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University Instruction in Weather Analysis
and Forecasting

K. H. Jehn, Atmospheric Science Group, University
of Texas, Austin, Texas 78712

"Learning without thought is labor lost; thought
without learning is perilous."
. . . Confucius
Weather analysts and forecasters are engaged in a wide
variety of professional activities, from devising, operating,
and modifying the sophisticated numerical models of atmospheric circulation systems—which are the basis of current
weather forecasting—to interpreting the output of these
models for a broad spectrum of users of weather information.
These analysts and forecasters have in common at least
one university degree in meteorology, which, in addition to
prerequisite courses in physical science and mathematics
and parallel courses in various facets of atmospheric science,
has included a course sequence in synoptic and dynamic
meteorology. "Synoptic" meteorology is roughly equivalent
in meaning to "weather analysis and forecasting" in the sense
of dealing with the spatial distribution of synchronous observations of meteorological variables such as atmospheric
pressure, temperature, moisture, and wind; "dynamic" or
"theoretical" meteorology deals essentially with the governing
equations of atmospheric structure and motions.
"Synoptic" and "dynamic" meteorology, to use the historical terminology for these courses or course sequences, are
clearly complementary: the synoptic meteorologist must
have an understanding of the governing equations for the
mapped parameters to have any real meaning for him; the
dynamic meteorologist is somewhat less constrained, in that
it is merely highly desirable for him to know something of
the behavior of the real atmosphere as he studies the governing equations. It is possible for a student to specialize in one
or the other, although it is becoming more and more evident
that the strongest synoptic meteorologist is well versed in
dynamic meteorology and vice versa.
The realization that synoptic and dynamic meteorology
belong together in the preparation of students for professional careers has been known for some time; what has not
been realized is that the two courses should be combined
in such a way that the governing equations and the distribution of the meteorological parameters are seen as interacting
consequences in atmospheric circulation systems on different
scales. Separate courses in synoptic and dynamic meteorology
have never effectively managed the necessary meshing of
"theory" and "practice," although the merits of the idea
have been discussed for some years.
Among the most active of the proponents for the effective
combination of synoptic and dynamic meteorology in the
educational process has been Dr. Jacques van Mieghem,*
retired director of the Belgian Meteorological Service. His
i Personal communication.
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work has been done primarily in the deliberations of groups
in the World Meteorological Organization (WMO), and the
results appear in such publications as the various training
manuals for meteorological personnel. The publications most
pertinent to this discussion are those dealing with the preparation of personnel for professional duties (van Mieghem
et al1969; Wiin-Nielsen, 1973; Retallack, 1973).2 Even here,
however, there is a separation of topics into "physical," "synoptic," and "dynamic," suggesting that Professor van
Mieghem's arguments have not yet won complete acceptance.
The Atmospheric Science Group at the University of Texas
at Austin has pioneered an effort during the last three years
to integrate the essential topics of synoptic and dynamic
meteorology at the undergraduate level into a single course,
called Atmospheric Circulation Systems. The approach has
been to give a series of lectures in which the governing equations of momentum, continuity, circulation, and vorticity are
developed, along with an explanation of the synoptic (i.e.,
weather analysis) consequences. An accompanying laboratory/
workshop applies these relationships to the atmosphere by
having students prepare analyses of real weather situations
which are revealing of the relationships developed in the lectures (Jehn and Battista, 1972). We have found that there is
still some artificiality in this separation, although the effect is much more productive in the learning sense than
two separate lecture courses. In short, we feel that additional
improvement is possible.
In developing the course sequence in weather analysis and
forecasting, we have felt the need for knowing how such
course work is handled at other universities, since information of this kind is infrequently exchanged. Accordingly,
we devised a questionnaire on synoptic/dynamic instruction,
enclosed a letter of explanation, and mailed it about 1 March
1974 to 35 schools in the United States and Canada where
synoptic instruction was known or suspected to take place.
The results of this activity are summarized in Table 1.
This is the first such attempt known to us to solicit information from the various schools specifically on weather
analysis and forecasting courses. The results reveal a number
of interesting facts, including the one that only 6 of 22
schools teach synoptic/dynamic meteorology as a single
course, with an average of about two instructors (item 27
of the questionnaire)^ Notice that, of the remaining schools,
only one (in 21) is seriously considering combining synoptic
and dynamic meteorology into a single course (item 28).
Moreover, nine of 23 schools consider this combination in2 The volume on synoptic meteorology is in preparation,
s It isn't difficult to imagine that one of the instructors
has a "dynamic" specialty, and the other a "synoptic" specialty; this is the case at Texas, where Dr. Norman K.
Wagner has handled the dynamic topics, and Professor K. H.
Jehn is the "synoptic specialist." Either professor could
handle the entire course, but their natural inclinations,
based on prior training and experience, have conspired
to place them in these roles.
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appropriate (item 29). At about half of the schools, synoptic
meteorology follows a course in dynamic meteorology (item
II); in 17 of 25 schools, the two courses are taught in
parallel; in 12 of 28 schools, synoptic meteorology is taught
"in combination" with dynamic meteorology, meaning that
the syllabus includes topics in dynamic meteorology (item
13). Very few schools have a synoptic meteorology course
which precedes a course in dynamic meteorology (item 14).
The responses we view as "favorable" are those that
come closest to combining synoptic and dynamic meteorology into a single integrated course of study, because
neither is complete without the other. On the point of
"completeness," there seems to be agreement in the profession; in spite of this, however, there continues to be a reluctance to combine the appropriate topics into one course.
Our experience has been that the combination can be
effectively done; it is our contention that an even more effective "delivery mode" can be devised for the synoptic/dynamic
meteorology topics.
It is difficult to tell from the questionnaire just how other
schools handle synoptic instruction in detail. The summary report on the questionnaire certainly indicates that
relatively few schools have effectively combined synoptic and
dynamic instruction. Even those that claim to have this
TABLE
Item

