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Cumuloform Shower Forecast Technique for Southern Arizona1
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Meteorology Department, U. S. Army Electronic Proving Ground,
Fort Huachuca, Arizona
ABSTRACT

A procedure for using the 700-mb dew point temperature as an objective aid for forecasting
the occurrence or nonoccurrence of cumuloform showers in southern Arizona is presented with
verification data.

T may not be commonly known by some eastern meteorologists, but Arizona has an annual
summer monsoon. During the summer rainy
season we in Arizona receive approximately twothirds of our annual rainfall in the form of cumuloform showers.
The chart shown in fig. 1, prepared by Dr.
James E. McDonald of the Institute of Atmospheric Physics, University of Arizona, shows the
major phenomena which occur during our rainy
season. Between Phoenix and the continental divide from the surface to 400 mbs, the mean mixing ratio increases 150 percent between May and
August. Notice also the 200-percent increase in
mixing ratio aloft between 620 and 420 mbs.
These moist tongues move into Arizona from
the Gulf of Mexico, usually, from the last two
weeks in June until mid-September, supplying the
necessary moisture for shower and thundershower
activity. So, forecasting the occurrence or nonoccurrence of showers and thundershowers is our
major forecast problem.

I

In the September 1955 B U L L E T I N of the American Meteorological Society, the article Synoptic
Climatology of the Arizona Summer Precipitation
Singularity by Bryson and Lowry had an illustration reproduced here in fig. 2. This shows the
mean temperature and dew point curves at biweekly periods for Phoenix for 1946-51.
The significant factor seemed to be the increase
in the dew point temperature during the rainy
season, particularly in the 700-mb region; whereas
the free-air temperature rose uniformly at all
levels. This led to the assumption that there
could well be a critical dew point temperature for
the formation of cumuloform showers in southern
Arizona.
Six years of upper air and surface observations
were obtained from the National Weather Records Center at Asheville for Tucson and Phoenix.
1950-51-52 were to be used to develop a suitable
700-mb dew point parameter; and 1953-54-55
were used for verification. For Fort Huachuca,
1955 information was used to develop the forecast
parameters and 1956 information was used for
verification.

FIG. 1. Percentage increase in mean mixing ratio from
May to August ( G / K G ) . Average from 1946 to 1955.
1 Presented at the 147th National Meeting of the
American Meteorological Society in Albuquerque, New
Mexico, September 1956.
2 Currently affiliated with Technical Support Section,
Balloon Branch, Air Force Missile Development Center,
Holloman A.F.B., New Mexico.

FIG. 2. Mean soundings at Phoenix for 5 years (1946,
47,49,50,51).
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The following rules were established:
1. The forecast area was to be within a 25-mile radius
of the station.
2. The forecast period was for 24 hours following the
1500Z sounding. Most of the showers occurred during
the afternoon and early evening. 1500Z data gave better
results than 0300Z data.
3. The data were separated into four main categories
(fig. 3a).
a. No weather at the station or in sight of the station.
b. Cumulonimbus in sight, judged to greater than 25
miles from the station.
c. Showers or cumulonimbus judged to be within 25
miles of the station.
d. Showers or thundershowers at the station.
4. The occurrence of cumuloform showers either at the
station or within 25 miles of the station would constitute
a hit when forecast by use of the critical dew point established by the test data.
5. No weather in sight within 25 miles of station would
constitute a hit when no cumuloform showers were forecast by criteria established by the test data.
6. To be as objective as possible, once the test data
were complete, the verification weather data (i.e., showers in sight, etc.) were set down first and then the dew
point temperatures were obtained for that date.
7. June, July, August and the first eight days of September were the dates used each year to cover the time
of normal rainy season.

FIG. 3a. Tucson development data, 1950, 51, 52.

FIG. 3b. Tucson verification data, 1953, 54, 55.

FIG. 4a.

Phoenix basic development data, 1950, 51, 52.

