

0 1 2 Ky}

9 21 19 102

119 768 498 1671

0.96 0.98 1.03 1.00

3000-
6000

[FC RN o~ 1

973
0.99

3000-
6000

CLR BELOW
6001

8

10

15
121
87
21223

21464
1.00

CLR BELOW

6001

8

10

15
121
87
21223

21464
1.00

ROW TOTALS

114
756
512
1674
966
21471

25493

RONW TOTALS

114
756
512
1674
966
21471 .

25493



TOTAL CLOUD AMOUNT

VERIFYING OBSERVATION

CLR BELOW
. 6001 5CT BKN OVC OBSCURE ROW TOTALS
CLR BELOW 6001 18498 420 1 3 0 18922
T 443 1861 240 4 1 2549
GEM BRN 0 237 660 189 0 1086
ove 2 2 205 2727 0 2936
0BSCURE 0 0 0 0 0 it
COLUMN TOTALS: 18943 2520 1106 2923 1 25493

BIASES: 1.00 1.01 0.98 1.00 0.00

PERCENT CORRECT: 93.1471
HEIDKE SKILL SCORE: 0.83820
CHI SCORE: 1.78

CASES = 25493
TOTAL CLOUD AMOUNT
VERIFYING OBSERVATION
CLR BELOW
6001 SCT BKN OVC  OBSCURE  ROW TOTALS

CLR BELOW 6001 18498 420 1 3 0 18922
SCT 441 1860 240 - 4 1 2548
PERSISTENCE BKN 0 237 660 189 0 1086
ove 2 2 205 2727 0 2936
OBSCURE . 0 1 0 9 0 1
COLUMN TOTALS: 18943 2520 1106 2923 1 25493

BIASES: 1.00 1.0 . 0.98 1.00 1.00

PERCENT CORRECT: 93.1432
HEIDRE SKILL SCORE: 0.83810
CHI SCORE: 0.75

CASES = 25493
48



GEM VS PERSISTENCE 20 MINUTE PROJECTION

PRESSURE _(INCHES

VERIFYING OBSERVATION

0- 29.23- 29.531- 29.678- 29.826- 29.974- 30.121- 30.269- 30.564 +
29.235 29.530 29.677 29.825 29.973  30.120 30.268  30.563 ROW TOTALS
0-29.235 0 0 0 0 0 0 0 ) 0 9
29.236 - 29.530 9 457 10 ] 0 0 0 ] 0 467
28.531 - 29.677 0 12 1146 3 0 0 0 9 0 1191
29.678 - 29.825 0 0 k] 2622 50 0 0 t 0 2746
GEM 29.826 - 29.973 0 ) 0 75 5823 147 1 0 0 6046
29.974 - 30.120 ] 0 0 0 147 7434 104 0 0 7685
30.121 - 30.268 9 0 0 0 1 99 4360 66 0 4528
30.269 - 30.563 0 0 - 0 0 0 I T 2549 2 812
- 30.564 + 9 ] ] 0 0 0 0 82 8

COLUMM TOTALS: 0 469 1189 2730 6061 7630 4526 2618 8 . 28387

BIASES: 99.99 1.00 1.00 1.0 1.00 1.00 1.00 1.00 1.08

PERCENT CORRECT: 96.5138
HEILRE SXILL SCCRE: 0.3%612
CHI SCORE: 0.16

CASES = 28357
PRESSURE (INCHES
VERIFYING OBSERVATION
G- 29.236- 29.531- 29.678- 29.826- 29.974- 30.121- 30.26%- 30.564 +
29.235 29.830 29.677 29.825 29.973 30.120 30.268  30.563 ROW TOTALS
0-29.235 0 ¢ 0 0 0 ¢ 0 ] 0 9
29.236 ~ 29.530 0 457 10 0 0 0 0 0 0 467
29.531 - 29.677 0 12 1146 3 0 0 q q 0 118t
29.678 - 29.825 0 0 3 2622 % .0 0 1 0 2748
PERSISTENCE  29.826 - 29.973 ¢ 0 ¢ 75 5823 147 L q 0 6048
29.974 - 30.120 0 0 0 0 147 7434 104 0 0 7685
30.121 - 30.268 0 0 0 0 L 99 4360 66 0 4528
30.269 - 30.563 0 0 0 0 0 0 61 2849 2 612
30.564 + 0 0 0 9 g a 0 2 82 3
L
COLMN TOTALS: 0 469 1189 2730 6061 7680 4326 2618

=3 3
4
\l)

BIASES: 99.99 1.00 1.00 1.01 .00 1.00 1.00 1.00

-

PERCENT CORRECT: 96.5138
HEIJRE SKILL SCORE: 0.95612
CHI SCORE: 0.16

CASES = 25397 49



0¢

-~
(¥, )

¢5
5-14
15 - 24
25 - 34
35 -39
GEN 40 - 44
45 - 49
50 - 54
55 - 59
60 - 64
65 - 74
75 - 84
85 - 94
95 +

C O OO0 oo oo

COLUMN TOTALS: - 0
BIASES:  99.99

PERCENT CORRECT: 82.9751
HEIDKE SKILL SCORE: 0.80826
CHI SCORE: 0.97

CASES = 25357

TEMPERATURE (DEGREES FAHRENHEIT)

VERIFYING OBSERVATION

5-14  15-24 25-3¢  35-39 40-44 45-49 50-54 55-59 60-64 65-74 75-84 85-94

0

0
715
93

ooooooooooewgo
=4

OO0 O O OO o O

64
0.97 1.00

o
[~
w

0

0

94
2101
160

w

(=3~ - -]

2359
.00

0
0

162
1402
235
2

ol — = = — I I -]

1801
1.00

2195
1.00

oo oo

2027
1.00

1910
1.00

[N Y — B~ Y~ I ]

1772
233

S O N

2286
1.00

2496
0.98

(= N A~

C OO OO oD

(I N B — W BN -

95 + ROW TOTALS

0 0
0 62
0 812
] 2361
0 1799
0 2200
0 2024
0 1910
0 229
0 2455
0 5298
0 3120
4 970
7 50

1 25357



1§

-~
w

¢5
5-14
15 - 24
25 - 3%
35-139
PERSISTENCE 40 - 44
45 - 49
50 - 54
85 - 59
60 - 64
65 - 74
75 - 84
85 - 94
g5 +

OO OO OC DO OO O OO

COLUMN TOTALS: - 0
BIASES: 99.99

PERCENT CORRECT: 82.9751
HEIDKE SKILL SCORE: 0.80826
CHI SCORE: 0.97

CASES = 25357

5-14  15-24
0 0
62 0
2 715

0 93

0 0

0 0

0 0

0 0

] 0

0 0

0 0

0 0

0 0

0 0
64 808
0.97 1.00

TEMPERATURE (DEGREES FAHRENHEIT)

25-34

0

0

94
2101
160

[9%)

OO 00 Q- oo

2359
1.00

35-39
0

0

0

162
1402

235
2

1801

1.00

OO o O o

VERIFYING OBSERVATION

40-44  45-49  50-54

0 0

0 0

i 0

3 2
233 3
1740 218
215 15%
Kl 241

0 6

0 1

0 0

0 0

0 0

0 ¢
2195 2027
1.00 1.00

[ N I - =

4
246
1390
268
2

o O o o

1910
1.00

55-59  60-64
0 0

0 9

0 0

0 )

0 0

0 9

4 0
272 4
1772 243
233 1913
C3 336
2 0

0 0

¢ 0
2286 2496
1.00 0.98

65-74  75-84
0 0

0 0

0 0

0 0

1 0

0 0

i 0

0 0

6 0
305 1
4726 232
239 2778
0 108

0 0
5278 3119
1.00 1.00

85-94

OO OO OO OO o

—

101
848
13

963
1.01

95 + ROW TOTALS

0

62
812
2361
1799
2200
2024
1910
229
2455
5298
3120
970
50

O COoOO0OOCODOoOoOoOCOOo O

LoD b=
~4

51 25357
0.98



DEW POINT DEPRESSION (DEGREES FAHRENHEIT)

VERIFYING OBSERVATION

0-1 2-7 815 16-25 26 + ROW TOTALS

0-1 157 932 6 1 0 2515
2-7 837 199 615 1. 2 9404

GEM 8- 15 3 56 6077 473 0 7149
16 - 25 0 5 S04 4% 149 5054

2% + 0 1 11 1 1235

COLUMN TOTALS: 2416 9483 7203 5002 1253 25357

BIASES:. 1.04 0.99 0.9 1.01 0.99
PERCENT CORRECT: 83.2117
HEIDKE SKILL SCORE: 0.77004
CHI SCORE: 5.92

CASES = 258357

DEW POINT DEPRESSION (DEGREES FAHRENHEIT)

VERIFYING OBSERVATION

0-1 2-7 815 16-25 26 + ROW TOTALS

0-1 157 836 5 1 0 2413

2-7 842 8045 616 1 2 9506

PERSISTENCE 8-1§ 3 59 6077 473 0 7149
16 - 25 0 S 506 4396 149 5054

26 + 0 i 1 131 1102 1235

COLUMN TOTALS: 2416 9433 7203 5002 1253 25357

BIASES: 1.00 1.00 0.99 101 0.99
PERCENT CORRECT: 83.5706
HEIDKE SKILL SCORE: 0.77461
CHI SCORE: 1.26

CASES = 25357

52



WIND SPEED (KTS)

VERIFYING OBSERVATION

0-1 2-9 10-19 20-29 30 + ROW TOTALS

0-1 358 796 0 0 0 1154

2-9 47 19173 997 2 0 20919

GEM 10-19 1 977 211 70 0 3159
20-29 0 1 75 49 0 125

30 + 0 0 0 0 0 0

COLUMN TOTALS: 1106 20947 3183 121 0 25357

BIASES: 1.04 100 0.99 1.03 99.99
PERCENT CORRECT: 85.5425
HEIDKE SKILL SCORE: 0.51945
CHI SCORE: 2.43

CASES = 25357

WIND SPEED (KTS)

VERIFYING OBSERVATION

0-t - 2-9 10-19 20-29 30 + ROW TOTALS

0-1 358 796 0 0 0 1154

2-9 747 19170 1002 2 0 20921

PERSISTENCE 10 - 19 1 980 2102 74 0 3157
20 - 29 0 1 79 45 0 125

30 + 0 0 0 0 0 0

COLUMN TOTALS: 1106 20947 3183 121 0 25357

BIASES:  1.04 1.00 0.99 1.03 99.99
PERCENT CORRECT: 85.4794
HEIDKE SKILL SCORE: 0.51726
CHI SCORE: 2.46

CASES = 25357

53



WIND DIRECTION (DEGS)

VERIFYING OBSERVATION

0-44  45-89  90-134 135-179 180-224 225-269 270-314 315-359 ROW TOTALS

0 - 4 1461 290 77 40 20 2 99 618 2627

45 - 89 284 617 194 39 17 28 69 95 1343

90 - 134 57 166 729 293 81 48 90 57 1521

GEM 135 - 179 25 22 233 1814 782 82 93 31 3102
180 - 224 21 17 77 697 3486 423 186 68 4975

225 - 269 22 24 83 106 376 912 442 68 2013

270 - 314 123 60 90 91 123 472 2937 698 4594

315 - 358 ; 770 100 79 §7 47 68 639 3432 5182

COLUMN TOTALS: 2763 129 1542 3127 4932 2055 4555 5087 25357
BIASES: 0.95 1.04 0.98 0.99 1.01 0.98 1.01 1.02

PERCENT CORRECT: 60.6854
HEIDKE SKILL SCORE: 0.53700
CHI SCORE:  12.23

CASES = 25357

WIND DIRECTION (DEGS)

VERIFYING OBSERVATION

0-44  45-89 90-134 135-179 180-224 225-269 270-314 315-359 ROW TOTALS

0 - 44 1461 2% 77 40 20 22 99 618 2627

45 - 89 284 617 194 39 17 28 69 95 1343

90 - 134 57 166 729 293 81 48 90 57 1521

PERSISTENCE 135 - 179 23 22 233 1814 782 a2 93 31 3102
180 - 224 21 17 77 697 3486 423 186 68 4975

225 - 269 22 24 63 106 377 923 443 68 2026

270 - 3t4 123 60 90 91 122 461 2936 698 43561

315 - 359 770 100 79 47 47 68 639 3432 5182

COLUMN TOTALS: 2763 1296 1542 3127 4932 2055 4555 5087 25357

BIASES: 0.95 1.04 0.99 0.99 1.0 0.99 1.01 1.02

PERCENT CORRECT: 60.7248
HEIDKE SKILL SCORE: 0.53750
CHI SCORE:  11.59

CASES = 25357 54



CLQUD HEIGHT ONE (FEET)

VERIFYING OBSERVATION

0- 200- 500-  1000-  3000-
100 400 900 2900 6000
0 - 100 175 2 1 5 3
200 - 400 41 763 79 14 6
500 - 900 2 H 560 95 7
GEM 1000 - 2300 2 12 81 2084 89
3000 - 6000 1 7 4 87 1294
CLR BELOW 6001 24 72 39 222 231
PART. OBSCURE 11 19 b 7 4
COLUMN TOTALS: 256 986 770 2514 1634
BIASES: 0.% 1.00 1.03 1.00 1.00
PERCENT CORRECT: 91.6157
HEIDKE SKILL SCORE: 0.80446

CHI SCORE: 2.38
THREAT SCORE: 0.68963

CASES = 25357
CLOUD HEIGHT ONE (FEET)
VERIFYING OBSERVATION
0-  200-  500-  1000-  3000-
100 400 900 2000 6000
0-100 175 32 1 5 3
200 - 400 M 763 79 14 6
500 - 900 2 81 559 95 7
PERSISTENCE 1000 - 2900 2 12 81 2084 89
‘ 3000 - 6000 1 7 4 87 12%
CLR BELOW 6001 2% 72 1’ 22 M
PART. OBSCURE 1 19 7 7 4
COLUMN TOTALS: 256 986 770 2514 1634
BIASES:  0.9% 1.0  1.02 1,00  1.00

PERCENT CORRECT: 91.6236
HEIDRE SKILL SCORE: 0.80464
CHI SCORE: 2.76

THREAT SCORE: 0.68963

CASES = 25357

35

CLR BELOW  PART.
6001  OBSCURE
27 3
62 24
36 10
241 5
229 4
18191 91
110 164
18896 301
1.00 1.07
CLR BELOW  PART.
6001  OBSCURE
27 3
62 24
36 7
241 5
229 4
18151 91
110 167
18896 301
1.00 -1.08

ROW TOTALS

246
989
794
2514
1626
18370
321

25357

ROW TOTALS

246
989
787
2314
1626
18870
325

25357



GEM

PERCENT CORRECT:
HEIDKE SKILL SCORE:

CHI SCORE:
THREAT SCORE:

CASES =

PERSISTENCE

CLOUD HEIGHT TWO (FEET)

0 - 100

200 - 400

300 - 900

1000 - 2900
3000 - 6000
CLR BELOW 6001

COLUMN TOTALS:
BIASES:

93.2287
0.60078
3.70

0.41071

25357

CLOUD HEIGHT TWO (FEET)

VERIFYING OBSERVATION

0-  200-  500-  1000-

100 400 900 2900

2% 6 1 0

3 3% 5 3

0. 9 91 39

0 3 % 390

0 13 43

12 29 102 267
39 84 238 762

113 083 0.9  1.03

0 - 100

200 - 400
500 - 900
1000 - 2900

3000 - 6000

CLR BELOW 6001

COLUMN TOTALS:
BIASES:

PERCENT CORRECT: 93.2287

HEIDKE SKILL SCORE:

CHI SCORE:
THREAT SCORE:

CASES =

0.60078
3.7
0.41071

25357

VERIFYING OBSERVATICN

0- 200- 500-  1000-
100 400 900 2900
24 6 1 0
3 36 5 -3

0 9 9 39

0 3 36 330

¢ 1 3 43

12 29 102 267
39 84 238 742
1.13 0.83 0.98 1.03

56

3000-
6000

0

0

3
43
7%
352

11%

0.99

3000-
6000

9

0
3
43
796
352

119
0.99

CLR BELOW
6001

13
23
92
290
339
22303

23060
1.00

CLR BELOW
6001

13

23
92
230
339
22303

23060
1.00

ROW TOTALS

&b
70
234
762
1182
23065

25357

ROW TOTALS

44
70
234
762
1182
23065

25357



CLOUD HEIGHT THREE (FEET)

