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he American Meteorological Society (AMS) Education Program has embarked on a National Science Foundation-funded initiative aimed at increasing the number of minority undergraduates who
are introduced to the atmospheric sciences. The
initiative's ultimate goal is to help increase diversity
in the nation's scientific workforce by encouraging
minorities (traditionally underrepresented in science,
mathematics, engineering, and technology) to consider a career in science. One-hundred faculty members from minority-serving colleges and universities
will teach "Online Weather Studies," a distance-learning course on the basics of weather and climate developed and serviced by the AMS. The course is partially delivered via the Internet and employs a highly
motivational approach whereby students learn about
weather as it happens in near-real time. To facilitate
implementation of the course, participating faculty
members attend a one-week orientation workshop
hosted by the NWS at its training center in Kansas
City, Missouri. Participating faculty join a collegial
online network to share ideas and teaching strategies
related to their offering of "Online Weather Studies."
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The nation faces a serious challenge in attracting
members of racial and ethnic minority groups to science and science-related careers (including teaching).
The number of minorities in the scientific workforce
remains well below their overall representation in the
nation's population (Jones 2002). While the U.S. Bureau of the Census (2000) reports that about 27% of
the U.S. population is African American, Hispanic/
Latino, American Indian/Alaska Native, or Native
Hawaiian/Other Pacific Islander, these groups make
up only about 7% of the total science and engineering workforce (National Science Foundation 2000b).
This lack of diversity in the scientific/engineering
workforce is directly related to the relatively low enrollment of minorities in undergraduate and graduate science and engineering majors.
Underrepresentation is especially acute in the geosciences, including the atmospheric sciences. The National Science Foundation (2000a) reports that minorities earn almost 15% of all B.S. degrees in science
and engineering but only 4.6% of bachelor's degrees
in the geosciences. Minorities earn only 3.3% of all
master's degrees and 5% of all Ph.D. degrees in the
geosciences.
A formidable obstacle in attracting undergraduates to the geosciences, particularly at minority-serving institutions, is lack of access: students have no opportunity to enroll in introductory courses in the
geosciences because none are offered at their college
or university. For example, the majority of the
nation's undergraduate minority-serving institutions
do not offer an introductory meteorology course.
This was confirmed by our perusal of college and
university home pages. Of the 112 Hispanic-serving
institutions (HSIs) listing courses, 21% offer weather
courses. Of the 48 historically black colleges and
universities' (HBCUs) home pages that include
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course listings, only 12.5% offer a weather course. Of
the 15 tribal colleges and universities (TCUs) that list
courses on their home pages, only a few offer weather
courses. Of the 13 Alaska Native and Native Hawaiian (AN/NH)-serving institutions, three offer a
weather course. Of the more than 270 institutions
identified as HBCUs, HSIs, TCUs, and AN/NH-serving institutions, only two (Jackson State University
and University of Miami) offer an undergraduate
degree in atmospheric science (AMS/University Corporation for Atmospheric Research 2000).
To help increase undergraduate access to the geosciences, the AMS Education Program is making
available an introductory weather and climate course,
"Online Weather Studies." The course already has
been offered at more than 140 colleges and universities nationwide through spring 2003, including many
minority-serving institutions. Now, thanks to National Science Foundation (NSF) funding and the
cooperation of the NWS, AMS has an opportunity to
expose more undergraduates to the geosciences by
bringing this course to more institutions serving large
numbers of minority students. This AMS Geosciences
Diversity/National Dissemination Project has NSF
support over a 4.5-yr period, which began in 2001, to
introduce "Online Weather Studies" to 100 minorityserving college and universities. This program is proving to be very successful, as 52 faculty members, representing 48 minority-serving institutions, have
already joined the Diversity Project. Project support
is from the NSF's Opportunities for Enhancing Diversity in the Geosciences (OEDG) and Course, Curriculum, and Laboratory Improvement—National
Dissemination (CCLI-ND) programs.
ONLINE WEATHER STUDIES. Online Weather
Studies" is an innovative, 12- to 15-week introductory
college-level, online course on the fundamentals of atmospheric science (Geer et al. 2001). Current weather
data are delivered via the Internet and coordinated with
investigations keyed to the day's weather. The principal innovation of "Online Weather Studies" is that students analyze weather as it happens in near-real time—
a highly motivational learning experience. The AMS
Education Program, with support from the NSF, designed and services this course. It is available to colleges
and universities as a user-friendly turnkey package with
electronic and printed components.
"Online Weather Studies" can be offered by meteorology instructors as well as by science faculty having no prior teaching experience or formal training
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in the atmospheric sciences. Faculty volunteers who
have already taught the course are available to assist
instructors offering the course for the first time. Also,
AMS staff meteorologists are prepared to answer questions on all aspects of course delivery and content.
The course has been offered in various formats
ranging from strictly online (with few or no formal
classroom meetings) to a laboratory role in a traditional lecture course. AMS has developed a course
home page, textbook, study guide, faculty manual
CD, and secure instructor's home page. The "Online
Weather Studies" home page delivers student investigations (two per week), current weather data and
maps, satellite imagery, composite radar displays, a
daily weather summary, and forecasts. Meteorological data, supplied in learner-friendly formats by the
Cooperative Program for Operational Meteorology,
Education and Training (COMET), are updated
hourly, 24 hours a day, and seven days a week, yearround. The customized full-color textbook features
a traditional sequence of topics, and each of the 15
chapters provides background information for each
week's investigations. (Three of the chapters are independent of the course delivery schedule to accommodate variations in academic calendars among institutions.) The study guide contains the first part of
each investigation. AMS Education staff in Washington, D.C., writes the second part of each investigation to current weather conditions, and that part is
posted on the course home page by noon EST on
Monday and Wednesday of each week. All 30 of the
investigations provide an inquiry-based learning experience. The faculty manual CD contains course
guidance material (e.g., chapter-by-chapter learning
objectives and suggestions for course implementation
in a variety of settings), test bank questions and answers, and textbook images. The secure faculty home
page provides chapter discussions, answer keys to
current and archived online portions of investigations, and strategies that address diversity issues and
critical thinking.
When an institution licenses "Online Weather
Studies," the course instructor receives one copy of
the textbook, study guide, and faculty manual CD, as
well as information for access to course and faculty
home pages. The students purchase the textbook and
study guide through their institution's bookstore as
they would for any other course, and the instructor
shares the course home page information. The AMS
provides course instructors with updated materials as
they become available.
Unauthenticated | Downloaded 01/09/23 01:13 AM UTC

