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For much of the first half of the twentieth century, meteorology was 
more art than science, dependent on an individual forecaster’s 
lifetime of local experience. In Weather by the Numbers, Kristine 
Harper tells the story of the transformation of meteorology from a 

“guessing science” into a sophisticated scientific discipline based 
on physics and mathematics. What made this possible was the 
development of the electronic digital computer; earlier attempts at 
numerical weather prediction had foundered on the human inabil-
ity to solve nonlinear equations quickly enough for timely forecast-
ing. After World War II, the combination of an expanded observation 
network developed for military purposes, newly trained meteo-
rologists savvy about math and physics, and the nascent digital 
computer created a new way of approaching atmospheric theory 
and weather forecasting. 
 Harper examines the efforts of meteorologists to professionalize 
their discipline during the interwar years and the rapid expansion 
of personnel and observational assets during World War II. She de-
scribes how, by the 1950s, academic, Weather Bureau, and military 
meteorologists had moved atmospheric modeling from research 
subject to operational forecasting. Challenging previous accounts 
that give sole credit for the development of numerical weather 
prediction to digital computer inventor John von Neumann, Harper 
points to the crucial contributions of Carl-Gustav Rossby (founder 
of MIT’s meteorology program and a member of the “Scandinavian 
Tag Team”). This transformation of a discipline, Harper writes, was 
the most important intellectual achievement of twentieth-century 
meteorology, and paved the way for the growth of computer-assisted 
modeling in all the sciences.

meteorology/history of science

“Kristine C. Harper illuminates the ‘genesis’ of numerical weather 
prediction, its ‘exodus’ from Weather Bureau captivity, and its arrival 
at the edge of a digital ‘promised land.’  Her ordering and ‘numbering’ 
of the meteorological tribes is anchored in archival sources and 
enlivened by her sense of a good story.”
James R. Fleming, Department of Science, Technology, and Society, 
Colby College

“Between 1945 and 1965, digital computers revolutionized weather 
forecasting, transforming an intuitive art into the first computa-
tional science. Deeply researched and beautifully written, Weather 
by the Numbers delivers the definitive account of this exceedingly 
important story, filled with complex, well-drawn characters, politi-
cal maneuvers, risky physics, and creaky new technology.”
Paul N. Edwards, School of Information, University of Michigan

“Kristine Harper tells a great and important story in Weather by the 
Numbers, a story which should interest a wide range of intelligent 
readers, not just historians of science. People interested in the 
influence of scientists in national and international policy should 
read it. So should those interested in the fundamental changes that 
occurred in the 20th century between humanity and the planet.”
Gregory A. Good, Acting Chair, and Director of Graduate Studies
History Department, West Virginia University
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Introduction

Wednesday, 9 January 1946. As clouds fi lled the sky and rain began fall-
ing through the chilly morning air, a dozen meteorologists gathered in 
the US Weather Bureau’s castle-like headquarters, less than a mile from the 
White House. By 10:30 a.m., Chief of the Weather Bureau Francis Wilton 
Reichelderfer, top members of his staff, and several military meteorolo-
gists were huddled in a confi dential meeting with two eminent guests. One 
was John von Neumann, a brilliant mathematician from the Institute for 
Advanced Study in Princeton; the other was Vladimir Zworykin of RCA, 
inventor of the scanning television camera. The two visitors had come to 
Washington to discuss their “startling, but noteworthy proposal” to use von 
Neumann’s planned electronic digital computer to forecast, and ultimately 
to control, the weather.1

Although Reichelderfer, von Neumann, and Zworykin believed that 
their meeting was confi dential, the New York Times broke the story of this 
proposal two days later. At the time, it was overshadowed by the fi rst ses-
sion of the United Nations’ General Assembly and by a strike by New York’s 
Western Union employees, which crippled the city’s communications with 
the rest of the world. But for the meteorologists of America’s weather ser-
vices—indeed for the global community of meteorologists—it marked a 
crucial transition. Life in a discipline long maligned as a “guessing  science” 
(as Theodore von Kármán of the California Institute of Technology’s 
Guggenheim Aeronautical Laboratory had put it) was about to be trans-
formed in almost unimaginable ways.2

Meteorology has undergone signifi cant disciplinary changes in the past 
100 years. Early-twentieth-century meteorologists would be amazed by 
today’s practice of their science. Once an art that depended on an indi-
vidual forecaster’s lifetime of local experience, meteorology has become a 
sophisticated, theoretical atmospheric science. Its data—no longer limited to 
what can be transmitted over telegraph lines—travel over high-speed links 



from land-based observing stations and myriad remote sensing instruments 
around the world.

But data availability was not the sole, or even the primary, reason for the 
twentieth century’s meteorological advances. From the beginning of the 
century to the immediate post-World War II period, weather forecasters had 
increasingly large amounts of data landing on their desks via clattering tele-
types. But the human mind can successfully process only a limited amount 
of new information in a short period of time. Forecasters discarded extra 
data despite their potential usefulness to weather prediction. Dynamicists—
 students of atmospheric motion—could have used the data to solve their 
newly developed equations had they had months or years available for calcu-
lations. As British meteorologist Lewis Fry Richardson had determined during 
his famously abortive attempt at numerical weather prediction during World 
War I, “[64,000 human] computers would be needed to race the weather for 
the whole globe.”3 The inability to quickly solve nonlinear equations (whose 
unknown variables are raised to a power greater than one) greatly hampered 
the development of theories. Therefore, many advances in meteorology, par-
ticularly in the latter half of the twentieth century, depended on one techno-
logical innovation: the electronic digital computer.

This book tells the story of American meteorology’s transformation from 
a discipline more art than science in the early twentieth century to a sophis-
ticated science by 1955. In 1900, the US Weather Bureau and American 
meteorology were synonymous. “With a few notable exceptions,” Scientifi c 
American noted in 1911, “[the Weather Bureau’s] personnel include all of 
the professional meteorologists in the country.”4 No other American scien-
tifi c community was so closely tied to a single governmental agency. Federal 
dominance exacerbated, and was exacerbated by, a chronic lack of funds for 
applied and theoretical research, a severely mathematics-defi cient general 
circulation theory, a dearth of academically trained practitioners, and an 
“unscientifi c” disciplinary reputation among scientists.

The rapid rise of aviation during the Great War triggered a demand for mil-
itary meteorology—a demand that did not abate during the 1920s and the 
1930s.5 As a direct consequence, academic programs in meteorology arose in 
the late 1920s and continued to grow, albeit slowly, throughout the 1930s. 
With Europe experiencing political upheaval in the late 1930s, another 
major war loomed. Military planners recognized that this war would put 
even heavier demands on aviation assets. No longer just a means of tracking 
enemy movements, aircraft would be used to ferry materiel and to deliver 
weapons. To ensure safety of fl ight, the military services needed a signifi -
cantly improved network of surface and upper-air observation  stations, and 
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thousands of new meteorologists.6 An expanded observation network, newly 
trained mathematics- and physics-savvy meteorologists ready to defi ne the 
atmosphere in mathematical terms, and the nascent electronic digital com-
puter combined to open the door to a radically new way of approaching both 
atmospheric theory and weather forecasting: numerical weather prediction.

The introduction of numerical weather prediction—the creation of fore-
cast weather maps by computer instead of by people—profoundly changed 
the science of meteorology. The extension of numerical modeling to other 
scientifi c and technological undertakings, including simulated atomic tests 
and biological population studies, would lead to a fundamental change in 
conducting scientifi c research. The Meteorology Project, which developed 
these early atmospheric models, thus spearheaded the introduction of scien-
tifi c modeling in the twentieth century.

The Meteorology Project was the sister project to John von Neumann’s 
Computer Project at the Institute for Advanced Study. Previous accounts 
have made von Neumann and his computer the stars of the Meteorology 
Project. Frederik Nebeker’s Calculating the Weather casts numerical weather 
prediction as one in a long line of calculating techniques aimed at easing the 
forecasting burden during the twentieth century, while William Aspray’s John 
von Neumann and the Origins of Modern Computing presents the Meteorology 
Project as a small part of the main show: the development of von Neumann’s 
computer.7

Both Nebeker’s book and Aspray’s approach the Meteorology Project and 
numerical weather prediction from the viewpoint of physics. In a signifi cant 
and important shift in perspective, my book expands the existing histori-
ography by focusing on meteorologists and the American meteorological 
community in the twentieth century. It challenges the prevailing interpreta-
tion that gives John von Neumann virtually all the credit for the success of 
numerical weather prediction. That interpretation errs in several respects. 
Von Neumann’s invention of the electronic digital computer was indeed 
necessary for the rise of numerical weather prediction. But von Neumann 
alone could not have developed it. Meteorologists formulated the equation 
sets (models) for von Neumann’s computer to solve. In existing accounts, 
the few meteorologists credited with developing numerical weather predic-
tion were the Americans working in Princeton. The rarely acknowledged 
“Scandinavian Tag Team” members, rotating in and out of their Norwegian 
and Swedish posts from 1948 until 1955, played important roles throughout 
the project’s life. However, meteorologists who were occasional visitors to 
Princeton—most notably Swedish-American Carl-Gustav Rossby, Weather 
Bureau Chief Francis Reichelderfer and his Scientifi c Services Division 
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head Harry Wexler, Daniel Rex of the Offi ce of Naval Research, and Philip 
Thompson of the Air Force Cambridge Geophysical Research Directorate—
were the project’s real movers and shakers. Therefore, despite being a 
 military-funded Cold War project, this was very much a civilian-infl uenced 
international effort conducted at the boundary of theoretical and applied 
meteorology. With Rossby in the lead, meteorologists knew that their disci-
pline depended on international cooperation no matter what the political 
situation.

This book also explores the role of national styles in scientifi c develop-
ment and practice. This “American story” is full of Scandinavian characters—
 scientists imported to bridge the gap separating meteorological theorists and 
operational weather forecasters in the United States. Unlike their American 
counterparts, Scandinavian meteorologists working for their nations’ 
weather services not only analyzed charts and made forecasts, they also did 
theoretical research. US Weather Bureau meteorologists, in contrast, had 
been trained on the job—not in colleges and universities—since the bureau’s 
1891 establishment under the Department of Agriculture. They made 
 forecasts—they did not do theoretical research. The few academic meteo-
rologists in the United States—and there were very, very few— concentrated 
on theoretical matters. They did not make forecasts. The differences in 
national styles became a determining factor in deciding who would staff the 
Meteorology Project.

Third, this book makes clear the importance of Carl-Gustav Rossby as the 
leader of a research school that profoundly infl uenced twentieth-century 
meteorology. Historical studies of research schools have focused on labora-
tory sciences. The few that address fi eld sciences do not include atmospheric 
science. Rossby, though in Stockholm and geographically distant from the 
project, touched every aspect of it. He infl uenced from afar, but he was cru-
cial to successful international acceptance of numerical weather prediction 
techniques as valuable theoretical and forecasting tools.8

Last, this book gives a rightful place to the control of nature as a guiding 
infl uence for the Meteorology Project. Von Neumann and Zworykin thought 
that once weather could be predicted it could be easily controlled. They 
anticipated changing the variables in computer models of the atmosphere 
until they produced, as one would say today, the desired “virtual” weather. 
By modifying the same variables in nature, they could move from virtual 
weather to the real thing. These two non-meteorologists expected to produce 
weather on demand. As von Neumann argued in the Meteorology Project’s 
Justifi cation Memorandum, “[the Project would take] the fi rst steps toward 
infl uencing the weather by rational, human intervention . . . since the effects 
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of any  hypothetical intervention will have become calculable.”9 The possi-
bility of controlling the weather—making it a potential offensive and defen-
sive weapon—greatly interested the Meteorology Project’s fi nancial patrons: 
Navy admirals. (Most American meteorologists, however, had no interest in 
weather control. They were struggling to develop a comprehensive theory 
and to deliver forecasts to their customers: the American public.) Funding and 
interest by non-meteorologists in numerical weather prediction stemmed not 
from the advantages of better and faster forecasts, but from the tantalizing 
possibilities presented by designer weather. The control of nature was a major 
theme in the immediate postwar era as scientifi c, technological, and engineer-
ing fi xes—for example, vast fl ood control and irrigation projects—were touted 
to ameliorate natural conditions that adversely affected people. However, 
what the supporters of weather control seemed to forget was that it was impos-
sible to control the atmosphere over one patch of ground without affecting 
the atmosphere over someone else’s patch of ground.

The history of numerical weather prediction is, thus, far more than the 
story of how a small group of meteorologists combined equations of motion, 
hydrodynamics, and thermodynamics into computer-solvable models of 
the atmosphere. The development of numerical weather prediction in the 
United States is a story with multiple themes: the development and profes-
sionalization of a scientifi c discipline, the infl uence of international science 
on national practice, the signifi cant role played by a far-fl ung research school 
in a non-laboratory science, and the joining together of disparate parts of the 
same disciplinary community to produce a sharp break with past scientifi c 
practice. It is a story of meteorologists and of the role of meteorology in the 
twentieth-century United States.

Overview

Chapter 1 examines the stagnant state of meteorological services during 
the interwar period. Although the “meteorological renaissance” of Vilhelm 
Bjerknes’s Bergen School of meteorological theory and practice had taken 
Europe by storm, the expansion of upper-air observation networks and 
incorporation of new mathematics-based forecasting techniques did not 
spread across the Atlantic.10 The US Army Signal Corps and the US Navy had 
maintained meteorological services during the Great War, but rapid demo-
bilization left both services with skeleton crews. The Weather Bureau was the 
agency responsible for the nation’s weather. Operating on a small budget 
of $2 million annually—or two cents per person—the bureau’s free weather 
forecasts saved American farmers and businesses tens of millions of dollars by 
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reducing crop losses.11 The bureau’s climatology records, provided at no cost, 
allowed the insurance industry to expand its offerings of “pluvius weather 
policies,” which guaranteed game receipts to sports promoters in case of bad 
weather.12 Despite the Weather Bureau’s positive economic infl uence—not 
to mention its importance for safety of fl ight and shipping—its budget and 
staff shrank due to the funding reductions of the Great Depression. What 
little progress had been made—primarily in aviation-related support—gave 
way to drastic retrenchment during the 1930s.

The weather services were not the only sectors of American meteorology 
in trouble. Just two PhDs were awarded in the discipline between 1919 and 
1923—compared to 621 in chemistry, 185 in physics, and 93 in the geological 
sciences.13 Because, as Harvard climatologist Robert DeCourcy Ward opined, 
“everyone is a born meteorologist,” few felt inclined to study it.14 Meteorology 
languished at the bottom of the academic barrel. Despite the lack of academi-
cally trained meteorologists in the United States, this period saw the emer-
gence of academic programs, which had been introduced in Europe in the 
middle of the nineteenth century. Chapter 2 discusses the establishment of 
meteorology programs, and later departments, beginning in the late 1920s. 
Rossby’s theoretical program at the Massachusetts Institute of Technology 
was followed within a few years by applied aviation-related meteorology pro-
grams at New York University and at the California Institute of Technology 
(Caltech). Young people interested in meteorology—not to mention fore-
casters already employed by the US Weather Bureau, the US Navy, and the 
US Army Signal Corps—had domestic options for meteorological education. 
Having formed their own national professional organization in 1919—the 
American Meteorological Society (AMS)—a higher-profi le meteorology com-
munity took shape. But this late entry into the realm of professional societ-
ies was radically different from other professional groups. In contrast with 
the American Physical Society, fully half of the AMS’s members were ama-
teurs. The only requirement for membership was an interest in weather.15 
The AMS encouraged the expansion of educational opportunities at all levels 
and worked to infl uence an emerging research agenda in meteorology. The 
new academic departments along with the AMS nurtured a slow but steady 
advancement of scientifi c theory, practice, and education in meteorology 
during the interwar period. These advances turned out to be valuable for both 
military needs in World War II and the postwar theory-based efforts to create 
numerical weather prediction.

The relatively low demand for weather forecasts despite the rapid increase 
in numbers of aircraft and fl ight hours left the American meteorological 
 community of approximately 400 professionals extremely unprepared to 
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meet the nation’s need for atmospheric support during World War II. Chapter 
3 addresses the small academic community’s response: the training of about 
8,000 meteorologists and 20,000 meteorological observers and technicians 
under the direction of Rossby’s University Meteorological Committee.16 
Composed of one representative from each of the “Big Five” meteorology 
programs (those at MIT, NYU, Caltech, the University of California at Los 
Angeles, and the University of Chicago), the committee—with the help of 
every academic meteorologist in the country—had fulfi lled its training mis-
sion by 1943 and had begun considering how academic meteorology could 
infl uence the postwar research agenda. The primary point of discussion was 
disciplinary professionalization. With a twentyfold increase in university-
trained meteorologists standing ready to infl uence the community, Rossby 
and his confreres were determined to seize this rare opportunity to move 
meteorology from an art to a theoretically based science respected by both 
the public and their fellow scientists. “It is an unfortunate characteristic of 
meteorology,” University of Chicago meteorologist Horace Byers lamented, 
“that its great forward strides depend on disasters. [And] World War II was 
an outstanding example of growth bred from disaster.”17 Channeling that 
growth in the postwar period would be of great consequence to the rise of 
numerical weather prediction.

Rossby and his colleagues shared one overriding scientifi c goal: to pur-
sue basic meteorological research aimed at developing a mathematics-
based theory of general circulation. That goal became wedded to John von 
Neumann’s Computer Project in early 1946. How this project came into 
being is the subject of chapter 4. Francis Reichelderfer was introduced to 
the idea of computer weather forecasting during a visit to RCA’s Princeton 
labs in 1945. Excited by this possibility, he encouraged von Neumann to 
use his “electronic brain,” then under development, to forecast the weather 
using numerical methods. Money, as usual, was a major stumbling block. 
The Weather Bureau controlled almost no research funding—research was 
not part of its mission. Not easily discouraged, Reichelderfer called upon 
his long-time colleague Rossby to formulate a plan and arrange a patron 
for a meteorology project at the Institute for Advanced Study. The entre-
preneurial Rossby—who during the war had sent unsolicited telegrams 
on weather-related matters directly to Vice President Henry A. Wallace, a 
long-time acquaintance—had many contacts within the highest reaches 
of government. He quickly secured fi nancial backing from the Offi ce of 
Naval Research. After arranging funding and personnel, Rossby suggested 
that von Neumann pursue an approach that would fi rst require theoretical  
development in meteorology, then follow with an operational application 
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to weather prediction. Von Neumann readily agreed, and by mid 1946 both 
the Computer Project and the Meteorology Project were underway. But 
the Meteorology Project was immediately hampered by hiring diffi culties 
that severely limited progress and almost drove the frustrated, despairing 
von Neumann to abandon weather forecasting.18 Fortunately, wartime-
 educated meteorologist Jule Charney, under Rossby’s mentorship, was 
spending most of 1947 studying in Norway and developing a simplifi ed sys-
tem of equations that would describe atmospheric motion. With his equa-
tions and a method to fi lter out “noise,” Charney and the fi rst member of 
the Scandinavian Tag Team, Arnt Eliassen, were ready to join the Princeton 
team and turn the “ugly duckling” of meteorology into a “swan.”19 Drawing 
on extensive archival collections, this chapter reveals the distinctly differ-
ent character of American and Scandinavian meteorological practice.20 
Knowing that Eliassen’s presence on the team would be important for its 
success, Charney convinced von Neumann that they needed at least some 
members who had “intimate experience with actual weather processes.”21 
The Scandinavians consistently fi lled those positions. This chapter also 
provides important new insights into the development and operation of 
this project, demonstrating that meteorologists, and not von Neumann 
alone, were the intellectual leaders of this far-reaching enterprise.

When Charney and Eliassen arrived in Princeton, they brought along the 
methods and infl uence of Rossby—the de facto head of the Meteorology 
Project—and his research school. In chapter 5, I discuss how Rossby’s research 
school not only infl uenced international meteorology generally, but also 
overcame the initial skepticism of both theoretical and applied meteorolo-
gists who doubted that numerical weather prediction was a valid and neces-
sary technique for extending meteorological theory and improving weather 
forecasting. Founder of two meteorology programs in the United States (those 
at MIT and the University of Chicago), responsible for wartime training, and 
founder of the fi rst peer-reviewed meteorological journal in the United States 
and of a Swedish journal aimed at the broader international geophysics com-
munity, Rossby was in the perfect position to convince the international 
meteorological community of the wisdom of numerical weather prediction. 
Providing a series of Scandinavian meteorologists who could bridge the gap 
between synoptic (current weather analysis) and dynamic (atmospheric 
motions) meteorology, Rossby played a signifi cant and to date largely unher-
alded role in the successful development of numerical weather prediction 
techniques.