FIG. 4b. Phoenix scatter diagram, 1950, 51, 52. 1500Z
500-mb dew point compared with 1500Z 700-mb dew
point.

FIG. 4C. Phoenix scatter diagram, 1950, 51, 52. 0300Z
500-mb dew point against 1500Z 700-mb dew point.

FIG. 4<L Phoenix verification data, 1953, 54, 55.

Unauthenticated | Downloaded 01/09/23 04:47 AM UTC

BULLETIN

520

AMERICAN

METEOROLOGICAL

SOCIETY

FIG. 5a. Fort Huachuca development data, 1955.

FIG. 5b. Fort Huachuca verification data, 1956.

The development data for Tucson (fig. 3a) established a critical dew point of + IF with 80
percent accuracy. The verification data for Tucson gave the following: 177 cumuloform showers
forecast, 162 verified, missed 15; 106 non-occurrence forecast, 99 verified, missed 7; 92 percent
correct, 0.84 skill score.
The Phoenix development data were more complex. The first development (fig. 4a) data gave
only 76 percent accuracy. A scatter diagram of
1500Z 500- and 700-mb dew points gave only 76
percent. The best score was obtained by using
the 0300Z, 500-mb dew point compared with the
1500Z 700 mb and warmer than - 25C at 500 mb
as criteria for the forecast.
So it would seem from this that the best situation for cumuloform shower development at Phoenix is the advection of moisture at 500 mb several
hours before the moisture moves in the 700-mb
level.
The use of 500-mb moisture did not appreciably
help the forecast scores at Tucson or Fort Huachuca.
The final verification for Phoenix gave (fig.
4d) : 104 cumuloform showers forecast, 88 veri-

fied, missed 16; 196 no-showers forecast, 178
verified, missed 18; 89 percent correct, 0.75 skill
score.
The development data for Fort Huachuca (fig.
5a) consisted of 100 days from 1 June through 8
September 1955,. This gave a critical dew point
of 9C with an accuracy of 94 percent correct.
The verification data for Fort Huachuca (fig.
5b) consisted of only 76 days from 1 June through
15 August 1956, with these results: forecast
cumuloform showers 48 times, verified 45 times,
missed 3; forecast no showers 28 times, verified
25 times, missed 5; 90 percent correct, 0.77 skill
score.
The data for Fort Huachuca are probably too
small to be statistically significant, but this result
is certainly encouraging.
Conclusions.—The use of 700-mb and 500-mb
dew point is a useful tool in forecasting the occurrence or nonoccurrence of cumuloform showers in
Southern Arizona. This aid, objective as it is,
can be improved further by the use of 700- and
500-mb charts, because most misses occurred due
to the change of moisture over the forecast area
between upper air observation times.

Delaware Valley Branch

NEWS FROM OUR BRANCHES
(Continued from page 517)
Mr. Elliott discussed the effects of the drought on agriculture in Tolland County, one of the hardest-hit counties in the state; Mr. Hamon, the computations of soil
moisture balance from meteorological data; Dr. Janes,
the moisture requirements of Connecticut crops. Dr.
Pack presented an analysis of this year's rainfall deficiency as compared with averages and previous droughts.
After the panel presentations, the meeting was opened
to discussion from the floor.

Twenty-seven members attended the organizational
meeting of the Delaware Valley Branch held in Newark,
Delaware, on 19 September. The following officers were
elected: Chairman, Albert E. Boyer, Jr., du Pont Company; Vice Chairman, Henry P. Adams, U. S. Weather
Bureau; Secretary, Alma H. Worth, U. S. Weather Bureau; Treasurer, Guy C. Anderson, U. S. Weather Bureau. The USWB film, Hurricane Watch, closed the
program.
Meetings are planned for the third week of every other
month and are to be rotated among Wilmington, Philadelphia, and an undesignated place in New Jersey.
(Continued on page 546)
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