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Who We Are
The University Corporation for Atmospheric Research (UCAR) is a 
consortium with 75 university members, each of which grants 
doctoral degrees in the atmospheric and related sciences, 
plus an increasing number of academic and international af-
filiates and corporate partners. The UCAR mission is to sup-
port, enhance, and extend the capabilities of the university 
community, nationally and internationally; to understand 
the behavior of the atmosphere and related systems and the 
global environment; and to foster the transfer of knowledge 
and technology for the betterment of life on Earth. 

The National Center for Atmospheric Research (NCAR) and 
UCAR Community Programs (UCP) are managed by UCAR. 
NCAR is sponsored by the National Science Foundation 
(NSF). Various NCAR and UCP activities are also funded 
by the National Oceanic and Atmospheric Administration 
(NOAA), the National Aeronautics and Space Administration 
(NASA), the U.S. Departments of Defense (DOD) and Energy 
(DOE), and the Federal Aviation Administration (FAA). 

A board of trustees elected by consortium members over-
sees the management of UCAR. This unique governance en-
sures that NCAR and UCP fully serve the atmospheric and 
related-sciences communities. When new scientific, techno-
logical, or educational tools emerge that may have a broader 
use in society, UCAR makes them available commercially 
through direct transfer or through the UCAR Foundation. 

NCAR scientists collaborate with university colleagues 
to study climate, air chemistry, storms and basic weather 
processes, the Sun and its effects on Earth systems, and the 
interactions of human society with the environment. NCAR 
also provides facilities and services to researchers working 
in these fields. These include supercomputers; computer 

models of weather, climate, and chemistry; aircraft; radars 
and other instruments; and technical support. NCAR re-
search has applications in such areas as aviation and ground 
transportation, wind prediction for energy production, and 
impacts of climate change.

UCP creates, conducts, and coordinates projects to 
strengthen education, research, and technology in the at-
mospheric and related sciences. UCP helps organize mul-
tiagency experiments, supports satellite-based Earth and 
atmospheric monitoring, provides real-time weather data 
for education and research, manages postdoctoral fellow-
ship programs for the weather and climate communities, 
links universities with operational forecast offices, provides 
resources for constructing and organizing digital libraries, 
helps introduce students around the world to atmospheric 
observing, and trains working forecasters and university in-
structors in the latest meteorological research. 

The UCAR Office of Education and Outreach (EO) fosters 
enhanced understanding of the atmospheric and related sci-
ences and overall science literacy, addressing both K–12 for-
mal education and broad public communication. Its work is 
carried out through the development and dissemination of 
a range of services. These include the design and display of 
scientific exhibits, both at NCAR and in other facilities and 
museums; workshops and mentorship programs to expose a 
diverse range of students to research environments, graduate 
school opportunities, and career paths; scientific and peda-
gogical support to educators across the country, from train-
ing on specific classroom activities to integration of weather, 
climate, and global change topics into curricula; and online 
resources in support of these activities.

UCAR50
University Corporation for Atmospheric Research 
National Center for Atmospheric Research

UCAR Member Universities
University of Alabama in Huntsville
University of Alaska
University at Albany, State University of New York
University of Arizona
Arizona State University 
Brown University
California Institute of Technology
University of California, Berkeley
University of California, Davis 
University of California, Irvine 
University of California, Los Angeles
University of Chicago 
Colorado State University
University of Colorado at Boulder 
Columbia University
University of Connecticut
Cornell University 
University of Delaware
University of Denver
Drexel University
Florida State University
George Mason University
Georgia Institute of Technology
Harvard University
University of Hawai’i
University of Houston 
Howard University
University of Illinois at Urbana-Champaign
University of Iowa
Iowa State University
Johns Hopkins University
University of Maine
University of Maryland
Massachusetts Institute of Technology
McGill University
University of Miami
University of Michigan–Ann Arbor
University of Minnesota
University of Missouri
Naval Postgraduate School
University of Nebraska–Lincoln
Nevada System of Higher Education 
University of New Hampshire
New Mexico Institute of Mining and Technology
New York University
North Carolina State University
Ohio State University
University of Oklahoma
Old Dominion University
Oregon State University
Pennsylvania State University
Princeton University
Purdue University
University of Rhode Island
Rice University
Rutgers University
Saint Louis University
Scripps Institution of Oceanography at the  

University of California, San Diego
Stanford University
Stony Brook University, State University of New York 
Texas A&M University
University of Texas at Austin
Texas Tech University
University of Toronto
Utah State University
University of Utah
University of Virginia
University of Washington
Washington State University
University of Wisconsin–Madison
University of Wisconsin–Milwaukee
Woods Hole Oceanographic Institution
University of Wyoming
Yale University
York University

UCAR Academic Affiliate Institutions
Central Michigan University
College of Charleston
Clark Atlanta University 

Coastal Carolina University
Creighton University
Florida Institute of Technology
Jackson State University 
University of Kansas 
University of Louisiana at Monroe 
Lyndon State College
Universidad Metropolitana
Metropolitan State College of Denver
Millersville University 
College at Brockport, State University of New York
University of North Carolina Asheville
University of North Dakota 
State University of New York at Oswego
Plymouth State University
Saint Cloud State University
San Francisco State University 
San José State University
South Dakota School of Mines & Technology
University of Texas at Arlington
United States Naval Academy
Western Illinois University

UCAR International Affiliate Institutions
Al Azhar University, Cairo
Australian National University, Canberra 
Atmospheric Environment Service,  

Downsview, Canada 
Bureau of Meteorology Research Centre,  

Melbourne, Australia
Central Weather Bureau, Taipei, Taiwan
Centro de Ciencias de la Atmósfera, Mexico City
Centro del Agua del Trópico Húmedo Para América 

Latina y El Caribe, Panama City
City University of Hong Kong
Deutsche Forschungsanstalt für Luft und Raumfahrt, 

Oberpfaffenhofen, Germany
Federal University of Technology, Akure, Nigeria
Forschungszentrum Jülich GmbH, Germany 
Hong Kong Observatory
Hong Kong University of Science and Technology
Istanbul Technical University, Turkey
Instituto de Astrofisica de Canarias, Tenerife, Spain
Institute of Atmospheric Physics, Chinese Academy of 

Sciences, Beijing
Instituto Nacional de Pesquisas Espaciais (INPE),  

São José dos Campos, Brazil
International Meteorological Institute, Stockholm, 

Sweden
Instituto Geofísico del Peru, Lima
Instituto Nacional de Meteorología, Madrid, Spain
Istituto di Metodologie per l’Analisi Ambientale, 

Tito, Italy
Johannes Gutenberg-Universität, Mainz, Germany
Korea Meteorological Administration, Seoul 
Lanzhou Institute of Plateau Atmospheric  

Physics, China
Macquarie University, North Ryde, Australia
Malaysian Meteorological Department, Kuala Lumpur
Manila Observatory, Philippines 
Max Planck Institute for Meteorology,  

Hamburg, Germany
Meteorological Research Institute, Ibaraki, Japan 
Meteorological Service of Catalonia, Barcelona, Spain 
Monash University, Clayton, Australia
National Authority for Remote Sensing and Space 

Sciences, Cairo, Egypt
National Central University, Chung-Li, Taiwan
National Centre for Medium Range Forecasting,  

New Delhi, India 
National Taiwan University, Taipei
Peking University, Beijing, China
Risø National Laboratory, Roskilde, Denmark
Russian Academy of Sciences, Moscow
Seoul National University, Korea
State Hydrometeorological University of the Russian 

Federation, St. Petersburg 
Tel Aviv University, Israel
Universidad de Buenos Aires, Argentina 
Universidad Complutense de Madrid, Spain
Università degli Studi dell’Aquila, Italy
Universität Hamburg, Germany
Universität Köln, Germany



INTRODUCTION | 1
 

Contents

Introduction Page | 2

The Sixties Page | 6   

The Seventies Page | 18

The Eighties Page | 30

The Nineties Page | 42

The Two Thousands Page |54

Reflections from Our Community Page | 66

UCAR



2 |
 
UCAR AT FIFTy

Introduction

Anniversaries are a time for reflecting on the past, assessing 
the present, and looking to the future. By almost any metric, 
UCAR and NCAR have been successful since the time a half 
century ago when a small group of people, most of them uni-
versity professors of atmospheric science, boldly envisioned 
a national center—run by and for the universities—which 
would not only serve science and society but also comple-
ment and strengthen the universities themselves. Many of 
these achievements are described in this anniversary docu-
ment; here we reflect on why these closely coupled institu-
tions have been successful and how these building blocks 
will see us into a second 50 years.

We believe that four factors are needed to build and 
maintain a successful research institution. First and fore-
most, it takes people—not just any people, but the right kind 
of people, those with vision, commitment, talent, and most 
of all, integrity. It requires people with diverse backgrounds, 
ideas, and a team spirit. 

Second, it takes a mission that is important, interesting, 
and perhaps even noble—one that inspires people, makes 

them enthusiastic about working beyond standard shifts, 
and motivates them to think about better ways of achieving 
their goals, including projects that are sometimes monu-
mental in scope.

Third, it takes the necessary resources. This means having 
sponsors who are committed over the long term to the mission 
and success of the organization and its people, as well as sup-
portive program managers with wisdom and dedication.

Fourth, it takes an organizational structure, a manage-
ment philosophy, and a modus operandi that are flexible; 
transparent; open to outside ideas, reviews, and criticisms; 
and continually renewed through the frequent infusion of 
new ideas and people. The institution must reward achieve-
ments, maintain excellence and efficiency, and change with 
the times and cultures of the nation and world.

Working with UCAR’s member universities and with the 
National Science Foundation (NSF)—NCAR’s anchor spon-
sor for the entire 50 years of its existence—we have been for-
tunate to meet these four requirements, sometimes in unique 
ways. For example, we know of no other national laboratory 
in the world governed by a consortium of universities.

Our people—scientists and engineers, administrators 
and managers, and an amazing cadre of dedicated support 
staff—have joined colleagues at universities and laborato-
ries around the world to produce an impressive variety of 
accomplishments. These range from decoding the work-
ings of the Sun to deciphering weather and climate pro-
cesses, building transformative observing instruments and 
platforms, and creating comprehensive models that repro-
duce and project the behavior of the atmosphere, oceans, 
and other parts of the Earth system. Such ambitious proj-
ects can continue longer than the careers of individuals, so 
we work to structure them in a collaborative fashion that 
incorporates the skills and views of many people. This 
allows each project to survive through—and even benefit 
from—the natural ebb and flow of participation from both 
inside and outside the organization. 

Such collaboration is at the heart of NCAR and UCAR. 
Well over half of our resources are used to support university 
researchers and programs. We have complemented outstand-
ing university education in many ways, including a world-
renowned postdoctoral program and a four-year internship 
program that promotes diversity as well as scientific excel-
lence (see page 52).

The mission of UCAR and NCAR, most recently stated 
in the UCAR strategic outlook UCAR 2020, is:

Bernard Haurwitz (center, from the Massachusetts Institute 
of Technology) was one of the first chairs of the UCAR Board 
of Trustees. In that role, he broke ground in September 
1968 on the Fleischmann Building, which houses UCAR’s 
governance office. Also pictured are NCAR director John 
Firor (left) and UCAR president Walter Orr Roberts (right).
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 . . . to serve and provide leadership to the atmospheric and 
related communities through research, computing and obser-
vational facilities, and education programs that contribute to 
the betterment of life on Earth. 

This inspiring challenge encapsulates the vision of our 
founding leader, Walter Orr Roberts: that science can, and 
should, serve society. Many of our accomplishments have 
contributed to the intellectual understanding of the systems 
that support life on Earth (itself a societal benefit). But our 
efforts are also supporting very practical applications of at-
mospheric knowledge that enhance our health and economy, 
such as safer air and highway travel, more efficient energy 
production, and many other endeavors that depend on the 
environment.

Obtaining the necessary resources to make such a vision 
reality is no simple matter. We have been fortunate to have 
the strong and steady support of the National Science Foun-
dation from the beginning. Coupled with judicious guidance 
and oversight from NSF as a strategic partner, this has en-
abled us to make progress on long-term goals that can take 
decades to achieve.

We have also drawn heavily on input, advice, and reviews 
from people at more than 100 member universities and affili-
ates. These colleagues have contributed thousands of hours 
each year as volunteers to help guide our institution, and 
their service is deeply appreciated and valued.

Looking to the next 50 years, we and our successors 
would do well to keep in mind the four factors that have 
made UCAR and NCAR successful over the past half cen-
tury. It seems certain that NCAR will continue to provide 
cutting-edge community observing and computing facilities 
that support innovative research at our member institutions 
as well as our own laboratories. Another safe bet is that we 
will continue to work with colleagues to unravel the most 

challenging aspects of the Sun-Earth system. Our approach 
will remain open and collaborative, developing and using a 
mix of observational, theoretical, numerical, and analytical 
tools. In addition, we will continue to support the education 
and training of people of all ages and backgrounds through 
a variety of mechanisms, including fellowship and internship 
programs, community workshops and symposia, distance 
learning tools, and public outreach efforts.Without making 
specific predictions, we see the following trends unfolding 
over the next 50 years. 

n	 Observations will continue to be extremely impor-
tant, but more of them will be collected by robotic and/or 
remote sensing systems, from ground and airborne platforms 
to satellites. 

n	 Complex models of the Earth system and its com-
ponents will become even more vital tools of exploration, 
enabling theories to be tested, diverse observations to be as-
similated, integrated analyses to be produced, and increas-
ingly accurate predictions to be made. 

n	 We will draw on ever more powerful computers, net-
works, and systems to assimilate, archive, and visualize data.

n	 Near real-time sharing of observations, analyses, and 
model output will become more widespread, and the number 
and diversity of users around the world will increase rapidly. 

n	 Specific, focused applications based on Earth system 
data and models will increasingly serve all sectors of society, 
including agriculture, energy, and emergency management 
and response.

n	 Advances in communication technology will provide 
increasing opportunities to conduct collaborations remotely, 
thereby reducing our need to travel and our associated car-
bon footprint.

NCAR will likely become more project-oriented and 
involve larger teams of staff, visitors, postdoctoral fellows, 

The UCAR President’s 
Council, 2010: (left to 
right) Richard Anthes, 
UCAR president; Roger 
Wakimoto, NCAR 
director; Maura Hagan, 
NCAR deputy director; 
Katy Schmoll, UCAR 
vice president for finance 
and administration; 
Jack Fellows, UCAR vice 
president for corporate 
affairs and UCAR 
Community Programs 
director.
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and other professionals from government and the private 
sector as well as academia. We will strengthen our network-
ing with colleagues from all parts of the world. Our staff will 
continue to become more diverse, more multinational and 
multilingual. In partnership with our member universities, 
we will help inform our nation’s citizens and train a new 
generation of environmental workers and leaders who can 
help society deal with the increasingly complex and multi-
disciplinary issues related to a changing climate. Commu-
nities that have not played a large role in our first 50 years, 
such as tribal and community colleges, will become part-
ners in our efforts. We will strengthen our role as an  intel-
lectual commons without sacrificing practical approaches 
to solving real problems.

Regarding what may be the most important and most 
vexing scientific problem of our time, we expect to see the 

controversy surrounding global warming largely disap-
pear as Earth continues to warm and the impacts become 
more obvious. We will continue to maintain the highest 
standards of objectivity, honesty, and transparency while 
strengthening our efforts to communicate our findings to 
the public—our most important stakeholder and the ulti-
mate policymaker.

Here’s to the next 50 years!

Richard Anthes, UCAR president
Jack Fellows, UCAR vice president for corporate affairs 
 and UCAR Community Programs director
Maura Hagan, NCAR deputy director 
Katy Schmoll, UCAR vice president for finance and  
 administration
Roger Wakimoto, NCAR director

To serve and provide leadership to the atmospheric and 

related communities through research, computing and 

observational facilities, and education programs that 

contribute to the betterment of life on Earth 

The first meeting of UCAR’s 14 member institutions took place on 2 April 1959 at the University of Arizona, Tucson.
Front row (left to right): Michael Farrell (Pennsylvania State University), Theodore Wright (Cornell University), 

P. Stewart Macaulay (Johns Hopkins University), J. Robert Stinson (St. Louis University), A.W. Peterson (University 
of Wisconsin), Morris Neiburger (University of California, Los Angeles), Henry Houghton (Massachusetts Institute of 
Technology), Seymour Hess (Florida State University), Jerome Spar (New York University), Benjamin Nichols (Cornell 
University), Werner Baum (Florida State University), Horace Byers (University of Chicago), George Benton (Johns Hopkins 
University), A. Richard Kassander (University of Arizona), and Herbert Rhodes (University of Arizona).

Back row (left to right): Carl Floe (Massachusetts Institute of Technology), Gilbert Lee Jr. (University of Michigan), Hans 
Neuberger (Pennsylvania State University), James Miller (University of California), Harold Work (New York University), Reid 
Bryson (University of Wisconsin), Dale Leipper (Texas A&M University), John Calhoun Jr. (Texas A&M University), Thomas 
Malone (Travelers Corporation), and E. Wendell Hewson (University of Michigan).
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Pictured are UCAR Board of Trustees members at their spring 2010 meeting, held in 
Washington, D.C., on 11–13 May. 

Top row (left to right): Eric Saltzman (University of California, Irvine), Mark Abbott 
(Oregon State University), Fred Carr (University of Oklahoma), Rana Fine (University of 
Miami), Roberta Balstad (Columbia University), Shirley Malcom (American Association for 
the Advancement of Science), Ric Porreca (University of Colorado at Boulder).

Bottom row (left to right): Robert Palmer (Gainesville, Florida), Steven Ackerman 
(University of Wisconsin–Madison), Jerry Melillo (Brown University), Donald Wuebbles 
(University of Illinois at Urbana–Champaign), Richard Anthes (UCAR), Richard Clark 
(Millersville University), Dennis Hartmann (University of Washington), Eugene Takle (Iowa 
State University). 

Trustees not pictured: Kerry Cook (University of Texas at Austin), Anne Thompson 
(Pennsylvania State University), Admiral Richard Truly (Golden, Colorado).
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The Nineteen Sixties
Built in the mid-1960s, NCAR’s Mesa Laboratory 
was designed by architect I.M. Pei to harmonize 
with its mountainous backdrop.



1960
Philip Thompson 
becomes NCAR’s 
associate director, 
bringing with him 
a broad range of 
scientific and man-
agement expertise. 
Thompson attracts 
many outstanding 
researchers to join or visit NCAR.

1963
NCAR 
launches a 
lecture and 
seminar 
series for 
recent 
postgradu-

ates. The series soon evolves into the 
Advanced Study Program, which brings 
postdoctoral researchers to NCAR for 
one to two years.

1964
NCAR’s 
Research 
Aviation Facil-
ity opens, at 
a regional air-
port 11 miles 
southeast 
of Boulder, 
with a leased 
Beech Queen Air 80. Two more Queen 
Airs are leased in 1966, with other 
aircraft to follow.

1967
To help focus 
institutional 
energy, NCAR 
creates two 
new depart-
ments, one 
centered on 
atmospheric 
dynamics 

and the other on air chemistry and 
microphysics. A “cold room” is built for 
studying ice and snow behavior.

1969
The 
compact 
Fleischmann 
Building 
opens on 
the mesa 
site. It 
houses the UCAR president’s office (still 
located there) and the Advanced Study 
Program, which later moves to the 
Mesa Lab.
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NCAR and UCAR sprang into existence from a burst of creativity, 

enthusiasm, and optimism. After being hampered for years by a 

lack of resources and coordination, university faculty engaged in 

weather and climate research banded together in the late 1950s. 

With support from the National Science Foundation that contin-

ues today, the new consortium—incorporated as UCAR in 1959 

with 14 institutions as founding members—set out to build a new 

kind of center that would serve the discipline and the nation as a 

whole. n It was an innovative concept well matched to the times. 

The Cold War had fueled interest in science. University enroll-

ments were soaring. Computer models were set to transform day-

to-day forecasting, and the first U.S. weather satellite took to the 

skies in early 1960. By the end of that year, NCAR was a reality, 

with a home in Boulder, Colorado, and a leader in place. As the first 

UCAR president and NCAR director, Walter Orr Roberts steered 

the consortium and the center through a series of temporary build-

ings, uncertain budgets, and delicate politics, including the quest 

to support university research while building a vital core of staff 

scientists. n The spectacular Mesa Laboratory, which opened in 

1967, gave NCAR an instantly iconic home and bolstered the in-

ternational profile of the young—but already influential—center.



SNAPSHOTS

A center is born
It took years of toil to build NCAR’s sandstone-hued Mesa 
Laboratory. What’s less obvious is the intellectual heft that 
was required to create and cultivate the center as a human 
institution. From the start, scientists and administrators en-
gaged in lively debate about how NCAR would be staffed 
and structured and how it could best interact with the uni-
versities that were integral to its existence.

The work began in 1956, when a National Research 
Council committee was asked to “consider and recommend 
means by which to increase our understanding and control of 
the atmosphere.” At the time, civilian and military forecasters 
far outnumbered researchers who focused on weather and 
climate. Weather research was itself fragmented and under-
funded, as noted by the committee in a 1958 report that rec-
ommended creation of a “National Institute for Atmospheric 
Research,” or NIAR, to be funded by NSF.

Within weeks, the heads of 10 leading academic depart-
ments of meteorology had convened to take up the NRC’s 
challenge. Their meeting was followed by a flurry of reports 
and more than a dozen workshops, involving some 150 sci-
entists, that laid out the contours for what would become 
NCAR. Among the key ideas was that the center would help 
researchers join forces to tackle the most intractable research 
problems. The center would also provide access to tools that 
no single school could afford, such as aircraft and high-end 
computers. A 1959 planning document pictured “a center at 
which high scientific competence and consummate techno-
logical skill can be combined in a free and natural alliance to 
master our atmospheric environment.”

As the scope of the future center broadened, the need 
for long-term leadership deepened. With the blessing of their 
university leaders, the department heads decided to incor-
porate as a nonprofit consortium, and on 16 March 1959, 
UCAR was born. Major questions remained, though. “The 
formation of UCAR was met with skepticism, like many 
things that happen in science,” said founding trustee Horace 
Byers (University of Chicago) in a 1987 interview. Persever-
ing, Byers and colleagues refined their brainchild, shifting an 
initial emphasis on technology toward a mix of facilities and 
research and changing the name from NIAR to NCAR. 

Much of the character of the new center—officially 
launched in June 1960—emerged from the influence of its 
founding director and its location. To lead the center, UCAR 
chose Walter Orr Roberts, an astronomer who had studied 
the solar corona from Colorado since the 1940s (see page 11). 
As head of the High Altitude Observatory (then housed at 
the University of Colorado at Boulder), Roberts made a fate-
ful proposal: he would serve as UCAR president and NCAR 
director if the institution set up shop in Boulder, one of four 
locations being considered, and brought HAO into the fold. 

That agreement brought unexpected benefits. With 
its own staff and administration in place, HAO served as a 
nucleus from which NCAR could easily expand. Boulder’s 
relatively central location proved convenient for research-
ers across the country. And Roberts himself—informal and 
egalitarian, internationally minded, concerned with science’s 
role in society—set an upbeat tone for the institution. “He 
assumed everyone he talked with to be capable of under-
standing science and other complex ideas,” recalled Harriet 
Barker, who started as a secretary in 1960 and retired as a 
UCAR vice president in 1998. 

Top scientists flocked to the new center, and a program 
was quickly established to bring graduate students and post-
doctoral researchers on site for intensive visits. By the mid-
1960s, NCAR was hosting workshops on topics such as sat-
ellites and tropical meteorology and had launched research 
programs delving into cloud physics, the life cycle of airborne 
gases and particles, and the atmosphere’s global circulation. 
UCAR grew as well, restructuring to allow more universities 
to join; a total of 30 were on board by 1970, including the 
University of Toronto, the first non–U.S. member.