AMS GEOSCIENCES DIVERSITY/NATIONAL
D I S S E M I N A T I O N PROJECT. The new NSF
funding is helping minority-serving institutions
implement "Online Weather Studies." Eligible colleges and universities include those listed by the U.S.
Department of Education as historically black colleges
and universities, Hispanic-serving institutions, tribal
colleges and universities, or Alaska Native or Native
Hawaiian-serving institutions. Also eligible are other
accredited postsecondary institutions that can document a minority enrollment of at least 30% of their
total student population. Minority students are defined as members of African American, Hispanic
American, American Indian, Alaskan Native, Native
Hawaiian, and Native Pacific Islander groups. Over a
4.5-yr period, 100 minority-serving institutions are
expected to participate in the program.
The AMS Diversity Project encourages and facilitates
participation in "Online Weather Studies." Prior to an
instructor's initial offering of the course, he or she is
invited to attend a workshop at the NWS Training Center (NWSTC) in Kansas City, Missouri. Participants
become part of a virtual community where they can
share ideas and teaching strategies related to the course.
Also, a mentoring program allows students to network
with professional meteorologists and makes them aware
of opportunities for internships, summer research, and
career counseling. Meteorologists-in-charge (MICs) at
NWS Weather Forecast Offices across the nation have
volunteered their time to help make these opportunities possible. Also, participants are invited to the educational symposium of the AMS Annual Meeting,
where they attend a special diversity session and are
encouraged to present a paper or poster.
N W S T C FACULTY WORKSHOP. The work
shop at the NWSTC explores the latest operational
technologies for sensing, analyzing, and forecasting
weather; examines teaching strategies that promote
critical thinking through technology; and reviews an
array of classroom and laboratory applications. This
intensive one-week workshop includes lectures, tutorials, hands-on laboratory exercises, and field trips.
NWS and other NOAA scientists and experienced
weather educators explore a variety of meteorological concepts and the challenges and rewards of teaching weather at least partially online.
Participants are provided with all necessary course
materials to teach "Online Weather Studies." They
develop their ability to interpret and analyze weather
information acquired through direct and remote
AMERICAN METEOROLOGICAL SOCIETY

sensing of the Earth-atmosphere system, and examine the properties and life cycle of weather systems,
with emphasis on systems responsible for hazardous
conditions. They also collaborate on the design of
student investigations.
The 22 participants at the inaugural NWSTC
workshop in May 2002 and the 25 participants at the
May 2003 workshop represent a variety of 2- and 4year minority-serving colleges and universities from
around the United States and its territories. Eighteen
teach at historically black colleges and universities,
11 are faculty members at Hispanic-serving institutions, 3 represent tribal colleges, 14 are
from institutions where minority students
are a substantial part of the
total student
population,
and 1 is inv o l v e d in a n
NSF-funded

Faculty participants learn
about the N W S ASOS.