VERIFYING OBSERVATION

3000- CLR BELOMW
6000 6001
0 1
0 0
10 50
2 99
174 233
198 24401
404 24786
1.08 1.00 -

0- 200- 500- 1000~
100 400 900 2900
0 - 100 0 0 0 1
200 - 400 0 0 0 0
500 - 900 0 0 5 5
GEM 1000 - 2900 0 2 1 21
3000 - 6000 0 3 8 18
CLR BELOW 6001 3 S 30 65
COLUMN TOTALS: 3 10 44 110
BIASES: 0.67 0.00 1.59 1.32
PERCENT CORRECT: 97.0186
HEIDKE SKILL SCORE: 0.37184
CHI SCORE:  39.98
THREAT SCORE: 0.00000
CASES = 25357
CLOUD HEIGHT THREE (FEET)
VERIFYING OBSERVATION
0- 200- 500-  1000-
100 400 900 2900
0 - 100 0 0 0 L
200 - 4090 0 0 0 1
500 - 900 0 0 4 2
PERSISTENCE 1000 - 2900 0 2 1 17
3000 - 6000 0 3 7 17
CLR BELOW 6001 3 5 32 72
COLUMN TOTALS: 3 10 44 110
BIASES: 0.67 1.7 1.23 1.01
PERCENT CORRECT: 97.2473
HEIDKE SKILL SCORE: 0.37111
CHI SCORE: 9.75
THREAT SCORE: 0.00000
CASES = 25357

57

3000- CLR BELOW

6000 6001
0 1

3 13

10 38
18 73
162 185
211 24476
404 24786
0.93 1.00

RCW TOTALS

2

0

70
145
438
24702

25357

ROW TOTALS

2

17

54
111
3%
24799

25357



CLR BELOW 6001

T

GEM BRN
ove

OBSCURE

COLUMN TOTALS:
BIASES:

PERCENT CORRECT: 88.1098
HEIDKE SKILL SCORE: 0.71740
CHI SCORE: 8.67

CASES = 25357
CLR BELOW 6001
CT
PERSISTENCE BRN
ove
OBSCURE
COLUMN TOTALS:
BIASES:
PERCENT CORRECT: 87.9284
HEIDKE SKILL SCORE: 0.71372

CHI SCORE: 7.9

CASES = 25357

CLOUD COVER ONE

VERIFYING OBSERVATION

CLR BELOW
6001 SCT BN

18186 656 20
684 1980 380
20 444 461

0 151 283

0 0 0

18890 3231 1146
1.00 0.97 1.05

CLOUD COVER ONE

VERIFYING OBSERVATION

CLR BELOW
600L ST BN

18143 647 19
727 2048 434
20 ) 429

0 146 264

0 1 0

18890 323t 1146
1.00 1.04 0.96

58

QVC  OBSCURE  ROW TOTALS

7
89
278
1715
0

2089
1.03

1
0
0
0
0

i
0.00

18870
3133
1203
2151

0

25357

OVC OBSCURE ROW TOTALS

3
153
257

1676

0

2089
1.00

D OO O

1.00

18813
3362
1095
2086

1

25357



CLOUD COVER TWO

VERIFYING OBSERVATION

CLR BELOW
6001 SCT BRN OVC  ROW TOTALS

CLR BELOW 6001 22425 364 168 209 23166

GEM SCT 333 325 98 18 774
BKN 173 182 280 114 749

ove 224 54 144 246 668

COLUMN TOTALS: 23155 925 690 587 25357

BIASES: 1,00 0.84 1.09 1.14
PERCENT CORRECT: 91.7932
HEIDKE SKILL SCORE: 0.49718
CHI SCORE:  40.88

CASES = 23397

CLOUD COVER TWO

VERIFYING OBSERVATICN

CLR BELOW '
6001 SCT BKN OVC  ROW TOTALS
‘CLR BELOW 6001 22372 355 166 209 23102
PERSISTENCE SCT 392 390 149 27 938
BKN 174 141 260 124 699
ove 217 K 115 227 598
COLUMN TOTALS: 23155 925 690 587 25357

BIASES: 1.00 1.04 1.0t 1.02
PERCENT CORRECT: 91.6867
HEIDKE SKILL SCORE: 0.49730
CHI SCORE: 1.62

CASES = 25357

59



CLOUD COVER THREE

VERIFYING OBSERVATION

CLR BELOW .
6001 5CT BKN OVC  ROW TOTALS

CLR BELOW 6001 24322 130 105 124 24681

GEM SCT 115 38 35 6 194
BXN 101 23 79 38 241

ave 116 5 38 82 241

COLUMN TOTALS: = 24654 19 257 250 25357

BIASES: 1.00 0.99 0.94 0.9

PERCENT CORRECT: 96.7031
HEIDKE SKILL SCORE: 0.38254
CHI SCORE: 1.3

CASES = 25357
CLOUD COVER THREE
VERIFYING OBSERVATION
CLR BELOW
6001  SCT  BEN  OVC  ROW TOTALS
CLR BELOW 6001 24308 129 103 124 24665
PERSISTENCE ST 12 19 % 6 207
BN 103 2 80 38 24
owC 116 5 3 82 241
COLUMN TOTALS: 24656 1% 257 250 25357

BIASES: 1.00 1.06 0.95 0.9%
PERCENT CORRECT: 96.6597
HEIDKE SKILL SCORE: 0.38147
CHI SCORE: 1.60

CASES = 25357

60



VISIBILITY (MILES)

VERIFYING OBSERVATION

0¢1/2 1/2¢1 1¢3 3¢5
0¢1/2 27 13 19 5
1/2 9 25 38 23
GEM 1¢3 5 28 550 206
3¢5 6 14 231 989
5:¢7 1 5 37 302
7+ 1 5 25 78
COLUMN TOTALS: 49 90 900 1603
BIASES: 1.41 .14 0.9  1.00
PERCENT CORRECT: 91.1504
HEIDKE SKILL SCORE: 0.69507
CHI SCORE:  13.86
THREAT SCORE: 0.31224
CASES = 25357
VISIBILITY (MILES)
VERIFYING OBSERVATION
0¢1/2 1/2¢1 1.¢3 3¢5
0¢1/2 27 13 19 5
1/2 ¢ 1 9 25 k| 23
PERSISTENCE 1¢3 5 28 550 206
3¢5 6 14 231 989
5¢7 1 5 37 302
7+ 1 5 25 78
COLUMN TOTALS: 49 90 900 1603
BIASES: 1.41 1.14 0.9  1.00

PERCENT CORRECT: 91.1504
HEIDKE SKILL SCORE: 0.69507
CRI SCORE:  13.86

THREAT SCORE: 0.31224

CASES = 25357

61

266
789
380

1473
1.02

266
789
380

1473
1.02

7+ RCW TOTALS

3 69

35 103

26 848

102 1608

373 1507

20733 21222

21242 25357
1.00

7 + ROW TOTALS

3 69

5 103

26 848

102 1608

N3 1507

20733 21222

21242 25357
1.00



GUSTS (KTS)

VERIFYING OBSERVATION

0-10 11-20 21-30 31-40 41 + ROW TOTALS

0-10 22349 947 104 1 0 23401

1 -20 478 540 152 0 1170

GEM 21 - 30 112 154 449 K} 0 746
3 - 40 0 1 27 12 0 40

41 + 0 0 0 0 0 0

COLUMN TOTALS: 22933 1642 132 44 0 23357

BIASES:  1.02  0.71  1.02  0.91 99.99
PERCENT CORRECT: 92.0850

HEIDKE SKILL SCORE: 0.50930

CHI SCORE:  145.61

CASES = 25357

GUSTS (KTS)

VERIFYING OBSERVATION

0-10 11-20 21-30 31-40 41 + ROW TOTALS

0-10 22092 741 102 1 0 22936

11 - 20 735 746 155 0 0 1636

PERSISTENCE 21 - 30 112 154 448 3 0 743
31 -40 0 i 27 12 0 40

41 + 0 0 0 0 0 0

COLUMN TOTALS: 22939 1642 732 44 0 25357

BIASES: 1.00 1.00 1.02 0.9 99.99
PERCENT CORRECT: 91.8800
HEIDKE SKILL SCORE: 0.54047
CHI SCORE: 0.62

CASES = 25357

62



0 - 100

200 - 400

300 - 900

GEM . 1000 - 2900
3000 - 6000

CLR BELOW 6001

COLUMN TOTALS:
BIASES:

PERCENT CORRECT: 94.7904
WEIDKE SKILL SCORE: 0.81705

CHI SCORE: 1.29
THREAT SCORE: 0.76435

CASES = 25357

0 - 100

200 - 400

500 - 900

PERSISTENCE 1000 - 2900
3000 - 6000

CLR BELOW 6001

COLUMN TOTALS:
BIASES:

PERCENT CORRECT: 94.7904
HEIDKE SKILL SCORE: 0.81705

CHI SCORE: 1.29
THREAT SCORE: 0.76435

CASES = 25357

GEILING (FEET)

VERIFYING OBSERVATION

0- 200- 500-  1000-
100 400 900 2900

63 29 2 0
30 637 57 10
4 58 342 75
2 8 65 1325
0 4 4 33
15 38 38 184

114 774 508 1647

0.97 0.97 1.00 1.01

CEILING (FEET)

VERIFYING OBSERVATION

0- 200- 500-  1000-
100 400 900 2900

63 29 2 0
30 637 57 10
4 58 342 75
2 8 65 1325
0 4 4 53
15 38 38 184

114 774 508 1647

0.97 0.97 1.00 1.01

63

3000-
6000

LD

759
164

986
0.98

3000-
6000

- A
S vwe

164

986
0.98

CLR BELOW

6001

17

16

26
212
147
20910

21328
1.00

CLR BELOW

6001

17

16

26
212
147
20910

21328
1.00

ROW TOTALS

m
753
310
1667
%7
21349

23357

ROW TOTALS

111
783
510
1667
967
21349

25357



TOTAL CLOUD AMOUNT

TOTAL CLOUD AMOUNT

VERIFYING OBSERVATION

CLR BELOW
6001

18186
676
25

3

0

18890
1.00

SCT

647
1400
313

2437
1.02

BEN

29
329
470
275

1103
0.98

VERIFYING OBSERVATION

. CLR BELOW

CLR BELOW 6001
ST
GEM BN
ove
(OBSCURE
COLUMN TOTALS:
BIASES:
PERCENT CORRECT: 89.2337
HEIDKE SKILL SCORE: 0.74430
CHI SCORE: 2.14
CASES = 25357
CLR BELOW 6001
T
PERSISTENCE BN
ove
OBSCURE
COLUMN TOTALS:
BIASES:
PERCENT CORRECT: 89.0918
HEIDKE SKILL SCORE: 0.74183
CHI SCORE: 4.62
CASES = 25357

6001

18143
719
25

3

0

18830
1.00

SCT
640

1406
313

2437
1.04

64

BRN

26
332
in
274

1103
0.98

OVC  OBSCURE ROW TOTALS

7 1 18870
74 0 2479
274 0 1082
2571 0 2926
0 0 0
2926 1 25357
100 0.00

OVC  OBSCURE  ROW TOTALS

3 1 18813

78 ¢ 2335

274 0 1083

2571 ¢ 2925

0 0 1

2926 1 23357
1.00 1.00



0-29.23
29.236 - 29.530
29.531 - 29.677
29.678 - 29.825
29.826 - 29.973
29.974 - 30.120
30.121 - 30.263
30.269 - 30.963

oy

30.564 +
COLUMN TCTALS:
BIASES:
PERCENT CCRRECT: 95.4202
HEIDKE SKILL SCORE: 0.94226
CHI SCCRE: 0.06
CASES = 28238
0 - 29.235
29.236 - 29.530
29.531 - 29.677

29.678 - 29.825
29.826 - 29.973
29.974 - 30.120
30.121 - 30.268
30.269 - 30.563

30.564 +

PERSISTENCE

COLUMYN TOTALS:
BIASES:

PERCENT CORRECT: 95.4202
HEICKE SKILL SCORE: 0.94236
CHI SCORE: 0.06

CASES = 25285

30 MINUTE PROJECTION

0- 29.23-
29.235  29.330
0 q

0 449

0 15

0 0

0 ¢

0 0

0 0

0 0

0 0

0 464
§9.99 1.00
0- 29.236-
29.235 29.530
0 0

0 449

0 15

0 0

0 0

¢ 0

0 0

0 0

¢ 0

0 464
99.99 1.00

PRESSURE (INCHES

VERIFYING OBSERVATION

29.531- 29.678- 29.826-
29.677  29.825  29.973
0 0 0

17 0 0
1118 52 0
4 2580 112

0 108 5736

0 0 191

0 0 1

0 0 ]

0 0 0

1179 2740 6040
1.01 1.00 1.00

PRESSURE (INCHES)

VERIFYING OBSERVATICN

29.531- 29.673-  29.826-
23.677  29.825  29.972
0 0 0

17 0 0
1118 52 q
44 2580 112

0 108 5738

0 0 191

0 0 1

0 0 0

0 0 (]

179 2740 6040
1.01 1.00 1.00

29.974-
30.120

0

0

0

1
199
7332
127
0

0

7653
1.00

29.974-
30.120

oo o

199
7332
127

7639
1.00

30.121-
30.268

—_—_0 O OO

4303
81

4510
1.00

30.121-
30.268

_-_0 O OO

4303
81

4510
1.00

30,269~
30.563

<

2527

2509
1.00

30.269-
30.563

0O O O O o

2527

2609
1.00

[ = I T o T o Y - )

30.564 +

(=]

N aoaoaoo

[e]

1.00

30.564 +

O OO o

NN O OO

[24]

84
1.00

ROW TOTALS

0
466
1185
2737
6044
7648
4514
2610
8

28038

o ot

ROW TOTALS

0
465
1185
2737
6044
7643
4311
2610
&

25283



99

-
(%))

¢S5 ,
5-14
15 - 24
25 - 34
35-39
GEM 40 - 44
45 - 49
50 - 54
55 - 59
60 - 64
65 - 74
75 - 84
85 - 94
95 4

OO0 oo oo ooCcoOoOoO

COLUMN TOTALS: 0
BIASES: 99.99

- PERCENT CORRECT: 77.8050

HEIDKE SKILL SCORE: 0.74999
CHI SCORE: 0.41

CASES = 25285

5-14

tn
Qo

[ -~ - I~ I BN~ I - - — i ]

60
0.97

15-24

0
0
689
106

—

OO OO OO OO

796
1.02

TEMPERATURE (DEGREES FAHRENHEIT)

25-34

0

0
116
2019
214
10

0

[—J - — B B i )

2359

1.00 -

35-39

0
0
0

208 -

12711
307
12

0

S oo oD

1798
1.00

VERIFYING OBSERVATION

40-44

0

0

i

15
298
1591
2N
10

0

2192
1.00

[ R = e R =

45-49  50-54
0 0

0 0

0 0

2 't

13 0
264 13
1426 304
297 1264
2] K)E)

| 10

0 0
-0 1
0 0

0 0
2026 1907
1.00 1.00

55-59

2284
1.00

60-64 65-74
0 0

0 0

0 0

0 0

0 0

1 0

1 0

5 1
310 13
1701 425
417 4532
1 323

0 0

0 0
2436 529%
1.00 1.00

75-84

[t — B =B —~ I~ B T - T — - ]

w
[
~d

2645
137

i
1.00

85-94

OO OO0 O OO OO

<

136
821
15

972
1.00

95 + ROW TOTALS

0 0
0 58
0 808
0 2350
0 1797
0 2186
0 - 2036
0 1902
0 2282
0 2443
0 . 5293
0 3107
14 972
36 51
50 25285
1.02



s

¢ 5

5 - 14
15 - 24
25 - 34
3B-39
PERSISTENCE 40 - 44
45 - 49
50 - 54
55 - 59
60 - 64
65 - 74
75 - 84
85 - 94
a5 +

COLUMN TOTALS:
BIASES:

PERCENT CORRECT: 77.8050
0.74999

HEIDKE SKILL SCORE:
CHI SCORE: 0.41

CASES = 25285

(¥,

OO OO OO DO OO OO OO

0

99.99

5-14

w
[ -]

S OO DO OO OO oo

60
0.97

15-24

0
0
689
106

—

OO oSO oo oo o

796
1.02

TEMPERATURE (DEGREES FAHRENHEIT)