The opening of the Mesa Lab in May 1967 was a fitting 
capstone to NCAR’s coming of age. For his first major proj-
ect outside an urban area, architect I.M. Pei captured the fla-
vor of indigenous settlements of the southwest United States 
with a design that was monumental and modern, yet harmo-
nious with its surroundings. “When you’re confronted with 
nature—such power and beauty—you just don’t try to com-
pete with it,” said Pei at the building’s dedication. “You try 
to join with it.”
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During the early years of NCAR’s computing facility, 
computer programs were punched into decks of cards 
and hand-delivered to the computer room.

NCAR director Walter Orr 
Roberts shares a moment with 

architect I.M. Pei at the dedication 
of the Mesa Lab in May 1967.

One of NCAR’s first scientists, solar physicist John Firor 
took the helm of the High Altitude Observatory before he 
became NCAR’s second director in 1968.

Gladys Sturdy and other 
atmospheric chemists and 
technicians benefited from 
the Mesa Lab’s ample 
laboratory space.
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TODAY
Early-career faculty must 

juggle publishing and 
teaching demands while 
keeping tabs on an ever-

broader range of specialties 
and intersecting disciplines. 
With these stresses in mind, 
NCAR’s traditional role as a 
resource and meeting place 
for university scientists has 
taken on a new flavor.

Since 2006, UCAR has 
sponsored more than 100 
junior-faculty visits to the an-
nual UCAR meeting, held each 
October in Boulder. And each 
summer since 2003, dozens 
of pre-tenured faculty—most 
of them in their first five years 
as professors—have gathered 
at NCAR for a three-day Ju-
nior Faculty Forum on Future 
Scientific Directions. Spon-
sored by NCAR’s Early Career 
Scientist Assembly, the forum 
gives newer university faculty 
and NCAR scientists a chance 
to strengthen professional ties 
as they explore a topic of mu-
tual interest. Recent forums 
have delved into such areas 
as the Atlantic thermohaline 
circulation and the impacts of 
biomass burning.

“The informal setting 
allows for creative interactions 

Cultivating tomorrow’s faculty leaders

and discussions about out-of-
the-box ideas, with input from 
a few senior scientists,” says 
NCAR’s Judith Berner. She 
worked with Adam Monahan 
(University of Victoria) to or-
ganize the 2009 forum on the 
connections between weather 
and climate. Among other top-
ics, participants explored how 
precipitation that runs close to 
average over a long period can 
encompass shorter intervals 
of destructive drought and 
flooding. They also pondered 
how analyzing the vast array 

of data generated by short-
term weather models might 
be used to relate a longer-
term global climate projection 
to possible weather events in 
a particular region.

Just a few months later, 
participants had already sub-
mitted a joint paper on these 
topics to the Bulletin of the 
American Meteorological 
Society. “The most important 
outcome is probably the 
collaborations that will hap-
pen over the next years and 
decades,”adds Berner.

The Junior Faculty Forum 
is part of NCAR’s Advanced 
Study Program, founded in 
1964 to bolster the ranks of at-
mospheric researchers through 
graduate and postdoctoral 

appointments. ASP allows par-
ticipants to carve new research 
paths across NCAR’s broad 
array of specialties. Close to 
500 scientists have spent one 
to two years at NCAR on ASP 
appointments; many have 
become leaders in academia, 
government, and private indus-
try, with more than 100 serving 
as university faculty.

Through UCAR’s Visiting 
Scientist Programs, dozens of 
freshly minted atmospheric 
researchers gain valuable 
experience. Through a variety 

of sponsors, VSP administers 
a range of options for post-
doctoral, junior, and senior 
scientists, many based at 
federal labs. One of VSP’s 
longest-term efforts, the 
NOAA Climate and Global 
Change Postdoctoral Program, 
has served as a key training 
ground for more than 160 cli-
mate change specialists since 
1991, providing fellowships 
and sponsoring an intensive 
biennial workshop.

“The VSP fellowship gave 
me ample support and signifi-
cant freedom,” says Peter Huy-
bers (Harvard University). “In 
my case, these were important 
ingredients for transitioning 
from being a graduate student 
to an independent scientist.”

“The Junior 
Faculty Forum 
is a unique 
opportunity 
for young 
scientists.”
—Judith Berner, NCAR 

Participants in the 2009 Junior Faculty Forum.

VSP postdoc 
Peter Huybers, 
now at Harvard 
University, 
received a 
MacArthur 
“genius grant” 
fellowship in 
2009. 
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Eyes on the corona
For all the blazing glory of the visible Sun, it’s the outer atmos- 
phere, or corona—far hotter than the interior, yet invisible 
to the naked eye—that most intrigued solar scientists during 
NCAR’s first years. The center inherited and expanded one 
of the world’s most extensive efforts at coronal observation, 
with an eye to such mysteries as the corona’s dynamics, the 
origin of its high temperature, and the causes of geomagnetic 
effects on Earth.

NCAR’s director-to-be, Walter Orr Roberts, was a Har-
vard graduate student in the late 1930s when he and his ad-
viser, Donald Menzel, set out to build the first coronagraph 
in the Western Hemisphere. Their effort followed the lead of 
French astronomer Bernard Lyot, who in 1930 succeeded 
in building a telescope that blocked the solar disk in order 
to observe the thinner, fainter corona from high altitudes. 
Lyot’s coronagraph could be used with filters that allowed 
only one particular wavelength, or spectral line, to be studied 
at a time; each line corresponded to the radiation emanating 
from a particular element such as iron or hydrogen.

Menzel and Roberts set out to collect similar data to 
Lyot’s, but this time from the high, clean air of the Rocky 
Mountains. In 1940, the young Roberts and his wife, Janet, 
set out from their Massachusetts home in a Graham-Paige 
automobile and drove to a rugged site on a remote mountain-
top near Climax, Colorado, where Roberts established the 
Fremont Pass Station of the Harvard College Observatory. 
As World War II raged, the couple embraced a life of solitude 
punctuated by scientific breakthroughs. 

The embryonic observing post became the High Altitude 
Observatory in 1946, with the University of Colorado part-
nering with Harvard and housing much of the fast-growing 
group on its Boulder campus. Another new chapter began in 
1960, when Walt Roberts became the founding director of 
UCAR and NCAR; HAO was absorbed into the new institu-
tion. Two observers remained at Climax until the site closed 
in 1972.

Meanwhile, HAO hunted for new ways to unwrap the co-
rona’s sheath of mystery. Total solar eclipses served as natu-
ral coronagraphs: tendrils of energy could be seen streaming 
outward from the obscured disk. HAO helped lead a series of 
increasingly elaborate expeditions that took instruments and 
staff to document total eclipses in remote places, including 
Sudan (1952), the South Pacific (1958), the Canary Islands 
(1959), New Guinea (1962), and Bolivia (1966). Clouds 
thwarted some of these efforts, but others succeeded, with 

the corona profiled at various wavelengths. The late 1960s 
saw HAO building up to its most ambitious expedition 
to that point: the successful capturing of a total eclipse on  
7 March 1970 at San Carlos Yautepec, Mexico. 

Valuable as they were, eclipses provided only a few pre-
cious minutes of observing time, and atmospheric interfer-
ence remained an issue. HAO’s John Evans had devised a 
streamlined coronal measuring tool in the early 1950s. Gor-
don Newkirk Jr. picked up that research thread and built a 
coronascope that could be carried by balloon into the strato-
sphere, above most of the atmosphere’s confounding effects. 
Tests and refinements led to Coronascope II, which in 1964 
obtained more than 100 images from a perch at 100,000 feet. 
Newkirk also built a white-light coronal camera that captured 
the full spectrum of energy on display during eclipses viewed 
from six continents and three islands.

Space-based coronal observations took off in 1973 with 
NASA’s Skylab, which carried a coronagraph built at HAO. 
Since then, increasingly sophisticated sensors have gathered 
a wealth of coronal data from space, largely supplanting the 
need for eclipse expeditions. Important roles are still played 
by ground-based tools, including those at the Mauna Loa 
Solar Observatory, built by NCAR in 1965 (see page 12).

HAO scientists John Eddy, John Firor, and Robert Lee (left to 
right) prepare one of two coronagraphs sent to Bolivia for an 
eclipse expedition in 1966.
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compared to about 30 in New 
Mexico. “It’s a huge improve-
ment,” says NCAR principal 
investigator Steven Tomczyk.

Magnetic fields are dif-
ficult to assess within the thin, 
superheated coronal envi-
ronment, but CoMP’s highly 
sensitive infrared sensors do 

the job well. The instrument’s 
20-centimeter (8-inch) tele-
scope tracks magnetic activity 
around the entire edge of the 
Sun, gathering data as often 
as every 15 seconds.

CoMP collected the first-
ever coronal observations of 
Alfvén waves, fast-moving 
perturbations that emanate 
from the Sun along magnetic 
field lines. Previously detected 
only in interplanetary space, 
the waves were found to be far 
more prevalent than expected 
within the corona, where their 
influence is a subject of in-
tense debate. 

Other changes are in the 
offing at Mauna Loa. By late 
2012, a new coronagraph, part 
of the forthcoming Coronal 
Solar Magnetism Observatory 
(COSMO), will allow for better 
monitoring of coronal mass 
ejections, a primary driver of 
space weather. 

TODAYA Hawaiian perch for solar observing

L ocated more than two 
miles above the sur-
rounding Pacific Ocean 
and hundreds of miles 

from a major city, the top of 
Hawaii’s Mauna Loa boasts 
some of the cleanest air on 
Earth. Together with a sup-
ply of reliable sunshine by 
day and dark skies at night, 
this has made the peak a 
haven for atmospheric and 
astronomical observations, 
including the benchmark car-
bon dioxide readings collected 
there for more than 50 years 
by NOAA and the Scripps 
Institution of Oceanography. 

At the Mauna Loa Solar 
Observatory, established on 
the NOAA site by NCAR’s High 
Altitude Observatory in 1965, 
a three-person staff monitors 
specialized telescopes that 
filter and analyze solar energy 
emissions at several different 
wavelengths. Countless clues to 
solar phenomena emerge from 
the imagery, which is available 
worldwide via the Web.

Prominences are one 
feature commonly tracked at 
MLSO. These clouds of warm, 
dense material are suspended 
for days of weeks within the 

much hotter, less dense solar 
corona. Most prominences end 
their lives in eruptions that can 
produce stormy space weather 
on Earth. But in late 2007, 
NCAR’s Giuliana de Toma and 
Roberto Casini tracked a huge 
bubble of magnetic material 
that surged through a promi-

nence in an hour’s time without 
causing an eruption.

“We observe promi-
nences every day at MLSO, 
but we had never seen such a 
large, organized, and rapidly 
moving disturbance inside a 
quiescent prominence,” says 
instrument scientist Joan 
Burkepile. The discovery re-
vealed that a prominence can 
have a remarkably dynamic 
interior without losing its 
overall stability.

Other new insights 
into solar activity are be-
ing provided by the Coronal 
Multichannel Polarimeter 
(CoMP). Developed in 2004, 
the NSF-funded instrument 
monitored coronal magnetism 
at the National Solar Observa-
tory in Sunspot, New Mexico, 
before being moved to Mauna 
Loa in 2010. Observers can 
now collect data on more than 
300 clear days each year, 

“Our coronal 
observations 
require 
pristine skies.”
—Steven Tomczyk, NCAR

Peter Nelson 
adjusts the 

alignment of 
NCAR’s Coronal 

Multichannel 
Polarimeter shortly 

after its arrival at 
Hawaii’s Mauna Loa 

Solar Observatory. 
CoMP’s diffusing 

lens sits within 
the small black 

ring atop the 
instrument’s 

telescope.
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Atmosphere in a box: NCAR’s first GCM

Computer models of global climate became indispensable 
tools in the last decades of the 20th century as society began 
to grapple with the impact of human-produced greenhouse 
gases. In the early 1960s, though, the challenge was simply to 
reproduce the general features of the atmosphere circulating 
around the globe—thus, the quest for a general circulation 
model, or GCM.

Two young NCAR scientists were among the pioneers 
who set out to achieve this formidable goal. Warren Wash-
ington came to the center in 1963, not long after completing 
his doctorate at Pennsylvania State University. A few months 
earlier, Akira Kasahara had joined NCAR after taking part 
in pioneering modeling efforts at universities in Japan and 
the United States. The two had met at the Courant Institute 
of Mathematical Sciences in New York, a hotbed of research 
into atmospheric modeling. They shared a keen interest in 
pushing the limits of the relatively modest computing re-
sources then available. In a 1998 interview, Kasahara recalled 
that when Washington approached him about pooling their 
skills to build a model, “I was quite excited, because I had 
been thinking about the same thing.”

As it does now, global modeling hinged on a set of equa-
tions put forth by Norwegian meteorologist Vilhelm Bjerknes 
in the early 20th century to describe atmospheric motion. 
Scientists had longed to use those equations to calculate the 
present behavior and future state of the atmosphere: in the 
1920s, British researcher L.F. Richardson had envisioned 
a “forecast factory,” where hundreds of clerks would carry 
out manual calculations. However, the goal of numerically 
simulating the state of the atmosphere remained out of reach 
until computers came on the scene. By the early 1960s, two 
teams—one at the U.S. Weather Bureau, the other at the Uni-
versity of California, Los Angeles—had set out to build full-
fledged GCMs.

Could NCAR match these efforts? Washington was en-
couraged by the work of Cecil Leith, then at Lawrence Liv-
ermore National Laboratory and later at NCAR. “His heroic 
effort of building single-handedly a comprehensive atmo-
spheric model impressed many people in the field, including 
me,” says Washington. 

In order to run a GCM, Kasahara and Washington knew 
they would need a substantial hunk of NCAR’s computation-
al muscle. The center’s original plans had put the emphasis 

on processing aircraft and satellite data rather than modeling. 
But the two scientists found an ally in NCAR’s associate di-
rector, Philip Thompson, who helped arrange for time on the 
center’s first computer, a Control Data Corporation 3600.

Using schematic continents and observed ocean tem-
peratures, Kasahara and Washington kicked off their model 
runs with a cold start—uniformly cool temperatures across 
the globe—to see if the model’s inclusion of solar and oce-
anic heat would produce realistic weather. “This was an 
exciting time,” recalls Washington. “The model allowed us 
to play ‘god’ a bit.” Indeed, within a week of model time, 
high and low pressure centers materialized, and after 40 
days and nights, the simulated climate had fallen into a 
rough equilibrium. Cold and warm fronts scooted across 
midlatitudes; doldrums appeared in the tropics. In short, 
it was a recognizable atmosphere, which made the project a 
resounding success.

Through several iterations over the late 1960s and 1970s, 
Kasahara and Washington refined their model. At the same 
time, a handful of groups across the world launched global 
modeling efforts of their own. Most universities, though, 
were still shut out of the action. In response, NCAR began 
shifting to a new Community Climate Model aimed at pro-
viding university scientists with software as well as technical 
support. The first CCM, built in the early 1980s, drew on 
a potpourri of innovative formulations developed at Austra-
lian and European labs and at NOAA’s Geophysical Fluid 
Dynamics Laboratory. As the CCM grew in scope and influ-
ence, it evolved into the Community Climate System Model, 
one of the world’s leading comprehensive global models, and 
its recent successor, the Community Earth System Model 
(see page 49).

Along with their landmark modeling, Kasahara and 
Washington were pioneers in another sense. Their GCM 
team, which included two women programmers, was un-
commonly diverse for the 1960s. Washington went on to 
become a leader in science policy as well as modeling: he 
served on the National Science Board and advised five U.S. 
presidents in various capacities, and he remains active in col-
laborative modeling research involving NCAR and the U.S. 
Department of Energy. Though Kasahara is now retired, he 
and Washington continue to work with colleagues at NCAR 
and elsewhere on projects of interest.



Warren Washington was among the 
first climate scientists to animate 
output from general circulation 
models (below).

By the end of the 1960s, 
Akira Kasahara and 
colleagues were storing 
the increasing amounts of 
data from NCAR’s climate 
simulations onto nine-track 
magnetic tapes.

Akira Kasahara and 
Warren Washington both 
remain active at NCAR.



TODAY
E ach of the dozen or so 

leading models of the 
Earth system created by 
researchers worldwide—

depicting atmosphere, ocean, 
land, ice, and more—has its 
strengths and weaknesses. 
When it comes to human capi-
tal, though, few can match 
NCAR’s Community Climate 
System Model. The CCSM is 
freely available to scientists 
worldwide, and NCAR pro-
vides extensive support to 
help guide users. The model 
itself is largely a product of 
collaboration between re-
searchers and developers at 
NCAR and their colleagues at 
universities and laboratories 
across the nation and beyond.

One of the main vehicles 
for making CCSM better 
is its lineup of 12 working 
groups. Each is devoted to a 
component or process, from 
the atmosphere, ocean, and 
land models to paleoclimate 
and biogeochemistry. As the 
CCSM grows in complex-
ity, new groups arise. Most 
are co-chaired by an NCAR 
scientist and a researcher 
from a university or federal 
laboratory.

CCSM’s working groups: a model community

“Working on 
the CCSM 
has been a 
continuous 
learning 
experience.”
—Minghua Zhang,  
Stony Brook University, co-
chair of the CCSM atmos- 
phere model working group

“I believe that the work-
ing group process has been 
one of UCAR’s most success-
ful activities,” says Robert 
Dickinson (Georgia Institute of 
Technology). While at NCAR, 
Dickinson led the creation of 
NCAR’s first model to account 
for forests, grasslands, and 
other surface features. As he 
notes, no single institution can 
provide the expertise needed 
to pull together increasingly 
complex global models. How-
ever, he says, “That expertise 
can be obtained by a system 
that allows participation by all 
interested scientists capable 
of providing the needed help. 
This has been the approach 
of the CCSM working groups, 
and overall they have been a 
remarkable success.”

Each working group typi-
cally meets several times a 
year, together examining the 
latest model improvements 
and scrutinizing the minutiae 
that can make or break a 
model’s fidelity and tractabil-
ity. In June, all of the groups 
convene at the CCSM Annual 
Meeting, which draws hun-
dreds of users and developers.

NCAR’s Marika Holland 

has led studies that employ 
the CCSM to highlight the 
risk of dramatic ice retreat 
in future Arctic summers. 
Holland co-chairs the work-
ing group on polar climate 
with Elizabeth Hunke (Los 
Alamos National Laboratory). 
As Hunke notes, “The group at 
NCAR that works directly on 
sea ice model improvements 
is quite small, and yet we 
have a very sophisticated sea 
ice model component within 
the CCSM. This is largely due 
to collaborations fostered 
and maintained through the 
working-group structure.” For 
example, outgoing (short-
wave) radiation is a critical el-
ement in Arctic climate, where 
clouds and ice can change 
the balance enormously. 
An improved technique for 
depicting such radiation was 
recently developed for CCSM4 
by Bruce Briegleb (NCAR) and 
Bonnie Light (University of 
Washington). 

For several reasons—its 
wide usage, its distrib-
uted governance, and its 
complexity—“the CCSM may 
not always be the world’s 
first model to implement a 

Mingjie Shi (University of 
Texas at Austin) and Kendra 
Castillo (Purdue University) 
were among the land surface 
modelers who met with CCSM 
developers at a working group 
meeting in February 2010. 

For the 2007 assessment report of the Intergovernmental Panel on Climate Change, modelers bumped 
up the resolution of the atmospheric and land-surface components of the CCSM. The simulation 
produced a level of detail on fronts and storm systems rarely seen in global models.

brand-new technique,” says 
NCAR’s James Hurrell, head of 
the CCSM Scientific Steering 
Committee. However, he adds, 
the benefits of openness and 
community access are well 
worth it.
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Borne on a balloon
Years before it housed aircraft or supercomputers, NCAR was 
sending balloons into the stratosphere. Bolstered by new 
space-age technology, this simple but powerful observing 
strategy gathered critical data from hard-to-reach places.

Balloons had been launched for scientific purposes since 
the 1800s, but the original plans for NCAR did not include a 
balloon facility. That changed after a 1960 conference—one 
of NCAR’s first—when experts convinced Walter Orr Rob-
erts that ballooning had a rightful place at the new center. 
Within months, Roberts had brought expert Vincent Lally 
on board to head up the 
project. By 1963 the Na-
tional Scientific Balloon-
ing Facility (NSBF) was in 
place near Palestine, Texas, 
a prairie location where 
aircraft interference was 
minimal and good launch 
weather was frequent. 

When Lally arrived at 
NCAR, he dreamed of com-
bining several technolo-
gies into a balloon-based 
system for observing the 
atmosphere in three dimen-
sions. At the time, satellites 
were still experimental, 
and the balloons carrying 
radiosondes (see page 17) 
were unable to penetrate 
far into the stratosphere before bursting. Lally envisioned a 
set of balloons floating at high altitudes for weeks or months 
at a time, drifting around the globe and radioing back data 
around the clock.

In order to haul heavy instruments to stratospheric 
heights for long periods, the new balloons would have to be 
huge and ultra-strong. “Modern scientific ballooning actual-
ly owes its existence to the American housewife,” Lally once 
observed. He noted that the increased popularity of plastic 
vegetable bags after World War II made polyethylene film 
far more affordable. When coated with Mylar, this material 
was highly resistant to the formation of tiny holes that could 
sabotage long flights. It was also highly reflective, which re-
duced the Sun-driven temperature changes that caused most 
balloons to rise by day and fall by night. Strong enough to 
withstand intense pressures without leaking or sinking, the 

resulting vehicle—a “superpressure” balloon developed 
largely at the Air Force Cambridge Research Laboratories—
could withstand intense pressures and float at a height of 
constant atmospheric density without having to drop ballast 
at night simply to stay airborne.

As the NSBF grew busy launching instruments, includ-
ing some built at NCAR, Lally and colleagues looked to 
other latitudes. The Soviet Union prohibited balloon over-
flights, so attention turned to the Southern Hemisphere, 
where the relative lack of land mass meant fewer radiosondes 

were sampling the atmo-
sphere. NCAR teamed with 
New Zealand’s weather 
service and other partners 
to launch the GHOST 
program (Global Horizon-
tal Sounding Technique), 
which kicked off in March 
1966 with a launch from 
Christchurch. Not only 
did a GHOST balloon be-
come the first to fly around 
the world, it completed six 
more circuits before falling 
to Earth after 51 days aloft.

“Those were exciting 
days, and our achievements 
were due in no small mea-
sure to the excellent coop-
eration we received from 

the New Zealand Meteorological Service and the volunteer 
balloon tracking stations around the Southern Hemisphere,” 
says NCAR’s Marcel Verstraete, part of the GHOST team.

Though it never became the routine monitoring system 
Lally and others had envisioned, GHOST was a durable 
success, launching more than 350 balloons over a decade’s 
time. One flew for 744 days at heights above 6 miles (10 ki-
lometers). GHOST balloons provided a unique window on 
processes far above the southern midlatitudes and the trop-
ics, where temperature data remain scarce to this day. High-
altitude launches continue from the Palestine site, which has 
been managed by NASA contractors since 1987 and is now 
known as the Columbia Scientific Balloon Facility.

Lally kept an unpretentious attitude toward his career at 
NCAR, which spanned four decades. As he put it, “It’s a nice 
way to make a living—getting paid for blowing up balloons.”

SNAPSHOTS

Robert Frykman took part in a Mesa Lab demonstration of 
balloons used in the GHOST program.
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TODAY
E ach day more than 

2,000 radiosondes send 
weather data to Earth as 
they ascend via balloons 

through the lowest few miles 
of the atmosphere. NCAR en-
gineers have taken this venera-
ble technology and, in a sense, 
turned it upside down. In 2006, 
they unveiled the “driftsonde,” 
based on a balloon that floats 
across the stratosphere over 
a week or more. The payload: 
dozens of instrument packages 
(dropsondes) that transmit 
data as they fall from the bal-
loons’ gondola via parachute.

Vin Lally and colleagues 

instrument package, about 
the size of a small bottle but 
weighing only about 140 grams 
(5 ounces). 

Driftsondes also had to 
hold up to the intense sunlight 
and brutal cold of the strato-
sphere, often drifting for days 
in standby mode. “Try letting 
your car sit at minus 80 Fahr-
enheit for 14 days, and then try 
to start it,” said David Parsons, 
the NCAR lead on the drift-
sonde project and now director 
of the University of Oklahoma’s 
meteorology school. 