program to introduce the geosciences to Native American students.
Participants represent a broad range of scientific disciplines, including geography (10), meteorology (8),
geology (6), physics (6), chemistry (3), environmental science (3), science education (3), biology (2), astronomy (1), biochemistry (1), computer science (1),
earth science (1), plant ecology (1), and soil physics
(1). Only about one-third had previously taught a
meteorology course. Five other professors are participating in this program but have yet to attend the
NWSTC workshop.
Featured speakers at the two workshops covered
a variety of meteorological topics. Max Mayfield, director of the Tropical Prediction Center/National
Hurricane Center, discussed the properties and evolution of tropical cyclones. Elizabeth Quoetone, of
the WSR-88D Radar Operations Center, described
the capabilities of weather radar. Roderick A.
Scofield, of the National Environmental Satellite,
Data, and Information Service, reviewed various satellite products and demonstrated how remote sensing is improving forecasting. Louis W. Uccellini, director of NCEP, updated advances in numerical
weather prediction. Joseph T. Schaefer, director of
the Storm Prediction Center (SPC), covered the serJANUARY
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vices provided by the SPC. At the initial workshop, Automated Surface Observing System (ASOS; Fig. 1),
John E. Jones Jr., deputy director of the NWS, out- a model cooperative observer station, and the Aviation
lined the structure and operations of the NWS and Weather Center, collocated with the NWSTC. On a
presented an overview of
field trip to the Topeka, KanNWS diversity initiatives.
sas, NWS Forecast Office, parPercy W. Thomas, training
ticipants observed the Addivision chief of the NWS
vanced Weather Interactive
Office of Climate, Water,
Processing System in action,
and Weather Services, highlearned how forecasts are prelighted the importance edupared, and witnessed the
cation plays in saving lives as
launch of a radiosonde balwell as promoting diversity
loon (Fig. 2). Another field
in the scientific workforce.
trip took participants to the
18th and Vine historic district
William Porter, professor
in downtown Kansas City,
at Elizabeth City State UniMissouri, where they toured
versity, described how
the Negro Leagues Baseball
"Online Weather Studies"
Museum and the American
promotes critical thinking.
Jazz Museum.
Participants worked collaboratively through a number
Most participants in the
of investigations incorporatNWSTC workshop have ating, for example, upper-air
tended or will attend the ananalysis, the Coriolis effect,
nual education symposium at
El Nino and La Nina, and
the AMS Annual Meeting.
weather map interpretation. FIG. 2. Witnessing a radiosonde launch at Through a poster session, they
the Topeka, Kansas, N W S Forecast Office.
Finally, Jasper Harris, proshare experiences in either offessor at North Carolina
fering or planning their initial
Central University, led a discussion on how to recruit offering of "Online Weather Studies." Seventeen of the
diversity project participating institutions have already
students for "Online Weather Studies."
Participants were also provided opportunities to offered the course through spring 2003, and about 450
observe and participate in NWS operational activities. students have taken it. Figure 3 shows a student at Paine
NWSTC Instructor Jerry Griffin presented a daily College leading a map discussion in her weather class.
weather briefing and, with other NWSTC staff, led a
In the postworkshop survey, the vast majority of
tour of the facilities. Participants were introduced to the 2002 and 2003 participants gave the NWSTC workshop an overall rating of excellent in terms of its educational value, and unanimously recommended offering it to future instructors of "Online Weather
Studies." Participants felt that the workshop would
have a long-term positive impact on their teaching of
weather and student advisement, and they were more
confident in offering the course the following fall or
spring semester. The next NWSTC workshop is
scheduled for 16-21 May 2004.

FIG. 3. Shunette Woods, a student at Paine College, a
historically black college in Augusta, Georgia, leads a
map discussion in her "Online Weather Studies" class.
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CONCLUSIONS. We anticipate that faculty participating in the AMS "Online Weather Studies" diversity program will deliver highly motivational
learning experiences that will encourage their students to consider additional studies in science, perhaps leading to careers in the geosciences or science
teaching. All students of "Online Weather Studies"
Unauthenticated | Downloaded 01/09/23 01:13 AM UTC

will become more scientifically literate citizens, with
heightened awareness of the nature of scientific inquiry, critical thinking, and the capabilities and limitations of science and technology. For additional information on this AMS diversity project, see
www.ametsoc.org/amsedu/online/irifo/diversity.html.
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EVOLUTION OF THE
ATMOSPHERIC

SCIENCES

by ROBERT G. FLEAGLE
Eyewitness: Evolution of the Atmospheric Sciences describes how
the atmospheric sciences were transformed in the span of
the author's professional career from its origins in primitive
weather forecasting to its current focus on numerical
modeling of environmental change. It describes the author's
observations of persons, events, and institutions beginning
with graduate study during the S e c o n d W o r l d W a r and
moving on to continuing expansion of the atmospheric
sciences and technologies, through development of a major
university department, development of new scientific and
professional institutions, and to the role that the science of
the atmosphere now plays in climate change and other
issues of social and political policy
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SOARS®
An Overview of the Program and Its First 8 Years
BY T H O M A S L. W I N D H A M , A M Y J. STEVERMER, A N D RICHARD A . A N T H E S