25-34

0

0
116
2019
214
10

Do oo oo

2359
1.00

35-39

0

0

0
208
121
307
12

OO o O o

1798
1.00

VERIFYING OBSERVATION

40-44

0

0

1

15
298
1591
277

[~ — B — I — B -1

2192
1.00

45-49

2026
1.00

50-54

[ =K~

304
1264
315
10

(=T =

1907
1.00

55-59

[ — B — . B

325
1620
305
17

2284
1.00

60-64

W= o o0 oo

310-

1701
417

2436
1.00

'65-74

O OO OO OO

425
4532
323

5294
1.00

75-84

—_To OO o000 oo o

o

327
2645
137

ut
1.00

85-94

[ =~ B~ - — I

(=]

136
821
15

972
1.00

95 + ROW TOTALS

0
58
808
2330
1797
2186
2036
1902
2282
2443
5293
3107
972
51

frOoOCOC OO OCO o0 o000 o

Ly
N

25285

wn
<

1.02



DEW POINT DEPRESSION (DEGREES FAHRENHEIT)

VERIFYING OBSERVATION

0-4 2-7 8-15 16-25 26 + ROW TOTALS

0-1 1260 1227 8 0 0 2495

2-7 1120 7491 763 3 1 9380

GEM §-15 6 754 5739 631 0 7130
16 - 25 0 8 623 4240 186 5057

26 + 0 1 3 173 1040 1223

COLUMN TOTALS: 2386 9481 7138 3053 1227 25285
BIASES: 1.05 0.99 1.00 1.00 1.00

PERCENT CORRECT: 78.1886
HEIDKE SKILL SCORE: 0.70108
CHI SCORE: 6.08

CASES = 25285

DEW POINT DEPRESSION (DEGREES FAHRENHEIT)

VERIFYING OBSERVATION

0-1 2-7 8-15 16-25 26 + ROW TOTALS

0-1 133 1049 10 0 0 2398
2-7 1041 7669 763 3 1 9477
PERSISTENCE 8-15 6 754 5739 631 0 7130
16 - 25 0 8 623 4240 186 5057
26 + 0 1 3 179 1040 1223
COLUMN TOTALS: 2386 9481 7138 5053 1227 25285
BIASES: 1.01 1.00 1.00 1.00 1.00

PERCENT CORRECT: 79.2051
HEIDKE SKILL SCORE: 0.71459
CHI SCORE: 0.09

CASES = 25285

68



WIND SPEED (KTS)

VERIFYING OBSERVATION

0-1 2-9  10-19 20-29 30 + ROW TOTALS

0-1 314 831 0 0 0 1145

2-9 841 18972 1065 3 0 20881

GEM 10 - 19 1 1045 2013 72 0 KIK)|
20 - 29 0 0 75 53 0 128

30 + 0 0 0 0 0 0

COLUMN TOTALS: 1136 20848 3133 128 0 25285

BIASES: 0.99 1,00 0.99 1.00 99.99
PERCENT CORRECT: 84.4453
HEIDRE SKILL SCORE: 0.48418
CHI SCORE: 0.31

CASES = 25285

WIND SPEED (KT3)

VERIFYING OBSERVATION

0-1 2-9 10-19 20-29 30 + ROW TOTALS

0-1 314 831 0 0 0 1145

2-9 841 18958 1065 3 0 20867

PERSISTENCE 10 - 19 11058 2010 75 0 3145
20-29 0 0 78 50 0 128

30+ 0 0 0 0 0 0

COLUMN TOTALS: 1156 20848 3153 128 0 25285

BIASES: 0.99 1.00 1,00 1.00 99.99
PERCENT CORRECT: 84.3662
HEIDKE SKILL SCORE: 0.48222
CHI SCORE: 0.14

CASES = 25285

69



0-44
0-44 1295
45 -89 267
90 - 134 70
GEN 135 - 179 4
180 - 224 3%
225 - 269 kl:
270 - 34 1A
#5-359 760
COLUMN TOTALS: 2626
BIASES:  1.00
PERCENT CORRECT: 55.9343
HEIDRE SKILL SCORE: 0.48070
CHI SCORE:  0.59
CASES = 25285
0-44
0-4 1295
45-89 267
90 - 134 70
PERSISTENCE 135 - 179 4
180 - 224 3%
225 - 269 3
270 - 314 121
3i5-359 760
COLUMN TOTALS: 2626
BIASES:  1.00
PERCENT CORRECT: 56.0214
HEIDKE SKILL SCORE: 0.48181
CHI SCORE:  0.13
CASES = 25285

WIND DIRECTION (DEGS)

VERIFYING OBSERVATICN

90-134 135-179 180-224 225-269 270-3i14 315-359 ROW TOTALS

45-89
303 103 53 2 27
563 202 42 ) 39
168 625 297 102 7%
37 229 1634 a3 124
19 83 748 3328 441
36 74 134 431 724
n 125 125 165 487
142 86 54 66 91
13435 1527 3087 4975 2007
1.00 1.00 1.00 1.00 0.99
WIND DIRECTION (DEGS)

45-89

303
563
168
Ky}
19
36
77
142

1345
1.00

VERIFYING OBSERVATION

90-134 135-179 180-224 225-269
103 53 il 27
202 42 3 39
625 297 102 74
229 1636 834 124

83 746 3325 441
T4 134 433 750
125 125 163 461
86 54 66 9
1527 3087 4975 2007
1.00 1.90 1.00 1.00

70

116
83
109
140
229
452
2726
707

43562
1.01

270-314

116
83
109
149
229
453
2723
707

4562
1.00

701
116
77
58
90
95
m
3248

5156

1.00

315-359

701
116
77

s

90
95
m
3248

5156
1.00

2619
1343
1522
3094
4972
1984
4597
9154

25285

ROW TOTALS

2619
1343
1522
3099
4967
2015
4566
5154

25285



GEH

0 - 100

200 - 400

500 - 900

1000 - 2900
3000 - 6000
CLR BELOW 6001
PART. OBSCURE

COLUMN TOTALS:
BIASES:

PERCENT CORRECT: 89.5748
HEIDKE SKILL SCORE: 0.75689

CHI SCORE:

THREAT SCORE:

CASES =

PERSISTENCE

0.33
0.62980

25285

0 - 100

200 - 400
500 - 900
1000 - 2300
3000 - 6000

. CLR BELOW 6001

PART. OBSCURE

COLUMN TOTALS:
‘ BIASES:

PERCENT CORRECT: 89.5828
HEIDKE SKILL SCORE: 0.75708

CHI SCORE:

1.3

THREAT SCORE: 0.63046

CASES = 25285

CLQOUD HEIGHT ONE (FEET)

100

156
4
3

5

1
%1
9

242
1.01

VERIFYING OBSERVATION

200-
400

38
716
99
18
10
89
19

989

1.00

500-
900

1
105
518
113

6

41

4

. 788

1.00

1000-
2900

6

18
115
1955
109
306
8

2517

1.00

3000- CLR BELOW PART.

6000

CLOUD HEIGHT ONE (FEET)

o
100

136
41
3
5

1
27
9

242
1.01

VERIFYING OBSERVATICN

200-
400

38
n7
9
18
10
89
21

989
1.00

500-
500

1
105
516
112

6

41

7

788
0.99

71

1000-
2900

6
18
115
1955
109
306
8

2317
1.00

3000-
6000

4
;

7
102
1187
304

1615
1.00

6001

kL

7
39
i
295
17962
116

18830
1.00

OBSCURE

4
27
7

8

7
97
154

304
1.03

CLR BELOW  PART.

6001

* 36
n
39

311

295

17962

116

18830
1.00

OBSCURE

4
27
S

8
S
97
158

304
1.06

ROW TOTALS

245
985
788
2512
1616
18826
313

23285

ROW TOTALS

245
986
781
2511
1613
18826
323

25285



GEYM

PERCENT CORRECT:
HEIDKE SKILL SCORE:
11.15
0.40000

CHI SCORE:
THREAT SCORE:

CASES =

PERSISTENCE

CLOUD HEIGHT TWO (FEET)

0 - 100

200 - 400

500 - 900

1000 - 2300
3000 - 6000
CLR BELOW 6001

COLUMN TOTALS:
BIASES:

91.8291
0.51797

25285

CLOUD HEIGHT TWO (FEET)

VERIFYING OBSERVATION

0- 200- 500-  1000-
100 400 900 2900
21 8 0 0

8 29 7 4

6 52 3

0 4 56 350

0 1 4 46

13 25 113 334
42 73 232 765
1.05 0.99 .0.8 1,08

0 - 100
200 - 400

500 - 900

1000 - 2900
3000 - 6000
CLR BELOW 6001

COLUMN TOTALS:
BIASES:

PERCENT CORRECT: 91.8410

HEIDRE SKILL SCORE:
0.08
0.40244

CHI SCORE:
THREAT SCORE:

CASES =

0.51838

25285

VERIFYING OBSERVATION

0- 200- 500-  1000-
100 400 900 2900
2 8 0 0
8 29 7 4

0 7 62 41

0 3 4 340

0 1 4 46

13 25 113 334
42 73 232 765
1.02 0.99 1.00 1,00

72

3000-
6000

48
687
435

1177
1.00

3000-
6000

50
686
435

1177
0.99

CLR BELOW
6001

15

22

94
348
437
22080

229%
1.00

CLR BELOW
6001

14

22
117
325
434
22084

2299
1.00

ROW TOTALS

44

72
187
807
1175
23000

25285

ROW TOTALS

43
72
231
764
117
23004

25285



CLOUD HEIGHT THREE (FEET)

VERIFYING OBSERVATION

0-  200-  500-  1000-

100 400 900 2900

0 - 100 0 0 0 0

200 - 400 0 0 0 0

500 - 900 0 0 4 2

GEY 1000 - 2900 0 0 2 2
3000 - 6000 0 i 12 13

CLR BELOW 6001 2 16 35 69

COLUMN TOTALS: 2 17 53 i

BIASES: 0.00 0.00 1.17 1.49
PERCENT CORRECT: 96.6818
HEIDKE SKILL SCORE: 0.27824
CHI SCORE:  47.92
THREAT SCORE: 0.00000

CASES = 25285

CLOUD HEIGHT THREE (FEET)

VERIFYING OBSERVATION

0- 200- 500-  1000-

100 400 900 2900

¢ - 100 0 0 0 0

200 - 400 0 0 0 2

500 - 900 0 0 3 1

PERSISTINCE 1000 - 2900 0 i 1 16
3000 - 6000 0 0 i1 15

CLR BELOW 6001 2 16 38 7

COLUMN TOTALS: 2 17 S3 31

BIASES: 1.00 1.00 1.02 1.00

PERCENT CORRECT: 96.8558
HEIDKE SKILL SCORE: 0.27501
CHI SCORE: 0.12

THREAT SCORE: 0.00000

CASES = 25285
73

3000-
6000

0

0

7
25
110
235

377
1.05

3000-
6000

0

4
7
14
113
239

377
0.98

CLR BELOW
6001

0

0

49
111
260
24305

24725
1.00

CLR BELOW
6001

2

1

43

79
232
24358

24725
1.00

ROW TOTALS

0

0

62
165
396
24662

25285

ROW TOTALS

2

17

54
11
n
24730

25285



CLR BELOW 6001
5CT

BKN

ove

OBSCURE

GEM

COLUMN TOTALS:
BIASES:

PERCENT CORRECT: 85.7544

HEIDKE SKILL SCORE: 0.66139
CHI SCORE: 6.38
CASES = 25285
CLR BELOW 6001
T
PERSISTENCE BKN
ove
OBSCURE
COLUMN TOTALS:
BIASES:

PERCENT CORRECT: 85.6358
HEIDKE SKILL SCORE:
CHI SCORE: 0.93

CASES = 25285

0.65946

CLOUD COVER ONE

VERIFYING OBSERVATION

CLR BELOW
6001 5T BKN
17945 814 45
817 1793 421
40 458 326
9 226 302
0 0 0
18811 3291 109
1,00 0.97 1.01

CLOUD COVER ONE

VERIFYING QBSERVATION

CLR BELOW

6001 SCT BKN
17905 805 44
847 1840 426

50 427 338

9 219 285

0 0 1

18811 3291 1094
1.00 1.02 0.99

74

OVC OBSCURE  ROW TOTALS

2 0 18826
61 1 3193
286 0 1110

1619 0 2156

! 0 0
2088 1 25285
1.03 0.00

OVC  OBSCURE ROW TOTALS

18 0 18772
228 1 3342
272 0 1087

1570 0 2083

0 0 1
2088 1 25285
1.00 1.00



CLOUD COVER TWO

VERIFYING OBSERVATION

CLR BELOW
6001 5T BRN ~ OVC  ROW TOTALS
CLR BELCW 6001 22194 459 226 253 23132
GEM SCT 442 242 121 44 849
BKN 151 146 184 88 569
Qve 283 .74 169 209 735
' COLUMN TOTALS: 23070 921 700 594 '25285

BIASES: 1.00 0.92 0.81 1.24

PERCENT CORRECT: 90.2867
HEIDRE SKILL SCORE: 0.40322
CHI SCORE:  63.78

CASES = 25285
CLOUD COVER TWO
VERIFYING OBSERVATION
CLR BELOW
6001 SCT BRN OVC  ROW TOTALS
CLR BELOW 6001 22132 444 216 251 23043
PERSISTENCE SCT 462 282 148 57 949
BRN 221 147 210 113 697
ove 249 48 126 113 596
COLUMN TOTALS: 23070 921 700 594 25285

BIASES: 1.00 1.03 1.00 1.00
PERCENT CORRECT: 90.1602
HEIDKE SKILL SCORE: 0.40659
CHI SCORE: 0.90

CASES = 25285

75



CLOUD COVER THREE

VERIFYING OBSERVATION

CLR BELOW
6001
CLR BELOW 6001 24192
GEM ) T 136
ERN 131
Qve 139

COLUMN TOTALS: 24598
BIASES: 1.00

PERCENT CORRECT: 96.2824
HEIDRE SKILL SCORE: 0.29%67
CHI SCORE: 0.46

CASES = 25285

CLOUD COVER THREE

5CT

135
kKi
19
15

202
0.97

141
2
56
2

242
0.97

VERIFYING OBSERVATION

CLR BELOW
6001
CLR BELOW 6001 24178
PERSISTENCE SCT 144
BKN 138
ove 138

COLUMN TOTALS: 24598
BIASES: 1.00

PERCENT CORRECT: 96.2389
HEIDKE SKILL SCORE: 0.29658
CHI SCORE: 0.18

CASES = 25285

SCT

135
33
20
14

202
1.02

76

136
2
59
23

242
1.01

ove

143

28
64

243
1.00

ove

146

28
64

243
0.98

ROW TOTALS

24613
196
234
242

25285

ROW TOTALS

24595
206
245
239

25285



VISIBILITY (MILES)

VERIFYING OBSERVATION

0¢1/2 17241

0« 1/2 24
172 ¢ 1 5

GEM 1¢3 15
3¢5 6

S«¢7 2

74+ 3

COLUMN TOTALS: 55

BIASES:  1.38

PERCENT CORRECT: 89.9031
HEIDKE SKILL SCORE: 0.65234
CHI SCORE: 8.30

THREAT SCORE: 0.23308

CASES = ' 25285

13
20
41
13
9
4

100
0.97

1¢3

24
)|
470
247
39
36

847
0.99

3¢5

237
914
a8
116

1615
1.00

VISIBILITY (MILES)

VERIFYING OBSERVATION

0¢1/2 1/2 ¢ 1

0172 k]

1/2 ¢ 1 6

PERSISTENCE 1¢3 15
3¢ 6

5¢7 2

74 3

COLUMN TOTALS: 55

BIASES: 1.27

PERCENT CORRECT: 89.9071
HEIDKE SKILL SCORE: 0.65248
CHI SCORE: 4.37

THREAT SCORE: 0.23308

CASES = 25285

i1
22
41
13
9
4

100
1.03

1¢3

21
34
470
247
39
36

847
0.99

77

3¢5

7
23
237
914
318
116

1615
1.09

297
722
427

1500
1.00

297
722
427

1500
1.00

7 + ROW TOTALS

6

9

29
132
410
20582

21168
1.00

76

97
835
1609
1500
21168

25285

7 + ROW TOTALS

6
9

29
132
410
20582

21168

1.00

70
103
835

1609
1500
21168

25285



GUSTS (KTS)

VERIFYING OBSERVATION

0-10

0-10 22215

1 - 20 523

GEM 21-30 124
31 - 40 2

41 + 0

COLUMN TOTALS: 22864
BIASES:  1.02

PERCENT CORRECT: 91.5839
HEIDKE SKILL SCORE: 0.48113
CHI SCORE: 130.24

GUSTS (KTS)