1.
2.
3.
4.

desirable condition have some misgivings about parts of
the program. We at Texas certainly do, and have been
searching for ways to integrate more effectively the synoptic
and dynamic meteorology topics.
One obvious and potentially effective way to do this is to
convert the Atmospheric Circulation Systems course into a
Keller plan personalized system of instruction (PSI) mode
(Stice, 1971). This is a method of learning that is selfpaced; requires mastery of each unit of study before proceeding to the next; uses proctors for tutoring, for repeated
testing (when the student is ready), and for immediate scoring of tests; and uses lectures and demonstrations as
vehicles of motivation rather than as sources of critical
information.
We intend to try the PSI mode at Texas in 1975, since
mastery of each unit before going to the next is highly
desirable in synoptic instruction. However, we are aware
from extensive reading in the PSI literature (Ruskin and
Hess, 1973) that student procrastination and motivation have
been serious problems in some PSI courses (see Paskusz,
1973; and Engineering Education, March 1974, Special Effective Teaching Issue). Moreover, there is a danger in PSI
that the teacher may become "physically absent" (Richard-

1. Summary of results of questionnaire on synoptic meteorology instruction. (See list of schools responding. )
1

Respondents: 28

Totals

Averages

2

120.83 (93.83)
Number of synoptic meteorology courses available
32.67 (32.67)
Number of required courses in bachelor's degree plan
27.00 (22.00)
Number of undergraduate elective courses
62.17 (40.17)
Number of graduate synoptic meteorology courses
(Note: Data in item 1 should equal the sum of 2, 3 and 4.)

4.32
1.17
0.96
2.22

2

(3.48)
(1.21)
(0.81)
(1.49)

}

Item

Characteristics of main synoptic meteorology sequence. Respondentss: 28.

Yes

No

Totals

5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.

Follows a course in general meteorology
Requires and uses a course in differential equations
Requires and uses a course in classical thermodynamics
Requires and uses a course in atmospheric physics
Requires and uses a course in physical climatology
Requires and uses a course in atmospheric measurements
Follows a course in dynamic meteorology
Is taught in parallel with a course in dynamic meteorology
Is taught in combination with a course in dynamic meteorology (Syllabus
includes topics in dynamic meteorology)
Precedes a course in dynamic meteorology
Is a lecture course only
Combines lecture and laboratory/workshop course
Laboratory/workshop course only
"Keller plan" course (Personalized System of Instruction)
Modified Keller plan PSI course
Seriously considering utilizing Keller plan (PSI)

