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ABSTRACT
Thunderstorms and associated weather in the region of Eastern Virginia are discussed, and
a semi-objective technique is presented for forecasting the phenomena. A new stability value
is presented as a convective forecasting facility. The forecast method herein described had
an overall verification probability with dependent and independent data of 0.88 and 0.92,
respectively.

1. Introduction
Forecasting the development of thunderstorms
and their associated weather is always a difficult
problem. Along the Atlantic Coastal Regions of
Virginia, thunderstorms often form so rapidly that
they transform an apparently innocuous weather
situation into a vehement outburst within a short
period. Very often, forecasters familiar with this
region are acquainted with the thunderstorm
characteristics in a general way, but their knowledge is gained through daily experiences and may
be sketchy, unorganized and influenced by individual cases where the forecast failed. A systematic procedure will help eliminate many forecasting
difficulties.
Thunderstorms are complex and cannot be forecast satisfactorily by a single method alone. A
major cause of failure in forecasting the formation
and development of thunderstorms has been the
necessity of predicting an actual occurrence at a
specific location. It should be borne in mind and
impressed, if possible, upon any using agency, that
a forecast of vertical cloud development must be
confined to an area. It is important and of farreaching consequence that this be clearly understood.
2. The experiment
In recent years, abundant information has been
presented which indicates that thunderstorm formation may be a function of several parameters
such as atmospheric instability, available middle1 Present address: Det. 2, 2d Weather Group, Langley
AFB, Virginia.

level moisture, surface heating, forced lifting and
other factors [1; 2]. The problem of determining
these parameters is intimately connected with the
method in which we must obtain a quantitative
value. The upper-air sounding representing the
area of interest is plotted on the Skew T-log p
diagram or other suitable thermodynamic chart
and then analyzed according to certain procedures.
After many trials involving various parameters,
the following factors were selected:
(1) A modified version of the Severe Weather
Warning Center ( S W W C ) Stability Index [3]
was found by raising the mean wet-bulb temperature of the lowest 100-mb layer moist adiabatically
to 500 mb and subtracting the temperature thus
found from the reported 500-mb temperature.
(2) The
temperature-dewpoint
difference
(T-Ta) at 700 mb was used as a quantitative
value of the available middle level moisture.
(3) The " C " Stability Value ( C S V ) was
found by descending dry adiabatically from 850
mb to 1000 mb and then ascending moist adiabatically to 600 mb. The CSV is the difference in
the temperature thus found and the reported 600mb temperature. The CSV was found empirically
and is advanced by the author as an easily obtained aid for forecasting convective activity.
(4) The Lifting Condensation Level ( L C L )
was found at the intersection of the surface
mixing-ratio curve with the surface dry-adiabatic
curve. This point represents the level at which
condensation would take place if the surface layer
was lifted without heating from below, cooling
above or precipitation.
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These parameters were ascertained from the
upper-air observations taken at Norfolk, Virginia.
The 1200Z sounding was used unless nocturnal
showers occurred, in which case the 0000Z
observation was used.
The individual days were classified according to
the vertical-cloud-development behavior as follows : Class I, the thunderstorm occurred during
the daylight hours; Class II, the thunderstorm
was nocturnal, of the squall line variety, or of an
easterly wave or hurricane origin; Class III,
cumulonimbus was observed; Class IV, days with
heavy rainshower activity; and Class V, days of
no occurrence.
3. Testing and evaluation
The dependent data. The meteorological parameters were plotted on scatter diagrams according to the classification of daily activity. The
distribution of Classes I - I V did not differ significantly from each other. It did demonstrate,
however, the feasibility of forecasting the occurrence and non-occurrence of activity—i.e., Classes
I - I V as compared to Class V.

The forecast graphs are shown in figs. 1 and 2.
A "yes" forecast is a positive indication from
graphs I and II. A "no" forecast is a negative
indication from both graphs. A marginal forecast
situation exists when one graph indicates "yes"
and the other graph indicates "no."
In order to make a "yes" or "no" decision for
the marginal situations, further investigation was
necessary. It was observed that cyclonic curvature
was always present at the surface during the days
when activity occurred. Therefore, when the
graphs indicated "marginal," a forecast of "yes"
was made if there was cyclonic curvature within
the area. If the curvature was anticyclonic, the
forecast was "no."
A total of ISO forecasts was made during the
period from May through September 1959. The
activity classification, occurrence and verification
probability is presented in table 1. The 22 marginal
cases consisted of 14 "yes" and 8 "no" forecasts;
17 of the forecasts verified.
The new skill score after Appleman [4] which
has "a value of one when every forecast is correct
and zero when the forecast accuracy is equal to
that obtained by an unskilled forecast" is + 0.75
(table 2).
The overall probability of an accurate forecast
of activity versus no activity is 0.88. It is readily
apparent that this forecast method is consistent
and worthy of consideration.
TABLE 1. Activity classification, activity occurrence and
verification probability for the dependent data.
Activity classification
Number of cases (N)

I-IV
(78)

I—III
(70)

I—II
(55)

I
(36)

V
(72)

0.95

0.86

0.76

0.59

0.05

Yes (14)

0.79

0.71

0.50

0.14

0.21

No

0.25

0.25

0.00

0.00

0.75

0.14

0.11

0.05

0.00

0.86

Forecast type
FIG. 1. Thunderstorm forecast graph utilizing the
Air Force Severe Weather Warning Center Stability
Index and the temperature-dewpoint difference at 700 mb.

Yes (58)
Marginal:

No (70)

TABLE 2.