11-20  21-30 31-40

97
504
157
0
0

1628
0.73

136
155
431
K}
0

753
0.99

VERIFYING OBSERVATION

CASES = 25285
0-10
0-10 21947
11 - 20 791
PERSISTENCE 21 - 30 124
A - 40 2
41 + 0

COLUMN TOTALS: 22864
BIASES:  1.00

PERCENT CORRECT: 91.2043
HEIDKE SKILL SCORE: ©.50320
CHI SCORE: 0.14

CASES = 25285

11-20  21-30
795 129
676 162
157 431

0 3
0 0
1628 753
1.00  0.99

78

0 0
2 0

3 0

7 0

0 0

40 0
1,00 99.99

41 + ROW TOTALS

23318
1184
743
40

0

25285

31-40 41 + ROW TOTALS

0 0

2 0

3 0
7 0

0 0
o 0
1.00 99.99

22871
1631
743
40

0

25285



0 - 100

200 - 400

500 - 900

GEM 1000 - 2900
‘ 3000 - 6000

CLR BELOW 6001

COLUMN TOTALS:
BIASES:

PERCENT CORRECT: 93.1184

HEIDKE SKILL SCORE: 0.75850

CHI SCORE: 1.66
THREAT SCORE: 0.69795

CASES = 25285

0 - 100

200 - 400

S00 - 900

PERSISTENCE 1000 - 2900
3000 - 6000

CLR BELOW 6001

COLUMN TOTALS:
BIASES:

PERCENT CORRECT: 93.1303

HEIDKE SKILL SCORE: 0.75850

CHI SCORE: 0.13
THREAT SCORE: 0.69685

CASES = 25285

CEILING (FEET)

VERIFYING OBSERVATION

0- 200- 500-  1000-
100 400 900 2800

54 2 3 0
2 596 79 15
5 68 301 88
2 7 75 1234
0 4 6 1
16 45 49 259

109 152 513 1667
1.12 1.00 0.99 1.00

CEILING (FEET)

VERIFYING OBSERVATION

0- 200- 500-  1000-
100 400 900 2900

48 2 3 0
32 596 n 15
5 68 301 83
2 7 75 1234
0 4 6 n
22 45 49 259

109 752 513 1667
1.00 1.00 0.9 1.00

79

3000-
6000

0

1

6
59
679
223

968
1.00

3000-
6000

0

1

6
59
679
223

968
1.00

CLR BELOW
6001

KX}

)
38
286
207
20681

21276
1.60

CLR BELOW
6001

26

3
38
286
205
20690

21276
1.00

ROW TOTALS

122
754
506
1663
967
21273

25285

ROW TOTALS

108
754
506
1663
965
21288

25285



TOTAL CLOUD AMOUNT

VERIFYING OBSERVATION

CLR BELOW
6001 T BN OVC OBSCURE ROW TOTALS

CLR BELOW 6001 17945 774 80 27 0 18826

. &CT 784 1186 335 156 1 2462

GEM BRN 63 340 361 300 0 1066
Qe 17 164 308 2442 q 2931

0BSCURE 0 0 0 0 0 0

COLUMN TOTALS:  {88il 2464 1084 2625 1 25285

BIASES: 1.00 1.00 0.98 1.00 0.00

PERCENT CORRECT: 86:7471
HEIDKE SKILL SCORE: 0.68349
CHI SCORE: 1.32

CASES = 25285
TOTAL CLOUD AMOUNT
VERIFYING OBSERVATION
CLR BELOW
6001 SCt BKN OVC OBSCURE  ROW TOTALS
CLR BELOW 6001 17905 768 76 23 0 18772
5CT 824 1192 338 160 { 2515
PERSISTENCE BRN 65 34 369 304 0 1079
Qe 17 163 300 2438 0 2918
OBSCURE 0 0 1 0. 0 1
COLUMN TOTALS: 18811 2464 1084 2925 1 25285

BIASES: 1.00 1.02 1.00 1.00 1.00

PERCENT CORRECT: 86.6284
HEIDKE SKILL SCORE: 0.68374
CHI SCORE: 1.18

CASES = 25285
80



L0 MINUTE PROJECTION

PRESSURE (INCHES
VERIFYING OBSERVATION

0- 29.2%- 29.531- 29.678- 29.826- 29.974- 30.121- 30.269- 30.564 +

29.235  29.530  29.677 29.825 29.973  30.120  30.268  30.363 ROW TOTALS

0 -29.235 0 0 0 0 0 0 0 0 0 0

29.236 - 29.530 0 4é4 20 ¢ 0 ¢ 0 0 0 464

29.331 - 29.677 0 2 1096 69 1 0 0 0 0 1187

29.678 - 29.825 0 Y 39 2528 144 0 ) q ¢ 2728

GEM 29.826 - 29.973 0 0 0 126 5638 239 1 0 0 602%

¢ 29.974 - 30.120 0 0 0 0 L4 7233 172 0 0 7623

30.121 - 30.268 0 ] 0 0 1 163 4248 90 ¢ 4503

30.269 - 30.563 ¢ 0 0 g a 0 103 2484 2 2553

30.564 + ¢ 0 0 0 0 0 0 3 81 o4

CCLUMN TOTALS: ¢ 463 1173 720 5023 7635 4526 877 3 =08
BIASES: 99.99 1.00 1.01 1.00 1.0 1.00 0.99 1.00 191

PERCENT CORRECT: 94.2917
HETLKE SKILL SCORE; 0.92814
CAI SCORE: 0.35

CaSEs = 28209

PRESSURE (INCHES
VERIFTING OBSZRVATION

0- 29.236- 29.531- 29.678- 29.826- 29.974- 30.121- 30.263- 30.564 +

29.235  29.530  29.677  29.825 29.973  30.120  30.268  30.%63 RCHW TOTALS

0 -29.235 9 0 0 ] 0 0 0 0 0 0

T 29.236 - 29.530 0 7 20 0 0 0 0 0 0 454
29.531 - 29.677 0 2 1096 69 i 0 0 0 0 1187
29.678 - 29.825 0 0 59 2525 144 0 1 0 0 2729
PERSISTENCE  29.826 - 29.973 0 0 0 126 5638 239 t ] 0 6024
29.974 - 30.120 0 0 0 0 224 7233 172 0 0 7629
30.12t - 30.268 0 ¢ 0 0 t 163 4249 %0 0 4503
30.269 - 30.563 0 0 0 0 0 0 103 2484 2 2859
30.564 + 0 g 0 0 0 0 0 3 I 84

COLUMN TOTALS: 0 465 1175 2720 6028 7635 4526 2577 83 . 28209

BIASES: 99.99 1.00 1.u 1.00 1.00 1.00 0.99 1.00 1.01

PERCENT CORRECT: 94.2917 .
HEIDRE SKILL SCCRE: 0.92814
CHI SCORE: 0.35

CASES = 25209 81



z8

N
wn

5
5-14
15 - 24
25 - 34
3B-39
GEM 40 - 44
45 - 49
50 - 54
55 - 59
60 - 64
65 - 74
75 - 84
85 - 9%
95 4

COLUMN TOTALS: 0
BIASES:  99.99

PERCENT CORRECT: 73.7554
HEIDRE SKILL SCORE: 0.70439
CHI SCORE: 3.60

CASES = 25209

OO0 O OO OO OO

5-14  15-24
0 0

55 0
3 660

0 13

0 0

0 0

0 0

0 0

0 0

0 0

0 0

0 0

0 0

0 0

58 713
0.95 1.04

TEMPERATURE (DEGREES FAHRENHEIT)

25-34

0

0
141
1962
264
17

0

SO O OO O

2385

0.98

35-39

0
0

\

236
1152
355
19

OO O - oD

1764
1.02

VERIFYING OBSERVATION

40-44

2212
0.99

45-49

2007
1.0¢

50-54

1888
1.00

55-59

2283
1.00

60-64

2472
0.99

65-74

MO OO oo o

)|
473
4360
394
1

0

5261
1.00

75-84  85-94
0 0

0 0

0 0

0 0

0 0

0 0

0 0

0 0

0 0

0 0
387 0
2535 165
156 796
0 16
3078 977
1.0 0.9

95 + ROW TOTALS

0

55
805
2341
1794
2185
2019
1894
2n
2452
5270
3097
969
51

N DO OO DO DO OD

[

51 25209
1.00



€8

¢ 5

5 0

5-14 0

15 - 24 0

25 - 3% 0
35-36 0
PERSISTENCE 40 - 44 0
45 - &9 0

90 - 54 0

55 - 59 0

60 - 64 0

65 - 74 0

75 - 84 0

85 - 94 0

g5 4 0

COLUMN TOTALS: 0
BIASES: 99.99

PERCENT CORRECT: 73.7554
HEIDKE SKILL SCORE: 0.70439
CHI SCORE: 3.60

CASES = 25209

5-14  15-24
0 0

55 0

3 660

0 113

0 0

0 0

0 0

0 0

0 0

0 0

0 0

0 0

it 0

0 0

58 73
0.95 1.04

TEMPERATURE (DEGREES FAHRENHEIT)

25-34

0

0
141
1962
264
17

0

SO OO QO

2385
0.98

35-39

0

0

1
236
1152
355
19

OO O OO

1764
1.02

VERIFYING OBSERVATION

40-44

0

0

0
27
35
1498
321
15

(=T R~ S R )

2212
0.99

45-49

.
o oo

284
1314
348
30

[ =T =~ e R e ]

2007
1.01

50-54

(=2~ I =}

333
1132
369
23

[ =

16888
1.00

55-59 60-64 65-74

[ — N~ — N ]

2
30
378
1492
353
27
1
0
0

2283
1.00

(= — W~ Y — B~

2.

19
354
1602
494
1

0

0

2472
0.9

Do o o o0

{5

473
4360
394

5261
1.00

75-84  85-94

0

0

0

0

0

0

0

0

0

0
387 0
2535 165
156 796
0 16
3078 977
1.0 0.9

[~ — R — B N - W — Y — W= ]

95 + ROW TOTALS

0

55
805
2341
1794
2185
2019
1894
2n
2452
5270
3097
569
51

[ 3
OO DO DDOOO OO O O

Lo
w

25209

o
.

1.00



DEW POINT DEPRESSION (DEGREES FAHRENHETIT)

VERIFYING OBSERVATION

0-1 2-7 8-15 16-25 26 + ROW TOTALS

0-1 958 1202 15 0 0 2175

2-7 1417 7328 965 7 1 9639

GEM 8-15 8 863 5320 721 1 7113
16 - 25 0 9 739 4069 221 5038

26 + 1 0 2 206 1015 1224

" COLUMN TOTALS: 2384 9403 718t 5003 1238 25209

BIASES: 0.9t 1.03 0.99 1.01 0.9
PERCENT CORRECT: 74.9375
HEIDKE SKILL SCORE: 0.65502
CHI SCORE:  26.34

CASES = 25209

DEW POINT DEPRESSION (DEGREES FAHRENHEIT)

VERIFYING OBSERVATION

0-1 2-7 8-15 16-25 26 + ROW TOTALS

0-1 1165 1191 25 i 0 2382

2-7 1210 7340 895 1 9452

PERSISTENCE 8-15 8 863 5520 721 1 7113
16 - 25 0 9 739 4069 221 5038

26 + 1 0 2 206 1015 1224

COLUMN TOTALS: 2384 9403 7181 5003 1238 25209

BIASES: 1.0 1,01 0.93 1.01 0.99
PERCENT CORRECT: 75.8023
HEIDKE SKILL SCORE: 0.66797
CHI SCORE: 1.30

CASES = 25209

84



WIND SPEED (KTS)

VERIFYING OBSERVATION

0-1 2-9  10-18 20-29 30 + ROW TOTALS

0-1 281 859 1 0 0 1141

2-9 823 18880 1145 0 20833

GEM 10-19 0 1079 1929 81 0 3089°
20 - 29 0 1 75 50 0 126

30 + 0 0 0 0 0 0

COLUMN TOTALS: 1104 20819 3150 136 0 25208

BIASES: 1.03 1.00 0.8 0.93 99.99
PERCENT CORRECT: 83.8589
HEIDKE SKILL SCORE: 0.46112
" CHI SCORE: 3.2

CASES = 25209

WIND SPEED (KTS)

VERIFYING OBSERVATION -

0-1 2-9  10-19 20-29 30 + ROW TOTALS

0-1 281 859 1 0 0. 1141

2-9 823 18842 1142 6 0 20813

PERSISTENCE 10 - 19 - 0 1116 1928 85 0 3129
20 - 29 0 2 n 45 0 126

30 + 0 0 0 0 0 0

COLUMN TOTALS: 1104 20819 3150 136 0 25209

BIASES: 1.03 1.00 0.99 0.93 99.99
PERCENT CORRECT: 83.6844
HEIDKE SKILL SCORE: 0.45730
CHI SCORE: 2.12

CASES = 25209

85



WIND DIRECTION (DEGS)

VERIFYING OBSERVATION

0-44  45-89 90-134 135-179 180-224 225-269 270-314 315-35% ROW TOTALS

0 - 44 1239 304 119 70 2 25 123 709 2621

45 - 89 257 500 202 54 3 42 96 140 1329

90 - 134 70 188 540 308 110 77 122 88 1503

GEM 135 - 179 50 37 233 1509 889 139 154 72 3103
180 - 224 40 25 118 763 3198 475 246 99 4966

225 - 269 44 40 81 154 436 6§26 431 100 1932

270 - 314 153 85 127 157 179 561 2580 782 4624

315 - 359 792 146 90 70 58 92 765 18 314

COLUMN TOTALS: 2643 1325 1530 3087 4940 2037 4537 5108 . 25209

BIASES: 0.99 1.00 0.98 1.0t 1.01 0.95 1.02 1.00

PERCENT CORRECT: 52.7986
HEIDKE SKILL SCORE: 0.44376
CHI SCORE: 8.11

CASES = 25209
WIND DIRECTION (DEGS)
VERIFYING OBSERVATION
0-44  45-89 90-134 135-179 180-224 225-269 270-314 315-339 ROW TOTALS
0 - 44 1237 303 119 70 32 25 123 699 2608
45 - 89 257 501 202 54 Ky 42 96 140 1329
90 - 134 69 188 541 307 1 - N 121 .86 1500
PERSISTENCE 135 - 179 50 37 250 1508 8g8d 139 155 71 3098
180 - 224 40 3 116 765 3192 472 245 99 4954
225 - 269 44 40 85 155 431 675 465 102 2017
270 - 314 153 85 127 157 1 515 2567 781 4556
315 - 359 795 " 146 90 1 58 92 765 3130 5147
COLUMN TOTALS: 2645 1325 1530 3087 4940 2037 4537 5108 25209

BIASES: 0.9 1.00 0.98 1.00 1.00 0.99 1.00 1.01
PERCENT CORRECT: 52.9612
HEIDRE SKILL SCORE: 0.44585
CHI SCORE: 1.7

CASES = 25209 86



CLOUD HEIGHT ONE (FEET)

VERIFYING OBSERVATION

0-  200-  S00-  1000- 3086~
100 400 900 2900 6000
0-100 149 49 0 9 4
200-400 54 684 105 2 8
500 - 900 S 12 468 183 6
GEM 1000 - 2900 4 1 18 1858 118
3000 - 6000 31 7 m2 1y
CLR BELOW 6001 -+ 28 96 S0 352 353
PART. OBSCRE 1 14 4 7 1
COLUMN TOTALS: - 254  999° 762 2505 1627
BIASES:  0.98 0.9  1.06 . 1.00 0.9
PERCENT CORRECT: 88.0122

HEIDKE SKILL SCORE: 0.72075

CHI SCORE: 5.90
THREAT SCORE: 0.60232
CASES = 25209
CLOUD HEIGHT ONE (FEET)
VERIFYING OBESERVATION
0- 200- 500-  1000-  3000-
100 400 900 2900 6000
0 - 100 149 49 0 9 4
200 - 400 54 690 104 26 8
500 - 900 4 109 466 140 6
PERSISTENCE 1000 - 2900 4 20 126 1858 118
3000 - 6000 3 1 7 112 1136
CLR BELOW 6001 28 % 50 352 353
PART. OBSCURE 12 24 9 8 2
COLUMN TOTALS: 254 999 762 2505 1627
BIASES: 0.98 0.98 1.02 1.00 0.99

PERCENT CORRECT: 88.1193
HEIDKE SKILL SCORE: 0.72327
CHI SCORE: 1.5

THREAT SCORE: 0.61050

CASES = 25209

87

CLR BELOW  PART.
6001  OBSCURE
3 4
69 45
53 1
an 7
3% 8
s 13
122 116
18758 304
.00 0.90
CLR BELOW PART.
6001  OBSCURE
13 4
75 27
4 7
370 7
3% 6
1775 113
123 140
18758 304
1.0 1.0

ROW TOTALS

248
989
808
2508
1614
18767
275

25209

ROW TOTALS

248
984
778
2503
1611
18767
318

25209



GEM

CLOUD HEIGHT TWO (FEET)

0 - 100

200 - 400

500 - 900

1000 - 2900
3000 - 6000
CLR BELOW 6001

COLUMN TOTALS:
BIASES:

PERCENT CORRECT: 91.0786

CLOUD HEIGHT TWO (FEET)

VERIFYING OBSERVATION

0- 200- 500-  1000-
100 400 900 2300
14 9 1 0
8 25 4 6
0 5 51 34
0 5 47 316
0 2 4 59
15 28 128 33
37 73 233 752
1.14 0.95. 0.80 1.07

HEIDKE SKILL SCORE: 0.47502
CHI SCORE: 15.63
THREAT SCORE: 0.33136
CASES = 25209
0 - 100
200 - 400
500 - 900
PERSISTENCE 1000 - 2900
3000 - 6000
CLR BELOW 6001
COLUMN TOTALS:
BIASES:

PERCENT CORRECT: 91.1103

HEIDKE SKILL SCORE:

CHI SCORE:
THREAT SCORE:

CASES =

0.47317
1.16
0.33136

25209

VERIFYING OBSERVATION

0- 200- 500-  1000-
100 400 900 2900
14 9 1 0

8 25 4 &

0 7 58 43

0 3 40 307

0 2 5 S0

15 29 127 346
37 75 235 752
1.14 0.95 0.98 1.01

88

3000-
6000

0
3
S
46

637
476

1167
1.03

3000-
6000

0

3
5
46
628
485

1167
1.00

CLR BELOW
6001

18

25

92
392
499
21817

22943
1.00

CLR BELOW
6001

18
it
117
367
480
21936

22943
1.00

ROW TOTALS

42

71
187
806
1201
22902

25209

ROW TOTALS .