Four years into the Meteorology Project, Charney and his team were ready 
to try their simple barotropic model on a computer, but von Neumann’s 
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computer remained unfi nished. Chapter 6 tells how the Meteorology Project 
pushed forward anyway, testing a variety of atmospheric models. First run 
on Army Ordnance’s ENIAC and then on von Neumann’s computer, the 
team members modifi ed the models to get a “match” between the computer 
forecast and the weather that had occurred. The initial post hoc forecasts 
of the infamous (and embarrassingly unpredicted) 1950 Thanksgiving Day 
storm, which had dumped large amounts of snow and rain in the Mid-
Atlantic states, were made in spring 1952. The results were poor. The fi rst two 
computer models failed to catch the explosive deepening of the low-pressure 
system. But the third model—a simple two-level baroclinic model—did the 
trick. Even though the “predicted” low-pressure center was 240 miles from 
its observed position, the computer-generated forecast would have allowed 
forecasters to forecast the rain and snow that had disrupted the Eastern 
Seaboard.22 It was a huge “success”—18 months after the fact. The Princeton 
team members were moving closer toward their goal of creating a realistic 
atmospheric prediction. They were not the only ones. Army Air Force mete-
orologist Philip Thompson, an original Meteorology Project member, had 
been developing and testing his own models at the Air Force’s Geophysical 
Research Directorate in Cambridge, Massachusetts. Alarmed to learn that 
Charney’s group would soon propose real-time operational predictions, 
Thompson attempted to derail Charney’s desire for a joint operational group 
that would continue to unite the Meteorology Project’s weather service par-
ticipants. Indeed, Thompson wanted to control numerical weather predic-
tion himself under the Air Weather Service umbrella. The resulting dispute 
embroiled the Weather Bureau, the Navy, the Air Force, and the Meteorology 
Project. Ultimately, the three weather services continued to guide the proj-
ect as numerical weather prediction inched slowly toward operational 
implementation.

Having decided to “go operational,” the members of the Meteorology 
Project team changed their focus (chapter 7) to operational models as they 
continued their more theoretical work on general atmospheric circulation. 
The Weather Bureau, pursuing pioneering meteorological methodology 
for perhaps the fi rst time, concentrated on housing, staffi ng, and carrying 
out computer operations as an adjunct to their subjective (hand-drawn) 
techniques. All three weather services, which were members of the Joint 
Meteorological Committee of the Joint Chiefs of Staff, coordinated—more 
or less harmoniously—the details of the new Joint Numerical Weather 
Prediction Unit (JNWPU) to be located in Suitland, Maryland. Forming 
an operational organization paid for and staffed by weather services with 
very different cultures was not easy. Inter-service rivalry aside, setting up 



10 ■ Introduction

a computer-based center in the early 1950s was diffi cult. Computers were 
unreliable; in late summer 1952, von Neumann’s computer produced only 
11 hours of processing time.23 The Eisenhower administration, seeking to 
reduce appropriations, was particularly concerned about computer pur-
chases. As the JNWPU’s administrative coordinator, the Weather Bureau had 
to justify its requirement for a single-user computer powerful enough to han-
dle weather forecasting. Additionally, service representatives were forced to 
execute a competitive bid for a computer in a period of limited competition 
and answer inquiries from Commerce Department bureaucrats who wanted 
to know why the Weather Bureau was unable to combine the best attributes 
of two different computers produced by two different companies to create an 
even better computer.24 Despite the challenges (those externally created and 
those internally induced), the Air Force, the Navy, and the Weather Bureau 
produced their fi rst “operational” weather map in May 1955—almost 3 
years after deciding to move numerical weather prediction from the realm 
of research to operations. In so doing, they advanced numerical techniques 
more quickly than would have been possible in the less time-critical research 
environment.

The opening of the JNWPU marked the end of the preliminary research 
period, but it was just the beginning of the worldwide spread of numerical 
weather prediction. Chapter 8 briefl y extends the story to the current time. As 
their very different meteorological missions exacerbated cultural differences, 
the Navy and the Air Force removed their personnel and formed their own 
operational prediction units, leaving the Weather Bureau to fund and staff its 
own center. As computer availability, processing speed, and memory capacity 
increased, universities began their own modeling and research projects. The 
modeling and prediction efforts of individual European nations joined forces 
to create the European Center for Mid-Range Weather Forecasting (ECMWF), 
which would provide formidable competition to US-based efforts. In time, 
modelers would attempt to forecast for longer and longer periods until long-
range forecasts took the fi rst steps to becoming climate models.25

It has been 50 years since the fi rst operational forecasts made their appear-
ance. Just barely satisfactory by the standards of their time, they would 
be even less satisfactory today. But they were a start. And the modeling of 
the atmosphere—for both operational purposes and theory development—
 continues, and will continue, expanding the knowledge of all those who seek 
to understand the atmosphere’s secrets.
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■ ■ A Stagnant Atmosphere: The Weather Services before 

World War II

The meteorological “renaissance” that began in Norway and spread to other 
European countries at the close of World War I did not extend to the United 
States. In Europe, meteorology held the same “rank” as astronomy in aca-
demic institutions, and research on its theoretical underpinnings was carried 
out at several academic institutions in Norway, Germany, and England. But 
in the United States, the top academic institutions did not treat meteorol-
ogy as a topic on a par with any physical science. If offered, meteorology was 
typically found in geography courses covering climate. At state universities, 
meteorology courses were often related to agricultural instruction and devel-
oped by Weather Bureau personnel assigned to conduct state climatological 
and crop studies.1

The desultory status of meteorology in the United States, where other 
branches of the earth sciences began growing rapidly in the fi rst part of the 
twentieth century, was particularly pronounced. Academic geophysics ben-
efi ted from new philanthropic support. In 1905, the newly founded Carnegie 
Institution in Washington launched its new Geophysical Laboratory to “take 
possession of the vacant ground between geology and physics and geology 
and chemistry,” and its $2 million endowment soon made it an international 
leader in petrological studies.2 In 1909 the Carnegie Institution’s Division of 
Terrestrial Magnetism, boldly declaring its intention to map the geomagnetic 
fi eld of the entire earth, commissioned the non-metallic ocean-going ship 
Carnegie to undertake this survey. A subsequent Carnegie Institution grant 
established the Seismological Laboratory at the nascent California Institute of 
Technology in 1921, and that same year the eminent physicist Robert Andrews 
Millikan was named Chairman of the Executive Council of Caltech.3 By that 
time, the Rockefeller Foundation’s General Education Board also was support-
ing research in academic geophysics, offering a grant to Harvard University to 
support experimental physicist Percy Bridgman’s studies of high-pressure on 
materials. The appointment of Norwegian oceanographer Harald Sverdrup as 



director of the Scripps Institution of Oceanography in 1936 signaled its rise as 
a leading research center in physical oceanography.4 Though as late as 1940 
no US university offered a curriculum in all the component fi elds of geophys-
ics recognized by the American Geophysical Union (and critics decried the 
absence of rigorous mathematics, physics, and chemistry training in most uni-
versity geology programs), research and PhD production in many fi elds of geo-
physics, apart from meteorology, were robust before World War II.5 Funding 
remained inadequate for US government agencies involved in geophysics 
and the earth sciences: for instance, the superintendent of the US Coast and 
Geodetic Survey complained in 1921 that the salaries for its employees were 
“below those paid for skilled labor in mechanical trades outside the US govern-
ment.” But the Coast and Geodetic Survey faced fewer challenges in meeting 
its mission than did government meteorologists.6 Expanding opportunities 
for research in other earth sciences fi elds thus made the contrast with meteo-
rology stronger still.

Meteorological research in the United States was limited because meteo-
rology fell under the purview of the Weather Bureau, which in turn oper-
ated under the jurisdiction of the Department of Agriculture. Although the 
Weather Bureau—headquartered in Washington, DC (fi gure 1.1)—had a mis-
sion to keep the general public informed of upcoming weather conditions, 
its primary obligation was to provide agricultural forecasts. Because it was a 
government agency, any research it performed had to produce an immediate 
practical result.7 Similarly, the other two very small “weather services” in the 
country—maintained by the War Department and the Navy Department—
existed to provide specialized forecasts for Army and Navy units. Any 
research they conducted supported operational requirements.

Military use of aviation increased dramatically during the Great War, and 
with it the importance of meteorology in keeping pilots and aircraft safe. The 
Weather Bureau received a special appropriation of $100,000 to establish 
aerological stations and coordinate services with the War Department and 
the Navy Department once the United States entered the war, and  “fl ying-
weather forecasts” for the military and postal service began in December 
1918. Although aviation funding continued after the war, the Weather 
Bureau made little progress in expanding its services during the immediate 
postwar period. In contrast, European governments were heavily subsidizing 
the establishment of civil airways and the meteorological services that sup-
ported them.8 As Secretary Charles F. Brooks of the American Meteorological 
Society (AMS) noted in 1922, the Belgians were “astonished” that the 
Weather Bureau’s annual budget was only $2 million—or two cents per US 
resident—and he concluded that “meteorological expenditures and general 

12 ■ Chapter 1



A Stagnant Atmosphere ■ 13

interest in meteorology are greater in Europe than in the United States.”9 
Because of the superior fi nancial support, atmospheric studies in Europe 
were aided by both academic and applied meteorologists.

While meteorology fl ourished in Europe after World War I, it stagnated 
in the United States. The initial promise of increased funding, the rise of 
aeronautics, and the demand for meteorologists that emerged during the 
war years, very quickly gave way to retrenchment. Progress was limited—
academically, theoretically, and within the applied sector. Underfunded, 
undermanned, undertrained, and chronically discouraged Weather Bureau 
personnel advanced the practical, forecasting side of meteorology, despite 
being crippled by externally imposed limitations. With demobilization, the 
Army Signal Service and the Navy’s weather services struggled to provide 
weather forecasts with wartime leftovers who saw potential career oppor-
tunities in fl ight forecasting for military pilots. And while the Signal Service 
concentrated on designing and building new meteorological instruments, 
it was the Navy that actively sought a more theoretical path toward weather 
forecasting. The Navy’s drive to professionalize its ranks would lead to the 

Figure 1.1
US Weather Bureau Building, Washington, circa 1912. (NOAA National Weather 

Service Collection, courtesy of NOAA Central Library)
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fi rst graduate meteorology program in the United States. And by the late 
1930s, major meteorology programs would be established at MIT, at NYU, 
and at Caltech. These programs, and others that followed, would lay the 
groundwork for US meteorology during World War II and the Cold War. This 
educational foundation was a necessary condition for numerical weather 
prediction efforts that would begin immediately after World War II.

Weather for All Reasons: The Weather Bureau

The US Weather Bureau became the nation’s offi cial weather service in 1891. 
However, a weather observation network had been in place since the early 
nineteenth century, when the US Army Medical Department, academics in 
New England and New York, and the General Land Offi ce began systemati-
cally collecting data. By the 1840s, observations had expanded beyond basic 
temperature, pressure, and precipitation readings to include data on storms 
and winds. Between 1849 and 1861, the Smithsonian Institution was home 
to meteorological research, which was directed by the institution’s fi rst sec-
retary, Joseph Henry. The Smithsonian Meteorological Project, focusing on 
storm movement and climate statistics, was undertaken with several federal 
agencies as well as the Canadian government. In 1870, the US Army Signal 
Offi ce began telegraphing daily reports of current conditions and forecasts 
(called “probabilities”), and the Signal Offi ce continued to function as the 
national meteorological service until 1 July 1891. An act of Congress dated 
1 October 1890 (26 Statutes at Large, 653) then transferred weather duties 
to the Weather Bureau under the Department of Agriculture. The Weather 
Bureau’s functions, as set forth in section 3 of the act, were as follows:

The Chief of the Weather Bureau, under the direction of the Secretary of Agriculture, 

shall have charge of forecasting the weather; the issue of storm warnings; the display 

of weather and fl ood signals for the benefi t of agriculture, commerce and navigation; 

the gauging and reporting of rivers; the maintenance and operation of seacoast tele-

graph lines and the collection and transmission of marine intelligence for the benefi t 

of commerce and navigation; the reporting of temperature and rainfall conditions for 

the cotton interests; the display of frost, cold-wave, and other signals; the distribu-

tion of meteorological information in the interest of agriculture and commerce and 

the taking of such meteorological observations as may be necessary to establish and 

record the climatic conditions of the United States, or are essential for the proper exe-

cution of the foregoing duties.10

Sixteen divisions within the bureau carried out its mission. Some were admin-
istrative (stations and accounts, supplies, printing, telegraph, library); the 
remainder covered the range of relevant scientifi c interests—meteorology,  
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hydrology, seismology, volcanology—and the instrument division that 
 supported them.

Across the nation, fi ve regional districts issued forecasts and warnings. 
The eastern region’s offi ce was within the Weather Bureau’s headquarters in 
Washington, and its chief forecaster could veto forecasts issued by the other 
regions. The eastern region’s offi ce also issued the daily weather maps (fi gure 
1.2). The district offi ces were, in turn, supported by more than 200 regu-
lar stations (fi gure 1.3), each employing between one and fi fteen full-time 
paid employees who took and transmitted observations and issued local area 
forecasts. If these employees had time, they performed supervisory func-
tions and conducted limited research. Repair stations and vessel reporting 
stations also had full-time paid staffs. Additionally, nominally paid ($10–$25 
per month) employees made specifi c observations (for example, by reading 
river gauges). Since these stations could not adequately cover the nation, 
several thousand unpaid volunteers maintained “cooperative stations” and 
collected data for climatological studies and for crop and road services. These 
volunteers often distributed forecasts and warnings in their local area.11

Figure 1.2
Weather Bureau weather map, circa 1900. (NOAA National Weather Service Collection, 

courtesy of NOAA Central Library)
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Paid or volunteer, Weather Bureau personnel were dedicated to providing 
the best possible weather forecasts to a wide variety of agricultural, commer-
cial, and industrial interests. Although many people thought the recently 
inaugurated (1919) and highly publicized aviation service occupied the bulk 
of the bureau’s time, in fact it was a minor, albeit growing, portion of the 
workload.12 Furthermore, since many citizens were involved, directly or indi-
rectly, with agriculture, it is easy to understand why many people thought 
the Weather Bureau provided services just to them.

By the early 1920s, the Weather Bureau’s fi ve regional offi ces produced 
weather maps and written forecasts for the general public, and transmitted 
them to major media outlets. Newspapers in larger communities printed 
the forecasts that were also posted in a variety of public places: railroad sta-
tions, post offi ces, hotels, and department stores. The bureau was the source 
for weather information. Local stations issued forecasts and severe weather 
warnings for a 20-mile radius.13

The Weather Bureau also performed extensive work in agricultural meteo-
rology. Although most forecasts and advisories were tailored to a single crop, 

Figure 1.3
Unknown Weather Bureau offi ce, circa 1900. (NOAA National Weather Service Collec-

tion, courtesy of NOAA Central Library)
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the weekly National Weather and Crop Bulletin presented the previous week’s 
meteorological data and the weather’s effect on vegetation, stock, and farm 
work. The bureau collected specialized data for corn, wheat, cotton, sugar, 
and rice states. (Cattle-grazing states pushed hard for similarly tailored 
information.) It published data on fruit frost for tobacco, fruit, truck, and 
alfalfa seed districts. Fruit-frost warnings were important to citrus growers 
in California and to orchardists in Oregon and Washington—such warn-
ings enabled them to heat their orchards by burning oil in smudge pots 
and thereby save their crops from a hard freeze. Similar forecasts and advi-
sories were aimed at tobacco and grain farmers, at New York apple grow-
ers (who needed to spray for scab), at millers (who needed to rid their mills 
of Mediterranean fl our moths by fl ooding them with very cold air), and at 
beekeepers (whose bees needed a cleansing fl ight). Western foresters lobbied 
hard for expansion of fi re-weather forecasting, which used meteorological 
conditions to warn of extreme fi re danger and to advise when precipitation 
would help to quench fi res. Additional appropriated funds, in combination 
with private funding, helped to develop and extend more detailed warnings 
in fi re-sensitive areas.14

The Weather Bureau’s routine use of probabilities for agricultural and more 
general forecasts for the public led to a widely held assumption that meteo-
rology was more statistical than geophysical. For example, environmental 
historian Stephen J. Pyne later argued that meteorology is “a statistical sci-
ence” because it deals with large-scale events. He further declared that fi re 
had “helped to bring meteorology out of the clouds and back to the earth.”15 
However, both assessments are incorrect. Although statistical methods 
were used to draw information from long-term climatological trends and to 
develop forecast probabilities (e.g., a 50 percent chance of rain), meteorol-
ogy was and is fundamentally a geophysical science. Furthermore, the fi eld 
forecasters—the ones providing fi re-weather forecasts—have always been 
“down to earth.” Forecast centers, at least in the United States during the fi rst 
half of the twentieth century, had no time for theoretical fl ights of fancy.

Supporting commerce, Weather Bureau forecasters advised shippers when 
extreme temperatures might harm produce and animals in shipment. For 
example, freezing temperatures could ruin bananas in transit, and extreme 
heat could kill livestock en route from farms and ranches to feedlots and 
slaughterhouses. As Chicago Weather Bureau “offi cial forecaster” Henry 
J. Cox wrote for The American Magazine, “the weather has a fi nger, so to speak, 
in almost every business pie.” Cox emphasized that businesses dealing in 
perishable crops and livestock would do well to consult the weather map or 
call their local forecast offi ce for advice. Doing so saved businesses millions 
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of dollars every year. If it were not for the Weather Bureau, Cox continued, 
consumers “would have to pay more for [their] fruit and vegetables.”16 These 
free weather forecasts saved businessmen and their customers millions of 
dollars annually—many times the bureau’s budget.17

The Weather Bureau also created “highway forecasts,” which had been 
demanded by automobile associations and by road commissioners who 
needed to know when to activate snowplows during the winter. Marine 
forecasting also fell to the Weather Bureau, which in 1904 assumed this 
responsibility from the Navy. Cooperative agreements with ocean shippers, 
including the fl eets of Standard Oil and the Texas Company, enabled the 
bureau to receive timely observations from ocean areas, which assisted fore-
casters making predictions for these same units.18

Not all of the Weather Bureau’s tasks were meteorological. Utilities and 
 businesses that used fresh water encouraged the bureau to expand river 
and fl ood services. Flood warning systems were adequate, but precipitation-
related streamfl ow measurements remained underfunded—a signifi cant defi -
ciency during the great drought of the early 1930s. Additionally, the bureau 
began collecting and publishing earthquake data in 1914 and monitored vol-
canic activity—especially on Hawaii.19 Although the latter task was eventually 
passed to the US Geological Survey, the Weather Bureau was apparently viewed 
as an all-purpose collector of earth science data, weather-related or not.

The fastest-growing forecasting and data-collection effort during the inter-
war period supported aviation. Aeronautics—airships, balloons, and fi xed-
wing aircraft—had taken on greater importance because of World War I. At 
war’s end, military meteorological organizations that had expanded to fi ll 
the need rapidly contracted. However, the aviation assets remained, and safe 
fl ight required accurate forecasts of take-off, in-fl ight, and landing condi-
tions. The undermanned military services could not provide the forecasts, 
and increasing numbers of air mail fl ights also required weather information, 
so in July 1919 the bureau started its fl ying weather forecasting service for the 
Army Air Service, the Navy, and the Postal Service. Shortly thereafter, com-
mercial aviation companies began requesting forecasts. Aviators also made 
more frequent pre-fl ight visits to weather stations.

