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ABSTRACT

To document the inner workings of graduate degree programs, the authors surveyed the 67 American and Canadian
universities that grant Doctor of Philosophy (Ph.D.) and/or Master of Science (M.S.) degrees in the atmospheric sciences and related fields. Topics included (a) admission standards such as graduate record exam scores and grade point
averages; (b) start-up issues such as course requirements and computer programming skills; (c) M.S. attributes such as
thesis length, years until graduation, and thesis versus nonthesis options; (d) Ph.D. procedures such as exam sequences
and timing, thesis page length, workplace ethics and teamwork, and development of teaching skills; and (e) employment after graduation. This information could aid university departments in their future program planning.
1. Introduction

On behalf of the American Meteorological
Society's Board on Meteorological and Oceanographic Education in Universities (BMOEU), we surveyed universities to learn the procedures and practices of their graduate degree programs in atmospheric
sciences. Data from this onetime survey complements
data gathered biennially in the Curricula in the Atmospheric, Oceanographic, Hydrologic, and Related
Sciences (American Meteorological Society and University Corporation for Atmospheric Research 1994).
While that publication provides statistics and other
measures of the quality and quantity of each program
(e.g., numbers of faculty, numbers of graduates, range
of courses, grant awards, etc.), our survey was aimed
at the inner workings of departments (including ad* Atmospheric Science Programme, University of British Columbia, Vancouver, British Columbia, Canada,
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mission requirements, examination stages, and thesis
length). The motivation for this survey was to share
information among universities to aid their internal
planning and policy development within rapidly
changing funding environments and job markets.
The project began with a preliminary survey of
those universities represented at the Heads and Chairs
meeting in Boulder in October 1994 and was completed by the first author during the next year and a
half by mail, fax, and e-mail. The survey was limited
to departments offering degrees closely related to atmospheric sciences and did not include oceanography
and hydrology. Survey results give a snapshot of departmental practices. As was noted by several of the
respondents, some universities formerly offering
graduate degrees in the atmospheric sciences do not
have currently active programs, while other universities are developing new programs. At the time of this
survey, 67 universities offered graduate degrees in this
area, of which 60 offered a Doctor of Philosophy
(Ph.D.) or equivalent as the highest degree, and 7 offered a Master of Science (M.S.) or Master of Arts as
the highest degree (see appendix).
Survey questions were grouped into five categories:
(a) admission, (b) start-up and miscellaneous, (c)
M.S., (d) Ph.D., and (e) postgraduation. Most questions were provided with multiple-choice answers. For
each answer choice, we have calculated the fraction
of universities giving that response. These fractions
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are presented in the form of bar graphs or tables, for
those questions with a restricted set of possible answer
choices. For other questions accepting any write-in
values, results are presented as scatter or line plots.
Several questions asked for "fill in the blank" answers,
for which responses are listed. The abbreviation "NR"
represents "no response."
Some questions were skipped by some respondents, while some other questions were answered with
multiple responses. Hence, the total count of responses per question is usually not equal to the number of universities surveyed. There are fewer total
responses to questions related to Ph.D. degrees because only a subset of responding universities offer
this degree. Respondents sometimes wrote textual
comments next to questions, which are available from
the corresponding author.

For some figures, such as Fig. 1, the abscissa is not
linear, but instead indicates the specific categories
asked on the survey.
Figure 3 shows the entry requirements for normal
(nonprobationary) admission. All grade point averages (GPAs) are with respect to a maximum of 4.0
(Fig. 3a). For the Graduate Record Examination
(GRE), some universities (Fig. 3c) set entry requirements based on score (out of a maximum score of
800), while others (Fig. 3d) based entry on the
student's percentile ranking. The general GRE test at
the time of this survey included three parts: verbal (V),
quantitative (Q), and analytical (A). Not listed in
Fig. 3 are one university that required the sum of verbal plus quantitative scores to be 1000 or greater and
two universities that required a percentile rank of 65%
or greater in the physics special exam. Nine universities do not use the GRE. For international students,
Fig. 3b shows scores required on the Test of English
as a Foreign Language (TOEFL).
2. Survey results
Figure 4 shows that most universities prefer not to
a. Admission issues
meter admissions based on expectations of numbers
Figures 1 and 2 show the meteorological back- of jobs in meteorology.
ground of graduate student applicants. As an example
of interpretation of these graphs, 19 universities indi- b. Start-up and miscellaneous issues
cated that 50% of their entering graduate students lack
Within each of the following tables, the choices are
meteorology. Thus, Fig. 1 shows that for the answer listed in order of greatest to least number of universichoice of 50% along the abscissa, there were 19/67 ties responding. The maximum number of universior 0.28 of the universities that gave this response, as ties that could respond to that question (i.e., the
plotted along the ordinate. Only two of the universi- population) is usually listed in the table header, while
ties indicated that 100% of their entering students lack the fraction of universities responding to each choice
meteorology, which is indicated by the rightmost bar is listed in the table body. The survey question numin Fig. 1. All universities that were polled gave a re- ber is also given in parentheses in the table header,
sponse to this question, so the "NR" bar is zero for for reference. Because respondents sometimes sethis figure. Readers can ignore the characters in the lected more than one choice, the percentages can sum
upper-right corner of the graph [such as (Al)], which to more than 100%. Tables 1 and 2 deal with course
refer to the original question number in the survey. requirements.
Tables 3 and 4 examine computer programming
and technical writing requirements, respectively. The