42

7
230
763
1165
22938

25209



CLOUD HEIGHT THREE (FEET)

0 - 100

200 - 400

500 - 900

GEY 1000 - 2800
3000 - 6000

CLR BELOW 6001

COLUMN TOTALS:
BIASES:

PERCENT CORRECT: 96.4536
HEIDKE SKILL SCORE: 0.24436
CHI SCORE:  30.04

THREAT SCORE: 0.00000

CASES = 25209

CLOUD HEIGHT THREE (FEET)

VERIFYING OBSERVATION

0-
100

BNO OO O

2
0.00

200-
400

O OO O

0.00

500-
800

0
0
6
3
0
1

[3S

30
1.14

1000-
2900

—0 O

i1
92

125
1.20

3000-
6000

0

0

8
18
102
262

390

1.05

0 - 100

200 - 400

500 - 900

1000 - 2900
3000 - 6000
CLR BELOW 6001

 PERSISTENCE

COLUMN TOTALS:
BIASES:

PERCENT CORRECT: 96.6163
HEIDKE SKILL SCORE: 0.23955
CHI SCORE: 4.15

THREAT SCORE: 0.00000

CASES = 25209

VERIFYING OBSERVATION

0-
100

NOO OO O

1.00

200-
400

DD OO

2
0.76

89

500-
900

OO OO

50
1.08

1000~
2900

N o

12
97

125
0.85

3000-
6000

. .

2

8
15
100
265

390
0.95

CLR BELOW
6001

0

0

41
108
286
24186

24621
1.00

CLR BELOW
6001

2

12

38

83
249
24237

24621
1.00

ROW TOTALS

0

0

57
150
410
24592

25209

ROW TOTALS

2

16

54
111
3N
24656

25209



CLR BELOW 6001
T

BKN

Ve

0BSCURE

GEM

COLUMM TOTALS:
BIASES:

PERCENT CORRECT: B84.4024
HEIDKE SKILL SCORE: 0.62978
CHI SCORE: 1.26

CASES = 25209

CLR BELOW 6001
SCT

BN

v

0BSCURE

PERSISTENCE

COLUMN TOTALS:
BIASES:

PERCENT CORRECT: 84.2080
HEIDKE SKILL SCORE: 0.62625
CHI SCORE: 0.32

CASES = 25209

CLOUD COVER ONE

VERIFYING OBSERVATION

CLR BELOW
6001 ©  SCT BN
17752 %05 TS
79 1680 413
7 452 298
2 23 %5
0 0 0
18731 B0 1091
100 0.9  1.01
CLOUD COVER ONE
VERIFYING OBSERVATION
CLR BELOW
600 © SCT BN
78 897 73
4 1718 4%
B2 433 304
27 22 285
0 0 1
18731 330 1091
1.00 101 1.00

90

QVC  OBSCURE  ROW TOTALS

35 0 18767
218 0 3190
277 0 1099

1547 0 2153
0 0 0
2077 0 25209
1.04  99.99
QVC  OBSCURE  ROW TOTALS

31 0 18709
280 0 3340
268 0 1087

1498 0 2072

0 0 1
2077 0 25209
1.00 9.9



CLOUD_ COVER TWO

VERIFYING OBSERVATICN

CLR BELOW
6001
CLR BELOW 6001 22039
GEM SCT 461
BRN 192
ove 299 -

COLUMN TOTALS: 23011
BIASES: 1.00

PERCENT CORRECT: 89.6505
HEIDKE SKILL SCORE: 0.36041
CHI SCORE:  66.86

CASES = 25209

SCT

490
216
142

88

936
0.90

BRN
266
127

152
151

696
0.83

CLOUD COVER TWO

VERIFYING OBSERVATION

CLR BELOW
6001
CLR BELOW 6001 21979
PERSISTENCE SCT 505
BRN 259
ove 268

COLUMN TOTALS: 23011
BIASES: 1.00

PERCENT CORRECT: 89.4839
HEIDKE SKILL SCORE: 0.36500
CHI SCORE: 1.48

CASES = 25209

SCT

470
251
156

59

936
1.02

91

BKN

257
150
177
112

696
1.00

ove

264
3%
93

173

566
1.26

ove

263

49
103
151

566
1.04

ROW TOTALS

23079
840
579
711

25209

ROW TOTALS

22969
955
695
590

25209



CLOUD COVER THREE

VERIFYING OBSERVATION

CLR BELOW
6001
CLR BELOW 6001 24071
GEM SCT %)
BKN 142
ove 144

COLUMN TOTALS: 24488
BIASES: 1.00

PERCENT CORRECT: 95.9895
HEIDKE SKILL SCORE: 0.25692
CHI SCORE: 4.86

CASES = 25209

CLOUD COVER THREE

T

144
24
22
13

203
0.92

BKN

173
21
47
26

267
0.50

VERIFYING OBSERVATION

CLR BELOW
6001
CLR BELOW 6001 24046
PERSISTENCE sCT 155
BKN 143
ove 144

COLUMN TOTALS: 24488
BIASES: 1.00

PERCENT CORRECT: 95.8904
HEIDKE SKILL SCORE: 0.25127
CHI SCORE: .23

CASES = 25209

SCT

144
24
23
12

203
1.03

92

BRN

170
24
47
26

267
0.91

ove
136
10
29
56

251
0.95

ove

160

28
%6

231
0.95

ROW TOTALS

26344
186
240
239

25209

ROW TOTALS

24520
209
242
238

25209



VISIBILITY (MILES)

VERIFYING OBSERVATION

0¢1/2 1/2 ¢t

0¢1/2 17

1/2 ¢ 1 5

GEM 1¢3 14
3¢5 3

5¢7 4

7+ 1

COLUMN TOTALS: 44

BIASES: 1.57

PERCENT CORRECT: 88.8849
HEIDKE SKILL SCORE: 0.61525
CHI SCORE:  15.21

THREAT SCORE: 0.21176

CASES'= 25209

13
19
37
11

8
10

9
1.00

1¢3

20
38
427
262
48
44

839
1.00

3¢5

10
15
255
857
347
146

1630
0.98

VISIBILITY (MILES)

VERIFYING OBSERVATION

0¢1/2 /2 ¢t

0¢1/2 17

1/2 ¢ t 5

PERSISTENCE 1¢3 14
3¢5 3

5¢7 4

- 7+ i
COLUMN TOTALS: 44

BIASES: 1.57

PERCENT CORRECT: 88.8849
HEIDKE SKILL SCORE: 0.61525
CHI SCORE:  15.21

THREAT SCORE: 0.21176

CASES = 25209

13
19
37
i1

8
10

98
1.00

1¢3

20
38
427
262
48
&4

839
1.00

93

10
15
255
857
K7y}
146

- 1630

0.98

290
635
472

1466
1.0t

290
635
472

1466
1.04

7 + ROW TQTALS

8 69

12 98

43 835

173 1396

444 1486

20452 21125

21132 25209
1.00

7 + ROW TOTALS

8 69

12 98

43 835

173 1596

444 1486

20452 21125

21132 25209
1.00



GUSTS (KTS)

VERIFYING OBSERVATION

0-10 11-20 21-30
0-10 22089 989 137 .
11 -20 550 489 164
GEM 21-30 148 162 411
3t - 40 1 1 28
41 + 0 0
COLUMN TOTALS: 22788 1641 740
BIASES: 1.02 0.73 1.01
PERCENT CORRECT: 91.2293
HEIDKE SKILL SCORE: 0.46362
CHI SCORE: 123.46
CASES = 25209
GUSTS (KTS)

VERIFYING OBSERVATION

0-10

0-10 21843

11-20 799

PERSISTENCE 21 ~ 30 145
31-40 i

41 + 0

COLUMN TOTALS: 22788
BIASES:  1.00

PERCENT CORRECT: 90.8683
HEIDKE SKILL SCORE: 0.48462
CHI SCORE: 0.24

CASES = 25209

11-20

833
646
161
1
0

1641
0.99

94

21-30

128
175
408
28
0

740
1.00

31-40 41 + ROW TOTALS

1 0

3 D
27 0
8 0

0 0

40 0
0.97 99.99

23216
1206
748
39

0

25209

31-40 41 + ROW TOTALS

1 0

3 0

27 0
5 0

0 0
40° 0
0.97 99.99

22805
1623
742
39

0

25209



0 - 100

200 - 400

500 - 900

1000 - 2900
3000 - 6000
CLR BELOW 6001

GEM -

COLUMN TOTALS:
BIASES:

PERCENT CORRECT: 91.9830-

CEILING (FEET)

VERIFYING OBSERVATION

0- 200- 500-  1000-
100 400 500 2900
49. 37 4 0
39 575 78 17
8 73 269 98

2 14 78 1160

0 6 5 79

20 59 61 298
118 764 495 1652
1.06 0.98 1.02 1.00

HEIDKE SKILL SCORE: 0.71843
CHI SCORE:  0.80
THREAT SCORE: 0.66163
CASES = 25209
CEILING (FEET)
VERIFYING OBSERVATION
9-  200-  500-  1000-
100 400 900 2900
0-100 « 42 36 4 0
200 - 400 39 575 78 17
500 - 900 8 73 269 98
PERSISTENCE 1000 - 2900 2 14 78 1161
3000 - 6000 0 5 4 78
CLR BELOW 6001 27 61 62 298
COLUMN TOTALS: 118 764 495 1652
BIASES:  0.95 0.9  1.02  1.00

PERCENT CORRECT: 91.9949
HEIDKE SKILL SCORE:
CHI SCORE: - 0.76
THREAT SCORE: 0.65717

CASES = 25209

0.71829

95

3000-
6000

0

3

8
65
624
263

963
1.00

3000-
6000

0

3
8
65
625
262

963

0.99 -

CLR BELOW
6001

35

39
47
339
246
20511

21217
1.00

CLR BELOW
6001

30

39

47
338
243

20519

21217
1.00

ROW TOTALS

125
751
503
16358
960
21212

25209

ROW TOTALS

112
751
503
1659
955
21229

25209



TOTAL CLOUD AMOUNT

CLR BELOW 6001

SCT

GEM BKN
' ove
OBSCURE

_COLUMN TOTALS:
BIASES:

PERCENT CORRECT: 85.3267

TOTAL CLOUD AMOUNT

VERIFYING OBSERVATION

CLR BELOW
6001

17752
833
96

50

0

18731
1.00

CT

844
1092
33
216
r

2486
0.99

BRN

119
334
326
319

0

1098
0.95

HEIDKE SKILL SCORE: 0.65234
CHI SCORE: 2.719
CASES = 25209
CLR BELOW 6001
T
PERSISTENCE BKN
Ve
OBSCURE
COLUMN TOTALS:
BIASES:

PERCENT CORRECT: 85.1561
HEIDKE SKILL SCORE: 0.64960
CHI SCORE: 0.77

CASES = 25209

VERIFYING OBSERVATION

CLR BELOW

6001

17708
877
9%
50

0

18731
1.00

SCT

840
1094
341
211

2486
1.01

96

BN

113
336
337
Ky

1

1098
0.98

OVC OBSCURE ROW TOTALS

52 0 18767
210 0 2469
292 0 1048

2340 0 2925

0 0 0
2894 ¢ 25203
1.00  99.99

OVC  OBSCURE ROW TOTALS

48 0 18709
212 0 2519
306 0 1080

2328 0 2900

9 0 1
2894 0 25209
1.00 99.99



50 MINUTE PROJECTION

0-
29.235
0 -23.235 0
29.236 - 29.530 0
29.531 - 29.677 0
29.678 - 29.825 0
GEM 29.826 - 29.973 0
29.974 - 30.120 0
30.121 - 30.268 0
30.269 - 30.563 0
30.564 + 0
COLUMN TOTALS: 0
 BIASES: 99.99
PERCENT CORRECT: 93.1344
HEIDKE SKILL SCORE: 0.91353
CHI SCCRE: . 0.16
CASES = 25140
0-
29.235
¢ - 29.235 0
29.236 - 29.530 0
29.531 - 29.677 ¢
29.678 - 29.825 0
PERSISTENCE  29.826 - 29.973 0
29.974 - 30.120 0
30.121 - 30.268 0
30.269 - 30.563 0
30.564 + 0
COLUMN TOTALS: 0
BIASES: 99.99

PERCENT CORRECT: 93.1344
HEIDKE SKILL SCORE: 0.913%9
CHI SCORE: 0.16

CASES = 25140

29.236-
29.530

0
438
26
0

[ =2 N~ = R = ]

464
1.00

29.236-
29.530

0
438

2%

0

(=3 — 3~ W =~ —~ ]

464
1.00

PRESSURE (INCHES)

VERIFVTING OBSERVATION

29.531- 29.678- 29.826- 29.974-
29.677 29.825  29.973  30.120
0 0 0 0
25 0 0 0
1085 74 0 0
67 2483 172 ¢
0 152 5563 283
0 0 273 7132
0 0 0 200
0 0 0 ¢
0 0 0 0
1177 2709 6008 7615
1.01 1.01 1.00 1.00
PRESSURE (INCHES)
VERIFYING OBSERVATION
29.331- 29,678- 29.826- 29.974-
29.677 29.825  29.973  30.120
0 ¢ 0 0
25 ¢ 0 0
1085 74 0 Y
67 2483 172 0
0 152 5563 283
0 0 273 N2
0 0 0 200
0 0 0 0
0 0 0 ¢
un 2709 6008 7615
1.0t 1.0t 1.00 1.00
97

30.121-
30.268

o O o o

—

207
4166
116

4490
1.00

30.121-
30.268

O 0o o0 Q

-

207
4166
116

4490
1.00

30.269-
30.563

o
[ )

[

=~

(s - -
= W - 2~ =]

2394
1.00

30.269-
30.563

o - o OO

121
2468

2394
1.00

30.564 +

L =]

W OO O o 0o

~J

83
1.00

30.364 +

OO OO0 OO0

~J
O

83
1.00

ROW TOTAL:

0
462
1185
2723
3399
7612
4487
2388
83

23140

ROW TOTALS

0
463
1185
2723
3999
7612
4487
2:88
83

25140



86

~
wn

5
5-14
15 - 24
25 - 34
%5-39
GEM 40 - 44
45 - 49
50 - 54
85 - 59
60 - 64
65 - 74
75 - 84
85 - 94
95 +

OO OO OO OO OO OO

COLUMN TOTALS: 0
BIASES:  99.99

PERCENT CORRECT: 70.2307
HEIDKE SKILL SCORE: 0.66471
CHI SCORE: 1.33

CASES = 25140

TEMPERATURE (DEGREES FAHRENHEIT)