That pilots wanted forecasts was good news. But forecasters did not have 
suffi cient upper-air observations and local surface observations to provide 
them with useful weather information. Demand increased annually as larger 
numbers of pilots requested forecasts and other specifi c weather information. 
The Weather Bureau negotiated cooperative agreements with both the Army 
Air Service and the Navy. Air Service pilots began visiting stations to obtain 
weather information and to make contacts with supporting  meteorologists, 
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and the Weather Bureau initiated a lecture program that touched on clima-
tology, air currents, physics of the air, and other aviation-related meteoro-
logical topics. Additionally, a Navy meteorologist had a desk at the Weather 
Bureau’s headquarters offi ce so he could prepare a weather map with his 
counterparts there before transmitting it to naval installations throughout 
the nation. The Army and the Navy shared the cost of obtaining upper-air 
data by forwarding their pilot-balloon (PIBAL) reports to Weather Bureau 
headquarters. The (usually) red basketball-sized pilot balloons, fi lled with 
hydrogen gas, were sent aloft and rose at a predetermined rate. (At night, 
observers hung a small paper lantern containing a lighted candle well below 
the balloon so they could track it in the dark.) Observers tracking the balloon 
could then determine winds aloft near the station. Kites also carried meteo-
rological instruments that recorded upper-air information (fi gure 1.4).20

The rapid growth in aviation after World War I had a huge impact on the 
Weather Bureau. By the early 1930s, the United States had 25,000 miles of 
civil airways for which the bureau provided support, relying on more than 500 
cooperative (volunteer) and second-order (minimal pay) stations along the 
routes. The 13,000 miles of airways that supported all-day fl ying were served 
by 24-hour stations. These were signifi cantly more expensive to operate than 
stations providing routine weather services to agriculture and the public.21

Responding to yet other constituencies, the Weather Bureau also began 
providing climatological data. More than 4,500 volunteers (“cooperative 
observers”) made observations and mailed them monthly to headquarters. 
The climatology section compiled the data, determined average tempera-
tures and precipitation, and published the results.22

During the interwar period, the US insurance industry expanded its product 
line from life and fi re coverage into weather insurance and became a major 
consumer of climatological data. As this insurance sector grew, so too did the 
demands on the Weather Bureau for another “free” product. Anyone could 
ask for—and receive at no charge—climatology data destined for publication. 
Rainfall data that would not otherwise have been computed could be ordered 
at a cost of 70 cents an hour in overtime pay.23 Demand for rain and hail 
insurance increased dramatically in the 1910s. In New York, Henry W. Ives 
and Company issued “Pluvius Weather Policies” that insured against losses 
due to unfavorable weather: crop destruction, penalties due to construction 
delays, and gate receipts from washed-out sporting events. Customers had 
to purchase the policy at least a week in advance of the insured event. Why 
a week? Because weather forecasts were good only for about 24–36 hours. 
No one could predict the weather a week in advance. Companies based pre-
miums on climatological data. Premiums were higher, for example, if rain 
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Figure 1.4
“Kite equipped for meteorological observations,” circa 1912. (NOAA National Weather 

Service Collection, courtesy of NOAA Central Library)
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was more likely than dry weather on the day of a sporting event. In 1919, 
 customers spent $30 million on premiums covering $500 million in risk.24 
Yet for the climatology data to determine this risk, the insurance companies 
paid next to nothing.

The Weather Bureau had a clearly defi ned civil role, but during wartime it 
also supported military operations. During World War I it provided weather 
forecasts and observations (surface and upper air) in support of aviators, bal-
loonists, and artillery units. Two members of the Weather Bureau staff took 
on reserve status in the Army Signal Service and worked with others from the 
bureau who, along with their British and French counterparts, had joined 
the active-duty forces to form a special forecasting unit in Europe. In addi-
tion to aviation, as detailed below, their forecasting duties included predict-
ing winds for gas dispersal and ballistics.25

On the home front, the Weather Bureau provided forecasts and warnings 
to Army camps and Navy bases, and forecasts to railroads handling food and 
supplies. The bureau also provided meteorological instruments to the military 
services and climatological data to the Surgeon General’s offi ce, studied upper-
air conditions for aviation, reported vessels entering and leaving ports where 
they had stations, and assisted in organizing gas and fl ame regiments.26

■ ■

■ ■

After the armistice of November 1918, the question arose of which agency 
would continue to provide weather services to military activities. President 
Woodrow Wilson convened a special board that heard arguments in support 
of and in opposition to separate military meteorology services. The Weather 
Bureau’s leaders vehemently opposed any suggestion that it should not pro-
vide all of the nation’s weather services. While acknowledging the necessity of 
maintaining a small number of trained personnel serving meteorological units 
at fl ying fi elds, naval bases, and ordnance proving grounds, the bureau argued 
that the United States had too few qualifi ed meteorologists to spread them 
among several agencies. With 90 percent of the “trained and dependable” 
meteorologists in or associated with the Weather Bureau, its leaders argued 
that in the event of another war the US government should do what the Coast 
Guard had done during World War I: make Weather Bureau personnel mem-
bers of the military services.27 The provision of weather services was an ongo-
ing point of discussion that extended through World War II and into the Cold 
War era as the government sought to eliminate duplication of services.

The impoverished Weather Bureau, already stretched thin just trying to 
meet the myriad demands of its non-paying customers, was not in a position 
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to pursue a research agenda. In contrast, many Department of Agriculture 
agencies devoted considerable time, talent, and funding to research. While 
18 percent of the budget of the Bureau of Chemistry and Soils and almost 
half of the budget of the Bureau of Experiment Stations were earmarked for 
research, the Weather Bureau’s budget included no research funds.28 Weather 
Bureau appropriations covered routine weather services for the public, for 
agriculture, and for industries. Research efforts came last, if at all.

Weather Bureau meteorologists were interested in advancing their 
 discipline, but their “investigations” did not usually extend to asking or 
answering theoretical questions. Investigations focused instead on the 
relationship between weather and crops, on storm development, on upper-
air conditions, on climatology, on how solar radiation affected weather 
and climate, and on the improvement of meteorological instruments. With 
the government’s emphasis on practical value, Congress was not going to 
appropriate funds for research not expected to yield economically impor-
tant results.29

Research in agricultural meteorology did include researching the effects 
of temperature, precipitation, and other elements of weather. Winter wheat 
is affected by ambient air temperature and by whether precipitation falls as 
snow or as rain. Determining optimum weather conditions helped farmers 
anticipate bumper crops or poor harvests. The Weather Bureau continued 
conducting research on the impact of certain weather conditions on har-
vests and on the geographical distribution of farm products.30

Another Weather Bureau study, one that was important to civil engineers, 
examined sky brightness—that is, the amount of expected natural lighting 
during the seasons, at various hours of the day, and under various atmo-
spheric conditions. When designing and constructing buildings, engineers 
had to make allowance for natural illumination. Although it was beyond the 
scope of their studies, bureau meteorologists recognized a need to determine 
and add the amount of light being refl ected from surrounding buildings.31

Investigations of solar radiation, which became routine in the early 
1920s and extended throughout the interwar period, soon embroiled the 
Weather Bureau in a very public controversy with non-meteorologists. (By 
“non-meteorologists” I mean scientists who were not engaged in studies of 
atmospheric physics, not physicists and other researchers who were devot-
ing attention to the atmosphere and to the broader fi eld of geophysics.) This 
would not be the fi rst or the only time that scientists without a meteoro-
logical background would attempt to tell the meteorology community in 
 general and the Weather Bureau in particular what physical variables were 
really important in understanding the atmosphere.
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Scientists both within and outside the Weather Bureau were attempting to 
determine whether there was a link between solar intensity and weather phe-
nomena that would aid forecasting. Investigating solar radiation involved 
making continuous records of the amount of radiation received on a hori-
zontal surface to determine the heating rate during the day, the amount of 
heat lost during the night, and the relationship between these values and 
atmospheric conditions. Early on, Weather Bureau researchers were not as 
optimistic as those who argued that observed solar intensity was an accurate 
indicator of incoming weather, although they did allow that there might 
be a connection between solar intensity and variations of the weather over 
many years. Although the Weather Bureau acknowledged that solar radia-
tion was important to weather, it did not believe that insolation (incoming 
solar radiation) varied greatly from day to day. The variations were so small 
that measurable meteorological effects were in doubt.32

Vigorously and publicly opposing this view was Charles Greely Abbot, 
Assistant Secretary of the Smithsonian Institution. Abbot, trained in chem-
istry and physics at MIT, was the second director of the Smithsonian’s 
Astrophysical Observatory. He was convinced that even small changes in the 
sun’s heat could signifi cantly affect earth’s weather. By correlating solar out-
put with weather conditions over a period of several years, Abbot became con-
vinced that it would be possible to use measurements of solar radiation alone 
to predict the weather—and not just for the next day or so, but for weeks, 
months, or years in advance. Obtaining accurate measurements was the pri-
mary diffi culty because, according to Abbot, a change of 1 percent in solar 
radiation received at the earth’s surface could produce noticeable weather 
effects. Therefore, measurement stations were moved from the United States 
to an observatory in Chile’s Nitrate Desert, a place of clear skies and little 
rainfall. (Another station was established later on Mount Harqua Hala in 
arid Arizona.) Abbot argued that, whereas the recorded change in solar radia-
tion and weather might be small at the Chilean station because the affected 
ground area was so large, the same radiation could produce huge changes 
toward the poles. Therefore, it was not necessary to measure the insolation 
at the site of the forecasted change—one only needed to get an accurate mea-
surement at a few optimally placed stations.33

Senior personnel at the Weather Bureau, particularly Chief Charles F. Marvin, 
disagreed vehemently. Disputing Abbot’s claims, Marvin (an instrument 
specialist) argued that Abbot’s observed “variations” in solar radiation mea-
surements were not necessarily due to changes in the sun’s output. Since the 
measurements were taken after the sun’s rays had passed through 20 miles 
of earth’s atmosphere, it seemed more likely to him that radiation  variability 



24 ■ Chapter 1

depended on the state of the atmosphere and not on solar variability. Abbot 
countered that it made no difference whether the changes were on “the 
sun, the earth, or some distant star” if they enabled weather prediction.34 
Although a reluctant Marvin agreed to collaborate with Abbot within the lim-
its of the bureau’s resources, he clearly thought the entire idea of forecasting 
the weather on the basis of solar measurements in a South American desert 
was absurd.

By fall 1926 this controversy had grown hotter. Abbot claimed that it 
was possible to predict the weather a year in advance by his solar radiation 
method. Articles in the popular press implied that the “fundamentalists” 
running the Weather Bureau were just too conservative to embrace this revo-
lutionary forecasting method. As John Billings Jr. wrote for The Independent, 
“[Abbot’s] pioneering with solar radiation forecasts has set the tom-toms of 
the conservative meteorologists beating wildly. The offi cial Weather Bureau, 
plodding along carefully with day-to-day forecasts . . . would quickly crush 
[this theory] out of existence.” Marvin became so agitated while dealing 
with journalists over this controversy that his boss, Secretary of Agriculture 
William Marion Jardine, ordered him to stop talking to the press and 
“[observe] the dignifi ed silence compatible with [your] offi cial position.”35 
Despite Abbot’s arguments, Marvin refused to introduce solar radiation mea-
surement as a forecasting technique until scientifi c evidence directly linked 
solar radiation changes and identifi able weather patterns. In the meantime, 
the idea that the Weather Bureau was a reactionary organization became 
more deeply entrenched in the American public’s psyche. Even though the 
bureau eventually showed that Abbot’s correlations had been due to seasonal 
variations in stratospheric ozone concentration, Abbot remained immune 
to the bureau’s criticism.36

Abbot was not alone in promoting the infl uence of heavenly bodies on 
the weather. To the consternation of Weather Bureau leaders, some advo-
cates of that notion were hired by the Department of Agriculture. In October 
1934, Secretary of Agriculture Henry Wallace hired Larry Page, a statistician 
from Wallace’s home state of Iowa, to conduct studies of the moon and the 
stars. Page, who considered stars the “key” to the weather, was appointed to 
fi nd how these extraterrestrial bodies could aid long-range weather forecast-
ing.37 Spending money that the Weather Bureau did not have on an idea that 
meteorologists considered cockamamie must have demoralized the entire 
forecasting section, not to mention the Weather Bureau’s new chief, Willis 
Ray Gregg, who took over from Marvin in 1934.

Despite arguments over using solar radiation measurements for forecast-
ing, there was no disagreement over their use for agricultural purposes. The 
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bureau investigated the effect of shade cloth used by farmers, i.e., how much 
radiation needed by plants penetrated different cloth types, and the amount 
of heat generated by orchard heaters to prevent citrus and other orchard 
crops from freezing. The bureau conducted experiments on orchard heat-
ing (smudging) with the Army Chemical Warfare Service to determine if the 
smoke barrages, which the Army used to cover troop movements in the fi eld, 
were effective against frost damage. The studies showed that the best way 
to protect vegetation from frost was to heat the surface layer by burning the 
cheapest fuel available.38 These two investigations were directly related to 
preserving the economic value of agricultural commodities.

As noted above, the bureau was also responsible for monitoring volcanoes 
and earthquakes; seismological studies were mandated because they bore a 
“suffi ciently close relation” to what the bureau did with the weather studies. 
Assigned to take on earthquake duties in 1914, the bureau’s mission with 
respect to earthquake studies and observations was to fi nd and map fault lines 
and reduce damage to dams, bridges, and other structures by recommending 
locations away from potential slippage areas. Volcano studies included mea-
suring lava fl ows and examining the compositions and reactions of volcanic 
gases. The bureau sought to determine any relation that might exist between 
volcanic activity and earthquakes, and between volcanic emissions and air 
and water. It also investigated if volcanic energy could be made available “for 
the use of man.” Relief came in 1924 when the US Geological Survey took 
responsibility for volcano studies.39

Most, but not all, of the bureau’s climatological research was related to 
agriculture. One specifi c climatological study undertaken at the request of 
“other departments of the National government and for the use of the [1919] 
Peace Conference in Paris” dealt with Africa’s climate. In particular, the 
Weather Bureau was assigned to prepare a summary of African climate with 
special attention paid to former German colonies. The summaries included 
graphs of monthly precipitation and temperature values for the entire conti-
nent as well as a discussion of general climatic characteristics. What depart-
ment made this intriguing request, or why, was not recorded, but the request 
illuminated the wide range of demands on bureau resources.40

Of all its “research” tasks, however, the primary one was always forecasting—
the improvement of short-term forecasts and the extension of the forecast 
period. The Weather Bureau routinely received requests “from all sides” for 
forecasts extending months, seasons, and years ahead.41 A Weather Bureau 
forecaster assigned to the station at Kansas City, Missouri, reported that he 
was once asked—in the winter—to name a date six weeks in advance when 
the “sun would shine and [the weather would] be otherwise pleasant” for 
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a bridge dedication. He did so based on climatological information and, by 
the kind of miracle occasionally bestowed upon weather forecasters, got it 
right.42 However, the forecast had “no skill”: it was no better than the state 
of climatology at that time. Skillful, accurate long-term forecasts would be of 
huge benefi t to many business sectors. Farmers wanted advance knowledge 
of drought, excess precipitation, and extremely high or low temperatures. 
Road crews and transportation industries wanted to anticipate especially bad 
winters that could affect their ability to keep goods moving. Manufacturers 
wanted lead time to produce items needed by consumers. Retail outlets 
wanted to know what they should order.

However, the bureau’s leaders were steadfast in noting that there were, to 
their knowledge, no “sound physical laws” which would allow such fore-
casts to be made with any degree of success. This was made more compli-
cated by those outside the science of meteorology and related fi elds such as 
atmospheric physics, sociology, and geology who claimed to have discov-
ered methods of making accurate long-term forecasts. Even an economist 
fancied himself a long-range weather forecaster. The father of economet-
rics, Henry Ludwell Moore, published a long article in the Quarterly Journal 
of Economics that argued that the eight-year generating cycle in England, 
the eight-year crop cycles in England, France, and the United States, and 
the eight-year meteorological cycles could all be tied back to the motion 
of Venus with respect to the earth and the sun. The bureau was left in the 
position of sorting through public demands for long-range forecasts based 
on questionable methods that, upon closer inspection, did not yield valid 
forecasts. While not denying that it was possible to eventually make such 
forecasts, it did argue that forecast periods would not increase without solid 
scientifi c research.43

■ ■

■ ■

Well into the 1930s, the Weather Bureau doggedly defended its stance 
against long-range forecasts made without scientifi c underpinnings accept-
able to the meteorology community—i.e., forecasting methodologies that 
did not include the physical processes of the atmosphere. Chief Charles 
Marvin’s 1930–31 report categorically stated that there was no “real way” 
to make long-range forecasts. The bureau was familiar with the literature 
on the subject. Available methods could be categorized as (1) examinations 
of physical processes that would lead to a specifi c weather condition, (2) 
periodicities or cyclical recurrences that correlated astronomical or other 
sequences of events with a specifi c weather event, or (3) mathematical 
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 correlations between current weather in one location and weather that had 
occurred in the past, in the same or different location. None of these meth-
ods had resulted in any “skilled” techniques that extended the forecast 
period. A “skilled” forecast, by defi nition, had to be better than one derived 
from climatology data and persistence, i.e., the current day’s weather would 
persist into the next.44

Bureau offi cials admitted that they had made very little progress in fore-
casting the weather in many years. By using radio to improve observational 
data transmission and airplane observations to gain knowledge of the 
atmosphere’s vertical structure, bureau personnel hoped to expand their 
understanding of atmospheric dynamics that would aid in attacking the 
forecasting problem.45 But unbeknownst to bureau offi cials, a political storm 
was brewing on the horizon that would profoundly affect their operation.

The Weather Bureau’s leaders knew there were functional areas needing 
improvement, but viewed their work as being the best their budget allowed. 
The American Society of Civil Engineers, however, was not content with the 
services received by the engineering community. In April 1931, the ASCE’s 
Board of Directors appointed a special committee to “give thought as to how 
the United States Weather Bureau could be made of greater service to engi-
neers.” The fi ve-member committee presented its report at the ASCE Annual 
Meeting held 18 January 1933, and published the report in the January 1933 
issue of the Proceedings of the American Society of Civil Engineers. A hot blast, 
their extremely detailed report laid out defi ciencies the engineers had seen 
in the bureau’s operation of meteorological observation stations. It was fol-
lowed by a series of letters, pro and con, which appeared in fi ve subsequent 
Proceedings volumes.

The civil engineering report hit a raw nerve, and the ensuing uproar did 
not die quickly. Its engineers attacked observation station placement, data 
handling, and the format in which data were made available to engineers. 
They also impugned the scientifi c standing of the Weather Bureau, which, 
they charged, had “not kept pace . . . with research in other lines of science, 
either pure or applied.” After producing a list of recommendations, the com-
mittee members issued a fi nal blast, recommending that upon the retire-
ment of Charles Marvin the president of the United States should appoint a 
new chief from the ranks of those who were experienced administrators and 
who possessed “broad fundamental science training” and the “rare qualities 
of mature judgment and progressiveness.” Further, the new chief should be 
a “courageous [and] diplomatic leader, who will release the latent abilities 
now bound by archaic tradition.” There was one additional recommenda-
tion: the new chief need not be a meteorologist.46
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The ASCE was not the only group complaining. The Navy had been stung 
by the crash of the rigid airship USS Akron (ZRS-4) on 4 April 1933. The Akron 
had been operating off the coast of New England when high winds forced 
it into the water, where it sank. The accident killed 73 men, including the 
chief of the Bureau of Aeronautics, Rear Admiral William A. Moffett. A joint 
congressional committee investigated the crash, and the Navy held a court 
of inquiry to determine the disaster’s causes. Since high winds had forced 
the Akron to crash-land in the water, all eyes turned to the data provided 
by the Weather Bureau. While Navy aerologists (the term used for weather 
offi cers) were required to provide aviators with detailed forecasts for peri-
ods longer than a day, the bureau’s rather vague forecasts were for only 12 
hours. More importantly, for several years the Navy Bureau of Aeronautics 
had been emphasizing the importance of taking four weather observations 
per day (instead of the Weather Bureau’s two) to the Secretary of Agriculture, 
who had done nothing to increase the number of observations. After the 
Akron disaster, the Navy wanted action, and it was backed by the congres-
sional investigating committee.47 The Weather Bureau and the Secretary of 
Agriculture were under extreme pressure to quickly change their operations.