I

n 1996, a new program, Significant Opportunities in Atmospheric Research and Science (SOARS®), was established to help
retain and eventually increase the number of
participants from underrepresented minority groups in the atmospheric and related sciences. The need for such a program is demonstrated by various studies, which indicate
that although the numbers of women and
minorities pursuing bachelor's degrees in
science and engineering have increased, the
overall percentages of African American,
Hispanic, and American Indian students in
science and engineering remain low relative FIG. I. Percentage of bachelor's, master's, and doctoral degrees
to their proportion of the U.S. population. in science and engineering received by minorities and women
in 2000, contrasted with data on minority representation in the
The differences between science and engineering participation and percentage of U.S. U.S. population (NSF 2002).
population become even more pronounced
at the graduate level (see Fig. 1).
Recent National Science Foundation studies (NSF of the science and engineering doctorates awarded in
2000, 2002) indicate that minorities receive only a 2000, compared to 0.4% in 1997 and 0.1% in 1975
small percentage of master's and doctoral degrees (NSF 2000, 2002). These numbers are similar to the
awarded in science and engineering. African Ameri- percentages of minorities currently participating in
cans accounted for 3% of all science and engineering the scientific workforce (see Fig. 2).
doctorates in 2000—constant from 3% in 1997 and up
The NSF (2000, 2002) studies also report that alfrom 2% in 1975—while receiving approximately 7% though women completed 47% of all bachelor's deof the doctoral degrees awarded in other fields. His- grees in science and engineering in 1997, they acpanics received 3% of the science and engineering counted for only about 40% of science and engineering
doctorates awarded in 2000, compared to 4% in 1997 master's degrees and 33% of all science and engineerand 1% in 1975. American Indians received only 0.3% ing doctoral degrees. By contrast, women earned ap-
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FIG. 2. Distribution of scientists and engineers in
the labor force, by race/ethnicity (SESTAT 1997).
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proximately 54% of the doctoral degrees awarded in
other fields. By 2000, the numbers had improved only
slightly, with women receiving approximately 36% of
the doctoral degrees in science and engineering fields.
Women account for an even smaller percentage of the
total science and engineering workforce. Data collected by the NSF, the U.S. Census Bureau, and other
agencies suggest that women represented only 23%
of the U.S. scientific and engineering labor force in
1997; about one-third of these women also identified
themselves as belonging to a minority group (NSF
2000; CAWMSET 2000).
The discrepancy between minority representation
in the U.S. population and the numbers of these students completing a degree and choosing to pursue a
career in science or engineering suggests that recruitment and retention require further attention. Retention is a problem that must be addressed at the undergraduate level. Educators and diversity program
managers often refer to a "pipeline" as a metaphor for
building minority participation in science and engineering. The idea, that attracting and retaining more
minority students in the sciences as undergraduate
and graduate students will eventually increase the diversity of the scientific workforce, is simple in theory.
Demonstrating the success of recruitment and retention programs is difficult, however, as earlier programs did not always document the career paths of
their alumni. The small percentages of minorities in
science and engineering professions indicate that
much work remains. In a 2001 statement, NSF director Rita Colwell summarized the importance of a diverse workforce, saying: "All barriers must be removed because research is enriched when the
broadest range of people participate. Especially in
times of national crisis, we need all of our best minds
working together to bring science and technology to
bear on urgent issues."
SOARS is one effort to promote racial and gender
equality in the sciences. The multiyear mentoring
program brings together students majoring in sciences, engineering, mathematics, and related social
sciences for 10 weeks of intensive research each summer. The University Corporation for Atmospheric
Research (UCAR) in Boulder, Colorado, established
SOARS with major support from the NSF. The program seeks to recruit and retain students from historically underrepresented communities, including the
African American, American Indian/Alaska Native,
Hispanic/Latino, and Pacific Islander communities.
SOARS began its eighth summer in 2003. The
AMERICAN METEOROLOGICAL SOCIETY

program's sponsors now include not only UCAR and
NSF, but also the U.S. Department of Energy Global
Change Education Program, the NASA Goddard
Space Flight Center, NASA Living with a Star Program, the NOAA Office of Global Programs, and the
University of Colorado's Cooperative Institute for
Research in Environmental Sciences. The following
provides an overview of the program's unique aspects,
as well as some of the accumulated successes of the
past 8 years.
I N T R O D U C I N G S T U D E N T S T O A SCIENCE CAREER. Many of the SOARS students
(proteges) participate in research projects at the National Center for Atmospheric Research (NCAR), the
UCAR Office of Programs, and other supporting
laboratories in Boulder, Colorado. As the program has
expanded, opportunities have also become available
at other institutions. For example, in 2003, two
SOARS proteges worked at NASA's Goddard Space
Flight Center in Greenbelt, Maryland, another
worked at NOAA's National Severe Storms Laboratory in Norman, Oklahoma, and a fourth was located
at the Universidad Catololica del Norte in
Antofagasta, Chile.
SOARS includes intensive personal interaction
with a science research mentor. The proteges also
participate in a series of workshops emphasizing effective ways to write and speak about scientific research. SOARS proteges are UCAR employees during their summer and, as such, are expected to
produce results just as full-fledged researchers do. At
the end of the summer, the proteges deliver both oral
and written reports of their research methods and results. The end-of-summer colloquia, during which
each protege presents his or her work, are well attended by scientists, students, and staff, along with
representatives from the sponsoring agencies.
The proteges' experiences can lead to a presentation at a national conference and continued scientific
experience. Each year, many SOARS proteges submit abstracts to various conferences, including those
sponsored by the AMS, the American Geophysical
Union, and the American Indian Science and Engineering Society. Many proteges present their summer research at the Society for Advancement of
Chicanos and Native Americans in Science
(SACNAS) National Conference and have distinguished themselves well in that forum. In 2001,
SOARS protege Pauline Datulayta, although still an
undergraduate, presented her research during the
JANUARY
2004 01/09/23
BAflfr |01:13
43 AM UTC
Unauthenticated
| Downloaded