The system proved its 
durability in the 2006 African 
Monsoon Multidisciplinary 
Analysis project, when it 
sampled incipient tropical 
cyclones across the eastern 
Atlantic. Five driftsonde units 
released more than 200 
dropsondes, gathering data on 
two systems close to tropical 
storm strength that went on to 
become hurricanes Florence 
and Gordon.

In 2010, a set of suc-
cessful launches from the 
Seychelles paved the way for 
the driftsondes’ use in late 
2010 as part of Concordiasi, 
an ambitious project of the 
World Weather Research Pro-
gram to reduce uncertainties 
about the present weather 
and future climate of the Ant-
arctic. Part of THORPEX (The 
Observing-System Research 
and Predictability Experi-
ment) and the International 
Polar year, Concordiasi is led 
by scientists from the United 
States and France, the latter 
a world leader in ballooning 
technology and the primary 
collaborator with NCAR on 
the driftsonde project. 

“Retrieving all the use-
ful information from satellite 

“We’re making 
accurate 
measurements 
in very hard-
to-reach areas.”
—David Parsons,  
University of Oklahoma

Radiosondes in reverse

!

The driftsonde system 
includes (top photo, top to 

bottom) a superpressure 
balloon, a parachute, 

communications equipment, 
and the NCAR gondola, which 
holds 35 or more instrument-

laden dropsondes (bottom 
photo) that transmit weather 

data as they drop via their 
own parachutes. 

had contemplated the notion of 
a driftsonde as far back as the 
1970s, but they were limited 
by weak batteries, inadequate 
communication links, and 
heavy instruments. Technology 
had transcended these road-
blocks by the turn of the next 
century. NCAR engineers and 
machinists worked together 
to produce a highly compact 

observations is a delicate 
process, especially over the 
extreme conditions found 
at the poles,” says Florence 
Rabier, head of the observa-
tions team in Météo-France’s 
center for numerical weather 
prediction. The driftsondes will 
gather up to 600 atmospheric 
profiles in and near Antarctica. 
These unprecedented sorties 
into rarely sampled regions will 
be used to calibrate computer 
models and should help scien-
tists interpret what satellites 
are observing.
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The Nineteen Seventies
The Cray-1 served as the focal point of NCAR’s 
computing center.
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1970
the 
Colorado 
Lee Wave 
Observa-
tional Study 
sends in-
strumented 
aircraft 
into the localized, violent wind storms that 
strike just east of Colorado’s Front Range.

1971
NCAR’s Roland 
Madden 
(pictured) and 
Paul Julian 
discover the 
Madden-Julian 
Oscillation, a 
sequence of 
atmospheric 
waves in the 

tropical Pacific that influences weather and 
climate systems worldwide.

1973
Woody Allen, 
Diane Keaton, 
and a large 
crew set up 
shop at the 
Mesa Lab for a 
week, filming 
key scenes for 
the futuristic 
Allen comedy 
Sleeper. A few 
staff took 
vacation time 
to earn $20 per day as extras (minus a $3 
agent’s commission).

1975
Margaret 
LeMone, 
later the 
first woman 
to become 
an NCAR 
senior 
scientist, 
organizes 

the American Meteorological Society’s 
first-ever session on the role of women in 
atmospheric sciences. 

1977
Paul 
Crutzen, 
who later 
earned 
a Nobel 
Prize for 
his work 
on strato-
spheric 
ozone 
depletion, takes the helm of NCAR’s 
Atmospheric Quality Division, which eventu-
ally becomes the Atmospheric Chemistry 
Division.

With a new central laboratory in place, NCAR and UCAR progressed 

from their exuberant youth into an eventful adolescence in the 1970s. 

The university consortium continued to grow, expanding from 30 

members in 1970 to 48 by 1979. n As with most teenagers, there 

was occasional turbulence. Tight budgets and external critiques led 

to changes in management early in the decade. Some research ar-

eas grew in scope and influence, such as severe-storm studies, while 

others, such as atmospheric chemistry, went through periods of re-

trenchment. Through it all, NCAR’s influence as a cohesive force in 

atmospheric and related science continued to strengthen. Scores of 

university researchers took advantage of the center’s growing fleet of 

aircraft; its new lineup of portable, automated surface weather sta-

tions; and its first supercomputer. n NCAR’s Mesa Lab also gained 

stature as a commons for visiting scientists from across the world. 

The larger culture around the lab was changing dramatically, how-

ever, and the upheavals could not help but influence life at NCAR. 

Before the decade was out, NCAR had explored new programs to 

increase the representation of women and ethnic minorities in its 

research. The center also took its first steps into researching how 

weather and climate affected society and held some of the first work-

shops devoted to human-induced climate change.
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Putting weather modification to the test
Making rain and preventing hail were the province of deities 
and charlatans for centuries. They became part of a scientific 
endeavor shortly after World War II, when Vincent Schaefer 
(then at the General Electric Research Laboratory) discovered 
that silver iodide particles could nourish the growth of ice 
crystals. The field known as weather modification grew wildly 
through the 1950s and 1960s, as aircraft funded by U.S. states 
and many countries began “seeding” clouds in hopes of stimu-
lating rain and suppressing hail. Pundits started speculating 
that people might soon control every facet of weather.

Were the new claims of weather-making truly more believ-
able than the old ones? At the request of NSF, NCAR organized 
a multiyear study to help find out. The National Hail Research 
Experiment unfolded during the summers of 1972–74 across 
far northeast Colorado, one of the world’s most hail-prone re-
gions. Amid a sea of wheat fields, the NHRE team operated a 
narrow-beam radar well suited for hailstorms, launched bal-
loon-borne radiosondes, and kept an eye on the big sky. 

There were a number of ways to introduce silver iodide 
into storms, none of them very easy, but how exactly would 
this reduce hailfall—and how could you verify that it did? 
Russian scientists had claimed huge success in the Caucasus 
region by launching rockets that climbed and burst, spray-
ing silver iodide into key areas of a storm. The idea was that 
stimulating the growth of many tiny hailstones within powerful 
thunderstorm updrafts might reduce the odds that hailstones 
would be fewer but larger and more damaging. 

“I was certainly a skeptic,” said David Atlas, now retired 
from NASA, who served as NHRE’s second director (suc-
ceeding William Swinbank). “The scientific foundations 
for weather modification were very weak. But I was young 
enough at that time to think I could solve any problem.” 
The project opted for a randomized procedure in which a 
decision to seed on a given day (determined by opening a 
sealed envelope) would be followed by a no-seed day, and 
vice versa. “This made it a lot easier to plan operations, and 
it provided a more robust method for statistical evaluation,” 
says NCAR’s Brant Foote, now the director of NCAR’s Re-
search Applications Laboratory. 

Many laypeople were suspicious of weather modification—
in some parts of the country, shots had been fired at aircraft 
thought to be seeding—so NHRE opted to make its strategies 
public. Local radio stations carried news of the project’s plans 
each day. A citizens’ group met regularly with the scientists. 
And instead of mimicking the Russians’ ground-based rockets, 
NHRE headed skyward, seeding clouds directly from aircraft 
and, in the third year, launching aircraft-mounted rockets. 

NHRE was originally slated for five summers of field work, 
but after the third year, preliminary results were causing some 
consternation. Out of 57 storms, roughly half seeded and half 
unseeded, there was slightly more hail in the seeded group, 
but the differences were small enough that they could have re-
sulted from chance. “There was a sense that two more years 
of data would be unlikely to demonstrate a hail reduction ef-
fect,” says Foote. The seeding component of NHRE was thus 
halted, though analysis continued for years.

A nonseeding round of follow-up field work in 1976 
focused on deciphering the processes at work in Colorado 
hailstorms, which were found to differ in several important 
ways from the processes proposed by Soviet scientists. By this 
point, NCAR researchers could watch storm-generated winds 
on some of the earliest Doppler radar displays to be deployed 
in the field. “This was one of the first instances where we were 
able to take small, manageable computers and put them to-
gether in an environment that provided real-time processing,” 
recalled NCAR’s Charles Frush. 

NHRE wasn’t alone in its equivocal results. Some 61 hail-
seeding projects took place around the world from 1958 to 
1975, some for research and others for commerce. In a survey 
of six such projects, Stanley Changnon Jr. (University of Illi-
nois at Urbana-Champaign) found that hail suppression rates 
of 20% to 48% were reported, but none of the results were sta-
tistically significant. “At best, average scientific belief must be 
labeled ‘we don’t know’,” summarized Changnon in 1978. 

U.S. funding for weather modification research dropped 
steadily to less than 5% of its late-1970s peak by 2003. That 
year, a National Research Council report concluded that 
“there still is no convincing scientific proof of the efficacy of 
intentional weather modification efforts.” As was the case with 
NHRE, the challenges cited in the report weren’t related to 
fundamental physical principles, but rather to complex inter-
actions within a hailstorm. Statistically significant, reproduc-
ible results were still needed to reinforce the scientists’ under-
standing—and such results are always a tall order when one’s 
laboratory is the atmosphere.

If it didn’t provide the hard answers people had hoped for, 
NHRE did give birth to some enduring lines of research. “It 
was highly successful in giving us insight into processes tak-
ing place in hailstorms,” says Foote. In 1976 NCAR converted 
NHRE into an ongoing group, now one of the center’s main 
science divisions. Its focus remains the dynamical and micro-
physical processes that affect thunderstorms and other small-
scale weather features—including processes that produce the 
rain and hail so many have sought to control for so long.
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NCAR’s CP-2, a 
pioneering Doppler radar 
devoted to cloud physics 
research, gathered data on 
thunderstorms across the 
NHRE study area.

Participants in an NHRE 
follow-up study in 1976 
watch a radiosonde 
ascend.

Radar operators tracked 
an armored T-28 
aircraft from the South 
Dakota School of Mines 
and Technology as it 
penetrated hailstorms.

For three consecutive summers, NHRE’s constellation of 
buildings and equipment was one of the larger settlements 
in far northeast Colorado.
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TODAY
W hile a billion viewers 

watched the opening 
ceremonies of the 
2008 Summer 

Olympics in Beijing, the city’s 
meteorological bureau fired 
hundreds of rockets into 
the moisture-laden air. the 
rockets’ payload of silver 
iodide dispersed in front 
of an approaching line of 
thunderstorms, and the rain 
dissipated before reaching 
Olympic Stadium. Cause and 
effect, or coincidence?

it’s still exceedingly 
difficult to gauge the 
effectiveness of cloud seeding, 
hail prevention, and other 
forms of weather modification. 
yet many nations continue 
to pour money into the hope 
of altering their weather, 
according to NCAR’s Roelof 
Bruintjes, one of the world’s 
leading experts in weather 

Scientific rigor in a field of dreams

modification. in countries 
ranging from Australia 
to turkey, Bruintjes and 
colleagues serve as frequent 
advisers, helping steer 
projects toward verifiable 
results and occasionally 
throwing cold water on 
inflated expectations.

Some of the most 
extensive research on weather 
modification in recent years 
has taken place in Wyoming. 
A state-sponsored, multiyear 
project launched in 2005 
has seeded storm clouds 
with silver iodide every few 
days from November through 
March over the Wind River and 
Medicine Bow/Sierra Madre 
mountain ranges, using both 
ground-based equipment 
and aircraft. the hope is to 
increase snowfall by 10% to 
20% per year. 

if the Wyoming project 

is funded through the early 
2010s, lead scientist Daniel 
Breed expects there will 
be enough data to detect 
statistically significant 
results. “it’s a matter of 
collecting enough cases 
as well as verifying the 
conceptual design of the 
experiment,” he says. 

in Wyoming’s semiarid 
climate, a 10% increase in 
snowfall over the long term 
would be a valuable addition 
to snowpack that’s tapped 
throughout the summer. Still, 
that’s less than the normal 
year-to-year variability, 
which makes evaluating the 
experiment a challenge, notes 
Bruintjes. “Amidst all this 
complexity, the challenge is to 
determine whether snowfall 
levels would have occurred 
anyway, or if they clearly 
resulted from the seeding.”

NCAR’s Tara Jensen 
and Daniel Breed 
(standing) align a 
radiometer with 
Jason Goehring 
of Weather 
Modification, Inc.

“We cannot 
make clouds  
or chase 
clouds away.”
—Roelof Bruintjes, NCAR



tHE SEVENtiES | 23
 

SNAPSHOTS

The Cray-1: Not your ordinary supercomputer
NCAR’s Mesa Laboratory saw thousands of comings and goings 
in its first few years, but only one arrival needed a new room 
to accommodate it. Workers gently lowered the first produc-
tion model of the Cray-1 supercomputer—which tipped the 
scales at 10,500 pounds (4.76 metric tons)—into an under-
ground expansion of NCAR’s computing 
facility on 11 July 1977. In the understat-
ed words of Cray engineer Bill King, one 
of several self-dubbed “Crayons” on hand 
to smooth the way, “We plugged it in and 
turned it on and it worked.”

Seymour Cray had designed NCAR’s 
first two supercomputers, the Control 
Data 6600 and 7600, before launching his 
own firm. NCAR was the first center to 
purchase his company’s debut machine, 
the Cray-1. With the help of newly de-
signed integrated silicon chips, the Cray-1 
boasted more memory (one megabyte) 
and more speed (80 million computations 
per second) than any other computer in 
the world.

The Cray’s bold look also set the machine apart. Its 
orange-and-black tower, curved to maximize cooling, was 
surrounded by a semicircle of padded seats—dubbed an “in-
verse conversation pit” by one observer—that hid the com-
puter’s power supplies. 

Scientists wasted no time putting the Cray to work. With-
in a year, NCAR’s Peter Gilman had carried out pioneering 
simulations of the solar dynamo, including the Sun’s rota-
tion, its magnetic fields, and the zone of convection beneath 
its surface. Albert Semtner and William Holland explored 
the large-scale circulation of ocean basins. Newly detailed 
models of thunderstorms were produced by scientists from 
the University of Illinois at Urbana-Champaign (see page 28), 
Colorado State University, and the University of Hawaii. And 
from Pennsylvania State University, Richard Anthes (later the 
director of NCAR and president of UCAR) worked on the 
pioneering and widely used Penn State –NCAR Mesoscale 
Model series.

During NCAR’s first decade, only a few university faculty 
could afford trips to Boulder for the tedious task of running 
and rerunning code in person on NCAR machines. Things 
changed in the 1970s as a remote job-entry system—now 
standard practice, but revolutionary for its day—allowed 
researchers to submit code and get results over fledgling 
computer networks. By the time the Cray-1 was installed, 

scientists at more than 40 universities were using the remote 
system. Today, users at more than 110 U.S. universities ac-
cess NCAR’s computers each year.

All the number-crunching would have been for naught 
without someplace to put the results. A few months before 

the Cray-1 arrived, NCAR acquired a new 
videotape-based Ampex data storage sys-
tem. With hundreds of tapes, each holding 
5 gigabytes (5 billion bytes), the system al-
lowed data to be brought online as needed 
and to be stored safely at other times. 

Subsequent NCAR supercomputers 
have long eclipsed the Cray-1. In 2008, 
NCAR accepted delivery of the world’s 
first operational IBM Power 575, which 
packed more than a million times more 
computing power. Yet the Cray, with its 
unprecedented prowess, served its many 
users well.

“Everything was done with card decks 
that you had to submit,” recalled Robert 

Street (Stanford University), a UCAR trustee in the 1980s 
and 1990s. As a postdoctoral researcher at NCAR in 1978–
79, Street discovered that most staff used the Cray during the 
daytime: “I could go up there about 11 at night, stay till 4 in 
the morning, and get all the computer runs I ever wanted.” 

Output from the Cray-1 was stored on magnetic tapes, each 
of which weighed about 6.4 kilograms (14 pounds) and held 
about 5 billion bytes of data (5 gigabytes). 
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TODAY
S outheast Wyoming will 

host some of the most 
powerful computers in 
atmospheric research 

when the NCAR-Wyoming 
Supercomputing Center 
(NWSC) opens in Cheyenne. 
the $70 million center, funded 
by NSF with the state of 
Wyoming and the University of 
Wyoming, is being developed 
through a partnership with 
several state and local 
organizations. the NWSC 
stands to raise Wyoming’s 
high-tech profile while 
providing a major boost to 
NCAR and university science. 
Groundbreaking took place on 
15 June 2010.

After some 40 years 
at the Mesa Lab, NCAR’s 
computing facility began 
to face inherent limits to 
its location. Not only was 

A new home for NCAR computing

 “Our goal is 
to set the stan-
dard for super 
computing 
center energy 
efficiency.”
—Krista Laursen,  
NWSC project director

space tight on the mesa, but 
the site’s electrical supply 
was inadequate to operate 
and cool the high-powered 
supercomputers expected 
to arrive in coming years. 
After considering a range 
of options, NSF and NCAR 
settled on a Wyoming site that 
could stimulate local science 
and technology while allowing 
for the most computing power 
per taxpayer dollar—a win-win 
solution.

Given NCAR’s legacy 
of environmental research 
and stewardship, NWSC 
planners are striving to 
make it a leader in energy 
efficiency. Wyoming’s cool 
climate is a helpful starting 
point. the building’s planned 
architecture, designed for 
sustainability, means that as 
little as 10% or less of total 

power supply will be needed 
for heating, cooling, and 
lighting, with the rest going 
to computer operations. if 
achieved, this could make 
the NWSC one of the most 
efficient large computing 
centers in the world.

Along with 
supercomputers, the center 
will host NCAR’s data storage 
and access facilities, with 
ample room for growth. Staff 
in Cheyenne will remain 
in close contact with their 
Boulder-based colleagues 
through high-bandwidth 
videoconferencing as well as 
phone and e-mail links. For 
the hundreds of university 
scientists who access NCAR 
supercomputers, a brief 
transition period will give way 
to enhanced capabilities for 
years to come.

The future NCAR-Wyoming Supercomputing Center is being built 
in the North Range Business Park in Cheyenne, Wyoming.
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GATE: Fieldwork goes international
When scientists around the world began planning the most 
ambitious weather observing study in history, NCAR was a 
natural partner. Though little more than a decade old, the 
center had already assembled a nimble fleet of NSF-owned 
aircraft and a skilled group of pilots and technicians. In the 
summer of 1974, several of those planes headed to Dakar, 
Senegal, for a game-changing study of tropical clouds, thun-
derstorms, and other aspects of marine weather.

This mammoth project was the GARP Atlantic Tropical 
Experiment (GATE), part of the World Meteorological Orga-
nization’s Global Atmospheric Research Program. GATE’s 
scope remains unparalleled—13 aircraft, 400 sorties, 39 
ships, and some 3,000 participants from 72 nations—and its 
findings endure. Scientists continue to use NCAR-archived 
observations from GATE, which are considered among the 
most useful data ever gathered on tropical meteorology.

The experiment’s title, an acronym within an acronym, 
hints at the multilayered complexity of GATE: the project 
analyzed processes as large as a continent and as small as a 
cloud. The focus was on tropical oceans, which scientists 
already knew were a critical source of heat and moisture for 
Earth’s atmosphere. The problem was that few weather sta-
tions existed near the vast, remote tropical oceans, and satel-
lite coverage was not yet routine.

An international team headed by veteran science admin-
istrator Joachim Kuettner spent two years mapping out the 
right strategy for GATE. Kuettner and his group made two 
fateful decisions. First, they settled on an innovative nested 
approach: two concentric rings of ships casting a wide net—
the inner ones mostly American, the outer ones Russian—
while aircraft zeroed in for more detail.

The group then drew on a century’s worth of data to 
carefully pick the central location for the project. They chose 
a point in the center of the tropical Atlantic’s rain belt, near 
8°N latitude and 24°W longitude, close enough for Senegal-
based aircraft to reach but far enough that oceanic influences 
would still predominate. Looking back, Kuettner concluded 
that “this center point was in a nearly ideal position.” 

Who would decide where the project’s 13 aircraft should 
fly each day? Edward Zipser (now at the University of Utah) 
drafted the international aircraft plan for GATE, consulting 
with numerous U.S. and international scientists. The ap-
proach included a set of predesigned, multi-aircraft flight 
patterns to address a range of weather situations and science 

objectives. Intercomparisons among aircraft and an instru-
mented tower would allow instrument biases to be discov-
ered and minimized. Still, concerns remained about how this 
international air force would function in practice. Under the 
leadership of NCAR, a week-long dry run involved scientists 
and pilots from all participating nations. “It resulted in the 
creation of a congenial and efficient mission-selection team 
that set the standard for practically every international ex-
periment since,” Kuettner later recalled.

The planes also dropped a new tool into the tropical 
air: dropwindsondes. Pioneered by the U.S. military in the 
1960s, these parachute-borne devices were upgraded at 
NCAR so that they could transmit data on winds as well as 
temperature and humidity while they descended over the 
Atlantic. The dropsondes would become a routine part of 
major field projects as well as hurricane monitoring.

GATE brought new clarity to the long-hazy world of 
tropical weather. Instead of the disorganized patches of show-
ers and thunderstorms expected by some, radar and aircraft 
data revealed that a surprising fraction of the convection was 
organized in bands. These included a few potent squall lines 
moving rapidly west through the GATE array, as well as many 
slower-moving rainbands. Also defying expectations was the 
surprisingly weak turbulence within convection, with updrafts 
much weaker than those found over land (a finding that later 
helped explain why lightning is also less prevalent in tropical 
marine convection). Pulses of dust and dry air swept off Af-
rica into the GATE domain, influencing rainfall and radiation 
in ways still being studied today. The first U.S. geostationary 
satellite with both visible and infrared images—launched just 
weeks before GATE began—provided 24/7 views of the trop-
ics, adding to the project’s long list of firsts.

Despite the societal turbulence that swirled through the 
summer of 1974—a U.S. president resigning in disgrace, a 
Cold War still frosty, gender and racial equity a hot topic—
GATE succeeded in human as well as scientific terms, with 
the participants skillfully bridging nationalities and cultures. 
“We socialized quite a bit, and Joach Kuettner kept the meet-
ings collegial,” says NCAR’s Margaret LeMone.

Those good vibes were infused with hard work and a 
sense of deep purpose. “The field phase of the program was 
exciting,” recalled longtime NASA scientist Joanne Simpson 
in 1989, “and [we] learned an enormous amount, as well as 
making friends and colleagues from all over the world.” 
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NCAR’s Electra 
aircraft was one of the 

world’s first to deploy 
dropwindsondes, shown 

here before a test flight 
in 1970. The devices—

released from a military 
jet for GATE—included 

instrument-bearing 
canisters and small 

parachutes that opened 
during their descent.

Joanne Simpson (NASA) and Robert Grossman (NCAR, later at the 
University of Colorado at Boulder) confer during GATE.

Two radar-carrying ships from West Germany, the Meteor and Planet, were among 
39 oceangoing vessels deployed during GATE. On these and many other ships, tethered 
balloons (one is visible at top center) were invaluable in obtaining low-altitude data.

The NCAR GATE Group, here represented by 
Edward Zipser, William Lanterman, and Henry 
van de Boogaard, spent years planning the 
experiment. Data analysis took more years and 
more people, including Margaret LeMone, Rebecca 
Meitin, Al Miller, William Pennell, Katsuyuki 
“Vic” Ooyama, and Herbert Riehl.