The loss of Akron and the ASCE report caused a fi restorm that came to 
envelop not only the Weather Bureau but also Secretary of Agriculture Henry 
A. Wallace. Wallace (whose father, Henry Cantwell Wallace, had been Secretary 
of Agriculture in the early 1920s) was a graduate of Iowa State College. He had 
worked on the family’s paper, Wallace’s Farmer, becoming editor when his 
father took the Agriculture Department post. Wallace was also a plant geneti-
cist who worked on corn hybridization. He was very interested in the connec-
tion between weather and crops, and he had close ties to the Weather Bureau. 
However, the ASCE report had become a political hot potato. The Akron disas-
ter had the president’s attention. Wallace had to address the complaints, or he 
would fi nd himself under fi re for supporting a purportedly non-scientifi c sci-
entifi c bureau that could not provide the minimal weather support required 
for aviation safety. Looking for a way out of this potential quagmire, Wallace 
found a solution: the Science Advisory Board.48

Established to study the functions, relationships, and programs of the gov-
ernment’s scientifi c agencies, the Science Advisory Board had been created 
by President Franklin D. Roosevelt through Executive Order 6238 on 31 July 
1933. The nine-member board, operating under the auspices of the National 
Research Council, came to be chaired by MIT’s president, Karl T. Compton. 
Board members would offer recommendations to increase government 
agencies’ effi ciencies, and aid the nation in exploiting its scientifi c expertise. 
The board was concerned with this question: “How far should Government 



A Stagnant Atmosphere ■ 29

itself go in conducting or supporting research or guiding the applications of 
scientifi c discoveries?”49

Wallace contacted the head of the National Research Council, Isaiah 
Bowman, asking for help. Bowman recommended that Compton and Robert 
Millikan (then president of Caltech) serve on an advisory committee dedi-
cated to addressing the Weather Bureau’s problems. Bowman (a geographer 
by training) also suggested that Wallace consider the statistical records kept 
by the bureau and how they might come to bear on questions about the 
atmosphere. Wallace, then on the job less than 6 months, was frustrated 
with the lack of research funding available for the Weather Bureau. He felt 
“helpless” to answer the criticisms being heaped upon the bureau and, con-
sequently, on the Department of Agriculture. In the darkest days of the Great 
Depression, and with the nation’s farmers needing extensive assistance, 
Wallace did not have time to be encumbered by the Weather Bureau’s fl aws. 
He was therefore enthusiastic about Bowman’s idea to bring in “outside 
meteorological interests” to improve weather services, to advance science, 
and to bolster the nation’s defense.50

In late August 1933, at Wallace’s request, the Science Advisory Board created 
a Committee on the Weather Bureau. Because the members of this commit-
tee—Millikan (the chairman), Compton, and Bowman—were not meteo-
rologists, Compton asked Charles D. Reed, a meteorologist in the Weather 
Bureau’s offi ce in Des Moines, to consult.51 Thus, the committee assigned to 
“assist” the Weather Bureau was unlike any of the others formed to study the 
government’s scientifi c agencies: it was composed of scientists who were not 
experts in the agency’s dominant discipline. Just as the astrophysicists felt 
entitled to claim that the sun alone determined the weather, two physicists 
and a geographer believed that they had a better grasp of meteorological prac-
tices than did the meteorologists.

The Committee on the Weather Bureau met with Charles Marvin on 26 
August 1933. Bowman noted that Marvin—apparently oblivious to the fact 
that his days as chief were numbered—was “immensely pleased” with the com-
mittee’s composition and with its mission. Marvin promised Millikan’s com-
mittee his full cooperation.52

The committee quickly homed in on the subject of meteorological 
research. Beno Gutenberg (a seismologist who had introduced meteorol-
ogy courses at Caltech under the umbrella of geophysics) and Lieutenant 
Commander Francis Reichelderfer (the Navy’s senior aerologist) had pro-
vided the committee written statements emphasizing the importance of 
introducing air mass analysis methods. This method, introduced by Vilhelm 
Bjerknes and his son Jacob at the Geophysical Institute in Bergen, Norway 
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(known in scientifi c circles as the “Bergen School”), had been available since 
the early 1920s. Reichelderfer had already introduced these techniques to 
Navy aerologists. While it did not appear that air mass analysis would signifi -
cantly lengthen the forecast period, all of the committee members neverthe-
less believed it would lead to increased accuracy.53

Wallace anticipated the committee’s fi rst report on 1 November. Millikan 
volunteered to write the fi rst draft. Committee members agreed that, to under-
score their concerns about Weather Bureau’s structure and about expansion 
of research opportunities, they needed to make a case for economic benefi ts 
that would be favorably received by agriculture, commerce, and aviation. The 
report would include their recommendations on the adoption of air mass 
analysis techniques and the full range of Weather Bureau functions. However, 
committee members did not concur in the report of the American Society 
of Civil Engineers, which they found lacking (they thought the ASCE had 
failed to appreciate the Weather Bureau’s many responsibilities and the way it 
carried out its functions, particularly since the engineers’ primary complaint 
was that they needed to reformat the bureau’s data to make it useful for their 
purposes). The committee thereby eliminated one of Wallace’s concerns: he 
no longer had to worry about the engineers’ narrowly defi ned complaints.54

The committee still had to address the matter of replacing the Weather 
Bureau’s chief. In early October, retired Weather Bureau meteorologist Oliver 
L. Fassig visited Isaiah Bowman. While Fassig ostensibly wanted to discuss 
tradewinds (he was working on a study of tradewind fl ow in Puerto Rico), 
his real mission was to discuss Charles Marvin’s replacement. Fassig argued 
that no one in the Weather Bureau had ever encouraged research. To his way 
of thinking, the bureau still suffered from “the old army spirit” from which 
it had sprung. The bureau needed someone from outside to come in. Fassig, 
however, could only think of one person he would recommend to be the new 
chief: Willis R. Gregg, a longtime Weather Bureau meteorologist. Perhaps 
more importantly, Fassig was worried that political infl uences could lead to a 
choice that ultimately would be detrimental to the bureau’s best interests.55

By mid November, the committee had a preliminary report (which did 
not include a recommended replacement for Marvin) ready for Secretary 
Wallace. The report’s primary recommendation was that the Weather Bureau 
adopt the Bergen School’s methods of air mass analysis immediately, with 
Army and Navy assistance. The Weather Bureau needed the military services’ 
cooperation to expand the upper-air observation system (which had widely 
scattered stations; see fi gure 1.5) within its limited appropriated funds. The 
report also recommended that all data reporting and recording be assigned 
to the Weather Bureau. To fulfi ll these recommendations, the bureau needed 
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to fi nd and hire meteorologists who had training and experience in air mass 
analysis. It also needed nationwide daily reports of temperature and humid-
ity up to 4 miles above the earth’s surface, as well as more frequent and 
detailed surface reports from both terrestrial and oceanic stations. However, 
improving weather services was not just a matter of more people and more 
observations. Even if the people and the reports were in place immediately 
(an impossibility due to Depression-driven across-the-board funding cuts), 
the bureau estimated that it would take 3–5 years to introduce the tech-
niques to experienced forecasters. Army and Navy stations would provide 
additional upper-air data. Obtaining additional surface reports would be 
diffi cult: stations were manned to report only twice daily, but at least four 
daily reports, taken simultaneously around the country, would be needed to 
produce the four daily maps dictated by the Norwegian method. Congress 
had not appropriated additional money for expanded data collection, so 
the bureau could only hope to make limited progress with the new forecast-
ing techniques. If it did not study and vigorously apply the results of new 
scientifi c work, the bureau realized, it would fall hopelessly behind other 
similar institutions. Indeed, it already had. European  governments were 

Figure 1.5
“Kite and balloon stations in the US,” circa 1925. (NOAA National Weather Service 

Collection, courtesy of NOAA Central Library)



32 ■ Chapter 1

expending more money than the United States on research and applica-
tions, and the Bergen School’s techniques were already successfully in use 
on the Continent.56

While not heavily engaged in what would normally be called research, the 
Weather Bureau was responsible for publishing the only scientifi c journal in 
the United States devoted to meteorological research: Monthly Weather Review. 
In addition to publishing articles on scientifi c advances at home and abroad, 
MWR published recent and average weather records. The Weather Bureau also 
aimed to eradicate widely held “false ideas, which everywhere abound respect-
ing the weather” and to assist those providing meteorological instruction in 
secondary schools and in higher education institutions.57 Additionally, MWR 
fulfi lled America’s obligation to the wider international meteorological com-
munity by providing observational and statistical data related to meteorology 
and climatology. In return, the bureau received similar information from other 
nations. MWR published investigations of upper-air phenomena (including 
the strength and direction of air currents), articles on protecting agricultural 
products from weather extremes, and articles on the role of weather in health-
related matters (termed “physiological meteorology”). MWR was the only 
journal publishing fairly long articles on meteorological research. Such stud-
ies vanished when MWR was crippled by Depression-era funding reductions. 
In 1932, MWR’s editor, the atmospheric physicist William J. Humphreys, 
stopped publishing articles as a cost- cutting measure—only the data portions 
remained in the journal. This action temporarily eliminated the one medium 
for exchanging new meteorological information worldwide, further hindering 
disciplinary advancement. Funds were restored almost a year later, at which 
point Humphreys requested immediate submission of completed articles.58

Monthly Weather Review was only one of many research-related line items 
that were cut. In 1932, the entire government research budget was reduced 
by 12.5 percent. That included the Weather Bureau’s scientifi c work not fall-
ing directly under the heading of research.59 This loss of funding directly 
affected the bureau’s ability to pursue climatological work.

Even more problematic than its paltry research budget was the Weather 
Bureau’s inability to hire and keep scientifi cally trained staff members. Al-
though the bureau’s personnel situation most certainly deteriorated during 
the Depression, it had been plagued by personnel shortages for many years. 
Indeed, the War Department and the Navy Department had had few person-
nel trained in meteorology before the United States entered World War I. 
Since the majority of people with meteorological training (professional 
and technical) worked for the Weather Bureau, it had been  responsible for 
 providing both personnel and training to the war effort. Despite the resulting 
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increase in demand for services, starting in 1914 the bureau had experienced 
a decline in personnel, even as foreign meteorological bureaus were grow-
ing. Funding had not kept up with expenses or the expansion of services. 
Congress had turned down a request for additional fi scal year 1921 appro-
priations to cover aerological work in support of military and civil aeronau-
tics, data gathering, and forecasting in support of marine meteorology (the 
bureau was responsible for open-ocean forecasting), and data gathering and 
forecasting related to fi re-weather, fruit-frost, and other specialized agricul-
tural-related missions. As the Weather Bureau’s chief declared in his 1919–20 
annual report, stagnant appropriations coupled with rapidly rising costs for 
goods and services had crippled his ability to meet new obligations. The num-
ber of weather stations was not adequate to support aviation, even with the 
addition of Army and Navy stations. Limited personnel had forced cutbacks 
in services, and demands by the insurance industry for timely, accurate data 
were taking a heavy toll. Chief Charles Marvin had explained this as follows: 
“In general terms, the Weather Bureau is suffering from the ravages of the 
war and the consequences of an enormous change in economic conditions. 
Its work is conducted under strained conditions by faithful personnel, largely 
discouraged by the slow and inadequate adjustment of Federal compensa-
tions to existing conditions of life.” During the 1920s, increasing numbers of 
employees were leaving the bureau—some after 30 years—because their sala-
ries did not support their families. Annually, 100 percent of the lower civil 
service grades turned over: the bureau was training meteorological observers 
who then left for better-paying jobs. Meteorologists with a bachelor’s degree 
working for the Army Signal Service started at more than $2,500 per year, 
while Weather Bureau meteorologists (with master’s degrees and 10 years 
of experience) only earned $1,800 per year—less than most shop employ-
ees earned at the Bureau of Standards or than most clerks received at the 
Department of Agriculture’s Offi ce of Experiment Stations. Nor was the sal-
ary discrepancy between the Weather Bureau and other science-based agen-
cies limited to the lowest levels. In 1921, the Weather Bureau’s chief was paid 
$5,000 to lead an organization with more than 200 stations and a budget 
of $2 million. While the chief of the Offi ce of Experiment Stations received 
the same salary, he supervised an organization with only fi ve stations and 
a budget of $250,000. The chief of the Bureau of Chemistry and Soils was 
paid $8,000. His organization’s budget was only $1.3 million.60 The Weather 
Bureau was unique in this discrepancy between wages paid and correspond-
ing levels of responsibility. No wonder the Weather Bureau, as an organiza-
tion, carried itself in the manner of one who has been constantly put upon. 
Weather Bureau employees were put upon. They were given  neither the 
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respect nor the corresponding remuneration accorded to employees of other 
scientifi c agencies.

In 1924, the Civil Service reclassifi ed positions to align the pay scales for 
similar positions across government agencies, but Weather Bureau employ-
ees were still paid inadequately (considering level of education and training, 
responsibilities, and length of service) relative to other civil servants.

By the early 1930s, the Weather Bureau was seeking additional employees to 
provide aviation services. However, it had a diffi cult time fi nding enough trained 
men (there were no women in the bureau). Senior grades required degrees in 
mathematics or physics, preferably with some meteorology courses. However, 
so few colleges offered separate meteorology courses that the bureau could not 
make them a requirement for employment. All positions, regardless of educa-
tional background, were fi lled by competitive civil service examination.61

The personnel situation had deteriorated further once the government 
 instituted Depression-era economy measures. In mid 1932, men over the 
age of 70 (with a few exceptions) were immediately retired. With this cut 
the Weather Bureau lost 25 of its most senior people, including two-thirds 
of those with earned PhDs. Of the latter, only three (Chief Charles Marvin, a 
meteorological physicist, and the head of the New Orleans fi eld offi ce) kept 
their jobs. Most of those retired had been heading fi eld stations—a position 
for which the most important indicator of probable success was years of expe-
rience. Those remaining within the system lacked equivalent education and 
training. This situation adversely affected the bureau’s ability to provide effec-
tive weather services.62

In 1933, the Weather Bureau endured more funding reductions and person-
nel losses. Congress appropriated $400,000 less for fi scal year 1934 than for 
1933. It then imposed a spending limit that was an additional $800,000 below 
the appropriation—a total loss of $1.2 million. The fi nal budget was just shy of 
$3 million. As a result, the bureau laid off 500 employees and closed more than 
twenty fi rst-order stations (including those at Fort Worth, St. Paul, and San 
Jose) and a large number of substations. A number of departments (particu-
larly Agriculture and Commerce) lost weather services due to the budget cuts. 
Worse yet, the bureau lost additional senior personnel. Many of those with 
30 or more years of service were involuntarily retired. Some of the remain-
ing employees kept their jobs by moving into lower-ranking positions. Along 
with everyone else in government, they took a 15 percent pay cut—not an 
incentive for recruiting younger meteorologists.63

Weather Bureau employees thus had many concerns during this period: 
loss of jobs, pay, and funding for goods and services, and intense pressure to 
maintain consistent, high-quality weather services. Therefore, it had been 
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especially irksome to receive complaints from entities such as the American 
Society of Civil Engineers that Weather Bureau data were diffi cult to use. 
An ASCE committee looking into the bureau’s methods found personnel 
to have an “inferiority complex,” enhanced by weaker educational back-
grounds and inadequate equipment for scientifi c investigations, com-
pared to those working elsewhere in the Department of Agriculture. Oliver 
Fassig (the former chief of the climatology division, who had been invol-
untarily retired) fi red back that the Weather Bureau did not exist to sup-
port special-interest groups. Furthermore, the bureau was still hampered 
by the attitude toward meteorology as a science that existed during its 
establishment in the late 1800s, i.e., it was not a “real science” like physics 
or chemistry. As a result, it suffered from long-standing “poor intellectual 
visibility.”64

In 1935, the bureau began to climb out of this desperate situation when 
it hired three young meteorologists with newly earned MIT PhDs: Horace 
Byers, Harry Wexler, and Stephen Lichtblau. Their mission was to bring the 
Norwegian polar front and air mass theory—a theory recommended by the 
Science Advisory Board—to the bureau. Their mandate was to study how 
Bergen School techniques could be applied to North American weather, 
and then teach them to fi eld meteorologists. But the addition of these three 
young men did not markedly improve the bureau’s educational profi le. 
Surveying personnel in the late 1930s, Byers found that only 27 percent of 
“professional personnel” had college degrees, and that half of those degrees 
were in science or engineering. By 1939, there were only fi ve Weather Bureau 
employees with meteorology degrees.65 This dearth of professionally edu-
cated meteorologists was largely due to the low opinion held by academe 
about meteorology as a scientifi c discipline before World War II.

Stagnant and then dwindling appropriations kept the Weather Bureau 
in a rut. Reduced funding exacerbated already low salary levels and the 
bureau’s inability to expand observation stations. With no research budget, 
the bureau was not able to analyze the data it had collected from its 5,000 
volunteer observers. With little congressional support, it had not sought out 
new analysis and forecasting methods until prodded by the Science Advisory 
Board. As the 1930s closed, long-range forecasting and mathematics-based 
objective forecasting techniques appeared to be in the distant future.

Looking Abroad for Inspiration: The Navy Aerological Service

Like the Weather Bureau, the Navy Aerological Service (Navy Aerology 
for short) had long operated with limited funds and manpower and with 
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 virtually no support from the battleship admirals leading the Navy. But 
unlike the Weather Bureau, the Navy had looked to the Bergen School and 
adopted its methods—a decision that would inform, shape, and strengthen 
the professional relationships between several major fi gures who would 
eventually infl uence the development of numerical weather prediction in 
the United States.

Having transferred its marine meteorological service (minus the weather 
information plotted on pilot charts) to the Weather Bureau in 1904, the Navy 
had paid scant attention to meteorological services until World War I. Then, 
demands from aviation units forced it to expand its meteorological mis-
sion. After the war, as discussed above, the bureau had resumed its role as the 
nation’s sole provider of weather services. However, it soon became obvious 
that the bureau was not going to have an offi ce near every one of the naval 
activities that were scattered along the Atlantic, Gulf, and Pacifi c coasts. “It 
is fully recognized,” Secretary of Agriculture David Franklin Houston wrote 
to Secretary of the Navy Josephus Daniels on 14 January 1920, “that certain 
meteorological work and observations must of necessity be conducted by 
the Navy in connection with its operations at base stations and on vessels at 
sea, but such work does not involve duplication of effort. In fact, stations so 
maintained by the Navy will supplement those of the Weather Bureau and 
be valuable to it.”66

The Navy’s aerological mission would be to provide “detailed weather infor-
mation to naval aviators and aeronauts” and to provide local weather forecasts 
when a Weather Bureau offi ce was not close by.67 That did not seem too oner-
ous a task; however, with only fi ve offi cers and two enlisted men remaining 
from war service, the Navy was far from able to meet all requests for meteoro-
logical support.