graduate student oral session and won first place in Thornbrugh, and Fabiola Navarro won first-, second-,
the geoscience/atmospheric science section. Theresa and third-place awards, respectively, in the oral preJo Johnson, who began her SOARS experience in sentation category, and first-year protege Olusegun
1999, won first place in the geoscience/atmospheric Goyea placed third in the environmental sciences
science section poster category. At the 2002 SACNAS poster category. These experiences help build conficonference, fourth-year SOARS protege Sarah dence and provide additional practice functioning in
Tessendorf received the first place award for gradu- the scientific research community.
ate student oral presentation. This past fall, SACNAS
The proteges and alumni of the program best exemawarded first place for graduate student oral presen- plify its success. From the program's inception in 1996
tation in the geoscience/atmospheric category to through the summer of 2003, 85 proteges participated
SOARS second-year protege Rei Ueyama.
in SOARS, representing colleges and universities
Attending professional meetings provides proteges throughout the United States and Puerto Rico. A breakwith additional opportunities to participate in real- down of the ethnicity and gender of the participants is
world science and
shown in Table 1.
to learn more about
SOARS has mainTABLE 1. Ethnicity/gender representation of S O A R S
the issues facing
tained a high retenproteges, 1996-2003.
the broad research
tion rate, with 80%
community. In 2001,
of proteges returnof
Percent
Tessendorf was one
ing for 2 or more
Number of
protege
of three proteges
years. Not one parEthnicity and gender
proteges
population
awarded a travel
ticipant in the progrant from AMS to
gram has left college
African American
35
41%
attend the 81st Anor university withAmerican Indian
1 1
13%
nual Meeting and
out completing an
credits the experiundergraduate deAsian/Pacific Islander
4
5%
ence with helping
gree in science,
European American
6
7%
influence her career
mathematics, engi29
Hispanic/Latino American
34%
goals. "One of the
neering, or a related
talks at the AMS
field. By summer
Female
56
66%
meeting in Albu2003, 59 of all 85
querque recognized
had
participants
Male
29
34%
the need for better
c o m p l e t e d
communication bebachelor's degrees,
tween scientists, media, and, though not specifically and 48 had enrolled in graduate programs. As of fall
addressed in the talk, with policy makers. My inter- 2003, the program has 17 alumni with graduate degrees
est in the AMS Policy Colloquium, which I attended (all master's degree recipients). Six are enrolled in docin 2003, stems from this growing need to 'bridge the toral programs in the atmospheric or related sciences.
gap' between scientists and those who will use scien- The remaining 11 alumni, along with one protege with
tific output."
a B.S. degree, are employed in the scientific workforce.
The SOARS program encourages proteges to actively participate in presenting their research projects INCORPORATING UNIQUE INGREDIENTS.
and results. Opportunities to share their work may be A community-oriented, student-centered experience. We
available at their home universities or at research sym- attribute a portion of the program's success to a unique
posia. Following his first SOARS summer in 2001, set of ingredients that help SOARS create a positive
protege Ernesto Munoz Acevedo won a first-place learning community. The concept follows directly from
award for his research presentation at the XII Under- the East African proverb, "It takes a whole village to raise
graduate Research Symposium at the Universidad a child." The village is encompassed in the program's
Metropolitana in San Juan, Puerto Rico. In 2002, team mentoring approach, providing each protege with
SOARS turned out an exceptional showing at the a great deal of personal attention and multiple learning
Universidad Metropolitana's XIII Undergraduate perspectives. At the beginning of summer, each SOARS
Research Symposium. Proteges Erik Noble, Casey protege is assigned a science research mentor and a sci-
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entific writing and communication mentor. First-year a one-shot deal," says John Snow, dean of the College