The GATE study area, centered 
near 8°N and 24°W (see star), 
was positioned to capture 
strong clusters of showers 
and thunderstorms moving 
westward across the Atlantic.
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TODAY
I t’s a challenge worthy of 

NCAR’s newest aircraft: help 
balance the world’s carbon 
budget. A series of five 

missions from 2009 to 2011, 
each extending nearly from pole 
to pole, is studying not only how 
much carbon dioxide is in the 
air, but where it came from and 
where it’s headed.

this multiyear project is 
the most ambitious yet for 
an NSF/NCAR Gulfstream V 
dubbed the High-performance 
instrumented Airborne 
Platform for Environmental 
Research (HiAPER). the 
G-V arrived at NCAR for 
community service in 2005. 
Although most G-V aircraft 
serve as executive jets, this 
one was purpose-built for 
science, with instrument racks 
in place of the usual plush 
seating and wings studded 
with sensor-packed pods. 

the G-V can fly both 
higher and farther than 
other NCAR-based aircraft, 
which suits it well for the 
wide-ranging carbon study 
known as HiPPO (HiAPER 
Pole-to-Pole Observations). 
inspired by the capabilities of 
the G-V, HiPPO was developed 
by Britton Stephens (NCAR), 
Steven Wofsy (Harvard 
University), and Ralph 
Keeling (Scripps institution of 
Oceanography).

there’s no major doubt 
about how much carbon 
dioxide is in the atmosphere 
as a whole, thanks to data 
including those meticulously 
collected atop Hawaii’s Mauna 
Loa since 1957 by Scripps 
scientist Charles Keeling 
and, later, his son Ralph. 
Now nearing 400 parts per 
million, the CO2 concentration 
has risen by several parts 

Crisscrossing a world of carbon with HIAPER

“This 
experiment 
will require 
some time to 
mature.”
—Steven Wofsy,  
Harvard University

per million every year. that 
ominous upward trend would 
be twice as strong if not for 
Earth’s oceans and land areas. 
together, they take up just over 
half of the total CO2 thrown 
into the atmosphere by human 
activity in an average year. 

No year is perfectly 
average, though—which 
explains why airborne CO2 

concentrations can increase 
by as little as 1% or as much 
as 3% per year. Economic 
booms and slowdowns play 
some role, but the main factor 
appears to be year-to-year 
swings in global plant growth, 
which can be surprisingly 
vast. During an El Niño, when 
drought hits parts of the lush 
tropics, up to 80% of the 
planet’s human-caused CO2 
emissions may remain in 
the air. When global weather 
patterns allow more plants to 
thrive, their CO2 consumption 
can push the airborne 
percentage down to 25%.

HiPPO is getting a 3-D 
handle on such variations. 

By flying long north-south 
legs—typically from Colorado 
to the Arctic Ocean, then south 
over the Pacific to Antarctica 
before returning—the aircraft is 
measuring how CO2 varies by 
latitude. the vertical dimension 
comes from upward- and 
downward-pointing sensors 
as well as the plane’s own 
climbing and dipping. HiPPO’s 
five missions are scattered 
across 30 months, straddling 
a variety of seasons as well as 
the full life cycle of the 2009–
10 El Niño. “We’re assembling a 
global picture, flight by flight,” 
says Keeling.

Results from the 
first flight hinted at more 
horizontal and less vertical 
variation in CO2 than 
expected, says Wofsy, but full 
analysis will take years. He 
draws an analogy to those 
who discovered King tut’s 
tomb: “We have seen how 
lovely the jewels are, but we 
have just gotten our hands on 
them and we don’t yet know 
what they mean.”

The NCAR Gulfstream V flew above thick stratus near Barrow, Alaska, as it 
traversed the Arctic in November 2009. 
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What makes a tornado?
The biggest swarm of tornadoes ever recorded—148 in all—rum-
bled across the U.S. Midwest and South on 3–4 April 1974. A 
network of radars operated by NOAA’s National Weather Ser-
vice caught many of the tornadic circulations, and dozens of 
watches and warnings issued by the service gave many people 
ample time to seek cover. Still, more than 300 people died in 
what became known as the Jumbo Outbreak.

Severe weather research was still in its infancy at the 
time, and NCAR was one of its incubators. A small group 
of researchers, some of them involved with the National Hail 
Research Experiment, or NHRE (see page 20), turned their 
attention to supercells, the long-lived thunderstorms that 
spawned the most violent tornadoes. Would it be possible to 
zero in on the storm scale and generate a supercell inside a 
computer model?

Two young scientists—Joseph Klemp (NCAR) and 
Robert Wilhelmson (University of Illinois at Urbana-
Champaign)—gave it a try. Until then, most weather modeling 
had simulated motions and processes spanning thousands of 
miles. On a smaller scale, modelers at NCAR and elsewhere 
had made some progress in simulating severe thunderstorms 
in two dimensions, an approach that worked well for the lin-
ear nature of nontornadic squall lines. 

However, supercells were more complex and three-di-
mensional, a portrait that emerged from a wealth of satellite 
and radar observations as well as still 
and moving imagery. Photos 
and film came from 

the first research-based 
storm chase projects, 
launched in the 1970s 
in Texas and Okla-
homa, while data from 
the hail project helped 
scientists develop con-
ceptual models that 
underscored the 3-D 
nature of storms. No-
body had yet tried to 
turn these concepts 
into software, though. 
To model with a do-
main a supercell real-
istically, Klemp and Wilhelmson would need to build a 3-D 
model with a domain large enough to encompass the storm 
and its environs, but detailed enough to capture important 
features within the thunderstorm.

The computational challenge was immense. Tem-
perature, moisture, and wind near thunderstorms can vary 
sharply across small distances and short time scales. Klemp 
and Wilhelmson pared the computing demands in carefully 
chosen ways, drawing on basic research in such areas as tur-
bulence and cloud physics. Technology also gave Klemp and 
Wilhelmson a major boost with the 1977 arrival of NCAR’s 
first supercomputer, the Cray-1 (see page 23).

Among other things, the Klemp-Wilhelmson model 
captured the development of a splitting supercell, one that 
breaks into left- and right-moving pieces under the influ-
ence of powerful upper-level winds. Over the subsequent 
years, as universities gained computing prowess, dozens 
of scientists adopted the Klemp-Wilhelmson techniques, 
and the field of severe-storm modeling came into its own. 
Today, both scientists serve as senior leaders at the same 
institutions from which they forged a classic NCAR-uni-
versity collaboration.

Wilhelmson looks forward to tornado simulation us-
ing models with resolutions as fine as 10 meters (33 feet), 
compared to the 2 kilometers (3.2 miles) used in his earliest 
simulations with Klemp. “We didn’t understand at the time 
the impact we would have on the modeling community,” Wil-
helmson observes. “What we did know, however, is that we 
had a great time working together.”

SNAPSHOTS

Modeling by Joseph Klemp, Robert Wilhelmson, and colleagues 
showed the evolution of a severe thunderstorm in strong wind 
shear that splits into two cells (right) within 90 minutes.

This tornado caused 3 deaths and 210 
injuries in Xenia, Ohio, during the 1974 
Jumbo Outbreak. 
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T he spring of 2009 saw 

what was perhaps the 
largest array of vehicles 
ever deployed for an 

atmospheric study. Although 
the Great Plains were oddly 
devoid of severe weather for 
weeks, the second Verification 
of the Origins of Rotation 
in tornadoes Experiment 
(VORtEX2 or V2) captured 
one twister in unprecedented 
detail, as well as a number 
of potentially tornadic 
thunderstorms that never 
made the grade. 

More than 50 vehicles 
were on the road from early 
May to mid-June, spanning 
a study area that stretched 
from texas to southern 
Minnesota. On each “go” 
morning, participants headed 
out to a potentially stormy 
area, eventually zeroing in 
on a county-sized target 
where a tornadic supercell 
was deemed possible over 
a several-hour window. As 
they stayed in touch through 
multiple cellphone networks 
and a Web-based chat 

program, the teams formed 
a dense set of observing 
platforms as the storm 
passed. Each evening the 
groups reconvened, typically 
hundreds of miles from the 
day’s starting point. As NCAR 
participant timothy Lim 
observed, “it’s hard to get your 
laundry done when you don’t 
know what state you’ll be in by 
nightfall.” 

Major advances in 
technology pushed V2 far 
beyond the bounds of the first 
VORtEX study, conducted 
in 1994–95. Several sets of 
mobile Doppler radars were 
deployed, each with their own 
specifications and strengths, 
along with an array of other 
observing systems. A tornado 
on 5 June in Goshen County, 
Wyoming, was sampled at 
close range as frequently as 
every few seconds, yielding an 
unprecedented data set.

Nontornadic cases also 
drew keen interest. Models 
have trouble depicting the 
small pools of cool, moist 
air that descend from severe 
storms and appear to help 
trigger tornadoes. V2 gathered 
wind, temperature, and 
moisture data from a number 
of these cold pools, including 
several from storms that 
developed strong rotation but 
no tornadoes. 

Even after a second 
season of sampling in 2010—
and a total of more than 20 
tornadoes documented—much 
more work lies ahead. “We’re 
not expecting ‘Eureka!’ data,” 
says NCAR visiting scientist 
Joshua Wurman (Center for 
Severe Weather Research), 
whose mobile radars had 
already sampled more than 

140 tornadoes before V2. “if 
there were low-hanging fruit, 
it would have been plucked 
already. the features we’re 
looking for are subtle, and 
they’ll only come out through 
an arduous and complicated 
synthesis of data.” 

A W-band radar deployed by the universities of Oklahoma and 
Massachusetts captured the end stages of the 5 June 2009 
tornado in Goshen County, Wyoming.

These radar-derived depictions of velocity (winds, left) and 
reflectivity (precipitation, right) from a Doppler on Wheels unit 
show circulation around the 5 June 2009 tornado in Goshen 
County, Wyoming, at a height of about 200 meters (660 feet). 

“I think we 
were all  
surprised by 
how well the 
communica-
tions worked.”
—Paul Markowski,  
Pennsylvania State  
University

VORTEX2: Rounding up severe weather
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The Nineteen Eighties
NCAR expanded its research on biosphere/
atmosphere interactions in the 1980s, with 
Christine Ennis and other scientists studying 
the chemical exchanges between plants and the 
surrounding air.
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1980
Stephen 
Schneider 
com-
ments 
on the 
eruption 
of Mount 
St. Helens 
for NBC News. Schneider was a prolific 
researcher and frequent spokesperson 
on interdisciplinary climate issues 
throughout his NCAR career.

1981
A Schweizer 
2-32 sailplane 
operated for 
NSF by NCAR 
takes part 
in CCOPE 
(Cooperative 
Convective 
Precipitation 

Experiment), the largest study of thun-
derstorms undertaken to that point.

1983
NCAR 
launches 
the Acid 
Deposition 
Modeling 
Project, co-
sponsored 
by the 
EPA, which 
uses NCAR 
supercomputers to analyze acid rain 
and related environmental threats.

1985
the ther-
mospheric 
General 
Circulation 
Model, de-
veloped by 
Raymond 
Roble (pic-

tured) with Robert Dickinson and Cicely 
Ridley, carries out the first computer 
simulation of a solar storm’s effects on 
Earth’s upper atmosphere.

1987
UCAR 
opens a new 
program, the 
Joint Climate 
Projects/
Planning Of-
fice, to help 
organize 
international 
research such as tOGA, the decade-
long, Pacific-focused tropical Ocean and 
Global Atmosphere program.

Atmosphere and society intertwined in new ways during the 1980s, 

as a host of threats from acid rain to microbursts came into focus. 

With extensive ties to universities and expertise in both weather and 

climate, NCAR and UCAR were natural venues for addressing these 

issues. Among many other topics, NCAR scientists explored the po-

tential climatic fallout of nuclear war and the implications of a con-

tinued rise in atmospheric carbon dioxide. NCAR also introduced 

two powerful tools provided free to researchers worldwide—the 

Community Climate Model and the Penn State/NCAR Mesoscale 

Model—along with support services that helped university scientists 

deploy them. n UCAR grew in its own right, launching several pro-

grams at the request of federal agencies and the university commu-

nity. One of the first such activities was Unidata, founded in 1984, 

which made satellite and weather data available to universities for 

teaching and research. Several other programs followed later in the 

decade. With technology transfer a booming area, the UCAR Foun-

dation was born in 1986 to help bring the fruits of NCAR research 

and development into the private sector. Uncertainties cropped 

up—how far should UCAR go beyond managing NCAR?—but the 

new endeavors were successful enough to keep the community of 

atmospheric and related scientists asking for more.
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SNAPSHOTS

Ozone and the lack of it
Rarely before the 1980s did a scientific issue jump from the 
corridors of research to the halls of international diplomacy 
in less than a decade. Such was the case when a profound 
threat to the Antarctic’s protective layer of stratospheric 
ozone became apparent. 

One of the sparkplugs for NCAR’s involvement in ozone-
related research was Paul Crutzen, who directed the center’s 
Atmospheric Quality Division (now the Atmospheric Chem-
istry Division) from 1977 to 1980. Crutzen arrived with an 
impressive résumé: in 1970, he’d established that nitrogen 
oxides could help deplete stratospheric ozone. A few years 
later, Mario Molina and Sherwood Rowland (both at the 
University of California, Irvine) showed that chlorofluoro-
carbons (CFCs) were another threat. The three scientists 
shared a Nobel Prize in 1995 for their pioneering work.

Under Crutzen’s 1970s leadership, NCAR chemists and 
instrument developers put together an impressive array of 
sensors designed to sample trace gases—scarce but critical 
components of the troposphere and stratosphere—from air-
borne and balloon-borne platforms. Ozone was just one of 
many constituents studied with these tools. Most field stud-
ies of the day focused on pollution above populated areas, 
while the scant data from Antarctica didn’t yet point to a dra-
matic loss of ozone.

At the same time, a graduate student named Susan  
Solomon was poring over dozens of vertical profiles of ozone 
from around the globe. Her doctoral work at the University 
of California, Berkeley, was supported in part by a fellowship 
from NCAR’s Advanced Study Program, which brought 
Solomon to NCAR in 1977–78. Working with NCAR advis-
ers Crutzen, Jack Fishman, and Raymond Roble, Solomon 
hunted for differences in tropospheric ozone between the 
polluted Northern Hemisphere and relatively clean South-
ern Hemisphere. “Remarkably, we were able to find a fair 
amount of data, enough to really see the difference between 
the two hemispheres,” she said in a subsequent interview.

Later, as she embarked on a career at NOAA, Solomon 
collaborated with NCAR’s Rolando Garcia on modeling 
ozone. They built a two-dimensional model, unveiled in 
a 1983 paper, that combined chemistry and dynamics to 
simulate the northward and southward movement of strato-
spheric ozone around the globe. According to Garcia, “The 
model worked very well. In 1983, ozone was thought to be 
reasonably well understood, but it wasn’t. We happened to 
have the right tool to look at the problem that was uncovered 
by observations published in 1985.”

That year, scientists from the British Antarctic Survey 
made a blockbuster announcement: more than a third of the 
ozone in the Antarctic stratosphere had begun to disappear 
for a few weeks each spring. Solomon was transfixed by the 
work, which she saw early on as a reviewer: “I found it to be 
the most exciting paper I had ever seen.”

The findings generated huge public interest and spurred 
scientists to learn more. By late 1986, Solomon was leading 
an NSF-funded trip to Antarctica to document the life cycle 
of the  “ozone hole” and the chlorine-driven chemistry feed-
ing it. The project confirmed Solomon’s hypothesis: ozone 
was being destroyed on the backs of polar stratospheric cloud 
particles. These clouds—which form only in the intense cold 
above the poles in wintertime—served as a framework on 
which small amounts of chlorine from CFCs could eliminate 
vast amounts of ozone.

The case was convincing enough to push most of the 
world’s nations into adopting the 1987 Montreal Protocol, 
aimed at stemming the growth of CFCs. Even with that po-
tential solution taking shape, there was more science to be 
done. Roughly 100 scientists trekked to Antarctica in late 
1987 to carry out a more intensive study of the ozone hole, 
with an NCAR team bringing several instruments in tow.

Almost before they could catch their breath, the team 
headed to the Arctic in early 1989 to find out whether condi-
tions might support a northern ozone hole. Two instruments 
were rushed to completion for the project: a chromatograph/
spectrometer for measuring bromine, and another spectrom-
eter that counted and sized particles within polar stratospher-
ic clouds. The campaign found ominous signals of potential 
Arctic ozone loss: “The precursor stages are very similar to 
the Antarctic,” said NCAR’s William Mankin shortly after-
ward. However, the boreal landscape makes a big difference. 
The position of oceans, mountains, and continents across 
the Northern Hemisphere leads to large-scale atmospheric 
waves that tend to warm and disrupt the wintertime vortex 
that would otherwise allow ozone destruction to proceed 
unchecked. 

With the Montreal Protocol putting the brakes on 
CFCs, ozone depletion has begun to level off in recent 
years. But scientists are still exploring the process on many 
fronts. For instance, the seasonal ozone hole may help ex-
plain why interior Antarctica hasn’t warmed in sync with the 
rest of the planet. 

“With the new climate connections, Antarctic ozone is still 
fascinating to study and explore,” says Solomon today. 
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NCAR’s Richard Lueb checks the whole-air sampler 
mounted on the nose of a NASA ER-2 for the 1987 
Airborne Antarctic Ozone Experiment.

Susan Solomon (NOAA) 
led a 1986 expedition to the 
Antarctic that confirmed 
the process leading to the 
continent’s seasonal ozone loss. 

Polar stratospheric clouds play a critical role in ozone depletion. 

The extent of ozone depletion above 
Antarctica in 1986 peaked on 6 October, as 
shown in purple on this map derived from 
the satellite-borne Total Ozone Mapping 
Spectrometer.
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TODAY
A key component of smog, 

tropospheric ozone is 
a recurring problem in 
the nation’s big cities, 

where calm weather can trap 
pollutants in a sunlight-cooked 
stew close to the ground. 
Ground-level ozone also 
makes its presence known in 
the Arctic, where pollutants 
drift during the dark winter, 
then react to form ozone as 
sunlight returns in the spring. 
Huge fires across the forested 
north in summer add their own 
influence to air quality.

the seasonal sweep of 
ozone production and related 
chemistry across the far 
north was clarified in a 2008 
project called ARCtAS (Arctic 
Research of the Composition 
of the troposphere from 
Aircraft and Satellites). the 
largest airborne project ever 
to study boreal climate, 
ARCtAS involved three NASA 
aircraft on springtime flights 
out of Fairbanks, Alaska, and 
early-summer missions above 
western Canada. Flying near 
thick plumes of smoke, several 
of the airborne instruments 

The chemistry of northern air

captured their highest-ever 
concentrations of carbon 
monoxide, carbon dioxide, and 
nitrogen oxide.

Among the project’s 
many investigators, Anne 
thompson (Pennsylvania State 
University) worked with NOAA’s 
Samuel Oltmans in planning 
a fleet of ground-based 
ozone sensors combined 
with ozonesondes. the latter 
consist of weather observing 
packages (radiosondes), plus 
ozone-measuring equipment 
and a balloon large enough 
to loft the sensors to 35 
kilometers (22 miles), well into 
the stratosphere.

As a NASA scientist, 
thompson had pioneered 
the concept of coordinated 
ozonesonde networks for 
comparison with satellite data. 
in ARCtAS, these networks 
complemented the flight data 
well, says thompson: “it gave 
us the same information from 
the same spot every single day, 
so we could gather statistics to 
verify satellite algorithms and 
evaluate the models used for 
ARCtAS analysis.” together, 

the ozone data have helped 
researchers to analyze the 
atmospheric fingerprints of 
fires in California, Canada, 
and Siberia, as well as Asian 
pollution.

A 2009 project focused 
more specifically on the 
dramatic changes in Arctic 
air wrought by springtime 
sunlight. the OASiS project 
(Ocean–Atmosphere–Sea 
ice–Snowpack) brought 
instrumented towers, lidars, 
and balloons to the region 
around Barrow, Alaska—
including a station located 
atop the ice just offshore, with 
armed sentries keeping polar 
bears at bay. 

When seasonal sunlight 
returns to the Arctic, complex 
reactions pull mercury into 
snow and ice. Often occurring 
in localized pulses, these 
mercury depletion events 
can last for as long as a few 
days. Concurrent with the 
mercury loss, ozone drops to 
near-zero levels. How these 
two depletions are chemically 
linked, and why they tend to 
spike in such distinct times 
and places, are among the 
questions being probed as 
scientists analyze the results 
from the OASiS field phase.

While OASiS isn’t focused 
on climate change per se, 
the project will shed light 
on chemistry shaping the 
future of this rapidly changing 
region. “We’re trying to find 
out how these chemicals get 
there, how the Arctic tolerates 
their intrusion, and what 
possible impacts there will 
be to the ecosystem should 
the Arctic Ocean melt,” said 
Jan Bottenheim (Environment 
Canada) as the fieldwork 
unfolded.

“Instruments 
in ARCTAS 
measured 
things we 
hadn’t 
been able 
to measure 
before.”
—Anne Thompson,  
Pennsylvania State  
University

James France (Royal Holloway, University of London) samples optical properties 
of the snow near Barrow, Alaska. 



tHE EiGHtiES | 35
 

SNAPSHOTS

Forward into the past
The 1970s brought the United States a string of fierce winters 
and a spate of speculation on a cooling climate. Many atmo-
spheric scientists had a different worry: they knew that carbon 
dioxide in the air had been increasing for decades and that 
global temperatures should rise before long. New physical evi-
dence, streaming in from fossils, polar ice, and other proxies, 
all pointed toward sharp climatic swings in the past. Motivat-
ed by these clues, a diverse set of scientists—several based at 
NCAR, with others using the center’s resources—worked on 
paleoclimate modeling that would test the evidence.

After spending a semester teaching at the Lamont- 
Doherty Earth Observatory in 1976, Stephen Schneider 
returned to NCAR hungry to expand the scope of climate 
research along interdisciplinary lines. He later spoke about 
“the absolute essential need to use the paleoclimatic record 
as the backdrop against 
which we calibrate our un-
derstanding of the tools that 
we use to make predictions 
of the future.”

At the same time, Eric 
Barron was spending sum-
mers in Boulder on NCAR 
fellowships while working 
on his doctorate in oceanog-
raphy from the University of 
Miami. For his dissertation, 
Barron chose a formidable 
task: determining whether a 
global model could simulate 
the climate of the mid-Cre-
taceous period, around 100 
million years ago, when di-
nosaurs and ferns flourished 
near the Arctic Circle. Bar-
ron ended up teaming with 
Schneider and colleague 
Starley Thompson to see whether the location of continents 
could explain the Cretaceous warmth. In an influential 1981 
paper in Science, the three researchers announced that the 
era’s warmth was consistent with as much as seven times the 
modern-day concentration of carbon dioxide. However, the 
possible sources of that CO

2
 weren’t clear, and the model 

struggled to keep polar regions as warm as the evidence in-
dicated they had been. “It is much easier to explain a Creta-
ceous with warmer tropics and cooler poles,” they wrote. 

Other paleoclimate modelers set their sights on more 
recent periods. At the University of Wisconsin–Madison, 
Bette Otto-Bliesner—having built a low-resolution global 
model for her dissertation there—teamed up with UW’s 
John Kutzbach, a regular NCAR visitor. They examined 
whether the so-called Milankovitch cycles (regular variations 
in Earth’s orbit around the Sun) could be enough to trigger 
climate change. The two suspected that about 10,000 years 
ago, when Earth was closest to the Sun in July, the intensified 
summer sunlight at northern latitudes would have strength-
ened the African and Asian monsoons. If so, that would help 
explain evidence that lakes and grasslands had once covered 
the Sahara.

“These data were becoming available, but nobody had 
tested them. That was our opportunity, and we seized it,” 

recalls Kutzbach. The ini-
tial results he obtained with  
Otto-Bliesner prompted 
them to use NCAR’s fledg-
ling Community Climate 
Model for a more in-depth 
study. After the first CCM 
runs showed a dramatic en-
hancement of the monsoons, 
the team expanded on those 
results in a years-long series 
of studies. “As NCAR devel-
oped its models, we could 
dig deeper and deeper,” 
Kutzbach says. 

Several other modelers 
in the paleoclimate commu-
nity spent formative years 
at NCAR. To examine past 
climates with richer detail, 
Starley Thompson and Da-
vid Pollard built a pioneering 

offshoot of the CCM that incorporated vegetation and other 
land-surface features. Thompson later moved to Lawrence 
Livermore National Laboratory, while Pollard joined Barron 
in an paleoclimate group at Pennsylvania State University. 

Barron himself—one of the first to use computer models 
to peer into the atmosphere’s past—didn’t completely fore-
see what his own future would bring. In 2008, he was hired 
to direct NCAR, and in 2010 he became the 14th president 
of Florida State University. 