Because almost all weather observing and forecasting tasks had been 
absorbed by the Weather Bureau in the earliest days of the twentieth century, 
the Navy was not prepared to fi ll a rapidly expanding need for meteorologi-
cal support. It had no meteorological specialists and only a few basic instru-
ments. Naval air stations were very interested in obtaining “allowances” for 
meteorological equipment and personnel. While an “allowance” would not 
guarantee equipment and personnel, without an allowance naval air sta-
tions would never get them. However, sailors were unfamiliar with meteo-
rology, and civilian meteorologists were unfamiliar with the Navy, so it took 
some time to put a new Navy meteorological organization together. Starting 
in 1917, Alexander G. McAdie, director of the Harvard-affi liated Blue Hill 
Meteorological Observatory, began to provide meteorological training to 
offi cers in conjunction with MIT’s aviation ground school. At the request 
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of Assistant Secretary of the Navy Franklin D. Roosevelt, McAdie accepted a 
reserve commission as a lieutenant commander in January 1918 and began 
to determine the Navy’s aerological needs and organize an aerological ser-
vice. Shortly thereafter, enlisted personnel started receiving meteorologi-
cal training at Pelham Bay, New York. The Navy shipped 9 offi cers and 15 
enlisted men to England for further training with the British Meteorological 
Offi ce and then on to European assignments for the war’s duration. By war’s 
end, 50 offi cers and 200 enlisted men were providing meteorological ser-
vices to a variety of naval activities.68

When the Navy determined that it had to accept responsibility for most of 
its own weather support, it was obvious that the seven remaining meteoro-
logical personnel could not fulfi ll the mission. Naval activities at home and 
abroad, as well as afl oat units, needed weather forecasts. Because weather 
conditions were important to fl ight safety, the Navy established a meteo-
rology school at Naval Air Station Pensacola, home of the fl ight school. 
Training for both offi cers and enlisted men covered the science of meteo-
rology and its applications to naval operations. Enlisted men took a four-
month course that prepared them for assignments at naval air stations, on 
aircraft tenders (ships that provided repairs and maintenance to seaplanes), 
and with other ships and stations. In addition to this in-house instruction, 
Weather Bureau headquarters provided some naval offi cers with two addi-
tional months of “post-graduate study.” Of the six offi cers who graduated 
from the basic course, three went directly to fi eld assignments, while the 
other three moved to Washington for further training. This advanced course 
included non-instrumental observations of weather (e.g., the signifi cance of 
particular cloud types), discussions of fl ying weather, weather map construc-
tion, discussion and forecasts, and physics of the air. The bureau also gave 
the visiting offi cers free access to its library.69

Despite the Navy’s laudable effort to establish a training program that 
would boost its numbers of meteorologically trained personnel, any naval 
offi cer who planned to maintain a successful naval career had to spend a con-
siderable amount of time at sea or serving with the nascent aviation units. 
Consequently, receiving meteorological training was not high on the list of 
desirable career options. With insuffi cient volunteers, the Navy ordered offi -
cers who had little or no interest in meteorology to the training courses. 
They stayed within the aerological program for the minimum required time 
before transferring to more career-enhancing positions. These uninterested 
offi cers tended to lead ineffi cient weather stations, which contributed to 
weather-related aircraft incidents. In the worst of these accidents, the rigid 
airship Shenandoah went down in a line squall on 3 September 1925, killing 
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14 people. Coming just one day after the disappearance of two Pacifi c-based 
PN-9 seaplanes in the Pacifi c, the case for the necessity of good weather sup-
port had been made.70

The Navy needed to take a different approach to maintain a cadre of highly 
trained meteorologists who could apply their knowledge to naval operations. 
The diffi culty: line offi cers, i.e., “warfi ghters” serving afl oat, already consid-
ered themselves to be good weather forecasters. They spent their lives at sea 
and had to be able to read the skies for indications of future weather con-
ditions. They felt no need for advanced training. Furthermore, remaining 
in a specialty area like aerology would have effectively ended their careers. 
Promotions depended on fi lling shipboard “combat” positions. Making 
weather forecasts to aid the fl eet was not suffi cient to guarantee advance-
ment. Despite the training program in Pensacola, by 1925 there were only 
two naval offi cers practicing meteorology. One of them—Reichelderfer—was 
eventually destined to become the Chief of the Weather Bureau.71

Francis Wilton Reichelderfer had graduated from Northwestern 
University with a degree in chemistry in 1917, just as the United States was 
entering the Great War. Joining the naval reserve intending to become a 
pilot, he signed up for meteorology training and was assigned to Alexander 
McAdie’s training unit at Blue Hill. Reichelderfer did earn his wings after the 
war was over, but he remained in the meteorological fi eld. By 1922, he was 
the head of Navy Aerology (a position he held until 1928) and occupied the 
Navy’s “desk” at the Weather Bureau’s headquarters, where he fi lled a liai-
son function while pursuing his own studies of Bergen School techniques. 
With the demand for aviation forecasting increasing as the numbers of 
meteorological   practitioners dwindled, Reichelderfer decided that the only 
solution was to establish a post-graduate course for Navy meteorologists. 
In 1926, Reichelderfer (by then a lieutenant commander) and Edward P. 
Warner (an MIT professor of aeronautical engineering who was serving as 
Assistant Secretary of the Navy for Aeronautics) established a two-year post-
graduate course in meteorology. Reichelderfer argued that the importance 
of weather information for aviation missions was new and distinct from the 
previous use of forecasting to ensure safety at sea. The Weather Bureau took 
care of marine forecasts. The aviators needed special weather information 
(e.g., on cloud layers, fog, and strong winds) to make decisions on launch-
ing aviation missions that could include scouting and bombing. Because 
that kind of detailed information could not be transmitted via teletype, an 
offi cer needed to be on site to  provide “over-the-counter” briefi ngs and to 
answer questions.72

The Navy taught the fi rst year of this new course, emphasizing advanced 
physics and mathematics, at the Naval Postgraduate School on the US Naval 
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Academy’s campus in Annapolis. The second year, concentrating on meteo-
rology, had to be taught elsewhere. Reichelderfer approached climatologist 
and eugenics proponent Robert DeCourcy Ward of Harvard about the pos-
sibility of hosting the course. Ward agreed to host it for one year, if MIT’s 
physics and mathematics faculty would teach dynamic meteorology (which 
deals with the solution of hydrodynamical and thermodynamical equations 
as related to the full range of atmospheric motion). At the end of the fi rst 
year, neither MIT nor Harvard had the faculty to carry out the Navy’s pro-
posed instructional program. However, MIT’s Warner had convinced the 
Daniel Guggenheim Fund for the Promotion of Aeronautics that support for 
aeronautics meant more than research on aircraft design and construction. 
Meteorological instruction and research leading to more accurate forecasts 
were essential for safe fl ight. The Guggenheim Fund gave MIT $34,000 to 
fund the fi rst 3 years of a meteorology course, and provided Carl-Gustav 
Rossby to lead it.73

The Swedish-born Rossby would in time emerge as the most infl uential theo-
retical meteorologist of the middle years of the twentieth century. He had stud-
ied mathematics, mechanics, and astronomy at the University of Stockholm 
before moving on to work with Vilhelm Bjerknes at the Geophysical Institute 
in Bergen. After two years there, he studied hydrodynamics at the University 
of Leipzig’s Geophysical Institute. Returning to Sweden in 1921, he took a 
position with the Swedish Meteorological and Hydrological Institute while 
he completed his fi losofi e licenciat in mathematical physics at the University of 
Stockholm. Awarded a fellowship by the American-Scandinavian Foundation 
to study in the United States, the energetic, hard-driving Rossby joined the 
Weather Bureau’s headquarters staff. While working on questions related to 
atmospheric turbulence, he attempted to persuade bureau forecasters to use 
Bergen School techniques. Weather Bureau meteorologists were not receptive, 
but Francis Reichelderfer was. A friendship blossomed, and this pair of mete-
orologists would continue to work together to advance the discipline until 
Rossby’s death in 1957. Rossby, having irritated the Weather Bureau hierar-
chy and needing another position, was invited by the Guggenheim Fund to 
organize weather services for its model airway being constructed between Los 
Angeles and San Francisco in 1928. Once the weather services were turned 
over to the bureau, Rossby was available to lead the new MIT meteorology 
program.74

Rossby established the course at MIT (within the department of aeronau-
tical engineering) with the help of synoptic meteorologist Hurd C. Willett. 
(Synoptic meteorology is the subdiscipline that coordinates observations 
into a picture of the day’s weather and makes predictions of future weather.) 
Willett had joined the Weather Bureau after graduating from Princeton in 
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1924, and subsequently spent time studying with the Bergen School. He was 
completing his PhD at George Washington University when he joined the 
new MIT program. The new curriculum included course work in physics of 
the air, and mathematical and dynamical meteorology, and practical work in 
forecasting. Reichelderfer hoped that the course would “arouse more general 
interest throughout the country in instruction in weather science and [lead] 
to fruitful research and development.”75

MIT’s new graduate program, based on Bergen School techniques, provided 
the Navy with a cadre of formally trained meteorologists. By 1934, 24 offi -
cers had attended and were working as aerologists. However, there was a con-
tinued lack of upward career mobility, and in 1940 only 18 would remain.76 
Thus, once again, the Navy would enter a war without suffi cient personnel to 
provide the required meteorological support to the operating forces.

With so few meteorologists and with no research budget, the Navy aerolo-
gists, like their Weather Bureau counterparts, had little opportunity to imple-
ment new ideas and techniques. Despite these diffi culties, Reichelderfer had 
circulated Jacob Bjerknes’s fi rst paper on frontal analysis techniques to his 
fellow Navy offi cers by 1921 and started applying those techniques to sur-
face weather maps shortly thereafter. He actively sought papers written by 
Bergen School members and distributed them to colleagues. Therefore, Navy 
offi cers attending graduate school were familiar with the Norwegian meth-
ods. The Norwegian methods were also taught to Navy aerographer’s mates 
(enlisted men) at the Aerology Observatory in Lakehurst, New Jersey, site of 
the airship base. While Reichelderfer was in Lakehurst to forecast for airship 
operations, he had Rossby’s MIT group mail their daily weather maps to him. 
Even though the aerographer’s mates were being trained in Bergen School 
methods, Reichelderfer noticed that their maps did not match the MIT maps. 
It was obvious to Reichelderfer that to successfully train the aerographer’s 
mates in Bergen School techniques he needed to go to Norway.

En route to Norway in 1931, Reichelderfer spent almost a month with the 
British Meteorological Offi ce to examine their organization and forecasting 
methods. A six-month stay in Bergen followed. Reichelderfer also visited 
weather offi ces all over Europe (including France and Germany), writing 
enthusiastically detailed accounts of their operations. He sent these reports 
(marked “Restricted”) via diplomatic pouch from the US Embassy in Paris 
under naval intelligence cover sheets. Upon Reichelderfer’s return, one of his 
new Norwegian colleagues traveled to the United States to lecture Navy aer-
ologists. This led to what Reichelderfer later termed “successive invitations 
by universities that led to permanent residences by some of the well-known 
and distinguished Viking scientists.”77 Thus, the efforts of both Rossby and 
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Reichelderfer to promote Bergen School methods signifi cantly infl uenced the 
eventual immigration of Scandinavian meteorologists to the United States. 
This infl ux of Scandinavian expertise would have a tremendous impact on 
the advancement of meteorology in America.

Mid-1930s newspaper articles typically described this “new” air mass 
analysis method to be of recent American origin, though in fact it was a 
Norwegian import. Infrequent weather observations, coupled with inade-
quate spatial distribution, impeded its full implementation.78 To be effective, 
weather observations had to be taken nationwide every six hours, and data 
density had to increase. This was not a small concern for the Navy, which 
obtained all weather data from the Weather Bureau, whose budget could 
barely handle current requirements.

The Navy was also actively encouraging (and carrying out) the collection 
of upper-air observations. In the mid 1930s, Navy aerologists became the 
fi rst to use special recording instruments (meteorographs) attached to air-
planes to obtain temperature, pressure, and humidity data, which could 
then be used for local area forecasting and to supplement Norwegian meth-
ods. Navy Aerology was committed to staying current with the latest sci-
entifi c developments—coming primarily from overseas—so as to advance 
meteorology in the United States and stand ready to fulfi ll its duties in war 
and peace. Weather forecasts for fl ight operations, visibility forecasts for the 
accurate fi ring of shipboard guns, and wind forecasts for ballistic targeting 
would all be important as the Navy prepared to enter another war in the late 
1930s.79

Fighting to “Ground” Meteorology: The Army Signal Corps

The Army Signal Corps (Meteorological Division) had a longer history than 
either the Weather Bureau or the Navy’s aerological service. Weather ser-
vices in the United States had been a function of the Army Signal Corps from 
1870 until their transfer to the Department of Agriculture in 1891.80 The War 
Department then depended on the Weather Bureau for meteorological sup-
port until World War I.

Unlike earlier armed confl icts, the Army had recognized that weather 
support would be crucial to its success on the battlefi eld as it prepared to 
enter the war. Weather services had not become important because predic-
tions were signifi cantly better, or because Army leaders had determined that 
weather conditions affected battles. Rather, weather prediction mattered 
because advances in armaments dictated requirements for meteorological 
support. Artillery ranges had increased to ten miles or more; atmospheric 
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conditions, winds in particular, infl uenced targeting. Army units were also 
using listening posts to determine the location of enemy artillery batter-
ies. Known as “sound ranging,” the accuracy of this woefully inadequate 
method decreased dramatically without knowledge of air density, and wind 
speed and direction. The successful use of poison gas depended on favor-
able winds. High winds blew the gas over enemy trenches or dispersed it 
too rapidly to be effective. Light winds carried the gas so slowly that the 
enemy could take countermeasures. If the wind shifted, it would drift back 
over friendly forces—an event that, as one contemporary observer noted, 
“seriously interfere[d] with the career of the gas offi cer.” Therefore, accu-
rate knowledge of the wind regime was very important. And, of course, the 
introduction of aviation assets meant fl ight forecasts. The Air Service of the 
American Expeditionary Force was one of the fi rst Army organizations to 
require weather support. These early aviation forecasts had been for safety, 
not tactics. Their purpose was to keep these planes built from “wood, glue, 
wire, and fabric” out of adverse weather—high winds, turbulence, and hail-
storms—that could bring them down.81

General John Joseph “Black Jack” Pershing, Commander of the American 
Expeditionary Force, had requested meteorological personnel. Like the Navy, 
the Army did not have enough meteorological offi cers to meet the demand. 
Not only did Pershing need meteorologists in wartime Europe; the Weather 
Bureau could not support the Army’s stateside activities—the Gas Warfare 
Service, ordnance proving grounds, and fi eld and coast artillery units.82

Manpower, not surprisingly, was hard to fi nd. The Chief Signal Offi cer, 
General G. O. Squier, had called on the National Research Council to recom-
mend possible sources of potential offi cers. Squier also had asked the 
Weather Bureau for help because “virtually all the trained meteorologists in 
the country were employed by the [bureau].” A planning committee com-
posed of bureau personnel was led by Lieutenant Colonel Robert Millikan, 
then serving as the Offi cer in Charge of the Signal Corps Science Research 
Division. The committee determined that available assets had to be divided 
among three basic support areas: the American Expeditionary Force, the 
stateside activities needing weather services, and research into meteoro-
logical topics. To solve the manpower shortfall, the bureau had donated 25 
percent of its 600 employees to the Army through the end of World War I. 
Hundreds more were trained—some at Texas A&M (fi gure 1.6)—just for war-
time military service.83

The Signal Corps’ provision of weather services was one part science, one 
part military tactics. Meteorology personnel faced challenges that fell into one 
of three categories. First, they had to develop statistical meteorology (i.e., clima-
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tology) to determine appropriate locations for military units and aerodromes. 
Second, they had to provide current meteorological information to military 
units, including ballistic winds to artillery companies, humidity, temperature, 
and wind data for sound ranging, and pilot-ballon and theodolite observations 
for aviation. Third, they had to provide forecasts in advance of military operations. 
Observers had to measure temperature, air density, and wind direction and speed 
so artillery units could exploit sound ranging and properly aim their guns.84

Cobbled together just as the United States entered the war, the meteoro-
logical division perform  ed well during the confl ict. Unfortunately, like their 
Navy brethren, meteorological personnel had left the Army in droves and 
returned to their peacetime occupations after the war. However, the mission 
remained. Planes were still fl ying. The Chemical Warfare Service had contin-
ued to conduct experiments and practice maneuvers. The fi eld artillery units 
still needed standard ballistic range tables for their artillery pieces.85

Despite the hundreds of men trained in meteorology in World War I, between 
1921 and 1935 no more than eleven weather offi cers served in the Signal 
Corps. Along with a handful of enlisted men, they were able to fulfi ll less than 
one-fi fth of the demand for their services. The Signal Corps continued to build 
more weather stations (they quadrupled the number to approximately 40), but 
with so few soldiers the quality of meteorological services remained poor.

Figure 1.6
Army Signal Corps meteorology training during World War I. These young trainees 

at Texas A&M are watching the launch of a weather balloon. (courtesy of Military 

Heritage Institute, Carlisle Barracks, Pennsylvania)
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The Signal Corps trained both offi cers and enlisted weather personnel at 
Camp Vail (later Fort Monmouth), New Jersey, which also was home to mete-
orological instrument development. Additional enlisted men received meteo-
rology training at Carlstrom Field (Florida) and March Field (California) as part 
of fl ight training. With close ties to the Weather Bureau, which was providing 
most of the forecasts, the Signal Corps took no interest in the Bergen School 
techniques. When Reichelderfer offered Signal Corps leaders the chance to 
participate in the Navy’s new MIT graduate program, they declined.86

The Air Service had not been content waiting for the Signal Corps to 
upgrade weather support. From 1922 to 1924, the meteorology section’s bud-
get more than doubled from $27,000 to $67,000—and it was all due to Air 
Service requirements. As far as the Air Service was concerned, meteorological 
services belonged under its jurisdiction. The Signal Corps argued that weather 
services were not exclusive to the Air Corps. Therefore, the meteorology sec-
tion stayed within the Signal Corps, but fell under the Intelligence Division, 
having escaped from the Special Services Division that supervised the Pigeon, 
Photo, and Commercial sections.87

From the mid 1920s on, a power struggle ensued between the older Army 
“ground pounders” and the younger aviators. The latter wanted more sup-
port. The former had control and intended to retain it. The Signal Corps did 
not care much about the Meteorology Section, and probably could have been 
forced to give it up. However, the Air Service was fi ghting for survival within 
the military structure and did not have the time or the energy to become 
embroiled over what seemed like a minor point.88 Although the Air Service 
was not effectively fi ghting for control over meteorology, it did accept 
Reichelderfer’s offer and sent its fi rst student to MIT in fall 1929. However, Air 
Service meteorologists did not embrace Bergen School methods until 1935.89

In 1934, the Signal Corps’ chief declared that he wanted release from the 
weather mission if he did not get more funding. But that same year, charges 
that the US Post Offi ce had fraudulently awarded air mail routes without 
competitive bidding (later shown to be unwarranted) led Post Offi ce Solicitor 
Karl Crowley to declare that existing contracts were void. President Roosevelt 
then issued Executive Order 6591, which canceled all air mail contracts and 
ordered the Army to carry the mail. The Army Air Service took over the fl ights 
with only ten days’ notice. This was an ill-fated decision. Not only were Army 
aircraft inferior to anything being fl own by commercial carriers, the weather 
was particularly bad and the forecasts were inadequate. Within three weeks, 
twelve pilots died in airplane crashes. Although this decision became a polit-
ical liability for Roosevelt, the Signal Corps bore the brunt of criticism for its 
forecasting defi ciencies. The Signal Corps’ gambit to use this fi asco to obtain 
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additional funds did not work, however, and the Air Corps, which had more 
weather-trained offi cers than the Signal Corps, took over weather forecast-
ing responsibilities as the primary user of the services.90 Commenting on the 
divorce of meteorology from the Signal Corps, one offi cer later testifi ed that 
meteorology had “no more to do with signals than Donald Duck.”91

In 1937, the Air Corps began sponsoring weather services for aviation and 
for ground forces serving in units at the division level or above. Signal Corps 
weather offi cers desiring transfers had to qualify as pilots—a requirement 
that did not encourage movement of trained personnel. Enough personnel 
were attracted to this new meteorological service that by the end of 1939 30 
offi cers and almost 400 enlisted men were serving in the Air Corps.92 Even 
this increase would not be nearly enough to provide for the requirements of 
the by then rapidly approaching war.

While the forecasting mission moved to the Air Corps, the limited meteo-
rological research function remained within the Signal Corps. Most research 
and development activities were centered on meteorological instruments. 
Despite pressure to move this work to Wright Field in Ohio due to aviation 
requirements, it remained at Camp Vail. The Army needed meteorological 
support for all of its forces, not just the aviators.

The work at Fort Monmouth later proved critical for the eventual devel-
opment of numerical weather prediction models. The researchers worked to 
develop an audiomodulated radiosonde (then called a radiometeorograph). 
This instrument would allow upper-air observers to gather data during the 
night or during cloudy weather—whenever a pilot balloon would normally 
be obscured. Large balloons carrying meteorological instruments and a radio 
transmitter would send data to a receiving station, which was far superior than 
trying to fi nd the recording equipment after it had fallen back to the ground. 
The Army also conducted meteorological research related to chemical warfare. 
The Chemical Warfare Service sponsored almost 700 projects for the Army, the 
Navy, and civilian organizations. However, appropriations were so small (less 
than $1 million annually for all projects combined from 1923 to 1926, and 
less than $2 million annually from 1927 to 1938) that each project received 
an average of 2–3 thousand dollars. Most research was directed, not to basic 
weather research or prediction, but toward the effects of micrometeorological 
phenomena on the movement of gas.93

In Retrospect: Weather Services in the Interwar Period

While European weather services were relatively awash with money in the 
period between the two world wars, encouraged research, and eagerly tried 
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out the new ideas of the Bergen School, the United States experienced a 
period of retrenchment for all of the weather services. For example, while the 
Norwegians and the Germans funded geophysical institutes to conduct mete-
orological research, the Americans did not. The military services experienced 
dramatic drops in personnel and funding immediately after World War I, from 
which they did not start to recover until war loomed once again. The Weather 
Bureau, forced to operate without almost a quarter of its personnel during 
World War I, got them back, only to face stagnant appropriations in the 1920s, 
then drastically reduced appropriations as the Great Depression deepened.

Losing its most experienced personnel, and having no opportunity to 
replace them, the Weather Bureau could barely provide routine services, 
much less expanded aviation services. With low levels of funding and com-
pensation, and with a training program that assumed that the only way to 
create a forecaster was through an apprenticeship of 5–6 years, it is hardly 
surprising that the bureau was not in the forefront of implementing new 
forecasting techniques. Furthermore, astrophysicists, statisticians, econo-
mists, physicists remote from atmospheric work, and others were telling the 
Weather Bureau how it should be doing its job. What could have been more 
demoralizing for government meteorologists than repeatedly being told, 
through words and deeds, that their scientifi c discipline did not deserve to 
be included with the scientifi c “big boys”?