FIG. 2. Classification of students lacking a meteorology
FIG. 1. Percentage of applicants lacking a meteorology
background.
background.
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FIG. 3. Test results required for normal admission: (a) GPA (scaled to max GPA of 4.0), (b) TOEFL score, (c) GRE score, and
(d) GRE percentile.

approach to science education is given in Fig. 5, where
items with the smallest percentage of responses is
often the most telling. Figure 6 shows the sources of
funding for M.S. and Ph.D. students. Funding possibilities include research assistantships (RA) and
project assistantships (PA), where the student is paid
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TABLE 1. Those students lacking meteorology are brought up
to speed by . . . (all 67 universities) (SI)

taking normal graduate courses that
start at a low-enough level.

54%

first taking the regular undergraduate
meteorology courses.

42%

first taking special (accelerated) graduate
courses on general meteorology.
self-study by the student.
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to do research; teaching assistantships (TA), where the
student is paid to teach; and student loans, fellowships,
and parental funding (self). Data is incomplete for the
self-funding question, because it was not asked until
the June 95 survey.
c. Masters degree issues
The progression from M.S. to Ph.D. is shown in
Table 5 and Fig. 7. Some students get an M.S. first,
TABLE 2. Can students "test out" of course requirements for
the . . . (S5)

Yes

No

NR

18%

M.S. (population includes
all 67 universities)?

19%

72%

9%

16%

Ph.D.
(population
includes
60
Ph.D.
universities)?

28%

62%

10%
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TABLH 3a. Computer programming skill is . . . (all 67
TABLK 5. As a stepping stone toward the Ph.D., the Master's
universities) (S2)
Degree is . . . (all 67 universities) (Ml)

recommended or encouraged.

61%

taught or evaluated within
meteorology courses.

28%

required via courses in computer
science department.

21%

not an issue.

encouraged.

42%

required.

36%

not needed.

18%

NR.

4%

6%

TABLE 6. Options for the Master's include . . . (all 67
TABLE 3b. Computer language(s) recommended are . . . (all 67
universities) (M4)
universities) (S3)
FORTRAN.

88%

write thesis.

84%

C or C++.

48%

nonthesis option.

54%

nontraditional, such as Mathematica,
Maple, MatLab, MathCad, Stella, etc.

31%

Basic.

7%

Pascal.

6%

Table 4. Technical writing skill is . . . (all 67 universities) (S4)
not standardized, but left to the major professor
or committee to determine or recommend.

54%

write research papers.

6%

internship or professional experience.

4%

TABLE 7. What do you require of a student to start in the Ph.D.
program (60 Ph.D. universities) (PI)?

Passing an examination

60%

Recommendation by professor or committee

58%

taught or evaluated within certain
meteorology courses.

21%

M.S. degree

43%

recommended.

19%

Course work

25%

evaluated via special papers, other than the
thesis or dissertation.

15%

required via special tech-writing courses.

7%

not an issue.

6%

even if it is not required by the university. Figure 7
is somewhat complicated. For example, 5 of the 60
Ph.D.-granting universities responded that 50% of
their Ph.D. students get an M.S. first. Hence the solid
black bar at abscissa value of 50% indicates 5/60
FIG. 4. Should admissions be metered to match prospective
= 0.08. The white bars show the percentage of M.S. job openings?
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sponses sum to more than 100%
because some universities offer
multiple options. Typical M.S.
and Ph.D. thesis lengths are
plotted in Fig. 8a, and duration
to finish the M.S. in Fig. 8b.
Figure 9 indicates that most universities prefer that the AMS
not recommend key elements of
M.S. programs.
d. Ph.D. degree issues
Entry into the Ph.D. program
FIG. 5. Fraction of universities focusing on various educational philosophies.
can have one or more requirements, as indicated in Table 7
by the fact that the percentages
students who do not continue to a Ph.D.; this is based of universities having various requirements sums
on responses from a population of 67 universities, to more than 100%. From question P2 of the surTable 6 gives M.S. thesis options, where the re- vey (not plotted), we find that foreign language competency is not required for 92% of Ph.D.-granting
universities.
Tables 8-11 give information on the nature of
examination required during the Ph.D. process.
Figure 10 shows when students take their various
Ph.D. examinations, including the comprehensive examination, qualifying examination, preliminary examination, and the final defense.
Finally, Table 12 shows the fraction of Ph.D.-granting
universities that stress various ways for Ph.D. students
to develop teaching skills. Figure 11 shows that most
universities would prefer not to have the AMS recommend elements of the Ph.D. program.
e. Postgraduation issues
Table 13 shows the fraction of universities that
share the same percentages of graduates finding jobs.