In applying global models to study Earth’s past climate, Eric 
Barron (third from left) worked with leading developers of 
the NCAR Community Climate Model, including (left to 
right) Warren Washington, Maurice Blackmon, Bob Chervin 
(background), and Byron Boville.
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TODAYLife, death, and the ice age

S ome of the most 
profound episodes in 
the history of life on 
Earth are being profiled 

with new clarity by the NCAR 
Community Climate System 
Model. the CCSM boasts 
an interactive ocean, many 
types of vegetation, and other 
components that provide a 
more realistic take on the 
wrenching changes wrought 
by past climates.

in one major leap forward, 
the CCSM has simulated 
Earth’s recovery from the last 
ice age in unprecedented 
detail. Assisted by NSF 
support, supercomputers at 
the U.S. Department of Energy 
Oak Ridge National Laboratory 
racked up five million hours of 
processing time in 2009–10 
for the traCE-21000 project 
(transient Simulation of 
Climate Evolution over the 
Last 21,000 years). Directing 
the project are Bette Otto-
Bliesner (NCAR) and Zhengyu 
Liu (University of Wisconsin–
Madison).

With computer time at a 
premium, many paleoclimate 
studies span only a few slivers 
of geologic time. Others cover 
longer periods but cannot 
include as much detail. 
thanks to the DOE resources, 
plus NSF support, traCE-
21000 managed to simulate 
its entire time span in full 
detail. the project enlisted 
a wide range of specialists 

surge in volcanic activity that 
emitted massive amounts of 
carbon dioxide. they found 
that high-latitude oceans may 
have warmed so much and so 
deeply—as far down as 4,000 
meters (12,000 feet)—that 
the normal downward flow of 
oxygen-rich surface waters 
would have been impeded. in 
this emerging paleoclimate, 
land creatures would have 

The TraCE-21000 project is examining the Bølling-Allerød, 
Earth’s most recent period of natural global warming on a major 
scale, which took place about 14,500 years ago. Several factors 
combined then to raise temperatures dramatically over Greenland 
and parts of Eurasia (red and orange). 

Zhengyu Liu and John Kutzbach (University of Wisconsin–
Madison) are collaborating with NCAR’s Bette Otto-Bliesner on the 
TraCE-2100 project, one of the most ambitious simulations in the 
history of climate modeling. 

“Humans 
will see a 
climate that 
our species 
has never 
experienced.”
—Jeffrey Kiehl, NCAR

from many disciplines and 
institutions to ensure the 
fidelity of its depictions. “it is 
a huge—and very successful—
collaboration,” Liu says.

NCAR’s Jeffrey Kiehl is 
exploring even more dramatic 
convulsions from Earth’s 
distant past that had dire 
consequences for many forms 
of life. “it’s the deep-time 
period that really interests 
me,” says Kiehl. He and 
colleague Christine Shields 
have analyzed the Great Dying, 
the extinction of more than half 
of all species on Earth about 
251 million years ago. With 
CCSM, they explored whether 
the die-off resulted from a 

struggled with extreme heat 
while marine life was starved 
for oxygen.

Working closely with 
geologists and glaciologists, 
Kiehl is now analyzing other 
time swaths, including the 
late Ordovician (about 445 
million years ago) and the 
mid-Permian (about 260 
million years ago). He’s deeply 
concerned about the pace of 
human-induced greenhouse 
gas release, which is far more 
rapid than any natural release 
in the geologic record. As he 
puts it: “We are performing 
a unique experiment with 
significant consequences for 
humanity.”
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Unmasking a meteorological villain
Intrigued by an atmospheric mystery bringing down aircraft, a 
small group of scientists at NCAR embarked on a series of field 
studies from the late 1970s through the 1980s. Their findings 
transformed air safety, and the applied research group they 
launched at NCAR now extends well beyond aviation.

Scientists had known for decades that thunderstorms 
could produce strong downdrafts, yet pilots and air traffic 
controllers still found themselves surprised by sudden wind 
changes over small distances. After a crash killed 113 people 
at New York’s Kennedy International Airport in 1975, a safety 
analyst noticed sharply contrasting reports from aircraft near 
the crash. Some had found the weather relatively calm, while 
others reported much worse conditions.

The safety analyst contacted Tetsuya Fujita, a renowned 
tornado expert from the University of Chicago. Fujita had 
been puzzling over starburst-like patterns he’d observed on 
the ground along the paths of strong thunderstorms. It was 
as if pulses of descending air had landed like bombs, pushing 
debris in all directions. Fujita suspected that such a downdraft 
was the culprit at Kennedy, but one far stronger and smaller 
than usual—a new type that he dubbed a “downburst.”

As with some of Fujita’s earlier discoveries, a number of 
observers were skeptical. But NCAR’s Robert Serafin and 
Clifford Murino offered the center’s two new Doppler radars 
to help Fujita hunt for downbursts. The Illinois State Water 
Survey provided another Doppler radar, and the three plat-
forms were deployed in the spring and summer of 1978 for the 
NSF-funded NIMROD study (Northern Illinois Meteorologi-
cal Research on Downbursts).

NCAR’s James Wilson recalls the day of their first success, 
29 May: “We were looking at the radar and we saw a down-
burst. It was right on top of us.” The area of diverging winds 
was even more compact than expected, with a change in wind 
speed of more than 60 miles per hour (100 kilometers per 
hour) across less than 3 miles (5 km). Fujita labeled the event 
a “microburst.”

Although NIMROD caught plenty of microbursts—some 
50 in all—the radars weren’t arranged closely enough to re-
veal what was producing the intense downdrafts. Fujita, Se-
rafin, and Wilson teamed with NCAR’s John McCarthy and 
Richard Carbone to design a more comprehensive project. 
Operating during the summer of 1982, JAWS (Joint Airport 
Weather Studies) was centered on Denver’s Stapleton Interna-
tional Airport. Three Doppler radars joined several research 
aircraft and close to 100 portable weather stations (see photo). 
NSF and NCAR provided funding, but the Federal Aviation 
Administration held back at first.

“The FAA was still not ready to admit there was such a 
thing as a microburst,” says Wilson. That changed midway 
through the project, as a microburst-related crash killed 153 
people in New Orleans. The FAA promptly threw its support 
behind JAWS before the project concluded later that summer.

In 1984, the Classify, Locate, and Avoid Wind Shear proj-
ect—again in Denver—brought researchers closer to a wind-
shear warning system. Along with documenting more than 180 
microbursts, CLAWS reinforced the JAWS discovery of two 
microburst types. In “dry” microbursts, common in semiarid 
regions, rain evaporates as it falls, leading to cool downdrafts. 
In “wet” microbursts, as occurred in New Orleans, intense 
rain and hail produce pockets of strongly descending air.

The findings from NIMROD, JAWS, and CLAWS were 
quickly put to use. McCarthy teamed with Boeing and oth-
ers to produce the Wind Shear Training Aid, now a required 
training program for all commercial jet pilots in the world. 
Pilots shared their encounters with wind shear in a series of 
FAA-funded, NCAR-produced videotapes that trained pilots 
on microburst survival techniques.

On the research front, Wilson and NCAR’s Rita Roberts 
proposed a radar-based technique to detect a key precursor 
to microbursts: air flows converging several kilometers above 
ground. Collaborating closely with NCAR, the Massachusetts 
Institute of Technology’s Lincoln Laboratory translated the 
concept into software that automatically detects wind shear in 
real time from Doppler radar data. The software has drawn on 
a network of Doppler radars deployed at dozens of major U.S. 
airports since the 1990s. Together, these efforts have become 
a gold standard of technology transfer and saved hundreds of 
lives: from 1995 to date, no major U.S. aircraft has been felled 
by a microburst.

A parallel revolution took place as NCAR’s microburst 
group evolved into what is now the Research Applications 
Laboratory (RAL), addressing other aviation-related weather 
hazards such as turbulence, in-flight icing, airport snowfall, 
low ceilings, and poor visibility. RAL’s portfolio also includes 
weather’s role in surface transportation, water resources, and 
national security, and new projects related to climate change 
are under way (see page 59).

Not everyone felt that applied science belonged at a cen-
ter founded on basic research. “NCAR hadn’t done anything 
like this before,” notes Wilson. Gaining acceptance for the 
work took years, acknowledges McCarthy, who led the pro-
gram until 1997 before joining the Naval Research Labora-
tory. Today, with RAL one of NCAR’s largest activities, “that 
fight is long gone.” 
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The heavy rain and intense wind of microbursts threatened many flights before U.S. airports were 
equipped with wind-shear warning systems.

Wind readings from automated 
weather stations like this one 
complemented the use of Doppler 
radar as wind-shear alert systems 
were developed.  
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This schematic, from a 1984 
paper by James Wilson and 

colleagues, shows the evolution 
of a microburst as a compact 

downdraft reaches the surface 
and quickly spreads outward. 

NCAR’s John 
McCarthy spent 

much of his 
time during the 

summers of 1984 
and 1985 in the 
control tower of 

Denver’s Stapleton 
International 

Airport during the 
CLAWS project 

(Classify, Locate, 
Avoid Wind Shear).

Part of NCAR’s wind-
shear research team from 
its beginning, James 
Wilson spotted the first 
microburst observed on 
Doppler radar.
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TODAYTackling weather’s toll on motorists

“The goal is to 
reduce crashes, 
injuries, and 
deaths.”
—Sheldon Drobot, NCAR

T he dangers of vehicular 
travel are so notoriously 
underrated that some 
white-knuckle fliers don’t 

think twice about cruising 
down a packed interstate at 
more than a mile a minute. 
Bad weather only increases 
the risk. An estimated 1.5 
million U.S. motor vehicle 
accidents are associated with 
poor weather, according to the 
National Research Council. 
On average, those mishaps 
cause about 7,400 deaths and 
690,000 injuries.

As it continues working 
toward safer air travel, NCAR’s 
Research Applications 
Laboratory has joined a group 
that’s addressing the much 
broader challenge of highway 

safety. the lab began testing 
a prototype system in 2009 
that uses vehicles as moving 
weather stations. the data 
they collect could help alert 
other drivers to hazardous 
conditions ahead.

“the goal is to reduce 
crashes, injuries, and 
deaths by getting drivers 
the information they need 
about nearby hazards,” says 
NCAR’s Sheldon Drobot. 
Drivers would be notified of 
conditions they can expect 
to encounter in the next few 
seconds and minutes, giving 
them a chance to slow down 
or take other action.

the road-weather 
information system is part of 
intelliDrive, a U.S. Department 

of transportation initiative 
aimed at reducing accidents, 
increasing mobility, and 
reducing environmental 
impacts. Within a few years, 
if all goes according to plan, 
motor vehicles will be sharing 
information automatically with 
each other and with central 
databases. Along with alerts 
on hazardous weather, drivers 
might receive warnings about 
nearby vehicles that are 
moving erratically or running 
through a red light. 

One of the biggest 
challenges will be dealing with 
data from millions of moving 
platforms. “it’s not enough to 
process the information almost 
instantaneously,” says William 
Mahoney, who oversees the 
system’s development for 
NCAR. “it needs to be cleaned 
up, sent through a quality 
control process, blended 
with traditional weather data, 
and eventually delivered 
back to drivers.” As a side 
benefit, meteorologists would 
glean a wealth of detail on 
local conditions that could 
help improve forecasts for 
motorists and nonmotorists 
as well.

As with the safety 
systems they helped craft for 
pilots, the NCAR researchers 
are taking pains to ensure that 
the weather warnings issued 
by intelliDrive are succinct 
and easy to comprehend. 
For now, the vehicles are 
doing their part, according to 
Drobot: “the tests show that 
cars can indeed communicate 
critical information about 
weather conditions and road 
hazards.”
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Data served here
From its inception, NCAR provided a wide range of research-
oriented computing and observing facilities. The initial focus 
was on centralized capabilities: networking was virtually non-
existent, and the huge cost of computers constrained universi-
ty use. These factors were changing rapidly by the late 1970s, 
when forward-thinking leaders at NSF and universities began 
to envisage the transformative effect of networks and small 
computers on science education as well as research.

A far-reaching consequence was UCAR’s University Data 
Program (Unidata). Its founding coincided with National 
Weather Service plans to drop teletype and facsimile services 
that had fed weather data directly to universities on leased 
phone lines in those pre-Internet days. The NWS decision 
was a “bombshell” to professors and students, said John Dut-
ton (Pennsylvania State University). Concern culminated in 
1982, when university department chairs called on UCAR to 
offer prompt, affordable access to weather data. 

The next summer, an 80-person workshop in Madison, 
Wisconsin, considered data access alongside ambitious views 
of a future where networking and computing were nearly 
ubiquitous. The meeting endorsed a plan for creating Uni-
data, which began in 1984 under two principal investigators: 
Dutton (who coined the moniker) and the late Verner Suomi, 
a satellite meteorology pioneer at the University of Wisconsin–
Madison (UW). UCAR would be the host institution, with 
NSF as funder. “When the need for Unidata arose, both orga-
nizations were prepared to act,” says Dutton.

Unidata’s distributed architecture departed from UCAR’s 
earlier centralized patterns. Free software and real-time data 
streams allow faculty and students to acquire, manage and ana-
lyze a vast array of data on their own computers without a cen-
tral repository. “If there was a Unidata mantra in my time,” says 
founding director David Fulker, “it might have been, don’t do 
anything centrally that universities themselves can do well.” In 
this spirit, Unidata adopted a university governance model, 
and to this day the program remains community-driven.

Software distributed by Unidata also reflects community 
generosity: every package has deep roots in other organiza-
tions, including UW, Purdue University, NASA, and the Uni-
versity of Rhode Island. A recent example is the Unidata-de-
veloped Integrated Data Viewer (IDV), built on a visualization 
library from UW’s William Hibbard.

More than 1,500 academic institutions and 7,000 or-
ganizations—extending well beyond meteorology depart-
ments—employ Unidata software tools or participate in 
its data-exchange network. Together, these have radically 
altered how data are transported, managed, and studied in 
contexts as diverse as the NWS and the Intergovernmental 
Panel on Climate Change, as well as at universities. With 
data and analysis tools close at hand, “the entry barrier has 
been lowered for undergraduate students who want to get in-
volved with research,” says Gary Lackmann (North Carolina 
State University).

Meanwhile, for the comprehensive global modeling and 
other large-scale tasks handled by NCAR supercomputers, a 
central data archive remains critical. The center’s mass storage 
system, launched in the 1970s, went through a major upgrade 
in the late 1980s, with data transferred from open reels to car-
tridges that provided quicker access. Still, NCAR staff had 
to manually mount and dismount each tape so that scientists 
could access past findings and store new results.

Automation came to the rescue in 1989 as NCAR installed 
its first robotic storage system, built by StorageTek. The de-
vice retrieved and replaced data on request from a library of 
more than 67,000 cartridges holding a total of roughly one 
terabyte (one trillion bytes) of data. The workings of the ma-
chine’s mechanical arms, hidden within a cabinet-like silo, 
could be watched by visitors through an internal camera. The 
latest incarnation of this approach, AMSTAR (Augmentation 
of the Mass Storage Tape Archive Resources), arrived in 2008. 
Designed by Sun Microsystems, it will bolster the maximum 
storage capacity to 30 petabytes—or about 30,000 times the 
system’s 1989 capacity—over four years.

SNAPSHOTS

Within the StorageTek silo installed in 1989, robotic arms 
could choose and mount any of thousands of data cartridges.
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“Real-time 
data access 
is a major 
help to solve 
instrument 
issues.”
—Elliot Atlas,  
University of Miami

Observations on demand

T he field catalogs 
maintained by NCAR’s 
Earth Observing 
Laboratory are a data 

lover’s dream come true. 
the online archive includes 
observations, forecasts, 
reports, flight tracks, and 
other details from more than 
50 observing campaigns 
held across every continent. 
Launched within UCAR’s Joint 
Office for Science Support in 
1995, the field catalog system 
migrated to NCAR in 2005. 

Participants in field 
studies don’t even have to 
wait for a project to conclude 
before accessing the catalog. 
Data are shuttled through the 
system and made available 
within minutes, which enables 
field coordinators to shape a 
given day’s activities far more 
effectively—especially on 
airborne missions.

“We’re now getting 
data from the aircraft 
to the ground through a 

satellite link in real time,” 
notes NCAR’s Mike Daniels. 
“People can communicate 
with the aircraft and direct a 
project from their university 
via instant messaging and 
chatrooms.” in the past, 
Daniels notes, scientists in 
the field would have to wait 
for a research flight to touch 
down before they could 
upload and scrutinize data. 
“Now everybody’s looking 
at the data from wherever 
they are. People on the 
ground can chat with people 
on the plane and say, ‘Hey, 
this measurement looks 
suspicious. Can you check 
out the instrument’s status?’ 
it really helps to improve data 
quality during the crucial 
sampling phase.”

For the StARt08 
experiment (Stratosphere-
troposphere Analyses of 
Regional transport), NCAR’s 
Laura Pan and colleagues 
used chatrooms and Google 

Earth to direct flights studying 
air circulation and chemistry 
across the thin, critical region 
known as the tropopause, 
which lies between the 
troposphere and stratosphere. 
“For dynamics-oriented 
experiments such as StARt08, 
the ability to modify the 
flight plans in real time helps 
optimize success,” says Pan. 
“in some cases, it’s necessary 
for success.”

the space needed for 
instrumentation often limits 
the number of scientists who 
can fly on airborne chemistry 
experiments. However, NCAR’s 
real-time communication 
capability allows “virtual 
operators” to steer the data 
collection strategy. “this 
maximizes the chance that 
instruments will be able 
to obtain more and better 
measurements during any 
particular flight,” notes Elliot 
Atlas, a StARt08 investigator 
from the University of Miami.

NCAR’s Teresa Campos 
tracks data while flying off 
the coast of Chile in 2008 
for VOCALS-REX, the VAMOS 
(Variability of the American 
Monsoon Systems) Ocean 
Cloud Atmosphere Land 
Study–Regional Experiment.
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The Nineteen Nineties
A string of fierce hurricanes that battered the U.S. 
coast in the 1990s included Fran in 1996.
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Scientists in the UCAR community found themselves on the front 

lines of the cyber revolution that stormed the world in the 1990s. 

Many UCAR universities were early adopters of the World Wide 

Web, a technology well suited to a science that thrives on distribut-

ed data and collaboration. The opening of the Global Positioning 

System to civilian use paved the way for newly precise weather in-

struments. n These tools arrived just as atmospheric research faced 

a sobering set of challenges. Global temperatures hit new highs, as 

did public and political concern about climate change. NCAR rose 

to the task with a comprehensive and innovative global model of 

the climate “system”—the atmosphere as well as the oceans, land, 

and ice beneath it. n Many other lines of research and education 

blossomed as the demand for NCAR science and UCAR services 

continued to grow. A new category of UCAR membership en-

trained schools with a focus on undergraduate teaching, and sever-

al initiatives boosted UCAR’s role in K–12 education and science 

literacy. The Foothills Laboratory complex in northeast Boulder 

was added in 1990, while the Mesa Laboratory drew thousands of 

public visitors to its enhanced exhibits and special events. 

1992
UCAR 
coordinates 
logistics for the 
tropical Ocean 
and Global 
Atmosphere 
program’s Cou-
pled Ocean-
Atmosphere 
Response Experiment (tOGA COARE), 
a massive study centered on the 
world’s warmest patch of ocean.

1996
NCAR 
collabo-
rates 
with 
French 
and Con-
golese 
scientists 

on the Experiment for Regional Sources 
and Sinks of Oxidants (EXPRESSO), 
one of the world’s most intensive stud-
ies of tropical air chemistry.

1998
After seven 
years of work, a 
team at NCAR 
and the National 
Centers for 
Environmental 
Prediction, led 
by NCAR’s Roy 
Jenne, releases 
a unique archive 
of 50 years of global weather data.

1999
NCAR’s 
timothy 
Brown 
and col-
leagues 
announce 
the 
discovery 

of multiple planets around a Sun-like 
star, their presence inferred from 
asteroseismic data.

1999
A year after a 
record-break-
ing El Niño 
boosts global 
temperatures 
to a new 
high, NCAR’s 
Michael Glantz 
organizes the 
world’s first 
summit devoted to El Niño’s counter-
part, La Niña.
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SNAPSHOTS

The GPS revolution
Atmospheric research made enormous gains in the 1990s 
through the growth of high-speed data exchange facilitated by 
the Internet. At the same time, another byproduct of govern-
ment research—the Global Positioning System—was bringing 
its own benefits to the field. This constellation of satellites, 
originally created for military use, allowed researchers to pin-
point the behavior of Earth’s atmosphere, oceans, and surface 
with new precision.

One of the first technologies transformed by GPS was 
the venerable balloon-borne radiosonde. Weather balloons 
launched each day from fixed observing sites had been a 
standby of atmospheric monitoring since the 1930s. As each 
balloon rose, a transmitter sent back data on temperature and 
moisture, while a separate set of navigation signals allowed sci-
entists to track the instruments’ location and infer the speed of 
the winds pushing the balloon onward.

Starting in the late 1980s, an NCAR mobile system made 
it possible to launch radiosondes wherever a van could be 
driven. The system’s value grew further when NCAR began 
using radiosondes that received GPS signals. Since the instru-
ments’ rise could now be tracked with far more precision, wind 
speeds could be calculated at many more points along the ver-
tical path. “The combination of GPS resolution and mobile 
launch platforms quickly became a powerful tool and one of 
our most requested,” says NCAR facility manager Stephen 
Cohn. “We could go to the weather, rather than waiting for it 
to come to us.”

Perhaps the biggest benefits from GPS-enhanced wind 
data are in monitoring tropical cyclones, where a hurricane’s 
fierce gusts can be gauged through dropwindsondes. Like 
radiosondes in reverse, dropsondes hang from parachutes, 
tracking conditions as they descend from hurricane-hunting 
aircraft to the sea. Prior to the GPS era, winds could be esti-
mated about every 300 meters (1,000 feet) along the down-
ward path of a dropsonde.

That vertical resolution sharpened to roughly 10 meters 
(33 feet) with the advent of a GPS-based dropsonde funded 
by NOAA and developed by NCAR in the early 1990s. Manu-
factured by Vaisala, thousands of the new GPS sondes were 
deployed from Air Force and NOAA flights starting in 1996, 
just as the Atlantic entered a series of active hurricane seasons. 
NCAR engineer Terry Hock, who had led the sonde develop-
ment, said, “It’s almost like having an instrument that never 
existed before. We’re now measuring quantities down to the 
very surface of the ocean.”

“In terms of bang-for-the-buck, the NCAR GPS drop-
sonde program has been a stunning success,” says Kerry 

Emanuel (Massachusetts Institute of Technology). “A great 
deal of what we have learned about hurricanes in the last few 
decades has come from measurement using the GPS sondes, 
and my own research on surface fluxes in hurricanes deduced 
from field observations would not have been possible without 
the new sondes.”

There was one catch: the GPS-boosted sondes yielded data 
only along their pathways. What many scientists craved was a 
way to map the full global atmosphere in three dimensions, 
beyond the limits of individual sondes and the constraints of 
satellite-borne instruments often hobbled by clouds.

In 1995, a shoebox-sized GPS sensor—sent to space 
on a microsatellite not much larger than a suitcase—laid 
the foundation for atmospheric monitoring that was truly 
3-D. The twist in UCAR’s multiagency GPS/Meteorology 
(GPS-MET) project was that GPS signals themselves could 
be used as weather instruments to observe the atmosphere. 
The space-borne sensor intercepted GPS signals that cut 
through the atmosphere at a shallow angle, using a method 
called radio occulation (see graphic, next page). As the atmo-
sphere becomes more dense or more moist, the radio signal 
is slowed and bent slightly. Scientists can use the signal de-
viations to infer atmospheric density and, in turn, electron 
densities, temperature, and moisture.

Less than a month after its launch, the GPS/MET sen-
sor yielded the first profile of Earth’s atmosphere based on its 
data. Roughly 9,000 more profiles were constructed during 
the instrument’s two-year active life. The sensor served as a 
prototype for a much more ambitious network of six microsat-
ellites launched in 2006 (see page 46).