The Navy Aerological Service had suffered more from benign neglect. Sea 
captains, believing they knew everything there was to know about the weather, 
were perfectly satisfi ed with their ability to operate under any conditions. For 
decades, they (and commanders of entire fl eets) failed to consider the infl uence 
of weather on naval operations. However, operating in weather extremes was 
just part of fulfi lling the Navy’s mission at sea. This confi dent devil-may-care 
way of thinking did not last as long in the aviation community. The atmosphere 
is much less forgiving to aircraft under less than perfect conditions. Therefore, 
aviators demanded increased meteorological support even while the Navy did 
not provide a career path for those who would provide it.

The interwar period saw the Navy adopt and spread Bergen School meth-
ods through its own professional networks in a way that did not occur in the 
much larger Weather Bureau, still top-heavy with older men. Thus, when 
the Science Advisory Board directed the adoption of air mass analysis tech-
niques, the Navy was able to meet the requirements with less resistance. 
Instruments were being developed and put on aircraft to gather data, which 
were then shared with the Weather Bureau. In this way, the Navy was look-
ing forward. What it could not see was how once again it was approaching a 
time of war with insuffi cient personnel to fulfi ll its mission.



A Stagnant Atmosphere ■ 47

As World War II loomed, the Meteorology Section of the Army Signal Corps 
was probably in the worst shape of all the weather services. It was a low-
 priority organization, thrown together with the messenger pigeons. Aviation 
units received their forecasts from the Weather Bureau. With no war in sight 
for the United States through the 1920s and into the 1930s, there was little 
concern about providing meteorological services to ground troops overseas. 
Research was almost exclusively focused on developing and improving mete-
orological instruments. Although these newly developed instruments, in par-
ticular the prototype radiosonde, greatly enhanced meteorologists’ ability to 
collect upper-air data, the success of that endeavor was not suffi cient to keep 
the Signal Corps’ Meteorological Section going. Scant attention was paid to 
new developments in the atmospheric sciences and the old methods—good 
enough for the Weather Bureau—were good enough for the Signal Service. 
It was not until the end of this period that the Air Corps prevailed and the 
meteorological mission was moved out of the Signal Corps. The focus then 
shifted to keeping aviation assets (pilots and aircraft) safe and effective.

Meteorological services advanced in very limited ways in the United States 
between the wars. Instrumentation improved primarily through the efforts 
of the Signal Corps’ research arm and because of the interest of instrument 
specialist Charles Marvin, then Chief of the Weather Bureau. High profi le criti-
cism of the Weather Bureau had prompted Secretary of Agriculture Wallace to 
make the politically expedient move to call in outside “experts” in the guise of 
the Science Advisory Board to recommend ways to “fi x” the bureau. However, 
many of the bureau’s shortcomings are better attributed not to a failure of 
leadership, but to a failure of adequate funding for a government organization 
providing a free service that earned business and agriculture interests millions 
of dollars a year. Not even the distinguished members of the Science Advisory 
Board could secure the funding the bureau needed—it just recommended 
changes that the bureau could not afford.

And so America’s weather services limped along, doing their best to ensure 
safety of fl ight, warn farmers and the general public of weather hazards, and 
get out a forecast that made sense. As the world marched steadily toward 
global confl ict, the Weather Bureau, the Navy Aerological Service, and the 
Air Corps’ new weather section would soon be put to a huge test—a test for 
which none of them was ready.
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■ ■ Toward a More Dynamic Atmosphere: Discipline 

Development in the Interwar Period (1919–1938)

The research university structure had emerged in the United States in the 
late nineteenth century. The physical and life sciences, and later the earth 
sciences, continued to develop as major disciplinary communities into the 
early twentieth century. A National Research Council compilation of doc-
toral degree data from 1923 illustrates the signifi cant differences in disci-
plinary strength. From 1919 to 1923, more than 600 doctoral degrees were 
awarded in chemistry, approximately 200 each in botany and physics, 
almost 100 in the geological sciences, and 20 in astronomy. There were only 
two PhDs awarded in meteorology,1 a discipline that had been of scientifi c 
interest for hundreds of years.

Writing in 1918, Harvard climatologist Robert DeCourcy Ward opined that 
meteorology was not more widely studied because having spent a lifetime 
becoming familiar with meteorological phenomena makes every man think 
himself a “born meteorologist.” And that very familiarity, Ward continued, 
“breeds a certain degree of contempt.” Because weather is a topic of everyday 
conversation, serious study did not seem to be worthwhile. Ward quoted a 
“highly educated” woman of his acquaintance: “You have a very diffi cult sub-
ject to teach. People, generally, do not care to hear about things which they 
think that they already know.”2 Everyone, in essence, was a meteorologist.

In addition to the general lack of interest due to “knowing it all,” there were 
so few meteorologists that fi nding instructors was diffi cult. Ward hoped that 
faculty attached to physics, geography, geology, or other more marginally 
related science departments would take it upon themselves to learn enough 
meteorology to prepare and teach an elementary course. With their interest 
suffi ciently piqued, students might demand more advanced courses, thus 
opening the door for the establishment of meteorology curricula in colleges 
across the country.3 Ward’s dream would eventually come true, but it would 
prove to be a very slow process.
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The massive meteorological training effort that had produced military 
weather forecasters and observers during World War I spurred renewed inter-
est in meteorological education within the civilian community. However, 
meteorology was not yet a university discipline; it was hardly a scientifi c 
discipline at all. Even before the 1920s, major universities across the United 
States already supported robust departments of physics, biology, chem-
istry, astronomy, and geology with well-organized graduate programs. 
Meteorology was seldom taught. For meteorology to become a respect-
able discipline recognized by other scientifi c communities, meteorologists 
needed to create the two essential elements of any professional discipline: 
dedicated academic programs in major research universities and a profes-
sional society, neither of which existed in the United States at war’s end. 
But the impetus provided by the war led to the establishment of academic 
meteorology and a professional society. By the late 1930s, MIT, Caltech, and 
NYU had meteorology programs and the American Meteorological Society 
aggressively sought to push meteorology into the scientifi c mainstream. The 
professionalization of meteorology had begun.

Organizing Academics: From Military Needs to Civilian Wants

As World War I came to a close, meteorological instruction in the United 
States took one of three approaches: (1) the climatological approach espoused 
by Ward at Harvard, (2) the physical approach of the Weather Bureau’s atmo-
spheric physicist W. J. Humphreys, or (3) the combined climo-physical 
approach of Charles F. Brooks of the Blue Hill Meteorological Observatory. 
The latter had been the approach used at the Army Signal Service meteo-
rology school, which had trained more people in meteorology in a shorter 
period of time than any other organization in the United States.4

Planning for the Signal Corps school had started in fall 1917. The Army 
had needed to quickly train 1,000 men in meteorology to serve as military 
weather observers and forecasters. As the United States entered the war, the 
only trained weather observers were those working for the Weather Bureau. 
They had already been inducted into the military, and more were needed.5

The bureau trained these new recruits within its own offi ces until becom-
ing overwhelmed by the sheer numbers of soldiers. By spring 1918, the 
Signal Corps had established at Texas A&M University a special school that 
included instruction on the physical properties of the atmosphere, weather 
forecasting, the different uses of meteorology (aeronautics, agriculture, com-
merce), and the physiological effects of weather and weather changes.6 This 
stands in stark contrast to the mobilization of chemists and physicists during 
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the same confl ict. Those disciplines possessed ample numbers of scientists 
who just needed to be brought in under the military umbrella—usually as 
reserve offi cers.7 Meteorologists, both professionals and sub-professionals, 
had to be trained.

Robert Millikan—organizer of the entire Army meteorology training 
program—required that all weather observer school recruits have college 
degrees, preferably in mathematics, science, or engineering. This was a star-
tling requirement, considering that by the start of the twenty-fi rst century—
despite all the highly technical equipment involved—observers generally 
possessed only high school diplomas. The engineers, who comprised more 
than half of the original 300 trainees, were the most interested in aerological 
work. Their education and training enabled them to suggest new designs for 
meteorological instruments and to develop faster methods for computing 
ballistic wind values needed by artillery units.8

Academic and Weather Bureau meteorologists knew that military training 
was not equivalent to the kinds of college courses that would be necessary to 
create a cadre of professional meteorologists in the United States. As promi-
nent British meteorologist Sir Napier Shaw argued, professional training was 
an absolute requirement for the advancement of the science. “Observations, 
map making, and forecasting don’t a science make,” Shaw argued; empir-
ical knowledge was important, but would not by itself lead to knowledge 
of the atmosphere’s physical processes.9 To determine how those physical 
processes worked would take considerably more meteorologists educated in 
physics and mathematics.

What the academic and applied meteorologists did not know was the 
extent of existing meteorological instruction in American colleges and uni-
versities: course lengths, material covered, types of students reached, and 
who was offering them. During this period, at least three different researchers 
and organizations initiated studies of meteorological instruction. In 1919, 
the nation’s largest employer of meteorologists—the Weather Bureau—asked 
the US Bureau of Education to survey higher education institutions through-
out the country about their meteorological offerings. The Education Bureau 
sent out more than 600 questionnaires, and received almost 70 percent back. 
The Education Bureau assumed the unreturned questionnaires had gone to 
colleges with no offerings. Of those reporting, 84 percent of the colleges did 
not offer a separate meteorology course. Of these colleges, 22 percent offered 
meteorology as part of a more general course, while another 13 percent 
intended to offer it as a separate course. Ten colleges listed Weather Bureau 
employees as their instructors. Of the 70 colleges that did offer meteorology 
courses, 20 did so in the geology department, 10 in the physics department, 
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and one each in the chemistry, biology, and astronomy departments. The 
remaining 53 percent did not specify which department offered their meteo-
rology course.10 Clearly, meteorology garnered limited attention in academe. 
As Caltech physicist and aerodynamicist Theodore von Kármán put it years 
later, “few academicians accepted meteorology because it was regarded as a 
guessing science.”11

In 1920, leaders of the newly formed American Meteorological Society 
were concerned about the dearth of meteorological instruction. They formed 
the Committee on Meteorological Instruction to address this defi ciency. 
Committee members concentrated their efforts on three areas: (1) collect-
ing and publishing teaching techniques in the society’s Bulletin (BAMS), 
which would improve meteorological instruction; (2) reviewing books that 
could be used by meteorology and/or climatology instructors and identi-
fying other instructional sources; and (3) promoting the establishment of 
meteorology courses in colleges and universities where they were not being 
offered.12 Owing to its importance to agriculture, at least one AMS mem-
ber argued that meteorology certainly belonged at land grant institutions.13 
Cornell University and the Utah Agricultural College—both land grant 
schools—were already offering meteorology courses.

Poor career prospects exacerbated disciplinary development. Salaries were 
low, and before World War I there had been very little demand for meteorol-
ogists. During the war, demand far outstripped supply and triggered hastily 
assembled training programs. With the end of the war, expanding aeronau-
tics interests in the civilian sector kept the demand higher than the supply, 
but years of poor career opportunities had left the profession without enough 
qualifi ed people to teach the next generation. There were more openings for 
meteorology instructors than people to fi ll them.14

Even those courses that were offered sometimes provided minimal instruc-
tion. One example is a course in “Applied Meteorology” (meeting for less 
than an hour per week) taught at the Southern Branch of the University of 
California (forerunner of UCLA). In spring 1920, it gave students an over-
view of weather studies, including climatology, and how such information 
could be applied to commerce, agriculture and horticulture. The course’s 
prerequisites included one year of physics, good algebra skills, and knowl-
edge of general physiography. Students’ grades were based on a couple of 
300-word papers on such topics as “Advantages of Meteorology Study” 
and “High Pressure and Low Pressure Areas Compared.” Given the require-
ments for the course, it is unclear why physics and algebra were high on 
the list of prerequisites. While their Scandinavian counterparts were doing 
air mass analysis, the Southern Californians were concerned with “Factors 
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in a Healthful Climate.”15 Of the 84 students (mostly seniors), a few were 
engineers, some were in political science, and many were teachers taking the 
course to supplement their geography studies. A “detail” from the nearby 
Army Air Service balloon school also attended the course.16 None of these 
students was likely to go further in meteorology, and it is questionable how 
many of the pre-service teachers received enough information to create an 
exciting approach to studying the weather in their classrooms.

Before recommendations could be made on the improvement of meteo-
rological instruction, the AMS committee thought it would be important to 
determine the status of such instruction at all levels of education—primary, 
secondary, and post-secondary. Reporting their fi ndings at the fi rst AMS annual 
meeting in 1920, the committee members noted that while meteorology was of 
great economic importance to the country and was an equally important part 
of a liberal education, it was not accorded an important position in the educa-
tional system. The need for such instruction was widely recognized: primary 
schools had nature studies, for example, and high schools taught physiography, 
so there were already niches that could absorb meteorology. Unfortunately, 
the lack of meteorology courses at teacher training institutions translated into 
ill-prepared primary and secondary teachers. The committee concluded that 
once higher education institutions offered meteorology it often became a very 
popular course for liberal arts and education students. The report, while not 
directly addressing the lack of a more advanced meteorology curriculum in the 
country, did encourage the AMS to get involved in establishing such a program 
to increase the pool of qualifi ed professional meteorologists.17

By the next year, more colleges were adding meteorology to their curricula. 
The most ambitious program, and the one that produced the most graduate 
students during the 1920s, was Clark University’s newly established geography 
school, which also offered meteorology and climatology courses.18 But move-
ment was still too slow for the AMS Committee on Meteorological Instruction. 
In 1922, the members proposed creating and sending “propaganda . . . often 
and with emphasis” to the head of every American college and university, 
extolling the benefi ts of meteorology and climatology courses. The depart-
mental targets of choice: physics, geology, geography, and astronomy.19

Despite the lamentations, meteorology and climatology instruction at 
some of America’s more distinguished schools was on the upswing in the 
1920s. Harvard students were allowed to “concentrate” in meteorology and 
climatology (a curriculum which entailed six courses including mathemat-
ics and physics) for undergraduates and a research course in climatology and 
aerology for graduate students. Cornell reported an overfl ow of applicants 
for its meteorology course, which was limited to 100 students.20
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A survey of normal school and teacher’s college catalogs in 1928 showed 
that 35 courses were being offered in basic meteorology or climatology 
and its effects on man; 150 focused on geographical attributes, including 
climatology, of specifi c continents or countries; and another 50 geogra-
phy courses included elements of meteorology or climatology. Despite the 
overall increase in meteorology courses in teacher training institutions, 
meteorology had not yet appeared in the all-important methods courses, 
wherein students learned age-appropriate techniques for teaching differ-
ent subjects.21

The most signifi cant new courses—created at MIT at the behest of the 
Navy and fi nancially supported by the Guggenheim Fund—started in the 
fall of 1928. Almost 10 years after the AMS started lobbying for advanced 
meteorological instruction in the United States, it appeared to be happening. 
Aviation interests—military and civilian—were primarily responsible. As 
the decade closed, meteorologists still saw the need for “truly serious train-
ing” in meteorology, grounded in physics and mathematics, as an “urgent” 
requirement. They hoped that the need would be met by the “most progres-
sive institutions.”22 However, the lack of academic meteorologists meant col-
leges had to rely on US Weather Bureau and Canadian Meteorological Offi ce 
meteorologists to fi ll instructor positions.23

Despite the catastrophic economic upheaval of the Great Depression, the 
AMS continued to pursue its goal of expanded educational opportunities 
in meteorology. In 1934, updated information about the state of meteoro-
logical education in the United States came from an unlikely quarter: the 
University of Southern California’s School of Education. Graduate student 
Woodrow C. Jacobs, writing his master’s thesis on meteorology instruction 
in American higher education, analyzed the breadth and depth of available 
meteorology courses. Receiving 733 college catalogs in response to his query 
letters, Jacobs followed up by sending a questionnaire to each school offering 
at least one meteorology course. He found that meteorology courses (those 
which were mostly meteorology, not just a subset of a course) had increased 
slowly and steadily until 1924. The burgeoning popular interest in aviation 
had precipitated a dramatic increase in courses starting in 1925. The great-
est expansion had occurred at teacher’s colleges and technical institutions. 
Indeed, over half of all such courses were added after 1924. Almost a quarter 
of the colleges offered meteorology courses, ranging from a high of twelve 
at Clark University to a low of one. State colleges and universities, as well as 
teacher training institutions, often offered meteorology courses, but they 
were rarely taught at private, technical/engineering, or women’s colleges. 
Most were just one semester long.24
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Found in twenty different academic departments, meteorology courses 
were more likely to be among the offerings of geography (46 percent) than 
physics departments (8 percent) even though meteorology was based on 
physical laws. Four colleges reported having meteorology departments. 
Most geography offerings were based on climatology or were of the “weather 
and man” variety of meteorology. “[The] study of meteorology as a pure or 
applied science,” Woodrow Jacobs concluded, “seems to have been relegated 
to the background in most cases, a situation which is not generally true of 
science study in the colleges and universities of this country.” Most instruc-
tors were well qualifi ed in their own disciplines, but they had little or no 
training in meteorology. So while meteorology offerings were quite exten-
sive, the quality of undergraduate courses, and graduate and research work, 
was poor.25

Courses offered at teacher training institutions were deliberately non-
 technical and required scant physics. Most included discussions of the physi-
cal and chemical characteristics of air, as well as climatological information, 
and instruction in taking measurements of temperature, pressure, and humid-
ity. Suitable textbooks were lacking. Faculty needed texts that provided a sur-
vey of meteorology that did not depend on physics.26

As the interwar period ended, only one other institution besides MIT estab-
lished a meteorology department: New York University. Meteorology courses 
had been offered within its geology department for a number of years, but 
the separate department led by Rossby-trained South African Athelstan 
Spilhaus opened in 1937.27 Its curriculum included a general undergraduate 
program designed to meet the needs of airlines, the Weather Bureau, and 
“other potential employers.” The graduate program, however, was within 
the College of Engineering. Students took upper-air and surface observa-
tions—which were sent to the Weather Bureau—from the  university’s mete-
orological laboratory.28

Meteorology instruction expanded dramatically in the interwar period. 
However, it was dominated by a non-technical approach in the geography 
departments of teacher training institutions. Two decades after World War 
I had underscored the importance of meteorology to the nation’s security, 
advanced instructional opportunities remained severely limited, particularly 
when compared with other scientifi c disciplines. The hoped for theoretical 
physics- and mathematics-based instruction that would lead to graduate 
study and research was available at only two institutions: MIT and NYU. And 
those meteorology programs did not have the resources to attempt major 
research projects. Most of the research that was conducted had limited value 
to forecasting applications.
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The small number of academic meteorologists active during the inter-
war period spent much time getting their instructional programs started. 
However, graduate thesis topics provide a glimpse of the emerging research 
agenda. Doctoral programs in meteorology were non-existent in the imme-
diate postwar years, so graduate students obtained their degrees through 
physics and geography departments. The former led to dynamical or physi-
cal topics, while the latter tended toward climatology.