24
21
24
10
3
8
12
17
12
4
0
26
4
0
2
2

5
6
5
17
24
18
14
8
16
23
24
2
22
23
20
19

29
27
29
27
27
26
26
25
28
27
24
28
26
23
22
21

List of schools responding to questionnaire (in order of receipt): The University of Texas, Austin; Texas A & M University, College
Station, TX; University of Maryland (questionnaire not returned; letter of explanation); University of Illinois, Urbana; University of
Arizona, Tucson (no synoptic courses); University of Washington, Seattle; Purdue University, West Lafayette, Indiana; University of
California, Los Angeles; USAFSAAS 3ALR25330 Dept. of Weather, Chanute AFB, Illinois; University of Miami, Coral Gables, Florida;
University of Nevada, Reno; University of Hawaii (response excluded tropical meteorology laboratory course); San Jose State University,
California; University of Michigan, Ann Arbor; Oregon State University, Corvallis; Massachusetts Institute of Technology, Cambridge;
University of Missouri, Columbia; University of Utah, Salt Lake City; University of Oklahoma, Norman; State University of New York,
Albany; Cornell University, Ithaca, NY; McGill University, Montreal, Canada; University of Chicago; Utah State University, Logan;
Colorado State University, Fort Collins; University of Wisconsin, Madison; North Carolina State University, Raleigh; Polytechnic
Institute of New York, Brooklyn (formerly at NYU); Pennsylvania State University, University Park; Naval Post Graduate School,
Monterey, California; University of Toronto, Canada (received too late to be included in tabulation).
The smaller totals and averages shown in parentheses resulted from reducing the number of respondents from 28 to 27 because the
school omitted had reported an unusually large number of synoptic courses, 27, of which 22 were at the graduate level.
1

2
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TABLE 1.

(continued)

Item

Characteristics of main synoptic meteorology sequence. Respondents: 28.

Yes

No

Totals

21.
22.
23.
24.
25.
26.
27.
28.
29.
30.

Utilizes computerized instruction techniques
Utilizes current weather information
Requires the student to forecast meteorological elements
Is intended to prepare students for field forecasting duties
Is intended to provide synoptic experience for theoretical meteorology
students
Utilizes computer in current weather course (numerical models, statisticalobjective forecasting, etc.)
Synoptic/dynamic meteorology taught as a single course, with 1.8
(number) of instructors
Seriously considering combining synoptic and dynamic meteorology
into a single course
Considers it inappropriate to combine synoptic and dynamic meteorology
into a single course
Synoptic meteorology topics are included in a dynamic meteorology
course as illustrative of atmospheric behavior

9
21
24
19
25
15
6
1
9
20

19
5
5
10
3
11
22
20
14
5

28
26
29
29
28
26
28
21
23
25

Item

31.

Typically uses the following textbooks and/or workbooks:

George, Weather Forecasting for A eronautics
Haltiner and Martin, Dynamical and Physical Meteorology
Hess, Introduction to Theoretical Meteorology
Holton, An Introduction to Dynamic Meteorology
Palmen and Newton, Atmospheric Circulation Systems
Petterssen, Weather Analysis and Forecasting, Vol. I
Petterssen, Weather Analysis and Forecasting, Vol. II
Saucier, Principles of Meteorological A nalysis
Instructor-prepared notes (handouts)
Other textbooks or workbooks:

Yes

3
9
10
11
13
18
10
12
19
12

Excerpts from manuals, many exercises; Lorenz, The General Circulation of the Atmosphere; NOAA
publications; AWS Technical Report 240 (Tropical Meteorology); Byers, General Meteorology (1974)
(under consideration); NESC 51 (WX Satellite "Bible"); Decker, F. W., The Weather Workbook (1973);
Decker, F. W., Weather Map Study (1973); National Weather Service Western Region Technical
Attachments; WMO Russian Laboratory Course; Trewartha, An Introduction to Climate; Kendrew,
The Climate of the Continents; Rand-McNally, Goode's World Atlas; Byers, General Meteorology (1959);
Petterssen, Introduction to Meteorology; Willett and Sanders, Descriptive Meteorology; U. S. Navy Manuals
(Aerographer's Mate, Codes, and Instruments); Starr, Basic Principles of Weather Analysis and Forecasting,
using only Rossby et al., Appendix, (1942); Navy Weather Service Publications; Air Weather Service
Publications; Other technical reports; periodical articles in JAM, MWR, etc.
son, 1974)4, a state of affairs hardly tolerable in weather
analysis and forecasting courses.^Therefore, we also intend
to explore other avenues toward the improvement of synoptic/dynamic meteorology instruction.
Remark attributed by Richardson to William Bennett of
Boston University.
4
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Urban influence on cumulus formation

Andrew Detwiler, 39-2 Wood Lake Road, N
Albany, N.Y. 12203

The influence of the urban center on the weather over it
and its surroundings has been a topic of continuing research
for meteorologists. One way in which an urban area modifies
the atmosphere is by injecting large amounts of particulates
into it. (See the Project METROMEX, 1974; Lyons and
Pease, 1973.)
The accompanying photograph is the product of the multispectral scanner on the ERTS-1 satellite. It shows the southern tip of Lake Michigan, 11:04 CST, on Monday morning,
16 July 1973, in MSS band five (0.6-0.7 micrometers). The
light area bordering the lake is the Chicago-Hammond-East
Chicago-Gary metropolis.