students are assigned two additional mentors: a com- of Geosciences at the University of Oklahoma. Stumunity mentor, typically a UCAR staff person indepen- dents can be involved for up to 4 years and are offered
dent of the student's work who helps the protege inte- support for graduate study. Barbara Kraus, program
grate into UCAR and the broader Boulder community, manager for the University of Colorado at Boulder's
and a peer mentor, a fellow protege who has been in Colorado Diversity Initiative in Science, Mathematthe program for a year or more. This team approach, ics, and Engineering, views this multiyear support as
illustrated in Fig. 3, differs from the one-mentor-to-sev- "a strong incentive to go on, rather than drop out of
eral-students model common in many internship pro- the pipeline." SOARS proteges indicate that, indeed,
grams. Proteges report that the multiple-mentor model the multiyear experiences provided by SOARS can be
works very well. Pauline Datulayta, who began SOARS instrumental in encouraging them in a science career.
in 2001, says: "The students have the luxury of having Erik Noble, a third-year SOARS protege in 2003, says
four individuals who serve as a resource. I considered the multiyear support—combined with the program's
appreciation of an
my mentors [to be] supindividual's
backportive, generous, and
ground and c u l t u r e guiding individuals
helps make the particiwho truly wanted me to
pants feel valued. "It
succeed."
makes me feel like the
Jewel Prendeville, a
program really wants
recently retired proto focus on me persongram coordinator in
ally and how I can conNSF's Division of Attribute to ongoing atmospheric Sciences,
says "[SOARS] has FIG. 3. The SOARS mentoring model. Every protege is mospheric research,
shown a great deal of assigned a research mentor and a scientific writing and instead of coming in,
flexibility in allowing communication mentor. First-year proteges are as- doing my part, and
the proteges to follow signed two additional mentors: a community mentor then going away, and
their own interests on and a peer mentor, who help the newcomers to inte- not leaving a mark,"
grate into the broader community.
says Noble.
their own schedules.
The program flexes to
fit the student rather than forcing the student to fit into A framework for inspired performance and resiliency.
a narrow mold, and I think that's been very productive." SOARS tries to inspire proteges to take on tasks that may
Incoming proteges are invited to choose a research require new skills. In many cases, growth can only ocproject that will embody their needs and passions. At cur outside an individual's comfort zone, and learning
least five of the program's participants have completed to work effectively outside one's comfort zone helps the
summer research projects that later complemented or protege develop perseverance and skills, sometimes in
directly related to their graduate thesis work. Shirley the face of anxiety and overload. These same skills transMurillo, currently completing a master's degree in me- late well to surviving graduate school and later life.
teorology at the University of Hawaii, is one protege Shaan Bliss, now a graduate student in Colorado State
who combined her SOARS experience and graduate re- University's range management program, says: "I don't
search interests. Murillo entered the SOARS program think my life would be the same if I wasn't in the proas an undergraduate in 1997, after having interned with gram. Professionally, my career would have taken a difNOAA's Hurricane Research Division in Miami. Her ferent turn. It has sped up the process for me. I think I
SOARS experience exposed her to different areas within would have eventually gotten into graduate school, but
the field of meteorology, while allowing her to build on it pushed me a lot further in my education, my experiher interests in hurricanes. Murillo speaks highly of the ence, my confidence, my self-esteem. I see that I can do
opportunity: "Through SOARS, I met my advisor for this now and I don't need to wait 5 years before doing
my master's thesis and even got started on the research." research and feeling comfortable with it."
Multiyear support. SOARS helps ensure the success
of its proteges by offering multiyear support. "It's not
AMERICAN METEOROLOGICAL SOCIETY