Two doctoral degrees were awarded in 1922—a modest start—but 7 years 
passed before another four were awarded in 1929. The fi rst two degrees—one 
from Cornell and the other from George Washington University—addressed 
climate and dynamics topics respectively. The latter, on free-air pressure 
maps, was written by aviation pioneer Clarence LeRoy Meisinger, whose 
promising meteorology career was cut short when lightning struck the bal-
loon in which he was taking upper-air measurements.29 Of the four degrees 
awarded at the end of the decade, two were climatology-based theses by 
geographers, but the other two (from George Washington University) were 
more meteorological. One, on the geometric theory of halos, went to Edgar 
W. Woolard (who opted to be a mathematics professor). The other went to 
Weather Bureau employee Hurd C. Willett for his studies of fog and haze. 
Upon receiving his degree, Willett left the Weather Bureau and joined Rossby 
on the MIT faculty.30

Since homegrown academic meteorologists were rare, meteorologi-
cal research was understandably limited. A gradual infl ux of European 
 meteorologists—which increased dramatically as Hitler expanded the Third 
Reich’s reach throughout Europe and visiting scholars were trapped in the 
United States—boosted the numbers of researchers. Europeans were coming 
from universities and institutes where meteorology had the same standing 
as astronomy; it was considered a “real” science. Cutting-edge meteorologi-
cal developments were emerging from the Bergen School and some of its 
trainees and practitioners were spending time in the United States. Bernhard 
Haurwitz of the University of Leipzig’s Geophysical Institute served as a 
Research Fellow at MIT and Harvard’s Blue Hill Meteorological Observatory 
during the 1932–33 academic year. The Swedish-born and Swedish-trained 
Rossby periodically returned to Scandinavia to keep up with new approaches 
and to advance his own research in dynamical meteorology.31

As the 1930s unfolded and meteorology programs took root at NYU and 
at Caltech, the research agendas at these institutions, in addition to those of 
MIT and Blue Hill, took on distinctive attributes. NYU concentrated on inves-
tigating the upper air and visibility, i.e., those topics of the most immediate 
importance to aeronautics, as they pertained to local New York conditions.32 
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MIT took a more geophysical approach, emphasizing the development and 
application of the Bergen School’s polar front theories along with empiri-
cal work on the movement of air masses.33 All of its more theoretical work 
depended on mathematical or quantitative approaches, but this did not pre-
clude synoptic work that emphasized weather map analysis as an adjunct to 
explaining atmospheric phenomena as well as forecasting weather events.34 
MIT personnel also conducted research on the improvement of fog forecast-
ing as a precursor to either preventing its development or dispersing it once 
formed at airports and landing strips.35 Toward the end of this period, fi nan-
cial support from the Bankhead-Jones Fund (under the supervision of the US 
Department of Agriculture) enabled the beginnings of research into long-
range weather forecasting and its implications for agriculture.36 Caltech’s 
program, under the direction of Irving Krick in the mid 1930s, concentrated 
on applied meteorology at the expense of theory and was primarily a training 
program for meteorologists intending to work for the airline industry and 
other applied activities. Krick, who had entered meteorology at the behest of 
his brother-in-law, Horace Byers, received his PhD at Caltech after struggling 
through the degree program’s mathematical theory. He ingratiated himself 
with aviation and fi lm industry executives in Southern California, and built 
up a substantial consulting business for long-range forecasting (based on 
“weather typing”—the matching of current weather patterns with ones that 
had occurred in the past) and weather modifi cation while still on the Caltech 
staff.37 The Blue Hill Meteorological Observatory (connected with, but not 
funded by, Harvard University) also conducted a variety of research projects 
during this period. Blue Hill researchers worked on instrumentation (par-
ticularly radiosonde development and deployment) for collecting upper-air 
data, on atmospheric phenomena of importance to aviators (thunderstorms, 
lightning, icing, and fog), on dust measurements, and on a variety of solar 
radiation measurement programs and associated data analysis.38 However, 
there was no focused research program coordinated among the handful of 
groups doing theoretical work. Each took its own path, although MIT, NYU, 
and Caltech all were either funded by or closely associated with aviation 
interests—the driving force behind increasing interest in the science.

During the 1920s, the tightly woven prewar relationship between meteorol-
ogy and climatology began to unravel. Geography departments settled on a 
climatology (both statistical and descriptive) model that would serve the needs 
of their economic and cultural subdisciplines. Teachers’ colleges remained 
non-technical, providing no opportunity for meteorology as a physical sci-
ence to take hold. The Navy’s need for advanced instruction in meteorology, 
coupled with the fi nancial backing of the Guggenheim Fund, enabled MIT 
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to establish a mathematics- and physics-based meteorology curriculum under 
the auspices of its aeronautical engineering department. With the hiring of 
Bergen School acolyte Carl-Gustav Rossby by MIT, the door opened to spread 
the air mass and polar front theories among American meteorologists.

Research based on describing the atmosphere, which had tended to domi-
nate during the years before the Great War, went into decline. In the postwar 
years, research became increasingly theoretical and focused on the dynami-
cal and physical properties of the atmosphere. Development of instrumenta-
tion, while perhaps not seen directly as atmospheric research, was necessary 
to the furthering of the research agenda aimed at applying physical laws to 
atmospheric data. Scandinavian scientists visiting the United States brought 
new ideas and approaches that could no longer be ignored. The graduate 
students of the 1930s, steeped in Bergen School methods, would play a deci-
sive role in spreading them across the country. With war—particularly a war 
that would be fought in the air—looming in the late 1930s, knowledge of 
the atmosphere would prove to be of the utmost importance to a successful 
military outcome. That success would, in turn, gain disciplinary respect for a 
rapidly growing community of professional meteorologists.

On the Path to Professionalization

As previously noted, the operational needs of the military services during 
World War I were responsible for a surge of interest in meteorological support 
and the training necessary to ensure its provision. Once the war was over, 
interest did not subside. This was true because increased aviation activity in 
both the civilian and military sectors as well as an awareness of the impact 
of weather conditions on commerce, agriculture, and health led to increas-
ing demand for additional educational opportunities, more trained meteo-
rologists, and a variety of specialized forecasts from the Weather Bureau. The 
immediate postwar period was an opportune time for the far-fl ung meteo-
rology community to capitalize on this strong interest. Ultimately all these 
factors encouraged the organization of the American Meteorological Society 
(AMS) at the 1920 American Association for the Advancement of Science 
(AAAS) meeting in St. Louis. Its stated purpose was “the advancement and 
diffusion of knowledge of meteorology, including climatology, and the 
development of its application to public health, agriculture, engineering, 
transportation by land and inland waterways, navigation of the air and 
oceans, and other forms of industry and commerce.”39

Considering that meteorology had been a topic of discussion since lan-
guage had developed, and a part of natural philosophy since the Greeks, it 
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is somewhat incongruous that no formal, broad-based society had arisen to 
represent the professional interests of meteorologists in the United States 
before 1919. By the time the American Meteorological Society was founded, 
the American Chemical Society (founded in 1876), the American Physical 
Society (1899), and the American Astronomical Society (1899) were all fi rmly 
established.

One might assume that the American Meteorological Society was the brain-
child of either academic or Weather Bureau meteorologists. It was not. On the 
contrary, it sprang from the mind of a Signal Corps sergeant, Perez Etkes, a 
former student of Charles F. Brooks at the Signal Corps Meteorology School. 
In a letter to Brooks, Etkes argued that the aviators with whom he worked 
realized the importance of weather but did not have enough specifi c atmo-
spheric information to fi nd it valuable. Therefore, he proposed an “American 
Meteorological Institute” for the purpose of spreading meteorology “amongst 
the people” by establishing weather stations in schools and offering oppor-
tunities for graduate education via prizes and scholarships. Brooks was less 
than enthusiastic. However, he grudgingly acknowledged that it would not 
be that diffi cult to fi nd more than 100 members for a meteorological orga-
nization from the ranks of the Signal Corps, the Weather Bureau, and mete-
orology educators. Even with limited dues, such a society could publish its 
own “periodical leafl et” containing items not normally published in Monthly 
Weather Review, which was then the only venue for publishing meteorological 
research. The new leafl et would, nonetheless, foster meteorological research 
by providing an outlet for members’ ideas and professional concerns. The 
more Brooks thought about, the better the idea seemed.

Pursuing Etkes’s proposed organization, Brooks further consulted with 
meteorologists within the Weather Bureau and academe. Because most 
meteorological work was being done by the Weather Bureau and since the 
Association of American Geographers already had a niche for climatology 
(and by association meteorology), Brooks originally considered an organiza-
tion of meteorology instructors. That seemed too restrictive. A general orga-
nization of both professionals and amateurs, which allowed meteorologists 
to get together and talk, struck Brooks as the better approach. The primary 
stumbling block: the lack of meteorologists. William Morris Davis, professor 
emeritus of geology at Harvard, wrote to Brooks: “You can get a lot of men 
who dabble; and a lot of men who add up temperatures and divide by 30; but 
meteorologists are birds of a different feather.”40

Despite Davis’s warning, Brooks persisted. Brooks saw the future AMS as a 
way to promote badly needed meteorological instruction and research. The 
membership base he chose emphasized teachers, Weather Bureau employees, 
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and current and former Signal Corps meteorologists and Navy aerologists. 
More than 900—signifi cantly more than the original 100 Brooks thought 
could be enticed to join—persons equally divided between professionals and 
amateurs signed up the fi rst year.41

To fulfi ll the AMS’s mission of promoting research and instruction, mem-
bers immediately formed eleven committees to address “the advancement 
and diffusion” of meteorology and “the development of numerous applica-
tions of meteorology to human affairs.” The reports of topics discussed at 
the initial committee meetings give an indication of what were seen as the 
primary disciplinary goals in this early period.42

The Research, Meteorological Instruction, Public Information, and Mem-
bership committees composed the groups working on “advancement and 
 diffusion.” The Research Committee, with all but one member from the 
Weather Bureau, observed the lack of a strong independent group of meteo-
rologists in the United States. Therefore, the committee’s initial work would 
need to be “educational” to spark interest and direct subsequent research ideas 
down an appropriate path.43 The Meteorological Instruction Committee, as 
discussed above, focused on expanding meteorological education through-
out all levels of the school system.44 The mission of the Public Information 
Committee was one that could be repeated by just about any scientifi c orga-
nization throughout the twentieth century: to eradicate popular errors con-
cerning weather and meteorology and replace them with correct information 
by enlisting the aid of the newspapers and other media outlets. However, one 
of the “deeply rooted beliefs” that this group wanted to eradicate was that 
“the operations of mankind can have an important infl uence upon weather 
and climate.”45 In 1920, the idea that mankind’s actions could affect weath-
er and climate had not taken hold among professional meteorologists.

Committee members addressing meteorological applications established 
the following sections: physiology, agriculture, hydrology, business, commerce 
(transportation), marine, and aeronautical meteorology. With the excep-
tion of the physiology committee, the purposes of the others would remain 
self-evident into the twenty-fi rst century. Their missions were to encourage 
meteorological research in areas that would be directly applicable to a given 
commercial segment and either add economic value or increase safety. The 
physiology committee’s mission is perhaps not so obvious. Led by Yale geog-
rapher Ellsworth Huntington, committee members included representatives 
from medicine, sanitary engineering, and hydrography.46 Their purpose was 
to bring meteorological information to a variety of disciplines concerned with 
the connection of weather conditions to health. To do this, the committee 
intended to promote sharing research results across  disciplinary boundaries, 



Toward a More Dynamic Atmosphere ■ 61

and to teach physicians how to take and use simplifi ed meteorological mea-
surements to improve their patients’ health. Members were concerned that 
not enough emphasis was put on establishing a link tying weather events and 
conditions to the general health of the population.47

No matter their primary mission, all AMS committees were assigned to 
“spread the word” about meteorology and climatology and their economic 
and cultural importance. Considering the sorry state of the discipline in the 
post-World War I United States, this would prove to be no small task.

Certainly American meteorology had had its moments of brilliance: the 
early theoretical work of nineteenth-century meteorologists James Pollard 
Espy, Cleveland Abbe, and William Ferrel, as well as the research-based 
Smithsonian meteorology project (1849–1874). However, as the pressure for 
weather services increased, the fl ame of weather research started to dim. Soon, 
the primary mission of meteorology, as embodied in the Weather Bureau, was 
to produce forecasts and warnings. Disciplinary advances would not, however, 
arise from the daily forecasting routine. To become a scientifi cally respected 
professional community, meteorology and its practitioners would need to 
develop an active research component.

For as long as anyone could remember, meteorology had fi rst and fore-
most been involved with collecting data. Based on experience, those data 
were used to make forecasts. But the act of collecting does not make a sci-
ence. If meteorology were going to move from art to science, then meteo-
rologists had to apply mathematical and physical principles to the data. As 
George Washington University-trained mathematical meteorologist Edgar 
Woolard put it in 1923, the processes of weather are “simply examples of 
the operation of ordinary physical laws.” He acknowledged that those laws 
would need some special treatment and despite all the collecting of data, 
the needed data (primarily a matter of spatial coverage and lack of upper-air 
reports) were just not there. He hoped that people with solid backgrounds 
in physics and mathematics could be enticed into addressing meteorologi-
cal problems. He viewed positively the work of Lewis Fry Richardson (on 
numerical weather prediction) and Vilhelm Bjerknes of the Bergen School 
as steps in the right direction, but much more work was needed. It is not 
clear, however, just how much Woolard understood of the Richardson work. 
In the discussion that followed the presentation of his paper, Woolard was 
asked how far in advance Richardson’s method could be used to forecast the 
weather. His response of “six to twelve hours” when Richardson himself fi g-
ured it would take 64,000 human “computers” working full-time just to keep 
up with the weather as it happened shows a lack of comprehension of the 
magnitude of the obstacles that faced numerical weather prediction.48
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While the Weather Bureau was concerned with practical, day-to-day fore-
casting—which had changed little since the beginning of the century (see 
 fi gure 2.1)—its meteorologists were aware that predictions would not improve 
without theoretical research, and that the practical problems would not see 
a solution without research on theoretical issues. Chief Charles Marvin pre-
sented a list of current research topics in meteorology to the Meteorology 
Section of the American Geophysical Union (itself just founded in 1919) at 
its 1923 meeting. The fi rst item on his list: solar radiation and its infl uences 
on terrestrial weather. As was discussed in the previous chapter, there was 
great interest at this time in how variations in solar radiation controlled the 
weather—an indication of the extent to which weather forecasting was seen 
as tied to astronomy. Several research projects to measure incoming radiation 
under a variety of conditions and in a number of different locales were being 
actively pursued by Weather Bureau and academic meteorologists, along with 
astronomers at the Smithsonian Institution. Knowledge of general atmo-
spheric circulation was still sketchy. Meteorologists needed to determine how 
air was exchanged across the equator and within the hemisphere. As of 1923, 

Figure 2.1
Weather Bureau Forecast Offi ce, 1926. (NOAA National Weather Service Collection, 

courtesy of NOAA Central Library)
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the northern hemisphere map, which had been available before World War I 
as a result of data sharing, could still not be produced because some observa-
tion networks in Europe had not been restored. Other meteorological fi elds of 
inquiry listed for consideration included the causes and/or events that led to 
the development of cyclones and anticyclones, the origin of West Indian hur-
ricanes, and the diffi culties of providing forecasts for marine and aeronauti-
cal interests. Long-range forecasting based on so-called sequences of weather 
conditions and periodicities of weather and climate also made Marvin’s list. 
In the discussion that followed, his fellow meteorologists expressed their 
opinion that physics needed to be applied to these questions and that the 
discipline needed to get away from describing distributions of temperatures 
and precipitation without looking for explanations for their occurrence. 
Determining how air circulated in the atmosphere was imperative.49

Two years later, in 1925, Edgar Woolard again made a case for theoreti-
cal work. This time he presented the “origin, nature, structure, and main-
tenance of ordinary cyclones and anticyclones” as being a major unsolved 
problem of both theoretical and practical importance. If meteorologists were 
unable to determine how cyclones and anticyclones developed and dissi-
pated, then forecasting was not going to become more accurate.50 He realized 
that mechanics and thermodynamics comprised the fundamental underpin-
nings of atmospheric circulation. Given a complete three-dimensional set of 
observations, how would one use the laws of physics to determine what the 
atmospheric conditions would be some time in the future? Woolard did not 
think that meteorology could be a credible science until researchers were 
on the path to an “exact solution.” However, neither pure mathematics nor 
mathematical physics nor observational meteorology had been suffi ciently 
developed to provide an exact solution. Weather services had to settle for 
“inexact and fallible” empirical methods of forecasting, and theorists had to 
settle for qualitative or statistical explanations instead of a complete math-
ematical one. Bergen School meteorologists were using graphical methods 
to solve differential equations involved in these mathematical descriptions 
of the atmosphere because a direct solution was not possible. But it would 
be this mathematical approach that would ultimately allow insight into the 
mechanisms that controlled atmospheric processes.51

While some meteorologists were concerning themselves with atmo-
spheric circulation, in the late 1920s others were increasingly fascinated by 
the possibility of long-range weather forecasting. Lines of research for fore-
casts that would come several days or more in advance of the event included 
looking for patterns in collected empirical data; determining the primary 
causes of unseasonal changes; examining the infl uence of topography that 
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might sustain or ramify the initial changes in a weather pattern; or, when all 
else failed, looking at a combination of all these things. The empirical route 
could lead to some results in the short run, but it would take years of research 
before such forecasts could be made because of understanding atmospheric 
processes.52 Research on the variability of the solar constant, primarily being 
pursued by astronomers, was also related to long-range forecasting and the 
possibility of climatic infl uence over time.53 A diffi culty hampering most 
long-range forecasting efforts was that the meteorology community did 
not grant long-range prediction any scientifi c standing. Consequently, stu-
dents who might have been interested in pursuing this forecasting topic as a 
research opportunity were discouraged from entering it. Moreover, the fed-
eral government—the primary source of research funds—was not eager to 
provide the fi nancial support needed to carry out such a program.54

The lack of credibility and funding evaporated with the passage of the 
Bankhead-Jones Act of 1935. An outgrowth of Dust Bowl conditions on the 
Great Plains, the Bankhead-Jones Act provided funds for basic research that 
would lead to solutions for agricultural problems.55 As related to meteorol-
ogy, it provided funds for studying long-range weather prediction and the 
effects of weather conditions on crops and livestock. The research attacked 
the theoretical basis of atmospheric circulation by examining the day-to-day 
change in major features and how the resulting patterns affected weather in 
different parts of the country. Researchers also looked for empirical clues that 
could be used to anticipate the future state of the general circulation pattern, 
i.e., the location of semi-permanent high-pressure and low-pressure areas 
and the wind fi elds that accompanied them.56 Of course, there were differ-
ences of opinion as to what infl uenced the global circulation. Astronomers 
pinned their hopes on solar infl uence, including changes in sunspot patterns 
and other solar radiation changes. Oceanographers claimed the oceans were 
important to any studies of atmospheric circulation and that research into the 
interaction between the ocean and atmosphere was a necessity.57 All seemed to 
agree that while statistics could give tantalizing hints of connections between 
patterns and weather phenomena, there could be no substitute for physical 
understanding.58 Rossby set out a research plan for long-range forecasting dur-
ing a conference in mid 1937. It included investigations of anticyclogenesis 
(the development of high-pressure areas), particularly as related to the infl u-
ence of lateral mixing; a study of how systems become dynamically unstable; 
and the development of a theory of the fl ow patterns in the atmosphere as 
shown on isentropic charts.59

Of course, not all research paths were theory-driven. The impact of weather 
elements and conditions on aviation safety prompted a number of fruitful  
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efforts. Among them was an examination of aircraft icing—in particular, 
research into what conditions seemed to favor its development and how it 
could be avoided—by the meteorologists of the Blue Hill Observatory. Since 
efforts to rid airplanes of ice had failed, meteorologists focused on guiding air-
planes around clouds that could contribute to icing.60 Similarly, fog severely 
affected visibility at both take-off and landing sites—the former being less 
important as long as there was no emergency forcing a take-off. However, fog at 
the landing site could prevent the plane from coming in. If an alternate land-
ing fi eld was not close by, that could doom an aircraft running low on fuel. 
Studies at Blue Hill addressed both fog development and forecasting in addi-
tion to research into fog dispersal. Alexander McAdie of Blue Hill thought that 
early morning ground fog would be the easiest to dissipate—by spraying it with 
electrifi ed water. He envisioned ridding entire harbors of fog in this manner.61

In the early years of the society, most research in meteorology was govern-
ment funded (limited though it was) and needed to show practical results 
quickly. As time passed and universities established meteorology programs—
often in conjunction with aeronautical engineering programs—research 
agendas became more theoretical. Academics in the United States sought 
input from European meteorological research centers, either by bringing in 
visiting scholars or sending personnel to study in Europe.

The variety and extent of meteorological research projects grew dramati-
cally in the interwar period spurred by the active infl uence of the American 
Meteorological Society’s members. Before the society’s creation, the only 
research publication venue was the Weather Bureau’s Monthly Weather Review. 
Although not strictly an in-house organ, i.e., meteorologists outside the Bureau 
published their work in it, there was no opportunity for the larger meteoro-
logical community to infl uence the research agenda. This changed when the 
AMS organized and produced its own publication: the Bulletin of the American 
Meteorological Society. A mixture of short research reports, book reviews, 
weather-related reprints from the popular press, and gossipy news about 
members, BAMS guided the research agenda by keeping members informed. 
This widely disseminated meteorology community news built and strength-
ened professional contacts between Weather Bureau, military, and academic 
 meteorologists—contacts that would be pivotal to the eventual success of 
numerical weather prediction.