Inspiration for GPS-MET came from past work at NASA’s 
Jet Propulsion Laboratory and Stanford University that used 
radio occultation to analyze the atmospheres of Jupiter, Ve-
nus, and Mars. The project also marshaled expertise from the 
University NAVSTAR Consortium, a group of universities 
involved in GPS-related work. Now independent, UNAVCO 
was based at UCAR from 1992 to 2003.

“I’ve talked with many of the inventors and developers of 
the GPS system, and none of them anticipated that it could 
be used with such high accuracy,” said principal investigator 
Randolph “Stick” Ware (now with the firm Radiometrics) a 
few months after the 1996 success.

UCAR president Richard Anthes not only championed 
GPS-MET; he was one of the project’s principal investigators. 
“It is rare that a scientist or administrator gets the chance to 
participate in a first-ever breakthrough that makes a revolution-
ary advance in Earth sciences and operations,” says Anthes. 
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Geologic hot spots around the globe 
are monitored by a network of 
Global Positioning System receivers 
adapted in the 1990s for weather 
observing.

Terry Hock led technology 
development for the NCAR GPS 
dropsonde, which descends from a 
specialized parachute. 

Developed in the 1990s, 
NCAR’s GPS dropsondes 
became the standard for 
major field experiments 
thereafter, such as 
NASA’s African Monsoon 
Multidisciplinary Analyses 
(AMMA) in 2003. 

As radio signals from GPS satellites 
pass through Earth’s atmosphere they 
are bent and slowed before reaching 
an occulting low-Earth orbiting 
(LEO) satellite. By measuring these 
effects, scientists can infer much about 
the atmosphere along the signal path.

UCAR’s mobile launch platforms are integral to many field projects. This Illinois launch was part of 
the 2003 Bow Echo and MCV Experiment (BAMEX).

EARTH

IONOSPHERE

Occulting GPS Satellite Time Delay & Bend Angle
Provide Density vs. Altitude

Occulting LEO Satellite

NEUTRAL ATMOSPHERE
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TODAY
T he GPS/MEt experiment 

(page 44) showed that 
a single instrument in 
space could intercept 

GPS radio signals and provide 
useful data through radio 
occultation (RO). With support 
from NSF, NOAA, NASA, and 
DOD, UCAR collaborated 
with taiwan’s National Space 
Program Office (now the 
National Space Organization) 
to produce a six-satellite 
system now yielding one of 
the world’s most complete 
3-D databases on the global 
atmosphere.

COSMiC—the 
Constellation Observing 
System for Meteorology, 
ionosphere, and Climate—is 
called FORMOSAt in taiwan, 
which paid about 80% of 
the $100 million tab for the 
project. Launched on 14 April 
2006, the system produces 
between 1,500 and 2,500 
atmospheric profiles every day. 
Each is available within hours 
from the UCAR-based COSMiC 
Data Analysis and Archive 
Center. More than 1,000 users 
in more than 50 countries had 
registered to access COSMiC 
data by mid-2010.

“this project has not 
only demonstrated that the 
constellation can help weather 
forecasting operations, but it 
also provides unprecedented 
global 3-D data to study 
interesting phenomena in the 
upper atmosphere,” said Chao-
Han Liu (Academia Sinica, 
taiwan). At higher altitudes, 
COSMiC tracks the density 
of electrons—influenced 
heavily by solar activity and by 
changes in the stratosphere 
and mesosphere below. 

Among COSMiC’s most 
intensive users are several of 

A COSMIC success looks ahead

the world’s largest operational 
forecasting centers, where the 
data are helping enhance the 
starting-point conditions for 
weather forecasting models. 
At NOAA’s National Centers 
for Environmental Prediction, 
temperature biases in models 
have been reduced and 
the skill of four-day model 
forecasts improved by eight 
hours. “the benefits from 
adding COSMiC into the 
operational data stream have 
been very significant,” says 
Lidia Cucurull, NOAA’s GPS RO 
program scientist.

Between COSMiC and 
a German counterpart, the 
Challenging Minisatellite 
Payload (CHAMP), there’s 
now close to a decade of 
highly precise global RO data. 
Andrea Steiner (University of 
Graz) and colleagues used 
the data to successfully 
infer temperatures in the 
tropical upper troposphere 
and lower stratosphere. “the 
performance of the still-short 
RO record to date underpins its 
quality,” says Steiner.

Life in space does 
have its hazards. COSMiC 
planners are keeping a wary 
eye on thousands of bits 
of space debris so that the 
microsatellite orbits can be 
adjusted to avoid collisions. 
Age takes its toll as well: 
COSMiC’s projected lifespan 
extends only through 2011, 
though some satellites may 
gather useful data for several 
more years. taiwan and NOAA 
are now planning a follow-
on mission, COSMiC ii, that 
could launch in 2014, with the 
number of satellites expected 
to increase from 6 to 12 and 
the number of daily profiles 
jumping to 8,000 or more.

“We cannot 
afford to 
lose radio 
occultation 
data.”
—Lidia Cucurull, NOAA

This artist’s illustration shows two of the six microsatellites in 
COSMIC, which is providing a major boost to the quality and 
quantity of data needed to improve global weather forecasts, 
climate monitoring, and space weather monitoring.
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The quest to understand turbulence
New branches of NCAR research sometimes emerge through 
the advent of new technology, a change in national priorities, 
or a disastrous weather event. Other research topics have 
threaded their way through the center’s entire half-century 
history. Such is the case with turbulence in the atmosphere, 
magnetosphere, and oceans, a subject in which each advance 
in understanding has been hard won.

Several fruitful developments in turbulence research at 
NCAR in the 1990s were built on a foundation dating back 
to the 1960s. Associate director Philip Thompson founded 
an informal Turbulence Club, and NCAR’s Cecil Leith and 
Jackson Herring were prime contributors to turbulence 
research. Douglas Lilly and James Deardorff developed a 
numerical technique that came to be known as large-eddy 
simulation (LES), which Deardorff premiered at a 1969 sym-
posium. “Jim’s numerical results agreed amazingly well with 
the detailed measurements of turbulent channel flow made 
over many years,” says John 
Wyngaard (Pennsylvania 
State University), who stud-
ied turbulence at NCAR in 
the 1980s. “The fluid engi-
neers must have wondered, 
‘Who are these guys?’ ”

NCAR’s Chin-Hoh 
Moeng collaborated with 
Wyngaard to expand the 
range of LES techniques. 
“LES is now our most pow-
erful numerical tool for tur-
bulence research,” Moeng 
says. In less than a week of 
run time, she can simulate 
turbulence with thousands 
more grid points than were 
available in the early 1990s. 
Scientists have used LES 
to shed light on the flow 
through vast sheets of marine stratocumulus clouds, as well as 
the dynamics that drive severe thunderstorms on Earth and 
magnetic storms in and near the Sun. 

By the 1990s, these disparate lines of work—plus regular 
workshops on turbulence held since 1974—had an institu-
tional home: the NCAR Geophysical Turbulence Program. 
GTP has served as a loose-knit framework by which scien-
tists at NCAR, universities, and federal laboratories can share 

notes and meet regularly. One 1999 symposium attracted 
more than 100 mathematicians, atmospheric scientists, and 
oceanographers—a large chunk of the world’s leading turbu-
lence researchers.

“In many ways, our workshops and summer schools are 
the core of the program, along with the development of com-
munity tools,” says Annick Pouquet, who joined NCAR in 
2000 and has headed GTP ever since. “We make a special ef-
fort to choose topics that reflect the universality of turbulence 
and bring together scientists from many disciplines.”

Even with a shot of computational adrenaline, turbulence 
modelers in the 1990s couldn’t ignore real-world data. “His-
tory shows us that the path to truth in turbulence has never 
strayed far from observations,” says Wyngaard. One study, 
led by Robert Kerr, Terry Clark, and William Hall, used 
an NCAR supercomputer to successfully portray bursts of 
clear-air turbulence that tore an engine off a DC-8 cargo jet  

near Denver on 9 December 
1992. When pushed to its 
highest resolution, the mod-
el revealed something previ-
ously unseen: narrow tubes 
of circulation, extending 
east from the Rocky Moun-
tains (see graphic), in which 
wind speeds changed by as 
much as 100 miles per hour 
(40 meters per second) over 
a mere eighth of a mile (200 
meters). “The pilot didn’t 
expect to hit what he hit,” 
said Kerr.

At that time, pilots re-
ceived only subjective re-
ports of choppy air from 
other pilots. New warn-
ing systems, produced 
at NCAR starting in the 

1990s, arose from a solid grounding in research. With sup-
port from the Federal Aviation Administration, NCAR’s 
Larry Cornman and colleagues crafted software that uses 
aircraft themselves as instruments—converting the up-and-
down bouncing detected by onboard sensors into a measure 
of the currents buffeting the plane. This system is now an 
international standard, and radar-based techniques for spot-
ting turbulence are also gaining ground.

Examining a 1992 incident involving clear-air turbulence, 
NCAR scientists used a high-resolution model to study 
horizontally aligned vortex tubes that swept eastward (left to 
right) from Colorado’s Front Range mountains. 
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TODAYTracking turbulent flow: the visceral and the virtual

J ust as the view in a 
smashed mirror can 
become unrecognizable, 
researchers have long 

struggled to see what happens 
when large atmospheric 
eddies break up into smaller 
circulations. Huge amounts of 
energy are dissipated along 
the way, across scales as 
small as a few millimeters. 
Conversely, small-scale 
motions may coalesce 
to influence large-scale 
behavior. this problem—often 
popularized as the “butterfly 
effect”—was identified 
in the 1960s by frequent 
NCAR visitor Edward Lorenz 
(Massachusetts institute of 
technology) as a hindrance to 
predicting weather more than 
a few days in advance. 

One time-tested way to 
catch turbulence in action is 
with aircraft-mounted probes, 
a technique pioneered by 
NCAR’s Donald Lenschow and 
James telford in the 1960s. 
today, the NSF/NCAR C-130 
and Gulfstream-V aircraft 
boast systems that can 
measure turbulence on scales 
as fine as 5 meters (17 feet).

Closer to terra firma, 
an NCAR-led, NSF-funded 
study in 2007 examined the 
turbulence within currents 
skimming within and 
across the tops of trees in 
a California walnut orchard. 
the project followed a similar 
NSF study in 2004—led 
by NCAR, the Woods Hole 
Oceanographic institution, 
and Pennsylvania State 
University—that sampled 
winds just above the ocean 
surface and documented 
wind-wave interactions. 

taking their lead from 
observational data, model-
ers at NCAR and elsewhere 
are generating increasingly 
detailed portraits of turbulence 
in action. A burst of progress 
occurred in 2006 with a simu-
lation of magnetic currents 
such as those found in Earth’s 
magnetosphere and the Sun’s 
corona. Produced by Annick 
Pouquet and Pablo Mininni 
(NCAR) and David Montgom-
ery (Dartmouth College), the 
simulations depicted elegantly 
coiled cylinders similar to the 
rows of curls found in Kelvin-
Helmholtz clouds (see below).

“these are structures 
that you wouldn’t discern by 
just looking at the physical 
equations,” notes NCAR’s 
Douglas Nychka. He leads the 
applied mathematics institute 
at NCAR that includes GtP 
as well as the turbulence 
Numerics team, a group 
of mathematicians and 
software engineers hashing 
out strategies for portraying 
turbulence in models.

in the last decade, 
NCAR’s turbulence 
modeling has aided the U.S. 
departments of Homeland 
Security and Defense in 
simulating how winds might 
loft hazardous chemicals 
close to the Pentagon, New 
york, and other potential 
targets of terrorism. Fine-
scale modeling is critical 
when it comes to depicting 
the flow of airborne toxins, 
whether released intentionally 
or inadvertently. Software now 
incorporates turbulence within 
a weather model that can 
map atmospheric conditions 
over areas ranging from an 
entire region (such as the mid-
Atlantic) to a single building.

“NCAR is at 
the vanguard 
of research on 
atmospheric 
turbulence.”
—Harindra “Joe”  
Fernando, University  
of Notre Dame

High-resolution modeling of electromagnetic currents in the presence of turbulent flow, such as those observed 
in the solar corona and Earth’s magnetosphere, depicts “roll-ups” of current sheets (the cylindrical features at the 
center and top of the graphic at left). These roll-ups are produced by instabilities similar to those responsible for 
Kelvin-Helmholtz clouds (right).
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A system called Earth
The concepts of environmental sustainability that broke into 
public awareness in the 1970s took on new overtones two 
decades later. In its first report, released in 1990, the Inter-
governmental Panel on Climate Change (IPCC) made it clear 
that ever-increasing amounts of human-produced green-
house gases posed a real risk to a sustainable future.

NCAR was well positioned to take a leading role in ef-
forts to understand this growing threat. As far back as 1972, 
NCAR’s William Kellogg was among three editors of a work-
shop-based report entitled Man’s Impact on the Climate. The 
center’s Community Climate Model (CCM), released in the 
1980s, was used by hundreds of scientists at NCAR, univer-
sities, and national laboratories, helping to clarify the ways 
in which greenhouse gases influence world climate. NCAR 
researchers served tirelessly on the IPCC as well as on Na-
tional Academies studies and countless committees devoted 
to unraveling the threat.

To truly understand the future of the atmosphere, 
though, NCAR realized that something more was needed. 
While the CCM included oceans as well as atmosphere, the 
latter component couldn’t influence the former. Modelers 
had to specify the state of the “slab ocean” rather than al-
lowing it to emerge organically from interactions between 
sea and atmosphere. Likewise, the model’s depiction of for-
ests, grasslands, and other features lacked interactivity. This 
meant the model’s vegetation couldn’t spread or decay as it 
would in real life in response to a changing atmosphere.

In the mid-1990s, NCAR took a risk: it reallocated much 
of its climate research budget toward creating a wholly new 
kind of software package. The result was the Climate Sys-
tem Model, produced with support from NSF and the U.S. 
Department of Energy and released in 1996. Like the CCM, 
the CSM was free to all interested scientists, and NCAR pro-
vided ample online support for users. But the CSM broke 
free of its predecessor with an innovative architecture that 
allowed four key parts of the Earth system—the atmosphere, 
ocean, land, and sea ice—to interact with each other. The 
switchboard for this virtual conversation was a flux coupler, 
which monitored and controlled interactions between the 
four CSM modules.

One of the immediate benefits of the CSM was the near-
elimination of climate “drift,” the tendency for a modeled cli-
mate to inch out of balance over time. Since the CSM’s ele-
ments could interact much more freely, they served as checks 

and balances on each other, thus reducing the odds that a 
simulation would spin into unrealistic territory, even in runs 
spanning hundreds of years. “The small degree of climate 
drift in the 300-year CSM integration is a major accomplish-
ment,” wrote NCAR’s John Weatherly and colleagues in a 
1998 paper.

The new model proved to be an enormous benefit to 
university researchers. More than 1,200 scientists at 300 in-
stitutions used the CSM in its first few years, many of them 
collaborating with NCAR on improvements to the various 
components. 

In 2001 those relationships were embedded in the soft-
ware’s name, as it became the Community Climate System 
Model. Soon after, with the help of major computing alloca-
tions at NCAR, DOE, and elsewhere, the CCSM furnished 
close to half of all the simulation hours completed in support 
of the fourth IPCC assessment, released in 2007.

Even as NCAR marshaled its resources in the 1990s to 
produce the CSM, the center remained a home for other lines 
of model development. Gerald Meehl and Warren Washing-
ton steered the progress of the Parallel Climate Model, a 
DOE-supported effort to incorporate ocean and atmosphere 
in software that was tailored for a new generation of comput-
ers with hundreds or even thousands of processors operating 
simultaneously. 

Chemists and software engineers teamed up under the 
leadership of Guy Brasseur (now at Germany’s Climate Ser-
vice Center) to produce the Model of Ozone and Related 
Chemical Tracers. Debuting in 1997, the model tracked al-
most 50 chemical species as they interacted with sunlight and 
each other while coursing around the globe. “MOZART was 
one of the first models of global chemical transport in the tro-
posphere,” notes NCAR’s Louisa Emmons.

Still other modelers extended their perspectives to the 
very edge of Earth’s atmosphere. Raymond Roble and Ci-
cely Ridley had collaborated with Robert Dickinson in the 
1980s to build a general circulation model that linked the 
thermosphere and ionosphere. The model, which later grew 
to include coupled electrodynamics and the mesosphere, 
was eventually paired with NCAR’s global climate model. 
By the late 1990s, the merger had morphed into the Whole 
Atmosphere Community Climate Model. With WACCM, for 
the first time, scientists could follow the evolution of Earth’s 
climate at all levels of the atmosphere.
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NCAR’s Tom Wigley, 
Mary Barth, and Jeffrey 
Kiehl collaborated on 
sulfate-related modeling 
in the late 1990s using 
the CSM. 

Years in the making, the 
CSM (later the Community 
Climate System Model) 
provided universities 
with one of the most 
comprehensive models 
of the global atmosphere 
available. 

This snapshot from a 
multiyear simulation 

using MOZART shows how 
much ozone concentrations 
can differ spatially. At the 

modeled height of around 5 
kilometers (3 miles), ozone 

varies from more than 4 
parts per billion (purple-

pinks) just east of China to 
less than 0.01 ppb (yellows) 

in more-pristine areas. 

Together with the late Byron 
Boville (not pictured), Rolando 
Garcia and Raymond Roble led the 
development of the Thermosphere 
Ionosphere Electrodynamics 
General Circulation Model (TIE-
GCM), a model that united upper 
and lower atmosphere. 
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TODAYA new generation of global models

“Decadal 
climate 
prediction is 
a major new 
focus.”
—James Hurrell, NCAR

F or scientists hungry 
to learn about our 
future climate, each 
advance brings a new 

frontier. in the early 2010s, 
the world’s 20 or so centers 
of comprehensive climate 
modeling—including NCAR—
have begun studying the kinds 
of changes that people might 
expect in their own lifetimes 
as well as those of their 
children and grandchildren.

“there is potential 
forecasting skill that is going 
untapped,” says James 
Hurrell, who heads the 
scientific steering committee 
for the Community Climate 
System Model. Now that 
CCSM and other models 
can incorporate the evolving 
state of the ocean—which 
holds some 90% of the heat 
already trapped by human-
produced greenhouse gases—
it’s hoped that the models 
can capture the movement 
and release of oceanic heat, 
and thus predict shifts in 
climate that can play out over 
as little as a single decade. 

the first such “climate 
forecast,” issued by scientists 
from the United Kingdom’s 
Hadley Centre in 2007, called 
for global temperatures to 
hold flat or dip slightly for 
several years, as they in fact 

did, then rise to new highs 
by the mid-2010s. Other 
modeling groups are now 
taking a stab at 10- to 30-year 
forecasts within the Coupled 
Model intercomparison 
Project. the CMiP template 
provides a common 
framework for modeling in 
support of the iPCC. through 
CMiP, the products of various 
models can be compared, 
apples-to-apples style. 
Papers on the new work will 
begin appearing in 2011, 
with the next major iPCC 
assessment reports to appear 
in 2013 and 2014.

Along with the decadal 
emphasis, many of the new 
simulations will not only 
track the effects of human-
produced greenhouse gases 
but also simulate the uptake 
and release of atmospheric 
carbon by plants and oceans 
over time. interactive carbon 
is just one of an array of 
new features in the latest 
incarnation of the CCSM, the 
Community Earth System 
Model, released in mid-2010. 
the CESM includes the ability 
to model direct effects of 

aerosols (airborne particles) 
on radiation as well as their 
indirect effects in helping 
to form or suppress clouds. 
“the emerging complexity 
is fascinating,” says Andrew 
Gettelman, a leading 
developer of CESM’s cloud 
and aerosol components.

A few hints of the next 
great leap in global modeling, 
still years away, are already 
taking shape. Scientists at 
NCAR, Los Alamos National 
Laboratory, and the University 
of Exeter are exploring the use 
of innovative grids to replace 
the latitude-longitude boxes 
traditionally used in global 
models. A hexagonal structure 
(see graphic) shows particular 
promise, as it eliminates 
problems near the poles and 
easily accommodates pockets 
of higher resolution at 
minimal computing 
cost.

Model grids that 
cover the globe with a 
hexagonal mesh may 
yield greater accuracy 
and efficiency. 
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Into the fold
As a child on a Navajo reservation in Arizona, Carl Etsitty was 
both profoundly respectful of nature, declaring to Mother Earth 
that “I will forever be a steward of the land.” His reverence for 
the environment was paired with intense curiosity, but those at-
titudes clashed in the early 1990s when Etsitty went to college. 
His Navajo elders revered frogs for their association with life-
giving rain; his professors wanted him to dissect frogs.

Decades earlier, this dilemma might have discouraged 
Etsitty from pursuing science. But in 1996, he found a way 
to reconcile his heritage and his career goals through an NSF-
funded initiative launched at UCAR that year. The Significant 
Opportunities in Atmospheric Research and Science program 
(SOARS) began to bring promising undergraduates from 
underrepresented groups to Boulder for several summers of 
intense mentorship to provide the tools and foster the confi-
dence needed for success in graduate school. 

Etsitty worked with NCAR science mentor Lee Klinger, 
whose research involved the interrelationships among atmo-
sphere, biosphere, and other parts of the Earth system. With 
that grounding, said Etsitty, “I have been able to embrace 
strategies that allow me to study science with my heart and 
with my mind.” After completing a master’s in environmental 
science at the University of Arizona, Etsitty joined the U.S. 
Environmental Protection Agency and is now a regional bio-
technologist for the U.S. Department of Agriculture.

Etsitty’s is one of many success stories to emerge from 
SOARS, lauded in 2002 with a Presidential Award for  
Excellence in Science, Mathematics and Engineering Mentor-
ing. The program is a bright spot against a worri-
some backdrop: the persistent lack of diver-
sity within the atmospheric and related 
sciences. 

When SOARS was founded, about 20% of the U.S. popu-
lation was African American, American Indian, Hispanic/
Latino, or Native Alaskan. However, those groups made up 
only about 2% of members surveyed by the American Meteo-
rological Society.

In 1994, UCAR president Richard Anthes and human re-
sources director Edna Comedy proposed SOARS as a much-
needed expansion of a previous diversity program that brought 
students to NCAR for a single summer. What was really need-
ed, they concluded after consulting participants, was a much 
more comprehensive, multiyear bridge to graduate school.

Each SOARS protégé has several mentors: one for carry-
ing out research, another for building communication skills, 
and still another for navigating the cultures of NCAR and 
Boulder. The protégés also mentor each other, passing on 
their perspectives to newcomers. “We know that learning in 
communities is more effective than learning as individuals,” 
said SOARS founding director Thomas Windham. More 
than 100 UCAR employees have served as mentors, and the 
program has grown to involve NOAA, the U.S. Department 
of Energy, and other partners and cosponsors. 

Atmospheric science remains less than fully diverse, but 
SOARS participants—more than 120 to date, with nearly 
100 now holding graduate degrees—are making their mark 
in varied ways. For Shirley Murillo, a hurricane researcher at 
NOAA, the program served as a springboard for a master’s 
degree at the University of Hawaii in a topic of lifelong in-
terest. In contrast, Christopher Castro switched from prelaw 
to meteorology only a year before joining SOARS. Castro is 
now on the faculty of the University of Arizona’s department 
of atmospheric sciences after completing his doctorate at 

Colorado State University (see page 67).
With their eyes opened through SOARS, many alumni 

find themselves discovering new talents and forging cre-
ative careers. Douglas Gavin shuttled between NCAR and 

Jackson State University, a historically black institution, 
as a SOARS protégé in 2006–07. Three years lat-

er, he was working as an ice analyst for NOAA 
and completing his master’s degree in urban 
and regional planning at the University of 
Maryland. According to Gavin, “This pro-
gram is life-changing.”

SOARS protégé Jennifer Zabel 
collaborated with science mentor 
Alex Guenther in 1997 on trace-gas 
measurement analysis.
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“We have 
to broaden 
the pool of 
interested 
students.”
—Stephanie Rivale,  
University of Colorado 
at Boulder

Listening and learning

A ccording to UCAR’s 
Rajul Pandya, “So many 
diversity programs are 
about changing students 

to adapt to our way of doing 
things.” As head of SOARS 
and the UCAR Community 
Building Program (CBP), 
Pandya works with colleagues 
to turn the paradigm 
on its head. “instead of 
constantly asking what we 
can do to make students 
interested in our science, 
we’re asking what we can do 
to make our science more 
interesting and relevant to 
the lives of students and their 
communities.”