FIG. 7. Percentage of Ph.D. students who get an M.S. first, and
FIG. 6. Percentage of students funded during (a) M.S. and (b)
percentage of M.S. students who do not continue to a Ph.D.
Ph.D.
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FIG. 8. (a) Typical thesis length for M.S. and Ph.D. (b) Typical M.S. duration (in years).

FIG. 9. Should the AMS recommend key elements of an M.S.
program /

3.Summary

• Roughly 50% of new students enter without a degree in meteorology, considered a normal entry
required by most departments. There is little desire
to meter admissions to match job openings.

Computer skills are recommended and are utilized
in the graduate program. C/C++ programming languages are growing in importance, while FORTRAN still dominates in meteorology.
Technical writing skills and teaching skills are neither standardized nor required, although they are
encouraged. Foreign language competency is not
required for a Ph.D. at most schools.
Relatively little emphasis is placed on teaching
workplace sociology, scientific ethics, and the
awareness of history and evolution of scientific
thought in atmospheric studies (Table 14).
Research assistantships support 80%-90% of the
graduate students, while only about 10% have teaching assistantships. Some students are also paying their
own way or have scholarships (particularly in Canada).
About 40% of the M.S. students continue for a
Ph.D. The normal path to a Ph.D. is to get an M.S.

FIG. 10. Interval between first admission to Ph.D. program and when various examinations are taken, in years.
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FIG. 11. Should the AMS recommend key elements of a Ph.D.
program?

Dalhousie University
Drexel University
The Florida State University
Georgia Institute of Technology
Guelph University
Harvard University
Harvard University School of Public Health
Indiana University
Iowa State University
Massachusetts Institute of Technology
McGill University
Naval Postgraduate School
New Mexico Institute of Mining and Technology
North Carolina State University
Ohio State University
Oregon State University
The Pennsylvania State University
Princeton University

first. Most schools have a thesis requirement for an
M.S., while about half the schools surveyed also
have a nonthesis option. Master's degrees take 2.53 years to complete, on the average. Thesis length
is typically 100 pages.
There is no standard entrance requirement for a
Ph.D., nor are there standardized examination sequences along the way. The requirements to pass
examinations in whole or part and the number of
TABLE 8. Examinations required during a Ph.D. program (60
Ph.D. universities) (P3).
chances to take the examinations varies.
While about l0%-20% of the students fail the comprehensive and qualifying examinations after two Comprehensive or general examination
53%
opportunities, only about 5% fail preliminary exami- (tests knowledge of meteorology facts)
nations and very few fail the final dissertation defense.
Qualifying examination (tests creative and
Comprehensive and qualifying examinations are problem-solving
ability)
63%
usually written, and some have an additional oral
component. The preliminary examination is usu- Preliminary or thesis-proposal defense
ally oral, and some have an additional written com(tests ability to complete research)
75%
ponent. Final examinations are usually oral.
The Ph.D. final examination is usually taken 3.593%
4 years after starting the Ph.D. portion of graduate Final examination (dissertation defense)
work. Because the M.S. is the normal first step, we Others,
such as grades in core courses,
5%
can infer that the total time students spend in gradu- or the M.S. examination
ate school is 6-7 years. Dissertation length is 150-200 pages.
—
The majority of M.S. and Ph.D.
TABLE 9. Exam characteristics.
graduates find work closely
related to their research topics.
What is the nature
Exam can be
of the exams (P5)?

Appendix: Survey
respondents

M.S. and Ph.D. programs
Colorado State University
Columbia University (LamontDoherty)
Cornell University
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passed in . . . (P6)

Oral
only

Written
only

Both

Whole

Parts

3%

30%

27%

38%

18%

Qualifying

10%

25%

28%

40%

22%

Preliminary

42%

8%

23%

55%

10%

Final

77%

2%

17%

85%

7%

Comprehensive

Society
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Purdue University
Rutgers University
Saint Louis University
South Dakota School of Mines and Technology
State University of New York at Albany
Texas A&M University
Texas Technology University
University of Alabama in Huntsville
University of Alberta
University of Arizona
University of British Columbia
University of California, Davis
University of California, Irvine
University of California, Los Angeles
University of Colorado
University of Hawaii
University of Illinois at Urbana-Champaign
University of Maryland at College Park
University of Miami
University of Michigan
TABLE 10. How many chances does the student have to pass a
particular examination (P7)?