An extended learning community. Each summer,
more than 70 scientists and other professionals at
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Science research mentor David Schimel (center) discusses summer research projects with 2002 SOARS
proteges Atzel Drevon (left) and Christina Webb. The
research, performed at UCAR's Mesa Lab in Boulder,
Colorado, focused on measuring global carbon fluxes.

NCAR and other SOARS-supporting institutions volunteer their time as mentors. The mentors share their
enthusiasm and expertise during the summer program and throughout the year. SOARS's strong community aspect, designed to support the proteges, benefits the mentors as well. The team approach enables
the individual mentors to specialize and share with
their proteges the aspects of scientific life that they
most enjoy. Having multiple mentors involved in a
protege's summer experience distributes the workload so that no one person alone is 100% responsible
for the protege's progress. It also gives mentors a
chance to collaborate with others, often people outside their own work groups whom they may not otherwise meet. Working as part of a team provides mentors with the opportunity to recognize new

HHRQBSS!^
The SOARS summer program begins in June.
Applications are due by I February of each year,
and accepted candidates are notified in April.
More information about the SOARS program is
available online at www.ucar.edu/soars.

perspectives, in many cases offered by the proteges
themselves, and the involvement is generally found
to be highly rewarding. NCAR research scientist Sasha
Madronich, who mentored SOARS protege Stephanie
Rivale during four summers, says the participation
can definitely have an impact: "Stephanie has been
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very helpful to me in better understanding some of
the complications of urban-to-global transport, in
connecting the small scale to the large scale. In subtle
ways, she contributed to our group's evolution of
thinking in these directions."
The SOARS learning community is further extended through complementary academic-year programs offered by many universities. These programs
offer students an opportunity to extend their educational experiences and directly apply knowledge from
their coursework. The Louis Stokes Alliance for Minority Participation (LSAMP) program is one such
academic-year program, designed to help introduce
and expose students to science and scientific research.
To date, seven LSAMP students have been involved
in SOARS: two are now in graduate school and the
others plan to pursue graduate education after completing their undergraduate degrees.
Continual feedback and adjustment. Proteges play a
role in SOARS's success by actively critiquing the
program and providing suggestions for improvement. In Week 9 of each summer, the proteges gather
in small groups for a half day to evaluate the program
and make recommendations. Once the summer program has ended, each student completes a questionnaire evaluating the overall program and each of his
or her mentors. The SOARS staff gathers additional
suggestions for improvements or changes during
meetings with the proteges at AMS, SACNAS, and
other conferences.
The active role that proteges play in steering the
program has led to many improvements. As one example, the protege computer orientation that is now
conducted in the first week of each summer was organized by the proteges themselves in response to
their perception that an orientation to computing
systems and programming languages would be useful. The proteges' active involvement in steering the
program also provides valuable leadership training.
Before the official start of the each summer's program,
returning proteges arrive in Boulder for leadership
and peer mentor training. During this time, they incorporate any appropriate program revisions. They
also work with the SOARS staff to finalize the curriculum for the scientific writing and communication
workshop, and to review and revise the job description for returning proteges who will serve as peer
mentors for first-year participants. During Week 6,
the peer mentors meet again to evaluate how well
their peer mentoring is working.
Unauthenticated | Downloaded 01/09/23 01:13 AM UTC

BUILDING O N SUCCESS. SOARS proteges have
performed exceptionally well on their educational and
career paths. Tom Collett, professor of atmospheric
sciences at Colorado State University, speaks highly
of SOARS proteges and alumni: "The research experience gained by SOARS proteges, as a result of their
participation in the SOARS summer program, makes
them particularly strong candidates for appointment
as graduate research assistants." By fall 2003, more
than 50 proteges had presented papers and posters at
regional, national, and international conferences, and
the summer work of at least 12 proteges had resulted
in coauthored papers in refereed journals. Currently,
SOARS boasts three AMS fellowship and two NSF
fellowship recipients.
In 2001, SOARS was one of 10 institutions selected
to receive the sixth annual Presidential Award for Excellence in Science, Mathematics, and Engineering
Mentoring. The awards, announced by President Bush
on 4 December 2001, honor people and institutions
promoting participation and achievement among
women, minorities, and persons with disabilities in science and engineering careers. For SOARS, this recognition is viewed not only as an honor, but also as a responsibility for the program's continued excellence.

National Science Board (NSB), cited 2000: Science and
engineering indicators 2000. Report NSB 00-1.
(Available online at www.nsf.gov/sbe/srs/seind00/
start.htm.)
National Science Foundation (NSF), cited 1997: Scientists and Engineers Statistical Data System (SESTAT).
(Available online at http://srsstats.sbe.nsf.gov.)
, cited 2000: Women, minorities, and persons with
disabilities in science and engineering 2000. Report
NSF 00-327. (Available online at www.nsf.gov/sbe/
srs/nsf00327/start.htm.)
, cited 2002: Science and engineering degrees, by
race/ethnicity of recipients: 1991-2000. Report NSF
02-329. (Available online at www.nsf.gov/sbe/srs/
nsf02329/start.htm.)
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engineering, and technology. (Available online at
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2003 protege Amber Reynolds (left), with science research mentor David Dowell, at the Bow Echo and
Mesoscale Convective Vortex Experiment (BAMEX) in
St. Louis, Missouri.
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The Need for a National Data Assimilation
Education Program
BY T . VUKICEVIC, E. K A L N A Y , A N D T . Y O N D E R H A A R