VERIFYING OBSERVATION

5-14  15-24  25-34  35-39  40-44

0 0
56 1
4 640
0 143
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
60 784
0.95 1,02

0

0
154
18711
298
18

0

OO o OO O

- 2342
1.00

0

0

1
267
1084
411
26

© 2

[T = B o W = I Y e ]

1791
1,00

0

0

0
45
358
1422
348
17

L= =~ — T = -]

2190
1.90

45-49

oo

297
1231
392
41

ocCc o ou

2020
0,99

50-54

[— 2 = — -]

341
1046
412
28

(= =l

1876
.01

55-59

(=2 — T — Y~ T ]

398
1371
400
40

2274
1.00

60-64

[ —J - B — Y — Y — ]

39
384
1490
562

2479
0.99

65-74

—_— O oo o

2

53
522
4198
450
2

0

5229
£.00

75-84  85-94
0 0

0 0

0 0

0 0

0 -0

0 0

0 0

0 0

0 0

1 0
451 1
2458 17
181 758
0 19
3091 957
.00 100

95 + ROW TOTALS

0

57
799
2332
1790
2195
2009
1896
2262
2447
5253
3090
960
50

Lol = K~ IR — I — I — Y — B W — I - A A

L

50 25140
1.00



66

TEMPERATURE (DEGREES FAHRENHEIT)

VERIFYING OBSERVATION

¢5  5-14 15-24 25-34 35-33  40-44  45-49  50-54 55-59 60-64 65-74 75-84 85-94 95 + ROW TOTALS

«5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

5-14 0 56 1 0. 0 0 0 0 0 0 0 0 0 0 57

1524 0 4 640 154 1 0 6 0 0 0 0 0 0 0 799
25 - 34 0 0 143 1811 267 45 6 0 0 0 0 0 0 0 2312
35-39 0 0 0 298 1084 358 48 2 0 0 0 0 0 0 1790

PERSISTENCE 40 - 44 0 0 0 18 411 1422 297 4 2 0 1 0 0 0 2195

45 - 49 0 0 0 0 26 348 1231 341 59 3 1 0 0 0 2009

50 - 54 0 0 0 0 2 17 392 1046 398 39 2 0 0 0 1896

55 - 59 Y 0 0 1 0 0 41 412 131 384 53 0 0 0 2262

60 - 64 0 0 0 0 0 ¢ 5 29 400 1490 522 1 0 0 2441

65 - 74 0 0 0 0 0 0 0 1 40 562 4198 451 1 0 5253

75 - 84 0 0 0 0 0 0 0 1 1 i 450 2458 179 0 3090

85 - 94 0 0 0 0 0 0 0 0 0 0 2 181 758 19 960

95 + 0o 0 0 0 0 0 0 0 0 a 0 0 19 K3} 50

COLUMN TOTALS: 0 60 784 2342 1791 2190 2020 1876 2271 2479 5229 3094 957 50 25140

BIASES: 99.99 0.95 1.02 100 t.00 100 0.99 100 1.00 0.99 1.00 1.00 1.00 1.00

PERCENT CORRECT: 70.2307
HEIDKE SKILL SCORE: 0.66471
CHI SCORE: 1.33

CASES = 25140



DEW POINT DEPRESSION (DEGREES FAHRENHEIT)

VERIFYING OBSERVATION

0-1 2-7 8-15 16-25 26 + ROW TOTALS

0-1 884 1270 26 1 0 2181

2-7 1476 7143 1007 13 2 941

GEM 8-15 11 1003 5260 805 2 7081
16-25 0 17 844 3894 238 5013

26 + 1 0 10 236 977 1224

COLUMN TOTALS: 2372 9433 7147 4949 1239 25140

BIASES; 0.92 1.02 0,99 1.0t 0.99
PERCENT CORRECT: 72.2275
HEIDKE SKILL SCORE: 0.61756
CHI SCORE:  21.39

CASES = 25140

DEW POINT DEPRESSION (DEGREES FAHRENHETIT)
VERIFYING OBSERVATION

0-1 2-7 8-15 16-25 ’ 26 + BROW TOTALS

0-1 1068 1268 44 1 0 2381

2-7 1292 745 989 13 2 9441

PERSISTENCE 8- 15 11 1003 5260 805 2 7081
6 -25 0 17 844 389 258 5013

2 + 1 0 10 236 977 1224

COLUMN TOTALS: 2372 9433 7147 4949 1239 25140

BIASES: 1.00 1.00 0.99 1,00 0.99
PERCENT CORRECT: 72.9674
HEIDKE SKILL SCORE: 0.62889
CHI SCORE: 1.66

CASES = 25140

100



WIND SPEED (KTS)

VERIFYING OBSERVATION

0-1 2-3  10-19 20-29 30 + ROW TOTALS
0-1 292 856 0 -0 0 1148
2-9 799 18851 1176 4 0 20830
GEM 10 - 19 1 1081 1891 69 0 3042
20 -29 0 ! 73 46 0 120
30 + 0 0 0 0 0 0
COLUMN TOTALS: 1092 20789 3140 119 0 25140
BIASES: 1.05 1.00 0.97 1.01 99.99
PERCENT CORRECT: 83.8504
HEIDKE SKILL SCORE: 0.45756
CHI SCORE: 6.02
CASES = 25140
WIND SPEED (KTS)
VERIFYING OBSERVATION
0-1 2-9 10-19 20-28 30 + ROW TOTALS
0-1 292 856 0 0 0 1148
2-9 799 18788 116l 5 0 20753
PERSISTENCE 10 - 19 1 1141 1902 70 0 3114
20 -29 0 4 77 44 0 125
30+ 0 0 0 0 0 0
COLUMN TOTALS: 1092 20789 3140 119 0 25140
BIASES: 1.05 1.00 0.99 1.05 99.99
PERCENT CORRECT: 83.6356
HEIDKE SKILL SCORE: 0.45433
CHI SCORE: 3.45
CASES = 25140

101



0 - 44

45 - 89

90 - 134

GEN 135 - 179
180 - 224

225 - 269

270 - 314

315 - 359

COLUMN TOTALS:
BIASES:

PERCENT CORRECT: 50.8194
HEIDKE SKILL SCORE: 0.42039

CHI SCORE:  28.70

CASES = 25140

0 - 44

45 - 89

90 - 134

BERSISTENCE 135 - 179
180 - 224

225 - 269

270 - 314

315 - 359

COLUMN TOTALS:
BIASES:

PERCENT CORRECT: 51.0660
HEIDKE SKILL SCORE: 0.42360

CHI SCORE:  11.09

CASES = 25140

0-44

1210
283
89
58
49
50
182
813

2734
0.95

0-44

1210
283
84
58
49
30
182
818

2734
0.95

WIND DIRECTION {DEGS)

VERIFYING OBSERVATION

45-89 90-134 135-179 180-224 225-269 270-314 315-359 ROW TOTALS

297 125 57 39 33
452 219 59 3 St
178 495 32 126 88
38 227 1426 911 168
3 129 811 3110 476
45 80 170 409 560
91 130 170 210 557
144 116 81 69 . 98
1275 1521 3086 4912 2031
1.04 1.0t 1.00 1.02 0.92
WIND DIRECTION (DEGS)
VERIFYING OBSERVATION

45-89  90-134 135-179 180-224 225-269
297 125 57 39 KX
452 219 89 38 51
178 497 il 126 87
37 224 1433 910 166
29 126 802 3093 471
47 85 172 448 630
90 129 169 189 494
145 116 83 69 99
1275 1521 3086 4912 2031
1.04 0.99 1.00 1.01 0.99

102

143
102
147
166
269
443
2510
754

4534
1.03

270-314

143
102
147
166
266
470
2486
754

4534
1.00

690
122
99
85
114
106
818
3013

5047
1.01

315-359

689
122
76
85
111
110
817
3037

5047
.01

2594
1326
1534
3079
4988
1863
- 4668
5088

25140

ROW TOTALS

2593
1326
1506
3079
4947
2012
4556
5121

25140



CLOUD HEIGHT ONE (FEET)

VERIFYING OBSERVATION

0- 200- 500-  1000-  3000-
100 400 900 2900 6000

0 - 100 142 56 3 1 4

200 - 400 50 649 109 27 9

500 - 900 8 136 437 161 8

GEM 1000 - 2900 S 2 141 1765 139
3000 - 6000 3 1 9 133 1070

CLR BELOW 6001 31 99 57 387 395

PART. OBSCURE 13 8 6 7 4

COLUMN TOTALS: 252 980 762 2491 1629

BIASES: 0.99 0.9 1.10 1.00 1.00

PERCENT CORRECT: 86.6746
HEIDKE SKILL SCORE: 0.68858
CHI SCORE:  23.54

THREAT SCORE: 0.57685

CASES = 25140 .,
CLOUD HEIGHT ONE (FEET)
VERIFYING OBSERVATION
0- 200- 500-  1000-  3000-
100 400 900 2900 6000
0 - 100 142 S5 2 1 4
200 - 400 55 653 115 30 9
500 - 900 3 117 430 155 8
PERSISTENCE 1000 - 2900 5 2 139 1765 139
3000 - 6000 3 11 9 133 1069
CLR BELOW 6001 29 98 57 386 395
PART. OBSCURE 15 25 10 1 )
COLUMN TOTALS: 252 980 762 2491 1629

BIASES: 0.98 1.00 1.02 1.00 0.99

PERCENT CORRECT: 86.7303
HEIDKE SKILL SCORE: 0.69070
CHI SCORE: 3.48

THREAT SCORE: 0.58162

CASES = 25140
103

CLR BELOW  PART.
6001  OBSCURE
29 4

70 57

72 18
420 7
383 10
17649 118
109 78
18734 292
1.00 0.77
CLR BELCW  PART.
6001  OBSCURE
29 4

86 34
S4 11
420 7
385 7
17625 108
135 120
18734 292
1.00 1.10

ROW TOTALS

249
N
840
2498
1621
18736
225

25140

ROW TOTALS

247
982
778
2496
1617
18699
321

25140



CLOUD HEIGHT TWO (FEET)

VERIFYING OHSERVATION

0- 200~ 500-  1000-  3000-
100 400 900 2900 6000

0 - 100 13 6 1 1 0
200 - 400 6 22 7 2 4

500 - 900 1 6 39 30 4

GEM 1000 - 2900 0 8 48 280 54
3000 - 6000 3 3 5 65 622

CLR BELOW 6001 16 39 136 360 495

COLUMN TOTALS: 39 84 236 738 1179

BIASES: 1.03 0.83 0.63 1.08 1.07
PERCENT CORRECT: 90.4893
" HEIDKE SKILL SCORE: 0.44428
CHI SCORE:  45.55
THREAT SCORE: 0.25269

CASES = 25140

CLOUD HEIGHT TWO (FEET)

VERIFYING OBSERVATION

0- 200- 500-  1000-  3000-
100 400 900 2900 6000

g - 100 13 6 i 1 0

200 - 400 6 22 7 2 4

500 - 900 1 1 57 42 5

PERSISTENCE 1000 - 2900 0 5 33 21 55
3000 - 6000 0 3 4 43 602

CLR BELOW 6001 18 37 134 378 513

COLUMN TOTALS: 39 84 236 738 1nn

BIASES: 1.03 0.83 0.98 1.02 0.99

PERCENT CORRECT: 90.5131
HEIDKE SKILL SCORE: 0.44002
CHI SCORE: 2.9

THREAT SCORE: 0.25269

" CASES = 25140
104

CLR BELOW
6001

19

29
69
409
565
24773

22864
1.00

CLR BELOW
6001

19

2
115
392
519
21790

22864
1.00

ROW TOTALS

40

70
149
799
1263
22819

25140

ROW TOTALS

40

0
231
756
1n
22872

25140



CLOUD HEIGHT THREE (FEET)

VERIFYING OBSERVATION

0- 200- S00-  1000-

100 400 900 2900
0 - 100 0 0 0 0

200 - 400 0 0 0 0

500 - 900 1 0 1 !

GEM 1000 - 2900 0 1 2 16
3000 - 6000 0 2 12 12

CLR BELOW 6001 2 7 3 78

COLUMN TOTALS: 3 10 w107

BIASES: 0.00 0.00 0.89 1.52
PERCENT CORRECT: 96.3922
HEIDKE SKILL SCORE: 0.23637
CHI SCORE:  48.97
THREAT SCORE: 0.00000

CASES = 25140

CLOUD HEIGHT THREE (FEET)

3000-
6000

21
105
263

3%
1.12

VERIFYING OBSERVATION

0- 200- 500-  1000-

100 400 900 2900

0 - 100 0 0 0 0

200 - 400 0 0 0 1

500 - 900 1 0 3 L

PERSISTENCE 1000 - 2900 0 1 1 10
3000 - 6000 0 0 5 9

CLR BELOW 6001 2 9 37 86

COLUMN TOTALS: 3 10 46 107

BIASES: 0.67 1.70 1.1 1.03

PERCENT CORRECT: 96.5951
HEIDKE SKILL SCORE: 0.21708
CHI SCORE: 8.37

THREAT SCORE: 0.00000

CASES = 25140
105

3000-
6000

9

2

9
14
93
278

3%
0.93

CLR BELCW
6001

0

0

3
123
a3
24111

24578
1.00

CLR BELOW
6001

2

14

39

84
261
24178

24578
1.00

ROW TOTALS

0

0

41
163
444
24492

25140

ROW TOTALS

2

17

53
110
368
24590

25140



CLOUD COVER ONE

VERIFYING QBSERVATION

SCT BN
935 105
1569 423 7
411 269
307 344
0 0
3222 1141
1.00 0.89

CLOUD COVER ONE

VERIFYING OBSERVATION

CLR BELO
6001
CLR BELOW 6001 17605
ST %6
GEM BN 85
wc sl
OBSCURE 0
COLUMN TOTALS: 18707
BIASES: 1.0
PERCENT CORRECT: 83.3453
HEIDKE SKILL SCORE: 0.60446
CHI SCORE:  25.26
CASES = 25140
CLR BELOW
6001
CLR BELOW 6001 17561
T 99
PERSISTENCE BRN 105
ove 50
OBSCURE 0
COLUMN TOTALS: 18707
BIASES:  1.00

PERCENT CORRECT: 83.1265
HEIDKE SKILL SCORE: 0.60062
CHI SCORE: 6.66

CASES = 25140

SCT BRN

928 102
1590 444
428 300
275 294

0 1
3222 1141
1.04 0.9%

106

OVC OBSCURE  ROW TOTALS

53 1 18699
258 0 3216
248 0 1013

1510 ] 2212

0 0 0
2069 1 25140
1.07 0.00

OVC OBSCURE RQW TOTALS

49 1 18641
315 0 3340
258 0 1092

1447 0 2066

0 0 1
2069 L 25140
1.00 1.00



CLOUD COVER TWO

VERIFYING OBSERVATION

CLR BELOW
6001
CLR BELOW 6001 21941
GEM SCT 478
BRN 206
ove 316

COLUMN TOTALS: 22941
BIASES: 1.0

. PERCENT CORRECT: 89.3755
HEIDKE SKILL SCORE: 0.34803
CHI SCORE:  56.92

CASES = 25140

SCT

511
199
136

93

939
0.90

BKN

272
120
155
135

682
0.86

CLOUD COVER TWO

VERIFYING OBSERVATION

CLR BELOW
6001
CLR BELOW 6001 21847
PERSISTENCE SCT 543
BKN 269
ove 282

COLUMN TOTALS: 22941
BIASES: 1.00

PERCENT CORRECT: 89.0891
HEIDKE SKILL SCORE: 0.34285
CHI SCORE: 0.91

CASES = 25140

SCT

493
237
143

66

939
1.02

107

BKN

283
121
172
106

682
1.0t

ove

266
51
87

174

578
1.24

ove

278

54
105
141

578
1.03

ROW TOTALS

22990
848
584
718

25140

ROW TOTALS

22901
955
689
595

25140



GEM

CLOUD COVER THREE

VERIFYING OBSERVATION

CLR BELOW
6001 X1
CLR BELOW 6001 23947 152
SCT i7i 23
BKN 168 16
ove 155 10

" COLUMN TOTALS: 24441 01

BIASES: 1.00 1.13

PERCENT CORRECT: . 95.7120
HEIDKE SKILL SCORE: 0.22946

CHI SCORE:  4.11
CASES = 25140
CLOUD COVER THREE
VERIFYING OBSERVATION
CLR BELOW
6001 ST BN
CLR BELOW 6001 23973 152 166
PERSISTENCE ST 160 24 19
BN 152 16 43
oc 156 g 35
COLUMN TOTALS: 24441 201 253
BIASES:  1.00  1.03  0.95

BKN

160
22
45
26

253
1.03

PERCENT CORRECT: 95.8115
HEIDKE SKILL SCORE: 0.22547

CHI SCORE:

CASES =

1.08

25140

108

ove
154
12
32
47

245
0.97

ove

163

30
47

245
0.97

ROW TOTALS

26413
228
261
238

25140

ROW TOTALS

24454
208
241
237

25140



VISIBILITY (MILES)

VERIFYING OBSERVATION

0ct1/2 1/2¢1

0¢1/2 14

1/2 ¢} 7

GEM 1¢3 135
3¢5 {

S¢7 4

7+ 4

COLUMN TOTALS: 45

BIASES: 1.67

PERCENT CORRECT: 87.8998
HEIDKE SKILL SCORE: 0.58150
CHI SCORE:  23.23

THREAT SCORE: 0.19231

CASES = 25140

13
16
34
13
8
8

92
1.07

1¢3

23
3
396
288
77
60

877
0.93

3¢5

7
15
265
783
357
162

1589
1.00

VISIBILITY (MILES)

VERIFYING OBSERVATION

0¢1/2 1/2 ¢t

0«¢«1/2 13

1/2 ¢ 1 8

PERSISTENCE 1¢3 15
3¢5 1

5¢7 4

7+ 4

COLUMN TOTALS: 45

BIASES: 1.60

PERCENT CORRECT: 87.9077
HEIDKE SKILL SCORE: 0.58177
CHI SCORE:  19.31

THREAT SCORE: 0.19455

CASES = 25140

12
17
34
13

8

8.