1
2
3
No
chance chances chances limit

University of Missouri
University of Missouri at Rolla
University of Nebraska at Lincoln (Climate Program)
University of Nebraska at Lincoln (Agricultural
Meteorology)
University of Nevada
University of Oklahoma
University of Saskatchewan
University of Texas at Austin
University of Toronto
University of Utah
University of Virginia
University of Washington
University of Wisconsin—Madison
University of Wisconsin—Milwaukee
University of Wyoming
Utah State University
Washington State University
Yale University
York University
TABLE

12. Teaching skills are . . . (all 67 universities) (P10)

recommended, via work as a teaching assistant. 52%
generally encouraged.

33%
27%

Comprehensive

7%

45%

2%

5%

not an issue.

Qualifying

5%

48%

3%

5%

Preliminary

3%

45%

0%

12%

taught or evaluated within certain meteorology
courses or seminars.

32%

32%

0%

22%

Final

7%

required via special courses elsewhere on campus. 2%

TABLE 11. Percentage of students who fail the examination after all possible chances to take it (P8). Values in table body indicate
fraction of 60 Ph.D. universities giving that response.

0%

5%

10%

20%

30%

40%

50%

Comprehensive

0.08

0.12

0.18

0.10

0.05

0.02

0.02

Qualifying

0.13

0.10

0.17

0.15

0.07

0.00

0.00

Preliminary

0.23

0.18

0.22

0.05

0.00

0.00

0.00

Final

0.62

0.20

0.07

0.00

0.02

0.00

0.00
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M.S. program

only

TABLK 13. The percentage of graduates who find jobs closely related to their
research topics (G1). Values in table body indicate fraction of 60 Ph.D. universities
giving that response.

City College of City University of
New York
Creighton University
Mississippi State University
Northern Illinois University
San Jose State University
University of Kansas
University of Northern Colorado

0%

10%

30%

50%

70%

90%

100%

M.S.

0.00

0.02

0.15

0.25

0.33

0.20

0.07

Ph.D.

0.00

0.00

0.00

0.08

0.25

0.38

0.25

TABLE 14. Awareness of history of atmospheric scientific
evolution (renaissance, paradigm shifts, etc.) is . . . (60 Ph.D.
American Meteorological Society and University Corporation for universities) (P9)
Atmospheric Research, 1994: 1994 Curricula in the Atmospheric, Oceanic, Hydrologic, and Related Sciences. Amer. not an issue.
43%
Meteor. Soc. and UCAR, 593 pp.
recommended via occasional remarks
in normal meteorology courses.
35%
References

encouraged.

Frank Pasquill Memorial Session
Pollutant Transport and Fate
Meteorology and Air Toxics
Accidental Releases
Meteorology and Photochemistry
Complex Flows Affecting Dispersion near
Buildings and Urban Environments
Effect of Complex Terrain on Air Quality
Coastal and Other Local Flows
The Southern Oxidant Study
Topics in Model Evaluation
The Dispersion Environment
Meteorology in Emission Determinant;
and Modeling Issues and the 1990 CAJ
Advance Dispersion Models and
Modeling Systems
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25%

required via special meteorology courses
on scientific evolution.

5%

required via courses taught in other departments.

0%

Ninth Conference
on Applications
of Air Pollution
Meteorology /
CONFERENCE COSPONSORED BY
THE AIR AND WASTE MANAGEMENT ASSOCIATION
JOINT
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HISTORICAL ESSAYS ON
METEOROLOGY, 1 9 1 9 - 1 9 9 5

The Diamond Anniversary History Volume
of the American Meteorological Society

Edited by James Rodger Fleming
Foreword by Warren M. Washington
As part of its 75th Anniversary, the American Meteorological Society initiated a history book—
a collection of 20 essays that chronicle achievements in the field of meteorology in many
specialized areas, including basic and applied research, the private sector, and education. These
essays celebrate a period of disciplinary formation and remarkable growth in the field of
meteorology, and an era of expanding theoretical, observational, and institutional horizons.
They constitute a sampling of what has been learned, where we stand, and where we might be
going—in research, in education, and in the private sector. This is a book of meteorological
discovery and innovation, designed to value the past in order to inspire the future.
©1996 American Meteorological Society. Hardcover, B&W, 618 pp., $60 list/$25 member
(including shipping and handling). Please send prepaid orders to: Order Department, American
Meteorological Society, 45 Beacon St., Boston, MA 02108-3693.
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