Even as he champions 
the merits of SOARS, which is 
focused on UCAR’s traditional 
bread and butter—doctoral-
level education—Pandya 
recognizes that much more 
is needed if atmospheric and 
related sciences are to reflect 
the priorities and interests 
of a nation and world going 
through rapid demographic 
and environmental change. 
toward that end, CBP is 
working to expand the UCAR 
community to include tribal 
colleges, two-year colleges, 
historically black and 
Hispanic-serving institutions, 
and other educational 
avenues for groups that are 
underrepresented in science. 

CBP was sparked in 
part by “Planning for Seven 
Generations,” a unique 
UCAR-hosted conference in 
2008 at which more than 
100 participants, many 
from American indian and 
Alaska Native communities, 
examined climate change 
from the perspectives of 
indigenous knowledge as 

well as western science. 
“Elders who’ve been living 
on the land for half a century 
or more have a really deep, 
sophisticated understanding 
and wisdom about their 
environment,” said Shannon 
McNeeley, who joined NCAR 
as a postdoctoral researcher 
in 2009 after extensive 
field work involving Native 
Alaskans and climate change. 
Daniel Wildcat (Haskell indian 
Nations University) discussed 
the value of each tribe’s 
environmental experience—
“truths that emerged out 
of their long histories and 
interactions with particular 
landscapes and seascapes on 
this planet.”

CBP also facilitates a 
growing body of research 
that melds atmospheric and 
human variables. in one such 
project, Google.org and UCAR 
have partnered to develop 
a system that uses 2- to 
14-day weather forecasts to 
anticipate the arc of yearly 
meningitis outbreaks in Africa, 
thus helping steer the flow 
of life-saving medicines for 
a disease whose spread is 
curbed by rainfall.

the common thread 
in CBP is developing 
scientists and projects that 
bring atmospheric science 
to bear on the needs of 
a changing world. in line 
with Pandya’s view, the first 
step often involves careful 
listening, as was the case 
at a 2010 meeting held in 
Denver to increase Latino 
involvement in weather 
and climate science. it was 
cosponsored by Metropolitan 
State College of Denver, a 
UCAR academic affiliate 

and one of the nation’s 
largest undergraduate-
only institutions. “We are 
broadening the definition 
of ‘weather and climate 
professionals’,” says Richard 
Wagner, head of Metro State’s 
meteorology department.

the meeting’s 
participants emphasized 
the need to engage Latino 
students and their families 
early, so that atmospheric 
science and “green economy” 
jobs carry as much appeal 
as medicine, law, and other 
fields that promise immediate 
community benefit. “For 
me it was reaffirming,” says 
Stephanie Rivale, a SOARS 
alumna who directs K–12 
engineering education at the 
University of Colorado  
at Boulder.

Nisqually leader Billy Frank Jr. delivered the keynote address at the 
2008 “Planning for Seven Generations” meeting hosted by UCAR.
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The Two Thousands
The year 2005 heralded the arrival of the 
nation’s most advanced research aircraft for 
atmospheric studies, the NSF/NCAR High-
performance Instrumented Airborne Platform 
for Environmental Research. The jet can reach 
altitudes of up to 51,000 feet and has a range 
of 7,000 miles, allowing global studies not 
previously possible. 
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2004
through 
an 
agree-
ment 
with 
Unidata, 
high-res-
olution 
data from NOAA’s national Doppler 
radar network begins flowing to univer-
sities, helping scientists and students 
to monitor and study severe weather.

2006
Mexico 
City and 
environs 
are the 
focal point 
for MiRAGE 
(Megacity 
impacts on 

Regional and Global Environments), a 
2006 field study that examines how 
plumes of pollution spread and how 
components interact as they age. 

2006
An NCAR 
modeling 
effort shows 
that Arctic 
sea ice could 
melt abrupt-
ly, perhaps 
leading to ice-free summer conditions 
as soon as 2040. the projections are 
underscored by record Arctic ice loss 
in 2007.

2007

years of painstaking assessments 
by the intergovernmental Panel on 
Climate Change, which involved scores 
of scientist-volunteers from NCAR, 
culminated in a Nobel Peace Prize 
shared with Al Gore.

2009
in the first 
comprehen-
sive study to 
examine how the 
public perceives 
and values 
weather infor-
mation, NCAR 
scientists find 
that U.S. adults use an estimated 300 
billion forecasts each year. 

Integration and collaboration were major themes as NCAR and UCAR 

made their way through the first decade of the new century. The 

bridge between observations and models was strengthened by a new 

NCAR facility to promote data assimilation—the ability to inject an 

ever-increasing amount of data from satellites, observing stations, 

and other tools into model-generated weather forecasts and climate 

projections. n Models themselves continued to grow in power and 

complexity. El Niño and La Niña were depicted with new clarity by 

the Community Climate System Model, for example, and the mul-

tiagency Weather Research and Forecasting model blossomed into 

the world’s leading forecast tool of its type. n Even as electronic con-

ferencing blossomed, NCAR remained a prime meeting ground for 

university and laboratory researchers. That role was advanced with 

the opening of Center Green, UCAR’s third major campus, and its 

400-person meeting space. A new hangar housed the NSF/NCAR 

G-V aircraft (see left), and NCAR’s atmospheric chemists gained 

state-of-the-art labs in 2006. These facilities were complemented by 

innovative programs that brought a diversity of groups to NCAR, in-

cluding early-career faculty and undergraduate leaders from UCAR 

member institutions. New visitors from community and tribal col-

leges further broadened the UCAR family.
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The Sun in full
You didn’t have to be a solar expert to see stunning beauty in the 
images that satellite-borne instruments sent to Earth in the 
late 1990s. The sophisticated new tools sampled the Sun’s 
electromagnetic energy at a variety of wavelengths, resolu-
tions, and intervals, producing data that were both visually 
compelling and rich in science-relevant detail.

Solar modelers at NCAR’s High Altitude Observatory 
(HAO), and their colleagues elsewhere, drew on these and 
other observations as they developed a new generation of 
models that aimed to simulate the Sun’s behavior in three 
dimensions. Modelers also made big strides in simulat-
ing the impact of solar magnetism on Earth’s atmosphere, 
where electrodynamics and thermodynamics mingle in 
complex ways.

The Sun’s coronal mass ejections, a topic of NCAR re-
search since the center’s earliest days (see page 11), remained 
front and center. A CME typically accelerates through the 
corona in only a few hours. If pointed at Earth, it can irradi-
ate astronauts, disable the circuitry in satellites, knock out 
surface power grids, degrade the accuracy of the Global Po-
sitioning System by up to a factor of five, and paint the high-
latitude sky with shimmering auroras.

Discovered by NASA’s pioneering Skylab satellite in 
1973, CMEs were soon linked to auroras and other Earth-
based impacts. Today, forecasts issued shortly after a CME 
emerges—based on reports from NCAR’s Mauna Loa Solar 
Observatory and elsewhere—provide warnings from hours 
to several days in advance of a potential geomagnetic storm. 
To provide even more lead time, scientists still need to learn 
more about how magnetic fields trigger CMEs and related 
coronal activity.

Starting in 1998, NASA’s TRACE satellite (Transition 
Region and Coronal Explorer) captured arching structures 
across tightly focused regions from the photosphere up 
through the corona (see image at top right). But the arches 
represented only a few of the corona’s intricately nested and 
evolving magnetic field lines. To better envision these multi-
layered structures, NCAR’s Sarah Gibson used visualization 
routines based on modeling by colleague Yuhong Fan to see 
how an idealized twisted tube of magnetic flux—a CME in 
the making—might appear in observations. 

By 2008, Gibson and Fan had demonstrated the impor-
tance of partially ejected “ropes” of flux for space weather 
predictions. “If we can figure out the science behind the 
eruptions, we’ll be in a much better position for making fu-
ture forecasts,” said Gibson.

Meanwhile, Mausumi Dikpati led development of a 
groundbreaking model that simulates the evolution of mag-
netic fields in the outer third of the Sun’s interior (the solar 
convection zone). With colleagues at NCAR and elsewhere, 
Dikpati showed that the duration of a solar cycle is probably 
determined by the strength of the Sun’s meridional flow, and 
that the combination of this flow and the lifting and twist-
ing of magnetic fields near the bottom of the convection 
zone generates the observed symmetry of the Sun’s global 
field with respect to the solar equator. The model provides a 
physical basis for projecting the nature of an upcoming cycle 
from the properties of previous cycles, as opposed to sta-
tistical models that emphasize correlations between cycles. 
“The results compare well with many features of actual solar 
cycles,” says Dikpati.

With an eye toward Earth impacts, NCAR partnered 
with several other institutions in 2002 to launch the NSF-
funded Center for Integrated Space Weather Modeling, 
based at Boston University. The center is building a com-
plete Sun-to-Earth model that could provide advance no-
tice of solar disturbances and their effects. Toward that end, 
NCAR produced the Coupled Magnetosphere Ionosphere 
Thermosphere model, which is used to investigate how geo-
space is affected by CMEs and other types of space weather. 
“Our model shows the importance of two-way interactions 
between the magnetosphere and ionosphere,” notes CMIT 
leader Michael Wiltberger. 

As NCAR’s solar modeling rose to new prominence in 
the 2000s, the center kept an eye on the actual Sun through 
its array of instruments at the Mauna Loa Solar Observatory 
(see page 12) and its involvement in satellite instruments, in-
cluding a spectropolarimeter developed by Bruce Lites and 
colleagues for Japan’s 2006 Hinode mission. From a space-
borne perch, the instrument—part of the Solar Optical Tele-
scope—measures magnetism on the solar surface over far 
lengthier periods than its Earth-bound predecessors could. 
“You really need long time sequences to follow the evolution 
of the magnetic fields responsible for heating the upper lay-
ers of the solar atmosphere and for variables that affect our 
climate,” said Lites.

With data and simulations now extending from the so-
lar interior to terra firma, the Earth-Sun system is ripe for 
multidisciplinary, boundary-crossing research, says NCAR 
deputy director and upper-atmosphere researcher Maura 
Hagan. As Hagan puts it: “I see the 21st century as the epoch 
of system science.”

*
#
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New data on solar events, 
such as this superprominence 

detected by a NASA satellite 
in 1999, are informing the 

creation of sophisticated  
solar models.

An NCAR-based team 
analyzing solar magnetism 
data from the Hinode 
satellite included (left 
to right) postdoctoral 
researchers Alfred de 
Wijn, Rebecca Elliott, 
and Masuhito Kubo and 
scientist Bruce Lites.

This 2003 visualization by Sarah 
Gibson, based on modeling from Yuhong 
Fan, shows areas likely to be heated 
during coronal eruptions (group of 
purple field lines), overlaid on other 
sample field lines from an emerging 
magnetic flux rope. Color contours at 
the lower boundary represent the normal 
magnetic field at the Sun’s surface.

An NCAR model of magnetic flux 
below the Sun’s surface shows the 

extended reach of flux transport 
during the solar cycle that ended 
in 2008 (right), compared to the 

previous cycle (left). The larger 
loop is believed to be related to the 

extended duration of the cycle.
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TODAYThe story of a slowed-down solar cycle

“The solar 
wind can hit 
Earth like a 
fire hose even 
when there are 
virtually no 
sunspots.”
—Sarah Gibson, NCAR

L ike an actor missing his 
cue, Solar Cycle 24 made 
more than a few people 
nervous. in 2006, many 

solar scientists expected the 
now-unfolding cycle to rise 
toward a peak sometime in 
2011 or 2012. But the cycle 
didn’t officially start until 
2008, according to NASA, and 
activity remained at very low 
levels into 2010, pushing the 
expected peak to at least 2013. 

the cycle’s delayed 
onset came as no surprise 
to NCAR’s Mausumi Dikpati. 
in 2004, using a model of 
processes within the solar 
convection zone (see page 
56), Dikpati and colleagues 
were the only solar scientists 
to successfully predict the 
protracted solar minimum. 
improved observations of 
flow below the Sun’s surface 
have led to further insight. in 
a 2010 paper, the NCAR team 
showed that the duration of 
the minimum is linked to the 
span of the conveyor belt that 
transports magnetic flux away 
from the Sun’s equator (see 
graphic, page 57). When the 
conveyor extends all the way 
to the Sun’s pole, as it did 
in Solar Cycle 23, Dikpati’s 
model produces a longer-
duration cycle. 

the prolonged quiet 
spell was a treasure trove for 
those studying the Sun and 
its interactions with Earth. 
the solar minimum set space-
age record lows for sunspot 
activity (the least observed 
since 1913), extreme ultraviolet 
radiation, and the magnetic 
field produced by the solar 
wind. Cosmic rays, partially 
blocked from reaching Earth 
by solar activity, hit a record 
high in mid-2009. And Earth’s 
thermosphere chilled to record 
cold temperatures, with its 
density reduced by about 30% 
at a height of 400 kilometers 
(250 miles), according to 
NCAR’s Stan Solomon. the 
weakened solar influence also 
allowed more subtle features 
to become evident, such as 
the imprint of tropical cloud 
systems pushed upward 
by atmospheric tides into  
the thermosphere and 
ionosphere.

two special observing 
periods—the Whole Sun 
Month in 1996 and the Whole 
Heliosphere interval (WHi) in 
early 2008—revealed much 
about what happens when the 
Sun temporarily powers down. 
“We’ve learned that what 
we think of as the quiet Sun 
can change from one cycle 

to the next in ways that alter 
space weather disturbances 
and their effects at Earth,” 
said Janet Kozyra (University 
of Michigan). However, she 
added, “We don’t yet know 
why these differences in 
the quiet Sun occur or how to 
predict them.”

While the intense solar 
storms produced by coronal 
mass ejections (CMEs) are 
least likely to occur during 
solar minima, the Sun tends 
to unleash another form of 
magnetic havoc just as it’s 
moving into a new minimum. 
Working with Kozyra, NCAR’s 
Giuliana de toma and Barbara 
Emery, and several other 
colleagues, NCAR’s Sarah 
Gibson used WHi data to 
analyze streams of charged 
particles shooting toward 
Earth from “holes” in the solar 
corona’s magnetic field at low 
latitudes. 

Although these low-
latitude streams are more 
dilute than the bursts of 
magnetism and plasma found 
in a CME, they can last several 
times longer: up to 7–10 days. 
As a result, the collective 
energy they send Earth over 
a year’s time can rival that 
delivered by CMEs during a 
year of solar maximum.

When the solar cycle was 
at a minimum level in 1996, 
the Sun sprayed Earth with 

relatively few, weak high-
speed streams containing 
turbulent magnetic fields 

(left). In contrast, the Sun 
bombarded Earth with 

stronger and longer-lasting 
streams in 2008 (right) even 

though the solar cycle was 
again at minimum. 
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Climate change where we live
Whether or not they could be definitively linked to a changing 
climate, weather crises in the first years of the 2000s added 
regional exclamation points to the global possibilities raised 
by modeling and theory. A relentless 2003 heat wave in nor-
mally temperate Europe took tens of thousands of lives. Hur-
ricane after hurricane battered the U.S. coast, with Katrina 
the worst of a bad bunch. And the Arctic Ocean’s year-round 
coating of sea ice showed new fragility, accenting the poten-
tial for ice-free summer conditions that could arrive sooner 
than almost anyone had expected.

Society’s hunger for region-by-region projections of 
global warming’s impact pushed the climate research com-
munity into new territory. At NCAR, two projects were 
among many worldwide that worked with both global and 
regional models, trying to gain much-needed detail using 
computers and code already available.

The multiagency North American Regional Climate 
Change Assessment Program (NARCCAP) drew on an inter-
national array of four global and six regional models, includ-
ing the Community Climate System Model (CCSM) and a 
research-oriented version of the Weather Research and Fore-
casting model (WRF). Investigators hailed from universities 
and national laboratories across the United States, Canada, 
Italy, and the United Kingdom. In one NARCCAP phase, re-
gional climate models picked up where the four global mod-
els left off, providing finer-scale detail on precipitation and 
other variables for the periods 1971–2000 and 2040–2070.

“This is the largest and most complex regional modeling 
activity ever created in the United States in support of climate 
assessment,” says project director Linda Mearns (NCAR). 
The program’s value, she adds, lies in using multiple global 
and regional models to more fully explore the uncertainties 
of regional climate change: “The multimodel approach is 
crucial.” The U.S. Environmental Protection Program is us-
ing NARCCAP scenarios for its water quality program, and 
other U.S. agencies are expected to follow suit.

What about running a global and a regional model at 
the same time, in order to understand and improve the treat-
ment of fine-scale processes? That’s the strategy behind the 
Nested Regional Climate Model, led by NCAR’s James Hur-
rell and Greg Holland. The NRCM brought together WRF 
and the high-resolution Regional Ocean Modeling System 
(which originated at Rutgers University) within the CCSM.

Through a special allocation of NCAR supercomputing 
time, the NRCM team simulated the periods 1995–2005, 
2020–2030, and 2040–55 at resolutions reaching as fine a 
scale as 4 kilometers (2.5 miles) for specific cases and ar-

eas. When it zoomed into the genesis areas for Atlantic hur-
ricanes, NRCM output hinted at the possibility of tropical 
cyclones by the 2050s that could be, on average, smaller but 
stronger and longer lasting.

Much of the NRCM’s support is drawn from the insur-
ance industry through the Willis Research Network, and 
from the U.S. Department of Energy and the offshore oil in-
dustry through the Research Partnership to Secure Energy 
for America. Both sets of users are interested in how hur-
ricane tracks and intensities might evolve in a changing cli-
mate. Other NRCM projects will examine climate in the U.S. 
Midwest and Intermountain West as well as in Antarctica. 

By decade’s end, the demand for locally relevant climate 
guidance had spurred NCAR to create a unit aimed at pro-
ducing it. The Climate Science and Applications Program 
emerged from the Research Applications Laboratory, the 
same NCAR unit that, for years, had crafted specialized 
weather forecasting tools for aviation, transportation, and 
other high-value needs.

“After the IPCC report in 2007, many people’s interest 
went from, Is climate change happening? to What will be 
the impacts?” says the program’s director, Lawrence Buja. 
Adhering to NCAR founder Walt Roberts’s precept that 
science should serve society, this new group was using GIS-
based tools to make climate model output more accessible to 
broader groups, including water utilities. They also aimed to 
complement the work of NOAA’s National Climate Service, 
which was officially proposed in 2010.

In a simulation of hurricanes for the decade 2045–2055, 
the NRCM produced realistic depictions, such as this one of a 
major hurricane striking the central Gulf Coast (not a literal 
forecast of any particular hurricane).

*
#
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TODAYScenarios and pathways: Mapping the route to tomorrow’s climate

“This 
collaboration 
is leading 
us down 
new paths 
of scientific 
and human 
understanding 
of the Earth 
system.”
—Kathy Hibbard,  
Pacific Northwest  
National Laboratory

I t’s not just a number—it’s 
how we reach it.” that was 
the pithy summation of 
Anand Patwardhan (indian 

institute of technology) at an 
event sponsored by NCAR in 
Copenhagen, Denmark, during 
the 2009 United Nations 
climate summit.

Patwardhan referred to 
the growing realization that 
setting a single target for 
global emissions or carbon 
dioxide concentrations 
wasn’t enough, just as 
knowing your destination on 
a road trip doesn’t tell you 
how the journey will unfold. 
Researchers at NCAR and 
elsewhere are paying closer 
attention to the possible 
paths by which greenhouse 
gases might accumulate over 
coming decades. 

Since the earliest days of 
the intergovernmental Panel 
on Climate Change, the iPCC 
has relied on “scenarios”—
plausible depictions of how 
greenhouse gases might 
change in the future, based on 
assumptions about population, 
development, and other 
human variables. in turn, 
climate models depicted how 
the atmosphere would respond 
to any given scenario. A set 
of four scenarios, including 
“business as usual” (no policy 
intervention), were laid out 
in 1990; these were joined 
in 2000 by a larger, more 
varied set. But the steps 
required to get from scenario 
to model meant that not all 
scenarios were used by climate 
models for the iPCC’s 2007 
assessment. Moreover, none of 
the scenarios considered what 
might happen if society began 
to reduce emissions.

Now a third set of 
scenarios is in the works—this 
time produced in tandem with 
climate modeling through a 
new parallel approach. One 
critical early step in designing 
the next round of modeling was 
a 2006 workshop coordinated 
by NCAR’s Kathy Hibbard (now 
at Pacific Northwest National 
Laboratory) and Gerald 
Meehl. three communities 
of researchers—one 
focused on integrated 
assessment; another on 
impacts, adaptation, and 
vulnerability; and a third on 
global climate models—have 
begun identifying a family of 
scenarios consistent with four 
representative concentration 
pathways (RCPs) for 
greenhouse gases. 

Meanwhile, in early 
2010, climate modelers 
began simulations based 
on each RCP. through this 
simultaneous work, both the 
RCPs and scenarios will inform 

the fifth iPCC assessment 
report, scheduled for release in 
2013–14. 

“the RCPs provide a 
starting point for new and 
wide-ranging research,” noted 
Richard Moss (Joint Global 
Change Research institute) in a 
2010 Nature overview cowritten 
by Hibbard and Meehl.

Even before the new RCPs 
were available, researchers 
were learning more about the 
importance of the emissions 
journey versus the destination. 
in a 2010 study published in 
Proceedings of the National 
Academy of Sciences, NCAR’s 
Brian O’Neill and coauthors 
found that a year-2050 
emissions goal is critical 
to ensure that a year-2100 
target remains within reach. 
As O’Neill observed, “Setting 
mid-century targets can help 
preserve long-term policy 
options while managing the 
risks and costs that come with 
long-term goals.”

The breakneck growth in greenhouse gas emissions from China 
is just one of many variables that scenario planners consider in 
portraying possible 21st-century futures.
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Predicting the world’s weather
Can a single family of models simulate the weather for Manhat-
tan, Malaysia, and Mars? Thanks to a successful interagency 
collaboration, the answer is “yes.” Barely a decade old, the 
Weather Research and Forecasting model (WRF, pronounced 
“warf ”) is already the world’s most popular tool for predicting 
whether the next several days will be sunny, soggy, or snowy. 
Operational versions of WRF are used by the meteorologi-
cal services of nations across the globe, and the model serves 
as the cornerstone of one- to three-day forecasts issued by  
NOAA’s National Weather Service.

The WRF framework not only provides a foundation for 
the weather forecasts on which millions rely; it also supports a 
vast amount of atmospheric research. More than 13,000 scien-
tists in some 130 countries and 200 U.S. universities now use 
WRF. Among those users, more than 90% are employing the 
Advanced Research WRF (ARW), maintained by NCAR.

“The WRF development project is the first time re-
searchers and operational scientists have come together in 
a project of this magnitude,” says Louis Uccellini, director 
of NOAA’s National Centers for Environmental Prediction 
(NCEP). Along with NCAR and NOAA, other partners in 
this vast effort have included the Air Force Weather Agency 
(AFWA), Naval Research Laboratory and Army Research 
Laboratory, Federal Aviation Administration, University of 
Oklahoma, and more than 150 other universities, laborato-
ries, and agencies from across the nation and beyond.

WRF’s hybrid nature arose from a longstanding di-
lemma. From the 1950s onward, both researchers and 
forecasters increasingly relied on numerical weather predic-
tion models, but the two groups rarely used the same ones. 
Those who predicted the weather for a living insisted on 
stable, thoroughly tested software, while those who studied 
the atmosphere often built more complex, research-oriented 
models—tools that might yield invaluable insight on atmo-
spheric features but that weren’t necessarily designed with 
day-to-day forecasting in mind.

Both paths were valuable and fruitful, yet some wondered 
whether a joint approach might offer even greater benefits. In 
1996, a program reviewer asked NCAR’s Ying-Hwa “Bill” 
Kuo and Robert Gall how much of an impact the center’s 
community-oriented modeling had on operational forecast-
ing. “We said, ‘It’s close to zero,’” Kuo later recalled. “But we 
agreed that NCAR’s work should benefit society.” 