This image is interesting for several reasons, but the one
that prompted this note is the appearance of several cumulus
bands over Chicago and Hammond. National Weather Service
observations taken one hour earlier show light north to
northeasterly surface winds in the area. The 1200 GMT
soundings (four hours previous) show calm or light westerly
flow at 850 mb and light 500 mb westerlies over the Wisconsin, Illinois, and Michigan area. The cloud lines seem to
be in the surface boundary layer approximately parallel to
the wind. (Kuettner, 1959 and 1971; Brandli, 1974.)
The shadows cast by the individual cumulus elements indicate a cloud base around 1 km, and very moderate vertical development. The width of the largest line elements
approaches 1.5 km and the elements themselves seem to
show a wavelength of 1.5 to 2.0 km.
The most striking thing about this scene is the co-
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incidence of the upwind end of several of these lines and
the significant particulate sources listed by Lyons and
Pease in a study done in this area over several years (Lyons
and Pease, 1973). Elsewhere in the frame, the wind off the
lake (lake breeze) has inhibited cumulus formation within
10 km or so of the lakeshore. But over Hammond-East Chicago a 25 km long line of cumulus begins within 2 km of
the shoreline, in an area containing several steel mills and oil
refineries. A cluster of mills and a fossil-fuel power plant just
to the northwest also seem to be spawning cumuli.
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An example of ribbon lightning raises question
about return strokes

William H. Beasley, University of Texas at Da las,
Richardson, Texas 75080

Acknowledgment. Research supported by the National
Science Foundation, NSF Grant GA 37957.
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On 10 May 1973, between 0000 and 0100 local time, I made
the enclosed photograph of a lightning flash from our observatory on the campus of The University of Texas at
Dallas, in Richardson, Texas. The storm was near downtown
Dallas, about 20 km south, moving toward the east. The
photograph is an example of "ribbon" lightning, usually
thought to be caused by wind translating the ionized channel between successive return strokes. Conventional wisdom
also holds that the first return stroke is typically the most
luminous.
Both of these ideas cannot be true simultaneously, because the middle stroke in the photograph is the most
luminous. The wind could not have reversed direction in the
time between the second and third successive strokes, a maximum of 100 milliseconds, according to Uman (1969). Yet
that is the only conceivable way wind could have caused
the phenomenon recorded in the photograph, if the first
return stroke is brightest. If we are to continue to believe,
in the absence of a better explanation, that wind causes
"ribbon" lightning, then we must conclude that the first
return stroke is not always the most luminous.
The camera used was a 35 mm Petri coupled rangefinder
type with focal length of 4.5 cm. The picture was taken at
£1.9, exposed by opening the shutter, waiting for the flash to
occur, then closing the shutter. The film was Kodachrome II,
ASA 25. The image of the flash was about 2.75 mm long, so
the vertical angle subtended at the camera was about 3.5°.
The horizon in the picture is the edge of a building, not the
surface of the earth.

i Present affiliation: Physics Department, West Texas State
University, Box 248, Canyon, Texas 79016.

Aurora Borealis, auroral glint, volcano, and city lights

Henry W. Brandli, Detachment 11, 6 Weather
Wing, Air Weather Service, Patrick Air Force Base,
Florida; and Kenneth Persin, Air Weather Service,
Washington, D.C,
1

2

1. Introduction

A unique and valuable data system employed by the Department of Defense and the U.S. Air Force's Air Weather
Service (AWS) has recently become available to the public in
order to make maximum use of this national resource.
This data system is known as the Defense Meteorological
Satellite Program, or DMSP for short. Figure 1 is an example
of the type of data derivable from this system. It is a nighttime photo in the visible to near infrared illustrating not
only operational support, but also a new and exciting
research application.
2. Discussion