T

he major progress made over the last two decades
in numerical weather prediction (NWP) and climate change research can be attributed to advances in three areas: modeling, observing methods,
and, very importantly, the improved utilization of observations, a new discipline known as data assimilation. As new technology for observing the atmosphere, ocean, and land surface—ranging from
submersible buoys to multispectral satellite observations—is implemented, a significant challenge will be
to optimally process large volumes of this new information. This challenge implies that data assimilation
methods should advance alongside modeling and
modern observing. Serafin et al. (2002) review current and future weather information technology, emphasizing that training and education are integral to
technology development and transfer. We propose
that education and training should also be extended
into the domain of data assimilation.
SCOPE A N D U T I L I T Y D A T A ASSIMILAT I O N TECHNOLOGY. The purpose of data assimilation is the "use of all available information to determine as accurately as possible [the] state of the
atmospheric or oceanic flow" (Talagrand 1997). This
information includes not only the observations, but also
our knowledge about physical laws, applied in a variety of environmental models. In order to maximize the
extraction of information, the modeled state needs to
be optimally combined with the observations. During
the 1990s there was a boom in the development of op-
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timal data assimilation methods in the atmospheric and
ocean sciences, but the algorithms based on general
optimality criteria are not yet fully implemented in practice. The limitations in practical applications result from
a combination of a) large computational challenges and
b) incomplete understanding of optimal representation
of information content and uncertainties in the models and observations relative to the true state. Consequently, achievement in data assimilation requires a
diversity of expertise, including meteorology, atmospheric chemistry, oceanography, hydrology, biosphere
and soil dynamics, applied mathematics, statistics, observation techniques, and computer sciences. An interdisciplinary research team approach is needed, beyond
atmospheric sciences, to further our ability to process
the ever-increasing diversity and volume of environmental observations. This defines the need to have new
educational programs at the U.S. universities that would
support requirements of future data assimilation developments in the Earth system sciences.
Optimal data assimilation methods also provide
powerful research tools because they explore the relationships between response and control of dynamic
systems and associated predictability and stability properties (Kalnay 2002). Data assimilation methods can and
should be used to test hypotheses put forward by the
models by way of quantitative studies of model uncertainties; by sensitivity of retrieved unobserved quantities to representation of processes (or lack of it); or simply by way of inverse analysis of controls for predefined
response functions depending not on the observations
but on known integral properties.
The potential advantages of data assimilation science
cannot be attained because currently there is a serious
scarcity of young professionals and scientists with understanding and experience in data assimilation. The
lack of formal education in the field typically results in
significant time spent learning on the job, both in research and operations, and the unavoidable limited
scope of experience about different methods. There are
examples of existing data assimilation education efforts
at several universities: the Department of Meteorology
Unauthenticated | Downloaded 01/09/23 01:13 AM UTC

at the University of Maryland, the Meteorology Department at The Florida State University, the School of
Meteorology at the University of Oklahoma, the Program in Atmospheric and Ocean Sciences at the University of Colorado, the College of Oceanic and Atmospheric Sciences at The Ohio State University, and the
Atmospheric Science Department at Colorado State
University. These departments offer elective graduatelevel courses that contain data assimilation topics, and
although these courses are good, they do not reach out
to the wider pool of future professionals at the B.S., M.S.,
and Ph.D. levels required to support demands of the
research and operational institutions for expertise in
data assimilation.
W H A T SHOULD A N A T I O N A L PROGRAM
O N DATA ASSIMILATION EDUCATION
INCLUDE? We would like to propose that the data
assimilation education programs should provide a
solid grounding in
• optimal control theory from applied mathematics
and statistics programs;
• observing technology used in the atmospheric,
ocean, and land system state assessment; and
• modeling principles of the Earth systems.
Furthermore, it should provide hands-on experience
in applied data assimilation methods in problems of the
atmospheric, ocean, and land system state assessment.
Such a national program is ambitious, but can be
realized drawing largely on already available resources
such as
• existing programs in applied mathematics and statistics for basic courses on state estimation theory;
and
• existing programs on observations technology and
dynamical systems modeling.
Most importantly, the program would benefit from
sharing resources from several universities and research centers. This can be handled in the national
program, within which groups of universities and
operational/research centers would share research
versions of end-to-end data assimilation systems that
would be similar to current operational systems. For
example, the Weather Research and Forecasting
(WRF) model is the existing community resource that
could be used as the basis for the end-to-end regional
data assimilation training system. Also, the operaAMERICAN METEOROLOGICAL SOCIETY

tional global systems from NOAA, NESDIS, NCEP,
or NASA could be configured for the resources available for exploratory experiments and training in collaboration with the participating universities.
Such a cooperative basis for the national data assimilation program could cooperate closely with and
complement the Joint Center for Satellite Data Assimilation, a virtual center between the NCEP and the NASA
Data Assimilation Office, recently created with the purpose of fostering rapid progress in this area. The center
plans to make available copies of relevant data assimilation and forecast systems to investigators but without
formal or guaranteed support, and will support projects
selected by relevance. The center does not include a
major educational component, but the scientists involved are some of the best experts in the world. Its
existence, and interest in advanced satellite data assimilation, will allow it to add to basic courses on applied
data assimilation methods given by experts in the field,
and to direct student research projects toward problems
identified as important by the operational centers.
ECONOMIC VALUE A N D FUNDING. Most ob
servations cannot be applied in environmental prediction and state assessment without being subjected to
some form of data assimilation, which maximizes information content of the observations relative to the desired state representation. To continue to improve the
effectiveness of rather expensive observing networks, it
is necessary to both refine ways of optimizing information content of the observations, and to objectively plan
additional observations. These goals are in the interest
of several national agencies, such as NASA, NOAA, the
National Science Foundation, the Department of Defense, the Department of Energy, and the Environmental Protection Agency. Accelerating achievement of
these goals requires support for the educational program. This program would be cost efficient because it
would enhance and increase the efficiency of separate
efforts taking place at present, at a relatively low cost.
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