92
1.07

1¢3

23
)|
398
288
n
60

877
0.95

109

265
783
357
162

1589
1.00

§¢7

9
14
- 62
278
581
523

1467
1.0t

279
581
523

1467
1.01

7+ ROW TOTALS
9 75
13 9%
58 830
221 1584
461 1488
20308 21065
21070 25140
1.00

7 + ROW TOTALS

9

13
57
222
461
20308

21070
1.00

72

98
831
1586
1488
21065

25140



GUSTS (KTS)

VERIFYING OBSERVATION

0-10  11-20 21-30

0-10 22027 975 148
1n-20 S62 484 135

GEM 21 - 30 155 167 395
31 -40 2 0 28
4 + 0 ¢ 0

COLUMN TOTALS: 22746 1626 726
BIASES: 1.02  0.74  1.03

PERCENT CORRECT: 91.1496
HEIDKE SKILL SCORE: 0.43631
CHI SCORE: 118.61

CASES = 25140

GUSTS (KTS)

VERIFYING OBSERVATION
0-10 11-20 21-30

0-10 21767 837 137

11 -20 827 622 169

PERSISTENCE 21 - 30 150 167 352
31-40 2 0 28

41 + ] 0 0

COLUMN TOTALS: 22746 1626 726
~ BIASES: 1.00 100 1.02

PERCENT CORRECT: 90.6523
HEIDKE SKILL SCORE: 0.47021
CHI SCORE: 0.44

CASES = 25140

110

31-40 41 + ROW TOTALS

3 0

1 )

29 0

9 0

0 0
42 0
0.93 99.99

23133
1202
746
39

0

25140

31-40 41 + ROW TOTALS

3 0

13 0

29 0
9 0

0 0
42 0
0.93 99.99

22744
1619
738
39

0

25140



0 - 100

200 - 400
500 - 900
1000 - 2900
3000 - 6000

GEM

CLR BELOW 6001

COLUMN TOTALS:

BIASES:

PERCENT CORRECT:
HEIDKE SKILL SCORE:
CHI SCORE:  1.41
THREAT SCORE: 0.62823

CASES = 25140

0 - 100

200 - 400

500 - 900

PERSISTENCE 1000 - 2900
3000 - 6000

CLR BELOW 6001

COLUMN TOTALS:
BIASES:

PERCENT CORRECT: 91.0422
HEIDKE SKILL SCORE: 0.68526

CHI SCORE: L7
THREAT SCORE: 0.62245

CASES = 25140

91.0342
0.68573

CEILING (FEET)

VERIFYING OBSERVATION

0- 200- 500-
100 400 800
45 39 6
41 556 8
7 82 247

1 18 86

0 6 5

24 70 75
118 m 504
1.05 0.98 0.99

CEILING (FEET)

1000-
2900

22
97
1085

328

VERIFYING OBSERVATION

0- 200- 500-
100 400 900
3 36 6
40 556 84
82 247

1 18 86

0 6 4

30 73 n
118 m 504
0.9 0.97 1.00

111

1000-
2900

21
98
1086
89
329

1624
1.02

3000-
6000

-~ D O

78

290

972
0.99

3000-
6000

0

2

7
78
59
291

972
0.99

CLR BELOW
6001

33

46
60
386
268
20358

21151
1.00

CLR BELOW

6001

29

46

60
384
266
20366

21154
1.00

ROW TOTALS

124
752
500
1654
965
21145

25140

ROW TOTALS

111
749
502
1653
959
21166

25140



TOTAL CLOUD AMOQUNT

VERIFYING OBSERVATION

TOTAL CLOUD AMOUNT

SCT

874
998
k)t
255

2443
1.02

BRN

135
342
281
339

0

1097
0.89

VERIFYING OBSERVATION

CLR BELOW
6001
CLR BELOW 6001 17606
r 904
GEM BRN 109
Ve 88
OBSCURE 0
COLUMN TOTALS: 18707
BIASES: 1.00
PERCENT CORRECT: 84.1647
HEIDKE SKILL SCORE: 0.62440
CHI SCORE:  16.42
CASES = 25140
CLR BELOW
6001
CLR BELOW 6001 17361
T 944
PERSISTENCE BRN 115
ove 87
0BSCURE 0
COLUMN TOTALS: 18707
BIASES: 1.00
PERCENT CORRECT: 83.9777
HEIDKE SKILL SCORE: 0.62155
CHI SCORE: 3.33
CASES = 25140

5CT

870
990
345
238

2643
1.03

BRN

130
334
310
22

1

1097
0.98

112

OVC OBSCURE  ROW TQTALS

84 1 18700
260 .0 2504
274 0 980

2274 0 2356

0 0 0
2892 1 25140
1.02 0.00

OVC OBSCURE ROW TOTALS

73 1 18641
236 0 2524
306 0 1076

2251 0 2898

0 0 1
2892 1 25140
1.00 1.00



¢ - 29.235
29.236 - 29.530
29.531 - 29.677
29.678 - 29.825
29.826 - 29.973
29.974 - 30.120
30.121 - 30.268

GEM

30.269 - 30.563

30.564 +
COLUMN TOTALS:
BIASES:
PEECENT CORRECT: 92.1041
HEIDKE SKILL SCORE: 0.30062
CHI SCORE: 0.14
CASES = 25089
0 -29.235
29.236 - 29.520
29.531 - 29.677
29.678 - 29.825
PERSISTENCE  29.826 - 29.973

29.974 - 30.120
30.121 - 30.268
30.269 - 30.563
’ 30.564 +

COLUMN TOTALS:
BIASES:

PERCENT CORRECT: 92.1041
HEIDKE SKILL SCORE: 0.90062
CHI SCORE: 0.14

CASES = 25089

&0 MINUTE PROJECTION

0-
29.233

OO OO O OO0

93.99

0-
29.235

L~ — I~ I — i — B — IR~ Y ]

0
99.99

29.236-
29.530

0
431
27
0

OO O o O

458
1.01

29.236-
29.330

0
431
27
0

458
1.01

OO OO0 O

PRESSURE (INCHES)

VERIFYING OBSERVATION

29.531-  29.678-  29.826-
29.677 29.825  29.973
0 0 0

3 0 0
1063 & 0
o us2 195

0 181 5486

0 0 31s

0 ¢ 1

0 0 0

0 0 0
u oz 5997
101 100 1.00

PRESSURE (INCHES)

VERIFYING OBSERVATION

29.531- 29.678- 29.826-
29.677  29.825  29.973
0 0 0

3 0 0
1063 89 0
7 2452 195

0 181 5486

0 0 s

0 0 l

0 0 0

0 0 0

1un 2722 5997
1.0¢ 1.00 1.00

113

29.974-  30.121-
30.120  30.268
0 0

0 0

0 0

1 0

326 {
7044 227
232 4107

0 134

0 .0

7603 4469
1.00 1.00
29.974-  30.121-
30.120  30.268
0 0

0 0

0 0

1 0

326 1
7044 227
22 4107

0 134

0 0

7603 4469
1.00 1.00

30.269-
30.563

o o o

- o O a

0.
£
.

— e
=8
=49

30.269-
30.563

30.564 +

W DD OO OO

~3

8z

1.08

30.564 +

PO O O oo

-~
o

82
1.00

ROW TOTALS

: 0
462
179
2725
5394
7386
4476
2585

82

25069

RCW TOTALS

0
462
1179
2725
5594
7386
4476
2585
82

25089



711

TEMPERATURE (DEGREES FAHRENHEIT)

VERIFYING OBSERVATION

¢S 5-14 15-24 25-34 35-39 40-44 45-49 50-54 55-59 60-64 65-74 75-84 85-94 95+ ROW TOTALS

«5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

5-14 0 53 2 0 0 0 0 0 0 0 0 0 0 0 55

15 - 24 0 4 621 166 4 0 0 0 0 0 0 0 0 0 795

25 - 34 0 0 149 1827 286 54 12 0 0 0 0 0 0 0 2328
35-39 0 0 1 328 1014 379 57 6 0 0 0 0 0 0 1785

GEM 40 - 44 0 0 0 27 450 1342 297 64 5 0 0 0 0 0 2185
45 - 49 0 0 0 1 32 77 182 335 84 4 0 0 0 0 2015

50 - 54 0 0 0 0 1 13 410 990 393 57 4 0 0 0 1868

55 - 59 0 0 0 0 0 0 52 443 1292 385 18 1 0 0 2251

60 - 64 0 0 0 0 0 0 6 39 441 1384 568 1 0 0 2439

65 - 74 0 0 0 0 0 0 0 3 48 592 4084 519 0 0 5246

75 - 84 0 0 0 0 0 9 0 0 1 4 513 2369 200 0 3087

85 - 94 0 0 0 0 0 0 0 0 0 0 2 19 148 18 964

95 + 0 0 0 0 0 0 0 0 0 0 0 1 18 n 51

COLUMN TOTALS: 0 57 773 2349 1787 2185 2016 1880 2264 2426 5249 3087 966 50 25089

BIASES: 99.99 0.96 1.03 0.99 1.00 1.00 1.00 1.00 0,99 1.01 1.00 100 1.00 1.02

PERCENT CORRECT: 67.5117
HEIDKE SKILL SCORE: 0.63403
CHI SCORE: 1.09

CASES = 25089



ST1

«5
t5 0 0
5-14 0 53
15 - 24 0 4
25 - 34 0 0
3 -39 0 0
PERSISTENCE 40 - 44 0 0
45 - 49 0 0
50 - 54 0 0
55 - 59 0 0
60 - 64 0 0
65 - 74 04 0
75 - 84 0 0
85 - 94 0 0
95 + 0 0
COLUMN TOTALS: 0 57

BIASES: 99.99  0.96
PERCENT CORRECT: 67.5117
HEIDKE SKILL SCORE: 0.63403
CHI SCORE: 1.09

CASES = 25089

0
2
621
149
1

0
0
0
0
0
0
0
0
0

773
1.03

TEMPERATURE (DEGREES FAHRENHEIT)

0

0
166
1827
328
27

1

[T — I — e B I O )

2349
0.99

0

0

4
286
1014
450

12,

L= — B — o -~

1787
1.00

VERIFYING OBSERVATION

0

0

0

54
3
1342
n
KX

0

2185
1£.00

(== T = v B o e}

0

0

0

12
57
297
1182
410
52
6

QOO o O

2016

1.00

[=—J = Y S ]

6
64
335
990
443
39
3

0
0
0

1880
1.00

LB =N = R ]

393
1292
441
48

2264

0.99 -

5-14 15-24 25-34 35-39 40-44 45-49 50-54 55-59 60-64

2426

101

65-74

oo o CcC oo

4
78
568
4084
513
2

0

5249
1.00

75-84

Landil — B = B~ I — IR 2N — Y- NN )

[

519
2369
196
1

3087
1.00

85-94

== — = B - B~ I 1

<

200
748
18

966
1.00

95 + ROW TOTALS

0

55
795
2328
1785
2185
2015
1868
2251
2439
5246
3087
94
51

N OO O OO OO

@

50 25089
1.02



DEW POINT DEPRESSION (DEGREES FAHRENHEIT)

VERIFYING OBSERVATION

0-1 2-7 8-15 16-25 26 + ROW TOTALS

0-1 951 1385 39 0 0 2375

2-7 1330 6908 1079 27 2 9406

GEM 8-15 9 1100 5018 931 7 7065
16 - 25 0 32 939 3782 273 5026

26 + 0 1 12 269 935 1217

COLUMN TOTALS: 2350 9426 7087 5009 1217 25089
BIASES: 1.0t 1.00 1.00 1.00 1.00

PERCENT CORRECT: 70.1264
HEIDKE SKILL SCORE: ©.58987
CHI SCORE: 0.43

CASES = 25089

DEW POINT DEPRESSION (DEGREES FAHRENHEIT)

VERIFYING OBSERVATION

0-1 2-7  8-15 16-25 26 + ROW TOTALS

0-1 1031 128 04 0 9 - 2376

2-7 1310 7012 1034 27 2 9405

PERSISTENCE 8-15 9 1100 5018 931 7 7065
16 - 25 0 32 938 3782 273 5026

26 + 0 1 12 269 935 1217

COLUMN TOTALS: 2350 9426 7087 5009 1217 25089

BIASES: 1.01 1.00 100 1.00 1.00
PERCENT CORRECT: 70,8597
HEIDKE SKILL SCORE: 0.59994
CHI SCORE: 0.46

CASES = 25089

116



GEM

WIND SPEED (XTS)

VERIFYING OBSERVATION

0-1
0-1 268
2-9 873
10 - 19 2
20 - 29 0
30 + 0
COLUMN TOTALS: 1143
BIASES: 0.99
PERCENT CORRECT: 83.2317
0.43685

HEIDKE SKILL SCORE:

CHL SCORE: 5.46

CASES =

2-9

869
18747
1088

20706
1.0t

10-19

0
1212
1824

76

0

3112
0.9

20-29 30 + ROW TOTALS

0
0
a3 0
0
0

128 0
0.95 99.99

WIND SPEED (KTS)

VERIFYING OBSERVATION

25089

0-1
0-1 268
2-9 873
PERSISTENCE 10 - 19 2
20 - 29 0
30+ 0
COLUMN TOTALS: 1143
BIASES: 0.99

PERCENT CORRECT: 83.0045

0.43549

HEIDKE SKILL SCORE:

CHI SCORE: 0.23

CASES =

25089

2-9

869
18664
1169
4

0

20706
1.00

10-19

0
1176
1855

81

0

3112
1.00

117

1137
20834
2997
121

0

25089

20-29 30 + ROW TOTALS

0 0

3 0

87 0
38 0

0 0
128 0
0.96 99.99

1137
20716
K}k
123

0

25089



WIND DIRECTION (DEGS)