Figure 1 is an example of a nighttime scene taken near
local midnight, 29 January 1973, over the north polar
region and the North Atlantic. This high resolution (2.0
NM) sensor of the DMSP system "sees" in the spectral
interval from .4 to 1.1 /um. Shown in the figure is the Aurora
Borealis, auroral glint (reflection of the aurora by the Iceland
icecap), a volcanic eruption and city lights. Because of the
1 Lt. Col., USAF.
2 Captain, USAF.
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city lights, geographical gridding is easy and enables a
quick referencing of the simultaneous infrared imagery which
is more difficult to locate.
On 23 January 1973, a volcano erupted on the southeast
coast of Iceland. Its location and intensity is seen in
the figure. In addition, the low light sensor of the DMSP
system discerned the reflection of the aurora by the Iceland
icecap. Astronomical tables show there was no moonlight to
illuminate the icecap. According to Silverman et al., 1965,
an auroral brightness index of four can easily produce discernible shadows. Therefore, the only light source was the
Aurora itself.
The mapping and study of the Aurora Borealis has been
a challenge since the first auroral observation was recorded
from the ground. Now, mapping and research can be done
routinely using data from this space system. Another paper
on the Aurora was recently published by Brandli (1974).
References

FIG. 1. Air Weather Service DMSP high resolution data (2.0
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Brandli, H. W., 1974: Aurora Borealis and city lights. Mon.
Wea. Rev., 102, 533-534.
Silverman, S. M., G. J. Hernandez, A. L. Carrigam, and T. P.
Markham, 1965: Handbook of Geophysics and Space Environment. Air Force Cambridge Research Laboratories,
Shea L. Valley. Editor, pp. 13-15.

(Continued from announcements, page 1216)

Aerospace fellowships for women

Conference proceedings available

The Climatic Impact Assessment Program (CIAP) office has
received copies of Volume I of the Proceedings of the
International Conference on Structure, Composition and
General Circulation of the Upper and Lower Atmospheres
and Possible Anthropogenic Perturbations held in January
1974 at the University of Melbourne, Australia (see BULLETIN,
55, p. 417). The Conference was cosponsored by the International Union of Geodesy and Geophysics, the International
Association of Meteorology and Atmospheric Physics, the
Australian Academy of Sciences, and the U.S. Department of
Transportation. Volume I includes two keynote addresses by
Dr. R. E. Newell et al. and Dr. C. E. Junge, as well as the
text of Conference sessions I-VI. Single copies of the Proceedings will be provided upon request to the CIAP Technical Information Center (telephone: 202 426-4217). Volume II was expected to be available in August 1974. For information contact the Climatic Impact Assessment Program
Office (TST-2.1), Department of Transportation, Trans Point
Building, Room 6405, 2100 Second St., S.W., Washington,
D.C. 20590.

The Thirty-Seventh Annual Amelia Earhart Aerospace Fellowships program for graduate study in aerospace sciences has
been announced by Zonta International, a service organization
of executive women in business and the professions. Grants
of $3000 will be awarded for the 1975-1976 school year to
women "recommended for their character and scholastic
record, and holding the bachelor's degree in a science acceptable as preparatory for advanced aerospace studies in an
approved college of their choice." Applications must be
filed by 1 January 1975. For an application blank, write to:
Zonta International, 59 East Van Buren St., Chicago, 111.,
60605 (tel: 312 939-3850).
Call for papers—precipitation analysis symposium

A National Symposium on Precipitation Analysis for Hydrologic Modeling will be held 26-28 June 1973 in Davis, Calif.,
sponsored by the Precipitation Committee of the American
Geophysical Union Section of Hydrology and hosted by the
University of California at Davis. Papers are invited in the
(More announcements on page 1246)
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EVENT RECORDERS

CAT. NO. 6081-1;
115 OR 220 V,
50 OR 60 HZ,
OPERATION:

$310.00

CAT. NO. 6081-2;
12-V BATTERY
(2 NEDA 918)
OPERATION:

$387.00

PRICES ARE F. O. B.
BALTIMORE, MARYLAND

iillJ

The Belfort Cat. No. 6081 Series Event Recorders are for use with intermittent pulse-producing sensors such as Belfort's Cat. No. 5-405 and
5-405HA Series Tipping-Bucket Rain Gages and Cat. No. 5-349 Series
Totalizing (Contacting) Anemometers.
The recorders use a 2V\i" wide pressure-sensitive (inkless) chart paper,
and are complete with a power cord, a connector for the sensor, and six
rolls of 63-foot long chart paper (sufficient for 31 days of recording at a
chart feed rate of one-inch per hour.)
Write for our free complete Instrument Catalog.

BELFORT INSTRUMENT COMPANY
1600 S. CLINTON STREET
BALTIMORE, MARYLAND 21224 U.S.A.
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