(8)

Contingency table of forecasts vs observed
activity for the dependent data.
Forecasts

FIG. 2. Thunderstorm forecast graph utilizing the
surface lifting consendation level and the " C " stability
value.

Observation

Yes

No

Total

Yes
No
Total

66
6
72

12
66
78

78
72
150
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The apparent advection. It was observed that
in 44 per cent of the thunderstorm cases the wind
between the 500-mb and 300-mb surfaces veered
30 deg or more; backing winds were observed only
3 times in the 78 cases. With non-occurrence of
activity, there were 6 cases of veering and 15 cases
of backing. The remainder of the observations
had consistent wind direction with height between
the two surfaces.
The independent data. To test the forecast
method, the 64 week-days during the months of
June, July and August 1958 were investigated.
The activity classification, occurrence and verification probability are presented in table 3. A mar-

4. Summary

TABLE 3. Activity classification, activity occurrence and
verification probability for the independent data.
I-IV
(35)

i-ni
(28)

I-II
(19)

I
(7)

V
(29)

0.96

0.74

0.48

0.29

0.04

Yes (7)

0.86

0.86

0.71

0.29

0.14

No

0.25

0.25

0.00

0.00

0.75

0.08

0.04

0.04

0.04

0.92

Activity classification
Number of cases (N)

.

Forecast type
Yes (27)
Marginal:

No (26)

(4)

ginal situation was indicated 11 times; these were
grouped as 7 "yes" and 4 "no" for a verification
of 9 cases.
The probability for activity with a "yes" forecast is 0.96 compared with 0.95 with the dependent
data. The overall verification probability is 0.92.
The Appleman skill score is + 0.83 (table 4).
TABLE 4.

Contingency table of forecasts vs observed
activity for the independent data.
Forecasts

Observation

Yes

No

Total

Yes
No
Total

32
2
34

3
27
30

35
29
64

The apparent advection feature for this period
was comparable to that observed for the dependent
data. There was veering of the winds of 30 deg or
greater between 500-mb and 300-mb surfaces in
35 per cent of the thunderstorm cases; backing
winds were observed only 4 times with activity.
During the days with non-occurrence, veering was
observed 5 times.
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The forecast method herein described showed
a high correlation between occurrence and nonoccurrence of vertical cloud development over the
Eastern Virginia area. The study shows considerable skill in selecting on a categorical "yes" or
"no" basis and consistently high probability for
determining activity occurrences.
The distribution of the meteorological parameters prevented a distinction between the various
weather classifications. The complex nature of
the thunderstorm prevented a specific location
forecast. The forecast method, however, alerts
the forecaster to the fact that he must closely
monitor the activity development in order to
determine occurrence at his location.
It will be noted that all activity days were considered in the final results with no attempt to
categorize according to the "triggering mechanism." Also, there was no attempt to relate the
intensity of the activity with the parameters.
The apparent warm-advection feature observed
during the study suggests the need for further
investigation. This feature may possibly be developed into an objective forecasting technique as
a refinement to the current method.
Acknowledgments. The work on this investigation was greatly expedited by the services rendered by Lt. Col. A. Gustafson, Commander of
the Air Force Severe Weather Warning Center
and by Mr. A. J. Emerson of the National Aeronautics and Space Administration.
Appreciation is extended to the following members of the Langley Forecast Center for their
valuable suggestions and comments: Lt. Col. E.
Luck, Maj. R. Clancy, Maj. H. Bulk, Capt. L.
Worthley, Capt. C. Jelesnianski, and C W O S.
Gatrell.
I am also indebted to S/Sgt. B. Robinson for
data collection and help in the manuscript preparation.
Special appreciation is due Lt. Col. J. Bird,
Commander of the Langley Forecast Center, for
providing the stimulus and impetus for the project.
REFERENCES
1. Austin, J. M., 1951: Cumulus convection and entrapment, in Compendium of meteorology, Boston,
Amer. meteor. Soc., 694-701.
2. Godske, C. L., et al, 1957: Dynamic meteorology and
weather forecasting.
Boston, Amer. meteor. Soc.,
and Washington, D. C., Carnegie Inst. Washington, 595-598.
3. Air Weather Service, 1956: Severe weather forecasting. Air Wea. Serv. Man. 105-37, U. S. Air
Force, p. 3.
4. Appleman, H. S., 1960: A fallacy in the use of skill
scores. Bull. Amer. meteor. Soc., 41, 64-67.

Unauthenticated | Downloaded 01/09/23 09:26 AM UTC

A^OL. 4 2 ,

No.

2, FEBRUARY,

1961

Weather

109

Bureau

Recorders
THERMOGRAPH
No. 151A. U. S. Weather Bureau
type. The temperature-sensitive element is a polished, gold-plated,
liquid-filled, bourdon tube attached
by a series of linkages to a recording
pen arm. Range: - 3 5 ° F. to +110° F.
Recording period: daily or weekly;
specify one. Charts measure 4
inches vertically for temperature
and 11| inches horizontally for
time. Housed in all-metal case with
glass panels and mounted on aluminum base. Weight 8 lbs.

$200.00

HYGROTHERMOGRAPH
No. 255. Single recording instrument makes a dual record of both
temperature and humidity on the
same chart. The temperature-sensitive element is a highly polished,
goldplated, bourdon tube; the humidity element is a multiple strand
of specially treated, hygroscopic
human hairs. Temperature is traced
on the upper two-thirds of the fiveinch chart; humidity readings occupy the lower third. Range: approximately 5 % to 100% relative
humidity, and either +10° F. to
+ 110° F. or - 3 0 ° F. to +70° F.
Recording period: daily or weekly;
specify one. Weight 8 lbs. $235.00
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