VERIFYING OBSERVATION

0-44  45-89 90-134 135-179 180-224 225-269 270-314 315-359 ROW TOTALS

0 - 44 1112 32 136 68 38 45 153 742 2606

45 - B89 261 426 222 67 34 52 118 144 1324

90 - 134 87 197 450 297 136 89 158 77 1491

GEM 135 - 179 58 4] 239 1348 923 186 183 101 3082
180 - 224 48 37 115 831 3043 521 286 112 4993

223 - 269 57 49 g6 182 441 460 441 114 1336

270 - 314 171 114 144 170 263 530 2424 860 4676

315 - 358 793 159 118 89 70 106 . 775 2971 s08l

COLUMN TOTALS: 2588 1337 1510 3052 4948 1995 4538 5121 25089

BIASES: 1.01 0.99 0.99 1.01 1.01 0.92 1.03 0.99
PERCENT CORRECT: 48.7863
HEIDRE SKILL SCORE: 0.39595
CHI SCORE: ~ 18.38

CASES = 25089

WIND DIRECTION (DEGS)
VERIFYING OBSERVATION
0-4  45-89 90-134 135-179 180-224 225-269 270-314 315-359 ROW TOTALS
0 - 4 1112 312 13 68 38 44 153 736 2559
45 - 89 261 426 221 67 % 52 117 143 1321
90 - 134 82 200 453 304 138 90 156 76 1499
PERSISTENCE 135 - 179 59 40 235 1346 927 185 182 101 3075
180 - 224 48 % 111 820 3019 516 276 112 4938
225 - 269 58 51 92 189 490 540 477 116 2013
270 - 314 170 113 142 169 232 41 2398 858 4543
315 - 359 798 159 120 89 70 107 779 2979 5101
COLUMN TOTALS: 2588 1337 1510 3052 4948 1995 4538 5121 25089

BIASES: 1.00 0.99 0.99 1.01 1.00 1.01 1.00 1.00

PERCENT CORRECT: 48.9179
HEIDKE SKILL SCORE: 0.39801
CHI SCORE: 0.76

CASES = 25089
118



0 - 100
200 - 400
500 - 900
GEM 1000 - 2900
3000 - 6000
CLR BELOW 6001
PART. OBSCURE
" COLUMN TOTALS:
BIASES:
PERCENT CORRECT: 85.6989
HEIDKE SKILL SCORE: 0.66533
CHI SCORE:  65.08
THREAT SCORE: 0.54540
CASES = 25089
0 - 100
200 - 400
500 - 900
PERSISTENCE 1000 - 2900
3000 - 6000
CLR BELOW 6001
PART. OBSCURE
COLUMN TOTALS:
BIASES:
PERCENT CORRECT: 85.8583
HEIDKE SKILL SCORE: 0.67030

CHI SCORE: 0.94
THREAT SCORE: 0.55867

CASES = 25089

CLOUD HEIGHT ONE (FEET)

0-
100

134
45
13
10

29

2k
0.9

VERIFYING OBSERVATION

200-  500-  1000-
400 900 2900
57 4 1l
599 117 25
166 417 157
33 160 1722
18 11 143
101 63 432
5 7 7
979 | 719 2497
0.92 1.14  1.01

3000-
6000

5

7

10
137
1022
428

1611
1.00

CLOUD HEIGHT ONE (FEET)

0-
100

134
53
4
10
4
27
12

244
0.99

VERIFYING OBSERVATION

200- 500-  1000-
400 900 2900
57 4 11
632 126 32
124 412 157
23 151 1712
16 11 143
101 62 431
26 13 i1
979 779 2497
1.00 0.99 1.00

119

3000-
6000

O

137
1021
427

1611
1.00

ROW TOTALS

242
901
889
2525
1618
18729
185

25089

OBSCURE  ROW TOTALS

CLR BELOW  PART.
6001  OBSCURE
27 4
38 70
107 19
453 10
412 8
17548 128
9% 39
18681 298
1.00 0.62
CLR BELOW  PART.
6001
27 4
93 34
57 13
444 10
412 6
17515 116
133 115
18681 298
1.00 1.05

242
979
775
2487
1613
18679
314

25089



GEM

CLOUD HEIGHT TWO (FEET)

0 - 100

200 - 400

500 - 900

1000 - 2900
3000 - 6000
CLR BELOW 6001

COLUMN TOTALS:
BIASES:

PERCENT CORRECT: 90.0514

HEIDKE SKILL SCORE:
59.42

CHI SCORE:
THREAT SCORE:

CASES =

PERSISTENCE

0.41557

0.24859

25089

CLOUD HEIGHT TWO (FEET)

VERIFYING OBSERVATION

0- 200- 500-  1000-
100 400 900 2900
14 4 2 i
19 2 5

1 4 3 24

2 6 63 269

0 3 ) 9%

16 39 125 36t
40 75 231 758
1.00 0.88 0.57 1.00

0 - 100

200 - 400

500 - 900

1000 - 2500
3000 - 6000
CLR BELOW 6001

COLUMN TOTALS:
BIASES:

PERCENT CORRECT: 90.0992

HEIDKE SKILL SCORE:

CHI SCORE:
THREAT SCORE:

CASES =

0.41476
0.33
0.24176

25089

VERIFYING OBSERVATION

0- 200- 500-  1000-
100 400 900 2900
14 4 2 1
19 4 5

1 9 S0 44

3 47 267

q 3 4 55

18 37 124 386
40 75 231 758
1.00 0.95 0.98 1.00

120

3000-
6000

i

3

4
59
551
547

1165
1.12

3000-
6000

-~ LD

543
353

1163
1.00

CLR BELOW
6001

18

30

66
3%
643
21707

22820
1.00

CLR BELOW
6001

18

33
115
382
560
21712

22829
1,00

ROW TOTALS

40

. 66
132
755
1301
22795

25083

ROW TOTALS

40

n
226
757
1165
22830

25089



CLOUD HEIGHT THREE (FEET)

VERIFYING OBSERVATION

8-  200-  500-  1000-

100 400 300 2900

0 - 100 0 0 0 0

200 - 400 0 0 0 0

500 - 900 0 0 2 1

GEN 1000 - 2900 0 0 0 13
3000 - 6000 0 5 13 18

CLR BELOW 6001 2 12 39 78

COLUMN TOTALS: ' 217 54 110

BIASES: 0.00 0.00 0.69 1.35

PERCENT CORRECT: 96.1138
HEIDKE SKILL SCORE: 0.21969
CHI SCORE: 117.22

THREAT SCORE: .00000

3000-
6000

19
104
240

368
1.46

CASES = 25089
CLOUD HEIGHT THREE (FEET)

VERIFYING OBSERVATION
0-  200-  S00-  1000-
100 400 900 2900
0 - 100 0 0 0 ¢
200 - 400 0 0 0 1
500 - 900 0 0 3 1
PERSISTENCE 1000 - 2900 0 1 0 12
3000 - 6000 0 2 6 1
CLR BELOW 6001 2 14 45 85
COLUMN TOTALS: 2 17 S 110

BIASES: 1.00 1.00 1.00 1.00

PERCENT CORRECT: 96.4965
HEIDKE SKILL SCORE: 0.18541
CHI SCORE: 0.67

THREAT SCORE: 0.00000

CASES = 25089
121

3000-
6000

0

5

9
12
70
272

368
0.99

CLR BELOW
6001

0

0

29
116
398
23995

24538
0.99

CLR BELOW
6001

2

11

41

85
274
24125

24538
1.00

ROW TOTALS

0

0

37
148
538
24366

25089

ROW TOTALS

2

17

54
110
363
24543

25089



CLOUD COVER ONE

VERIFYING OBSERVATION

CLOUD COVER ONE

SCT

1004
1605
295
380

328

1.05

BRN

114
47
156
345

1082
0.61

VERIFYING OBSERVATION

CLR BELOW
6001
CLR BELOW 6001 17495
ST 1042
GEM BKN i
e 70
OBSCURE 0
COLUMN TOTALS: 18652
BIASES:  1.00
PERCENT CORRECT: 82.7414
HEIDKE SKILL SCORE: 0.58878
CHI SCORE: 197.97
CASES = 25089
CLR BELOW
6001
CLR BELOW 6001 17446
ST 1022
PERSISTENCE BN 123
Ve 61
OBSCURE 0
COLUMN TOTALS: 18652
BIASES:  1.00
* PERCENT CORRECT: 82.2631
HEIDKE SKILL SCORE: 0.57996
CHI SCORE:  0.45
CASES = 25089

SCT

897
1527
449
311

3284
1.01

BKN

111
428
259
283

1082
1.01

122

OVC OBSCURE  ROW TOTALS

71 0 18684
331 1 3446
165 0 661

1503 0 2298

0 0 0
2070 1 25089
1.1 0.00

OVC OBSCURE  ROW TOTALS

67 0 18621
339 L 37
257 0 1088

1407 0 2062

0 0 1
2070 1 25089
1.00 1.00



CLOUD COVER TWO

VERIFYING OBSERVATION

CLR BELOW
6001 SCT BKN OVC  ROW TOTALS

CLR BELOW 6001 21791 542 1283 263 22879

GEN SCT 481 183 13 48 825
BKN 283 117 158 9 652
ove 328 89 135 181 733
! COLUMN TOTALS: 22883 931 689 586 25089

BIASES: 1.00 0.89 0.95 1.25

~PERCENT CORRECT: 88.9354
HEIDKE SKILL SCORE: 0.33206
CHI SCORE:  50.93

CASES = 25089
CLOUD COVER TWO
VERIFYING OBSERVATION
CLR BELOW
6001 5CT BKN OVC  ROW TOTALS
CLR BELOW 6001 21757 535 29 273 22861
PERSISTENCE SCT 550 214 124 61 949
BKN 290 124 166 105 685
ove 286 58 103 147 594
COLUMN TOTALS: 22883 931 689 586 25089

BIASES: 1.00 1.02 0.99 1.01
PERCENT CORRECT: 88.8198
HEIDKE SKILL SCORE: 0.32737
CHI SCORE: 0.50

CASES = 25089

123



CLOUD COVER THREE

VERIFYING OBSERVATICN

CLR BELOW
6001 5CT BKN QVC  ROW TOTALS
CLR BELOW 6001 23905 163 141 141 2350
GEM SCT 147 20 25 18 210
BKN 203 11 46 29 289
ove 136 1 24 49 240
COLUMN TOTALS: 24411 205 236 237 25089

BIASES: 1.00 1.02 1.22 1.0t
PERCENT CORRECT: 95.7392
HEIDKE SKILL SCORE: 0.23i12
CHI SCORE:  12.21

CASES = 25089

CLOUD COVER THREE

VERIFYING OBSERVATION

CLR BELOW
6001 T BRN OVC  ROW TOTALS

CLR BELOW 6001 23938 165 148 157 24408

PERSISTENCE SCT 157 18 24 7 206
BKN 162 9 4 26 238

ove 154 13 23 47 237

COLUMN TOTALS: 24411 205 236 237 25089

BIASES: 1.00 1.00 1.01 1.00
PERCENT CORRECT: 95.8348
HEIDKE SKILL SCORE: 0.21690
CHI SCORE: 0.02

CASES = 25089

124



VISIBILITY (MILES)

VERIFYING OBSERVATION

0c1/2 1/2 ¢ 1

0¢1/2 13

1/2 ¢ 1 7

GEM 1¢3 13
3¢5 5

5¢7 7

7+ 7

COLUMN TOTALS: " 52

BIASES: 1.33

PERCENT CORRECT: 87.2454
HEIDKE SKILL SCORE: 0.55880
CHI SCORE: 7.30

THREAT SCORE: 0.13986

CASES = 25089

7
13
32
28

7
12

99
1.07

1¢3 3¢5
16 12
38 18
364 256
279 767
72 369
68 176
837 1598
0.97 1.0

VISIBILITY (MILES)

VERIFYING OBSERVATION

0¢1/2 1/2¢1

0¢1/2 12

1/2 ¢ 1 8

PERSISTENCE 1¢3 13
3¢S 5

«7 7

7 7

COLUMN TOTALS: 52

BIASES: 1.27

PERCENT CORRECY: 87.2693
HEIDRE SKILL SCORE: 0.55961
CHI SCORE: 4.26

THREAT SCORE: 0.14545

CASES = 25089

7
13
Ky}
28

7
12

99
0.9

1¢3 3¢5
14 12
32 17
372 25
279 761
72 376
68 176
837 1598
0.98 1.00

125

284
534
567

1481
0.99

279
539
567

1481
1.00

7 + ROW TOTALS

16 69

18 106

64 808

248 1611

478 1467

20198 21028

21022 25089
1.00

7 + ROW TOTALS

16 66

16 98

65 817

248 1600

479 1480

20198 21028

21022 25089
1.00



GUSTS (KTS)

VERIFYING OBSERVATION

0-10 11-20 21-30
0 -10 21967 982 160
11 - 20 566 464 168
GEM 21 - 30 154 172 388
31 - 40 3 0 25
41+ 0 0 0
COLUMN TOTALS: 22630 1618 741
BIASES: 1.02 0.74 1.00
PERCENT CORRECT: 90.9881
HEIDKE SKILL SCORE: 0.44699
CHI SCORE: 116.02
CASES = 25089

GUSTS (KTS)

VERIFYING OBSERVATION

0-10
0-10 21708
11 -20 827
PERSISTENCE 21 - 30 152 .
31-40 3
41 + (1

COLUMN TOTALS: 22690
BIASES:  1.00

PERCENT CORRECT: 90.5217
HEIDKE SKILL SCORE: 0.46322
CHI SCORE: 0.30

CASES = 25089

11-20

842
607
169
0
0

1618
1.00

21-30

153
176
387
25
0

741
0.99

126

31-40 41 + ROW TOTALS

2 0

2 0

27 0
§ 0

0 0

40 0
0.93  99.99

23111
1200
741
37

0

25089

31-40 41 + ROW TOTALS

1 0

3 0

27 0
9 0

0 0
40 0
0.93  99.99

22704
1613
735
37

0

25089



0 - 100

200 - 400

500 - 900

1000 - 2900
3000 - 6000
CLR BELOW 6001

GEY

COLUMN TOTALS:
BIASES:

PERCENT CORRECT: 90.3464
0.65909

HEIDKE SKILL SCORE:
CHI SCORE: 2.72
THREAT SCORE: 0.60444

CASES = . 25089

0 - 100

200 - 400

500 - 900

PERSISTENCE 1000 - 2900
3000 - 6000

CLR BELOW 6001

COLUMN TOTAL3:
BIASES:

PERCENT CORRECT:
HEIDKE SKILL SCORE:
CHI SCORE: 0.2
THREAT SCORE: 0.59740

CASES = 25089

90.3384
0.65976

CEILING (FEET)
VERIFYING OBSERVATION

CEILING (FEET)

VERIFYING OBSERVATICH

127

0- 200- 500-  1000-
100 400 900 2900
41 38 4 3
39 536 81 2
8 79 233 107

0 19 90 - 1051

0 7 b 97

24 70 81 367
112 149 508 1646
1.09 1.01 0.98 1.00

0-  200- 500~  1000-
100 400 900 2900
% 5 4 3
¥ 5% 91 2
8 % 233 108

0 19 % 1052

0 7 5100

3 7 82 3
H2 749 03 164
0.97 1.0 0.98  1.00

3000-
6000

0

2

9
75
532
337

955
0.96

3000-
6000

0
2

9 .

75
550
319

—
.

[~ 3
O dn

CLR BELOW
6001

3

64

60
414
274
20274

21122
1.00

CLR BELOW

6001

Kx]

64

60
412
293
20260

21122
1.00

ROW TOTALS

122
753
496
1649
916
21183

25083

ROW TOTALS

109
752
497
1648
955
21128

25069



TOTAL CLOUD AMOUNT

DOT/FAA
PM-87/2

CLR BELOW 6001

T

GEM ERN
ove

OBSCURE

COLUMN TOTALS:
BIASES:

PERCENT CORRECT: 83.3752
HEIDKE SKILL SCORE: 0.60541
CHI SCORE:  25.10

CASES = 25089

TOTAL_ CLOUD AMQUNT

VERIF(ING OBSERVATION

CLR BELCH

€001

17493
912
128
118

0

18652
1.00

XT BKN
920 152
955 kK|
290 246
304 348
9 0
2469 1074
1.01 0.36

- CLR BELOW

CLR BELOW 6001

T

PERSISTENCE BN
ove

OBSCURE

COLUMN TOTALS:
BIASES:

PERCENT CORRECT: 83.1560
HEIDKE SKILL SCORE: 0:60206
CHI SCORE: 0.64

CASES = 25089

VERIFYING OBSERVATION

€001

17446
952
144
110

0

18652
1.00

T BRN
917 147
944 32
334 283
274 319
] 1
2469 1074
1.01 0.99
128

ove

117

291

261
2224
0

2893
1.03

ove

m
285
307
2190
0

2893
1.00

Very short range statistical
forecasting of automated
weather observations.
00026390

OBSCURE  ROW TOTALS

0 18682

| 2487

0 926

0 2954

0 0

L 25089
0.00

" OBSCURE  ROW TOTALS

0 18621

1 2506

0 1068

0 2893

0 1

1 25089
1.00