Shortly afterward, Kuo and Gall met with Geoff DiMego 
(NCEP) to lay the groundwork for the multiagency collabo-
ration that led to WRF. By 2001, a beta-test version was issu-
ing daily forecasts with solid results.

From the common seeds of WRF’s overall structure, a 
number of variations emerged, including two major dynami-
cal cores that share physics routines and a software frame-
work. In 2006 NOAA and AFWA adopted operational ver-
sions of the model after meticulous testing. “An operational 
system must be reliable and accurate every day over the full 
range of highly varied conditions that the atmosphere pro-
duces over a number of years,” says WRF program coordina-
tor Nelson Seaman (Pennsylvania State University).

Meanwhile, the research-oriented ARW cultivated by 
NCAR and its university collaborators made headway on 
some of the atmosphere’s most intractable problems. Start-
ing in 2003, NCAR used ARW to generate daily forecasts 
of convection across much of the central and eastern United 
States. It was the first time software had modeled individual 
showers and thunderstorms in real time over such a large 
area. Thanks to such testing, forecasters now have a stron-
ger sense of what form severe weather is likely to take over 
a day’s time—a tornadic supercell, a squall line, a prolonged 
rainstorm, or something else. 

Both NOAA and NCAR now run WRF variants attuned 
to depicting tropical cyclones. In research mode, NCAR 
scientists have drilled down to resolutions as tight as half a 
city block (62 meters/200 feet), which proved enough to cap-
ture turbulent eddies that can disperse a hurricane’s energy. 
NOAA has linked its Hurricane WRF to an ocean model 
from the University of Miami and will add a storm surge 
model to the mix. “We’re building this system component 
by component to address the complete problem of coastal 
inundation,” says NOAA’s Naomi Surgi.

WRF’s twin missions of prediction and research are 
tightly coupled at the Developmental Testbed Center, housed 
in Boulder and led by Kuo with several deputy directors, in-
cluding Steven Koch (NOAA) and Barbara Brown (NCAR). 
Dedicated computing power allows new code to be tested for 
as long as several months. “The DTC is one of the shining 
examples of NCAR and NOAA working together,” said Kuo.

In keeping with its decades-long tradition of training 
and user support for community models, NCAR sponsors 
several WRF workshops and tutorials each year at sites rang-
ing from Boulder to Korea and England. “People keep ask-
ing for more,” says NCAR’s Joseph Klemp. Online resources 
help meet the growing demand. In 2010, NCAR and NOAA 
teamed for a workshop and tutorial on the two hurricane-
oriented variations of WRF. And WRF offshoots continue to 
blossom—including one designed at the California Institute 
of Technology to simulate the weather on Mars.

*
#
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In this 2005 photo, NCAR’s 
Jordan Powers, Wei Wang, 
and Joseph Klemp examine 
WRF output.

WRF’s depiction of showers and thunderstorms (left) often 
closely matches the character of the resulting convection, 
as in this example from 23 June 2003 of a squall line 
correctly pegged by WRF 30 hours in advance (right).

Leaders of the Developmental Testbed Center, which 
facilitates the creation of new WRF variants, include 
Steven Koch (NOAA) and national director Ying-Hwa 
“Bill” Kuo (NCAR).

WRF data have been analyzed in countless ways, from 
a high-resolution illustration of water vapor coursing 
through the tropics (left) to a 2002 three-dimensional 
depiction of U.S. weather (right).
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TODAYDART’s target: Infusing models with data

“I really  
appreciate the 
excellent user 
support and 
extensive doc-
umentation.”
—Ryan Torn,  
University at Albany,  
State University of New York

S atellites, radars, and 
other observing tools 
generate a smorgasbord 
of atmospheric data 

each day. this bounty could 
greatly improve weather 
forecasts and climate 
projections. However, some 
types of data can’t be readily 
assimilated by a given 
computer model, just as the 
most ample, delicious meal 
might not go down easily for 
everyone.

NCAR’s Data Assimilation 
Research testbed (DARt) is 
smoothing the way for models 
to ingest the data they need 
to thrive. Prior to DARt, most 
assimilation activities were 
tailored for specific models 
and observing systems—
typically an exhaustive, 
time-consuming process. in 
contrast, the open-source 
DARt employs a modular 
approach: a fixed core is 
paired with ready-to-use 
interfaces for a wide variety of 
computing platforms, models, 
and data types.  

“One version of DARt 
works for everything,” says 
testbed director Jeffrey 
Anderson. He and colleagues 
launched DARt in 2002 
while Anderson was a 
visiting scientist from NOAA 
specializing in software for 
ocean-atmosphere modeling. 
“i got interested in ensemble 
data assimilation while trying 
to do seasonal predictions. 
Ensembles were quite 
important, but nobody was 
quite sure how to get initial 
conditions for them.”

At the heart of the DARt 
approach is an ensemble 
Kalman filter, which nudges 

the initial conditions of 
models toward a state more 
consistent with observations. 
Along with helping to bring 
data into the starting point of 
a forecast, DARt techniques 
can also be used to reanalyze 
past states of the atmosphere 
and to estimate the value of a 
given observing technique.

Students often get their 
first taste of data assimilation 
using DARt on simple models 
developed in the 1960s. NCAR 
collaborators have produced 
interfaces that allow DARt to 
work with a regional air quality 
model (University of Chicago) 
and an ocean prediction 
model (Scripps institution 
of Oceanography), among 
many others. DARt’s team 
of modelers and software 
engineers is also reaching out 
beyond atmospheric science 
to other disciplines, including 
geology and economics. 
“Lots of people outside the 

traditional UCAR community 
are using the testbed,” 
Anderson says.

At the Naval Postgraduate 
School, Joshua Hacker 
used DARt with a simplified 
version of WRF in order to 
identify systematic errors 
in the model’s portrayal of 
conditions near the surface 
conditions. “Because DARt 
can be easily tuned to 
give good results, several 
comparison experiments could 
be completed and analyzed 
quickly,” says Hacker.  

Ryan torn (University at 
Albany, State University of 
New york) has been exploring 
how best to initialize WRF 
hurricane forecasts. “All of my 
recent research is based on 
the DARt system,” he says. 
“it allows me to focus my 
efforts on the basic science 
components of my research, 
rather than on maintaining 
and expanding code.”

With the help of DART, researchers can more easily produce ensembles that show the range of 
possible atmospheric variations, such as this set of 20 depictions of mid-level flow from a six-hour 
forecast using the Community Atmospheric Model.
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Virtually there
For NCAR’s Don Middleton, the uneasy days after 9/11 shed 
unexpected light on the transformative power of global 
connectivity. Middleton had been scheduled to attend a 
meeting on advanced collaboratories in Italy, but the event 
was cancelled. Instead, participants met virtually on an In-
ternet-based platform called the AccessGrid, developed at 
Argonne National Laboratory, that allows dozens of people 
to see, hear, and interact with each other. “It was amazing,” 
recalled Middleton.

The Vislab is NCAR’s Visualization Lab, completely 
remodeled in 2001. At its heart is a projection screen that 
stretches roughly 12 feet wide and 7 feet high. The big 
screen allows scientists to don 3-D glasses and scrutinize 
NCAR-produced vi-
sualizations of hurri-
canes, solar magnetic 
eruptions, and many 
other phenomena, all 
in illuminating detail.

  With the help of 
the AccessGrid, which 
includes dozens of 
UCAR member insti-
tutions among its 300-
plus global nodes, the 
Vislab can host work-
shops, tutorials, and 
other meetings involv-
ing participants from 
around the world. Ac-
cording to Middleton, “There’s a strong sense of presence—
and that translates to real, meaningful interactions.” 

AccessGrid meetings are just one of many ways in which 
UCAR and NCAR are using networked technology and dis-
tance learning to extend their reach. In 2009 the Vislab added 
h.323, a high-definition videoconferencing system that serves 
key UCAR members outside the AccessGrid. Elsewhere 
around the institution, more than 300 videoconferences took 
place in 2009, including a record seven in one day.

Many UCAR/NCAR-sponsored events stream live 
on the Internet as they unfold, and a Web archive includes 
hundreds of past seminars. Along with boosting university 
relations, 21st-century connectivity is also bringing NCAR 
science to new audiences, such as the 200-plus middle and 
high school science teachers who have taken part in Climate 
Discovery, a series of three six-week online courses. 

Thousands of educators and students benefit from the 
National Science Digital Library, whose NSDL Resource 
Center is based at UCAR. Along with generating crucial 
metadata on science-related websites, the NSF-funded proj-
ect is building “trust networks” of allied users who help each 
other locate and build online resources. “We’ve developed 
a very robust community over the years. In many ways, this 
is the heart of NSDL,” says Susan Van Gundy, the library’s 
director of education and outreach. UCAR also played a lead 
role in developing the Digital Library for Earth System Edu-
cation (DLESE), which includes more than 13,000 online 
resources. In 2009 NCAR became the first federally funded 
research center to adopt an open access policy, extending the 

reach of its scientists’ 
publications.

The Web has revo-
lutionized the work of 
UCAR’s Cooperative 
Program for Opera-
tional Meteorology, Ed-
ucation and Training 
(COMET). Founded 
in 1990 to train civilian 
and military forecast-
ers, COMET grappled 
at first with the limits of 
technology. Residence 
courses were a success, 
but computer-based 
learning modules dis-

tributed on laser disc and CD-ROM were “expensive and 
not very flexible,” says COMET director Timothy Spangler. 
“University and international use was very low.”

Starting in 2000, Flash software allowed COMET to 
place its modules on the Web. Now offered free to all inter-
ested parties through COMET’s MetEd website, the wide-
ranging modules are a smash hit. More than 50,000 students 
from more than 1,000 colleges and universities have enrolled 
in COMET’s online courses, and some 45,000 people from 
nearly every country have used the modules, which are highly 
adaptable. For example, Australia’s Bureau of Meteorology 
Training Centre combines material from the modules with lo-
cal cases, and the center has teamed with COMET to produce 
Australia-specific content. “We greatly appreciate the mate-
rial that COMET provides to the international meteorological 
training community,” says the center’s Roger Deslandes.

SNAPSHOTS

Output from global modeling looms large in the NCAR Vislab.

*
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TODAY
“The students 
will address 
real-world 
problems 
related to 
climate.”
—Donna Charlevoix, 
UCAR

Climate as a teaching opportunity

B eginning in September 
2011, tens of thousands 
of students across 
the planet will be 

investigating climate—and 
sharing their findings with 
each other virtually—through 
the GLOBE Student Climate 
Research Campaign (SCRC). 
it’s one of the most ambitious 
projects to date undertaken 
by the Global Learning and 
Observations to Benefit 
the Environment program. 
Founded in 1994, GLOBE 
has been managed by UCAR 
since 2003, with support from 
NASA, NOAA, NSF, and the 
U.S. Department of State.

the ever-expanding 
reach of the internet makes a 
worldwide climate inquiry by 
students more feasible than 
ever. the program already 
entrains more than 100,000 
K–12 students in over 110 
nations who take regular 
scientific measurements of the 
environment at their schools 
and at research sites. “We 
have members of the GLOBE 
community who ride their 
bicycles a half hour to the 
nearest internet café to upload 
their GLOBE data,” says Eric 
Carpenter, one of the lead 
members of the SCRC team.

With climate a topic of 
keen international interest, 
Carpenter and his colleagues 
are developing the year-plus 
SCRC as a way to not only 
engage students but also 
collect data that could prove 
useful to scientists—for 
example, in verifying site-
specific observations gathered 
via satellites such as NASA’s 
CloudSat. the core goal, 

however, is helping students 
to better understand climate’s 
connection to the areas where 
they live. 

“Every classroom will 
have an opportunity to look at 
the relationship between their 
community and their climate,” 
says GLOBE assistant director 
Donna Charlevoix, who joined 
GLOBE from the University of 
illinois at Urbana-Champaign. 
the campaign’s participants 
and their findings will 
be connected in several 
climate-relevant ways. Data 
from locations along a 
common latitude—say, from 
Argentina, South Africa, and 
Australia—could be compared 
and contrasted. Other key 
variables will include elevation 
and water availability. 

the SCRC won’t have to 
start from scratch: GLOBE 
has years of environmental 
investigations by students 
and teachers and numerous 
learning activities on which to 
draw. GLOBE’s Seasons and 
Biomes Project already helps 

students gather and interpret 
data on local ecosystems. 
“Now they’re going to use the 
data to examine the factors 
that influence their climate,” 
notes Carpenter. Another 
focal point, he says, will be 
carbon and energy: “imagine 
students around the world 
measuring and calculating the 
carbon content of trees near 
their schools.”

through online 
communication tools, SCRC 
students and educators will be 
encouraged to build on input 
from climate science experts 
in their regions and around 
the world. “it is designed 
to be a community-driven 
campaign,” says Charlevoix. 
According to GLOBE director 
Edward Geary, “We provide 
the basic infrastructure that 
makes GLOBE happen, and 
our worldwide community of 
schools runs 
with it.”

Joining peers around the  
world, students in southern 
Thailand measure 
precipitation as part of 
a GLOBE Program 
activity.
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Reflections from our community

Happy 50th anniversary! UCAR and NCAR have grown and 
matured in so many ways, keeping pace as the world around 
them has also changed. Over the last half century, we’ve 
watched environmental issues evolve from local foci to re-
gional and global expanses. What once seemed inconceiv-
able—that humans could impact the global cycles of water, 
nitrogen, carbon, and sulfur— has now become well-estab-
lished. The issues identified as most worrisome on the first 
Earth Day in 1970 did not yet include acid rain, ozone deple-
tion, and climate change.

In 1985, when UCAR turned 25, it stepped up and em-
braced global change as a major challenge—an early adopter! 
The Office of Interdisciplinary Earth Studies was created, 
headed by Jack Eddy, “to bring the atmospheric sciences and 
other relevant disciplines together to study Earth’s living and 
inanimate elements as a single system.”

In stride with need, models were transformed from in-
corporating just the atmosphere to atmosphere-plus-ocean 
to atmosphere-plus-ocean-plus-land-plus-plants. Very ro-
bust work on geochemistry has enabled the inclusion of the 
carbon cycle into the Community Climate System Model. 
As well, NCAR has been able to use the growing base of 
observations to diagnose and evaluate the performance of 
models on an ongoing basis. Advancement of science, it-
erative review, development of new tools, and partnerships 
have been key to achieving UCAR’s mission—to “foster the 
transfer of knowledge and technology for the betterment of 
life on Earth.”

Crucially, there was early recognition of the importance 
of evaluating the “so what?” question: what does climate 
change mean for people and ecosystems in their place? The 
work on ecological and socioeconomic impacts pioneered 
from the 1970s onward by Michael Glantz through NCAR’s 
Environmental and Societal Impacts Group, and now be-
ing carried on through the Integrated Science Program, is 
more important than ever. Evaluating vulnerability, adaptive 
capacity, and developing integrated assessment models at 
appropriate spatial and temporal scales in order to protect 

people and communities 
is vital. It was no accident 
that John Holdren, assis-
tant to the U.S. president 
for science and technology, 
asked UCAR and NCAR 
to sponsor and co-chair the 
National Summit on Cli-
mate Change Adaptation in 
May 2010. UCAR has the 
partners and the experience 
to lead the nation and the 
world in coping with cli-
mate change. 

At the summit, we heard 
that cities, states, planners, and managers need several things, 
including reliable and frequently updated information from 
regional climate models, iterative assessments to inform their 
adaptation strategies, a clearing house for best practices so 
communities can learn from each other, and advice on what 
outcomes and impacts should be measured. 

UCAR, as part of our national science enterprise and ac-
countable to the public, must play a lead role in answering 
these needs. We must also conduct research to identify the 
best way to communicate environmental information to dif-
ferent kinds of audiences and to facilitate the engagement of 
an environmentally literate populace in evaluating responses 
to a myriad of environmental indignities in concert with cli-
mate change. We need to enable the next generation of in-
terdisciplinary environmental leaders to tackle increasingly 
complex and interrelated environmental problems, and to 
“foresee and forestall,” as Einstein warned, those problems 
that are yet unrecognized. 

UCAR’s role in global change is multifaceted, but the 
mission for the next 50 years is clear. Going forward, UCAR 
must be a leader in helping society learn how to avoid the 
unmanageable and to manage the unavoidable—before we 
reach UCAR’s centennial! 

Rosina Bierbaum is dean 
of the School of Natural 
Resources and Environment 
at the University of 
Michigan.

For more on NCAR and UCAR’s 50th anniversary, please see UCAR@50 online:

www.ucar.edu/ucarat50
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It was 1989 when Russ De- 
Souza of Millersville Univer-
sity approached Rick Anthes 
with the idea of creating a 
means by which non–PhD–
granting colleges and uni-
versities could have greater 
interaction with UCAR.  
Anthes and many of the 
member institutions promot-
ed the concept, and in 1991 
the UCAR Academic Affili-
ates Program was founded 
with the election of the first 
five institutions. Today the AAP comprises 24 institutions, 
each contributing to UCAR’s vibrancy, diversity, strength, and 
inclusiveness and broadening its representativeness across the 
weather and climate enterprise.

The relationship between AAP members and regular 
member institutions is assuredly a two-way street. While AAP 
members benefit as stakeholders in a larger community and 
are better able to keep their fingers on the pulse of strategic di-
rections in the discipline, UCAR gains a broader perspective; 
input into strategies that affect the whole community; outspo-
ken advocacy on the part of faculty, students, and administra-
tors heretofore underrepresented in the community dialogue; 
and colleagues in the research and education arenas. AAP 
members serve UCAR as equals on key governance commit-
tees, play pivotal roles in UCAR Community Programs, and 
participate in strategic planning. 

This 50th anniversary celebrates not only the illustrious 
history, visionary prescience, and world-class achievements of 
UCAR/NCAR/UCP, but their ability to embrace new ideas, 
transdisciplinary challenges, and an expanding institutional 
culture. As the AAP approaches its second decade as an in-
tegral part of this culture, we are grateful for the opportunity 
to participate in this unique experiment and proud to have 
contributed to it. As we peer into the haze of the next 50 years, 
we find ourselves facing complex problems on a global scale, 
many that cross boundaries of every sort and even threaten 
our planet’s health. UCAR is uniquely poised to address these 
challenges and to offer holistic solutions that encompass the 
gamut from science to socioeconomic impacts. 

We are stronger because we press forward together as a 
community and an enterprise with a cogent strategy drawn 
from many voices. Happy 50th Anniversary to all. 

After finding out in a sum-
mer internship that I 
wasn’t cut out to be a law-
yer, in my sophomore year 
at Penn State I made the 
decision to change my ma-
jor from pre-law to meteo-
rology. I had been fascinat-
ed by everything weather 
since I was a child growing 
up in Oklahoma, but I was 
totally clueless about what 
a career in atmospheric 
science was about. 
 The guidance counsel-
or advised me to look into SOARS, a new summer intern-
ship program offered through UCAR (see page 52). It was 
probably some of the best advice I ever received—and it 
changed my life!

Within the scope of a summer internship, SOARS 
protégés participate in cutting-edge research facilitated 
by a team mentoring approach. They also participate in 
community and career-building activities. Since its incep-
tion in 1996, when I was one of the first protégés, over 
100 have participated. Much credit is owed to visionary 
program leaders in those first years, in particular Thomas 
Windham.

Beyond the many formal awards the program has received 
and its role as inspiration for programs at other institutions, 
I think the success of SOARS is best judged by the career 
trajectories of its alumni. Many are now budding young sci-
entists in their own right at research institutions and univer-
sities. I am honored to be the one of the first SOARS proté-
gés to achieve an academic faculty position. I not only hope 
that my research to improve seasonal forecasts and climate 
change projections may serve society, but also that I may have 
the opportunity to broaden participation in atmospheric sci-
ence, particularly among Hispanics. Given the current chal-
lenges of environmental change and socioeconomic inequal-
ity, Arizona is certainly in urgent need of both. 

On its 50th anniversary, UCAR should be very proud 
of SOARS. By developing a new generation of scientific 
leaders, it helps continue to prove an enduring truth in the 
American story—that the diversity of our nation is one of our 
greatest strengths and not a weakness. May we continue to 
take advantage of it!

Richard Clark is chair of 
the Department of Earth 
Sciences at Millersville 
University.

Christopher Castro is an 
assistant professor in the 
Department of Atmospheric 
Sciences at the University of 
Arizona.

For more on NCAR and UCAR’s 50th anniversary, please see UCAR@50 online:
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For Walter Orr Roberts, it was all about “science in service to 
society.” And without a doubt, NCAR has been faithful to 
that mission since its inception—an inception that dates back 
half a century to the postwar halcyon days of American sci-
ence and technology. Initially, service meant providing the 
university community (the U in UCAR) with access to the 
frontiers of high-performance computing. This was a novel 
resource at the time. It was also a necessary prerequisite for 
the success of numerical weather prediction. Later, society 
was served by the superb operational forecast products and 
services that emerged from these endeavors. It was, and is 
still, an endless journey. In 1960, NCAR and the universities 
took those first tentative steps together.

For me, NCAR has always been about a non-negotiable, 
and at times even zealous, commitment to excellence: excel-
lence in the caliber and capabilities of the people it has at-
tracted to carry its standard; excellence in the outcomes and 
impacts of the innovative programs it has pioneered; and 
excellence in the example of scientific integrity it set for it-
self and, through its pervasive influence, for the entire atmo-
spheric and related sciences enterprise.

If my 23-year NCAR experience (1983–2006) could 
be captured in a single word, that word would be passion. 
I witnessed the passion for excellence in every person I en-
countered. It is true that their passion took many different 
forms, and it often emerged at the most unexpected times or 
under the most curious of circumstances. Our middle-aged 
NCAR remains young at heart because of its passion for part-
nerships: the truly astonishing number and variety of visitors 
that have stopped by for a day, tarried for a week, or lingered 
for the greater parts of their careers has enriched the NCAR 
experience in ways that Walt Roberts probably could not 
have anticipated.

The world-renowned Advanced Study Program is the 
jewel in the NCAR crown. ASP alumni constitute a veritable 
who’s-who of international science. Today they hold key lead-
ership roles ranging from research and teaching clear across 
the spectrum to policy and administration. Phil Thompson 
took this ostensibly simple concept of an academy of young 
(and old!) scholars within NCAR and molded it into the 
most powerful instrument of enlightenment and camaraderie 

that our discipline has 
known. The ASP expe-
rience exposed gradu-
ate students and freshly 
minted postdocs to 
the intellectual giants 
of their times. Young 
minds were entrained 
in the eddies of knowl-
edge and personal 
gravitas that these bof-
fins left in their wakes. 
Captured by these al-
luring vortices of atmospheric intrigue and climatic quandary, 
the best and the brightest surrendered to what Jacques Barzun 
has aptly called the “glorious entertainment” of (atmospheric) 
science. ASP alone has provided a hundred-fold return on 
Alan Waterman’s initial investment in what was to be called the 
National Institute for Atmospheric Research (NIAR or RAIN 
in reverse!). Would an NSF director be permitted to make a 
comparable investment today? I think not.

Although much has changed since 1960, NCAR remains 
as vibrant and current as when it opened its first office in the 
old Armory Building on University Avenue, across from 
the verdant University of Colorado campus. Over these in-
tervening 50 years we have progressed from slide rules to  
petascale cloud computing, from WATS lines to Twitter, 
from airmail to e-mail, from compasses to GPS, from the 
Cold War to global terrorism, and from unrestricted access to 
airport concourses to security screening queues (admittedly, 
there is some regress). Throughout this turmoil and (bound-
ary layer) turbulence, NCAR has continued to reinvent itself 
and to achieve the measure of change necessary to keep pace 
with the needs of its staff and the international community. 
Change is easy to embrace but difficult to achieve. Many or-
ganizations born in the 1950s and 1960s are no longer with 
us, or have been relegated to inconspicuous irrelevance.

But what has not changed about NCAR over these last 
50 years—and what will not change in the next 50—are its 
unflinching passion for excellence and its commitment to 
service. Happy birthday, NCAR!

Thomas Bogdan is director 
of the NOAA Space Weather 
Prediction Center.
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