Meteorology on the Eve of War

By 1938, the American meteorology community had grown larger and more 
cohesive as a result of the demands of World War I and the growth of the 
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aeronautics industry in the years that followed. The Weather Bureau still 
employed the largest block of meteorologists—an underpaid, underfunded, 
and underappreciated group of people who remained entrenched in the old 
ways of doing meteorology. This criticism missed the mark in one crucial 
respect: with funding stagnant or falling (or even with funding rising but 
failing to keep pace with rising costs), the Weather Bureau had little choice 
but to stay with the old ways. The new Bergen School methods demanded 
increased upper-air observations, more surface observations (both spatially 
and temporally), and advanced training for the staff. Lack of funds alone 
was enough to prevent the implementation of new techniques. Apparently 
unable to successfully lobby Congress for suffi cient funds, bureau meteorol-
ogists gamely continued to perform research when they could, with the lim-
ited funding and facilities at their disposal. They recognized that, although 
practical results in forecasting were desirable, basic theoretical work needed 
to come fi rst before physical knowledge of the atmosphere would explain 
observed weather phenomena.

Starting in the 1920s, military meteorology—as represented by the Navy 
Aerological Service and the Army Signal Corps Meteorological Service—had 
been in a period of retrenchment following the draw-down after the war. 
Nevertheless, aviation missions had not stopped at the end of the war, and 
demands for services had increased even as trained personnel decreased. In 
1928, the Navy’s solution—to form its own graduate program at any civil-
ian school willing to do so—had helped to encourage graduate education 
in meteorology. The pursuit of Bergen School methods by the Navy’s aero-
logical community leader, Francis Reichelderfer, meant that the Navy had 
been the fi rst to put the air mass theory to the test in making its forecasts. 
However, research in the military services was generally tied to instrumenta-
tion (such as the meteorograph; see fi gure 2.2), and not to theory.

Despite its growth since the end of World War I, the academic meteorology 
community in the United States remained very, very small—less than few 
dozen people. Professional meteorologists numbered a few hundred—about 
the same as astronomers.62 In contrast, in 1932 there were 2,500 physicists.63 
Few faculty members teaching meteorology had studied it as graduate stu-
dents. Meteorology tended to be a subject tossed into geography courses or 
occasionally added to a physics course. It did not exist as its own academic 
discipline. However, the need was there and more men entered the fi eld. 
Teacher training institutions, although providing non-technical instruc-
tion, added a considerable number of meteorology courses to their curricula, 
which helped to stir interest among all segments of the school-aged popula-
tion. The establishment of the fi rst graduate meteorology programs, fi rst at 
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MIT in 1928 and later at NYU and Caltech, gave a signifi cant boost to the 
numbers of mathematically and physically savvy meteorologists who were 
ready to move into research positions and advance the development of the 
discipline. As part of the rise of the earth sciences in the early twentieth cen-
tury, the founding of the American Meteorological Society in 1919 provided 
the pathway for improved communication of ideas among the generally iso-
lated individual practitioners of the atmospheric sciences.

The interwar period thus nurtured a slow, steady advancement of scien-
tifi c theory, practice, and education in meteorology. But the dramatic events 
of World War II were soon to place great demands on meteorologists, as 
national defense needs stretched their capacity to respond to increasingly 
sophisticated operational requirements. The modest gains of the 1920s and 
the 1930s would soon be put to the test.

Figure 2.2
US Navy biplane carrying meteorograph, 13 December 1934. (NOAA National Weather 

Service Collection, courtesy of NOAA Central Library)
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■ ■ An Expanding Atmosphere: The War Years (1939–1945)

Throughout the interwar period, most meteorological training in the United 
States had been conducted “on the job” by the nation’s three weather ser-
vices. Civilians had enrolled in graduate meteorology programs starting in 
the early 1930s, but enrollment (and career opportunities) remained mini-
mal despite expanding meteorological support for aviation. With the com-
ing of World War II, the numbers of meteorologically qualifi ed persons were 
insuffi cient to meet either domestic or military needs.

Under Rossby’s direction, the University Meteorological Committee (UMC) 
established and coordinated an accelerated meteorology program to meet the 
needs of both civilian and military agencies. Military requirements led to a 
fl ood of new students, most of whom would never have considered meteorol-
ogy as an academic or career fi eld before the war, into a very small scientifi c 
discipline. The training of thousands of new meteorologists within a fi ve-year 
period was an extraordinary event in the history of science in the United States 
that would dramatically change the meteorology community. The coordina-
tion undertaken to provide this training and assimilate these new meteorolo-
gists into the scientifi c community in the postwar years would prove crucial to 
the professionalization and advancement of the atmospheric sciences.

Changing Leadership and Expanding Instruction

As 1938 drew to a close, the Weather Bureau was moving slowly into the 
research arena by establishing a small unit to direct and supervise research 
projects. The unit’s goal, according to bureau chief Willis R. Gregg, was to 
foster cooperation with organizations conducting meteorological research 
and to coordinate its own efforts with those of other institutions. Gregg was 
unable to deliver that message to the AMS annual meeting; on 14 September 
1938 he died, at age 58, from complications of a blood clot,1 having led the 
Weather Bureau for less than 5 years.
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Robert Millikan, who had selected Gregg back in 1933, sprang into action 
when the telegram arrived advising him of Gregg’s death. Within 24 hours 
of Gregg’s passing, Millikan recommended a new chief: Navy Commander 
Francis Reichelderfer. The 43-year-old Reichelderfer, who had led the Navy’s 
aerological service since the 1920s, was highly thought of in scientifi c circles. 
Millikan was convinced that the National Academy of Sciences needed to 
make a recommendation quickly to “prevent political infl uences from getting 
into this appointment. It is a very vital one for the scientifi c interests of the 
country.”2 A day later, Secretary of Agriculture Henry Wallace called Compton, 
a member of the Science Advisory Committee on the Weather Bureau, to 
Washington for consultations on Gregg’s replacement.3 By 5 October 1938, 
Millikan reported to the other advisory committee members that only two 
names—Reichelderfer and Rossby—had been submitted by more than one 
person. Other recommendations included current and former bureau employ-
ees who were in their sixties. Millikan clearly did not want an old chief—he 
wanted someone who was young enough to vigorously transform the Weather 
Bureau into an organization that could provide “effective and progressive” 
service.4 Acting on a request from Millikan, Assistant Secretary of the Navy 
Charles Edison arranged for Reichelderfer to fl y to Washington from the West 
Coast for an interview with the entire advisory committee. Rossby—the other 
contender—would also be in Washington for an interview.5

Compton and Chief of Naval Operations Admiral William D. Leahy, writ-
ing in favor of Rossby and Reichelderfer respectively, were glowing in their 
praise. Rossby, Compton wrote to Wallace, was the “unquestioned leader” 
in meteorology in the United States, both as an “investigator and a teacher.” 
Indeed, Compton continued, “the majority of the present trained meteoro-
logical personnel in this country are his pupils.” Further, the leader of the 
British delegation of the International Congress of Applied Mechanics had 
recently stated that “[Rossby] has now become the leading meteorologist in 
the world.” He would, in short, be a very big asset to the Weather Bureau. 
Similarly, Admiral Leahy wrote highly of Reichelderfer. Although the Navy 
would be sorry to lose such a valuable offi cer, taking the long view, Leahy 
thought it was in everyone’s best interests to have strong, positive leadership 
at the bureau. He recommended Reichelderfer without reservation.6

Millikan’s committee chose Reichelderfer to aggressively carry forward 
the changes in Weather Bureau structure and culture initiated by Gregg.7 
Reichelderfer was then serving as the Executive Offi cer (the number two 
position) aboard the battleship USS Utah (BB-31) when Wallace tapped him 
to lead the bureau for a three year period—the equivalent of a Navy “shore 
tour,” since Reichelderfer would be “on loan.” Reichelderfer was perfectly 
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happy in the Navy. The three-year leave had the potential to jeopardize his 
excellent career prospects without providing any compensating fi nancial 
rewards. Despite the possible negative consequences, he accepted Wallace’s 
offer and became the chief at the end of 1938. For Reichelderfer, the opportu-
nity to contribute to a fi eld “ripe for progress” was too good to turn down.8 He 
in turn convinced Rossby, his long-time colleague, to take a leave of absence 
from MIT to become Assistant Chief of Research and Education.9 With 
the appointments of Reichelderfer and Rossby arranged, the report of the 
Subcommittee on the Weather Bureau stated, “the direction of the Weather 
Bureau now possesses a prestige such as it has never before enjoyed.”10

Although Rossby would have brought a different sort of spark to the Weather 
Bureau’s top post, he did not want the job. Being the chief would have inter-
fered with his own research program.11 Rossby’s mission during his three-year 
appointment with the bureau would be to expand its research and instruc-
tional programs. Because of the lack of educational opportunities in meteorol-
ogy, the bureau had become saddled with many poorly trained people. Rossby 
intended to substantially raise the staff’s professional standing.12 Reichelderfer 
and Rossby would ensure that Weather Bureau staff members would be offered 
signifi cantly expanded instructional opportunities under their leadership. 
As they had since World War I, aviation requirements would be the primary 
spur for these efforts. Indeed, in 1939, the money allotted for so-called gen-
eral weather services had declined by $200,000 over a ten-year period, while 
funding for aviation weather services had continued its steady climb.13 This 
funding situation, likely aided by a general fascination with all things related 
to fl ight, also occurred at a time of increasing demand by the less sexy bureau-
supported sectors: agriculture, forestry, transportation, and industry.

The expansion of instructional programs had been directed by section 803 
of the Civil Aeronautics Act of 1938, which required the bureau to annually 
send not more than ten of its members for graduate meteorology training 
at government expense. The bureau could send staff members to civilian or 
government institutions, and it planned to select and send four employees 
during the 1938–39 academic year.14 However, the number of institutions 
offering such training was still limited. MIT and NYU offered theoreti-
cal meteorology programs at the graduate level—Rossby sent some of the 
Weather Bureau personnel there—while Caltech offered a master’s program 
that was designed to meet industry needs.

Caltech’s program—started in 1934 by geophysicist and seismologist Beno 
Gutenberg—had begun its life as a single course in atmospheric structure. 
Meteorology, as a branch of earth physics, was placed within the geology 
department. After the 1933 crash of the Navy’s airship USS Akron and the 
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 subsequent realization of the importance of meteorology to fl ight, meteorol-
ogy had moved under the aegis of the aeronautics department. Caltech had 
offered its fi rst regular meteorology courses to seven students during the 1933–
34 academic year. Enrollment had increased thereafter as airlines hired the 
graduates of its industrially focused curriculum. Department chairman Irving 
Krick did not run a theoretical department. Therefore, its offerings would 
prove to be of little use to the Weather Bureau. In fact, Reichelderfer detested 
Krick, a smug, supremely confi dent self-promoter who routinely argued that 
he could forecast weather for the entire country better than the bureau—
which did not endear him to Weather Bureau meteorologists. However, a few 
years later, Krick’s claims of long-range forecasting ability would catch the 
attention of the father of the US Air Force, Army Air Force General Henry H. 
“Hap” Arnold. Krick created a special curriculum for the nascent Air Weather 
Service and Caltech became its graduate program of choice.15

The entrepreneurial Rossby was always on the lookout for opportunities 
to promote meteorological instruction and establish meteorology programs. 
Such an occasion presented itself when Jacob Bjerknes, son of Bergen School 
founder Vilhelm Bjerknes, found himself trapped in the United States after 
Germany occupied Norway in 1939. Rossby quickly took action. He was 
eager to establish a theoretical meteorology program on the West Coast that 
would serve as an alternative to Caltech. Rossby persuaded Bjerknes to go to 
UCLA, which Rossby then convinced to start a meteorology program within 
its physics department. In 1940, Bjerknes became the chairman and Jörgen 
Holmboe, another Bergen School-trained Scandinavian transplant, taught 
dynamic meteorology. Joseph Kaplan taught his research specialty: upper 
atmospheric physics.16 They were assisted by several operational meteorolo-
gists from the bureau’s Los Angeles district offi ce. The “Announcements” 
section of the AMS Bulletin proclaimed that Los Angeles had become “a lead-
ing center of meteorological professional activity,” due to the additions of 
the UCLA program and the new district forecasting center at Caltech.17

While Rossby was arranging employment for Jacob Bjerknes, he was 
also expanding the Weather Bureau’s in-house training program from the 
Washington central offi ce to fi ve district offi ces: Chicago, Washington, 
New Orleans, Denver, and San Francisco. MIT graduate and Rossby protégé 
Horace Byers, who was desperate to escape the Washington-area bureau-
cracy, offered to move to Chicago, as did Victor Starr (another MIT graduate). 
As Byers later recalled, he and Starr were getting tired of training bureau per-
sonnel. Byers decided to ascertain whether the University of Chicago’s phys-
ics department might be interested in meteorology. He discovered that the 
department head had been part of the Signal Corps balloon project  during 
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World War I, and thus would likely have meteorological interests. Soon 
thereafter, the physics department asked Byers and Starr to give lectures, and 
Chicago’s vice president invited Byers for a lunchtime conversation about 
the possibility of establishing a meteorology program.18

Although Chicago offi cials suggested that Jacob Bjerknes or another mem-
ber of the Bergen School would be a good choice to start and lead the pro-
gram, Byers successfully argued for Rossby (who, of course, had trained at the 
Bergen School). In fall 1940, the University of Chicago program started with 
thirteen courses in eight subject areas. Starr, Weather Bureau meteorologist 
Harry Wexler, and ozone expert Oliver Wulf fi lled out the new team.19 They 
were assisted by physicist and future Ford Motor Company vice-president 
of research, Michael Ference, who specialized in the upper atmosphere, and 
geographer H. M. Leppard. Rossby came on board as a visiting professor in 
the second quarter and formally left the Weather Bureau in 1941 at the end 
of his three-year contract.20 With that, a “seat of meteorological education” 
came into being at the University of Chicago.21

UCLA, the University of Chicago, Caltech, MIT, and NYU thus became 
the centers for professional meteorological education in the United States: 
the “Big Five.” With the exception of Caltech, the Big Five programs were 
dominated by Bergen School polar-front theory reinforced by the presence 
of Bergen-trained Scandinavians. All fi ve schools would prove crucial to the 
provision of meteorological instruction in support of national defense as the 
United States moved closer to war.

War and Weather

At the end of World War I, military planners had assumed that the demo-
bilized weather services could quickly come up to speed if confronted by 
a national emergency beyond the Weather Bureau’s geographic range. In 
the absence of such a threat, all three weather services exchanged data and 
reports to increase effi ciency and avoid duplication of effort.22 As discussed 
above, despite new educational venues, few military meteorologists were on 
active duty in the late 1930s and few could imagine how important meteo-
rology would be in executing the next war.23

As it became clearer that the United States would be drawn into the 
European war, meteorologists in all of the weather service realized that there 
were not going to be enough weather forecasters to meet civilian or mili-
tary requirements. The extent of their potential training mission became 
starkly apparent after President Roosevelt’s May 1940 announcement that 
50,000 aircraft would be added to the military arsenal. Starting in June 1940, 
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Norwegian-born and -trained Sverre Petterssen conducted the fi rst acceler-
ated meteorology training course at MIT. The Army and Weather Bureau-
Civil Aeronautics Administration (CAA) members composed this class that 
graduated in September 1940. Within the year, intensive nine-month courses 
under the auspices of the University Meteorological Committee (UMC) were 
either underway or planned for the Big Five meteorology programs.24

Although meteorology program entry requirements varied slightly by 
military branch, all applicants needed to be college seniors or graduates 
with majors or degrees in science or engineering. They were expected to 
have completed mathematics through integral calculus and a year of phys-
ics. Potential trainees applied to participating universities, which provided 
them with appropriate military forms for offi cer programs.25 By late 1942, the 
Big Five still had insuffi cient applicants: 3,000 men needed to be recruited 
to attend the graduate level “A” courses beginning in September 1943 and 
March 1944. Becoming more aggressive in their search for potential trainees, 
the UMC’s recruiting board asked universities to provide it with the names 
and addresses of possible candidates so they could be contacted and asked to 
apply.26 The few women attendees were usually slated to backfi ll positions at 
the Weather Bureau, whose own ranks had dwindled as its forecasters were 
called to active duty.27 The Navy brought women into the reserves to provide 
meteorological support, but unlike their male counterparts they were often 
required to have at least a master’s degree in a scientifi c area to merit selec-
tion to the meteorology training program.

Military services were still facing a forecaster shortfall despite the continuing 
infl ux of young men into the training pool. By fall 1942, the UMC was eyeing 
another group of potential recruits: men attending junior colleges and those 
just graduating from high school who had strong mathematics and science 
skills. The junior college students were recruited through academic depart-
ments, while the high school graduates were identifi ed at local recruiting 
offi ces or during basic training.28 The former, needing at least one year each of 
college physics and mathematics, were placed into “B” courses (Pre-meteorol-
ogy): accelerated six-month preparatory training to prepare them for the “A” 
course. The “B” course did not involve any meteorology—just prerequisite 
physics and calculus.29 The high school graduates were placed in “C” courses 
(Basic Pre-meteorology): 12 months of mathematics and physics, plus writ-
ing and other humanities-type courses.30 Those who performed well advanced 
through the other courses. Some of those selected for the “B” and “C” courses 
were military enlistees who had passed written tests for selection.31

Course directors had diffi culty fi nding qualifi ed instructors. The lack 
of qualifi ed instructors was a major challenge facing course directors. For 
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example, University of Washington President Lee Paul Sieg had to fi nd sev-
eral mathematics and physics instructors in order to offer the “B” course. 
They were not available. As it was, the university could barely cover courses 
already on the books.32 Rossby recognized and acknowledged this lack of pro-
fessional teachers. Even he was being forced to staff his instructor pool with 
recent graduates from his own program. As a result, there was a “notable lack 
of maturity” among those working at the University of Chicago’s Institute of 
Meteorology.33 Most of the available meteorologists had just completed their 
own graduate educations and were very inexperienced.34

When the United States entered the war, in December 1941, the Army Air 
Force had 400 weather offi cers and 2,000 enlisted weathermen. The Navy had 
90 aerologists (weather offi cers) and 600 aerographer’s mates (enlisted per-
sonnel). By early 1945, the AAF numbers had grown to 4,500 offi cers (includ-
ing the two cadets being trained in fi gure 3.1) and almost 15,000 enlisted, 
while the Navy had about 1,300 aerologists and 5,000 aerographers.35 In all, 

Figure 3.1
Army Air Force Lieutenant Fred Decker (center) trains two meteorology cadets at New 

York University in 1944. (courtesy of USAF Historical Research Agency, Maxwell Air 

Force Base, Alabama)
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between 7,000 and 10,000 men and women were trained as professional mete-
orologists and another 20,000 as observers and meteorological technicians 
during World War II. (More than 2,000 of the offi cer trainees were diverted 
to fl ight controller and navigator training, and never served as weather offi -
cers.36) More people received meteorological training during fi scal year 1942 
than in the previous 10 years combined—and that was before the largest 
training classes met.37 Even if most of these trainees returned to their origi-
nal occupations, or switched into different ones, by the end of the war there 
would still be a marked increase in the number of professional meteorolo-
gists. By one estimate, the number of professional meteorologists at war’s end 
was approximately 20 times greater than before 1940.38 They would come 
to make substantial disciplinary changes—changes required for the develop-
ment of numerical weather prediction.

The University Meteorological Committee

In January 1941, the three weather services combined their resources to 
begin making domestic and military meteorological support plans in antici-
pation of a formal declaration of war. This Interdepartmental Committee 
on Meteorological Defense Plans would undergo two more name changes 
before becoming the Joint Meteorological Committee ( JMC)—the Joint 
Chiefs of Staff’s offi cial advisory group on weather matters—in December 
1941. The JMC addressed the training and employment of civilian and mili-
tary meteorologists, and also worked on standardizing weather codes to 
promote more effi cient data sharing. They did this by arranging research in 
long-range weather forecasting, developing background material in support 
of amphibious invasions, and creating a historical northern hemisphere 
weather map series to be used in weather typing.39

Rossby had convinced military planners early on that the training project 
should rest with university meteorology departments, not with military and 
Weather Bureau in-house training courses.40 Consequently, by fall 1942 vir-
tually all non-governmental meteorologists were involved in the training 
programs to the exclusion of most other work. Unfortunately, that meant 
that there was no apparent effort to use scientifi c knowledge of weather and 
climate in military planning and operations. In a telegram to his long-time 
acquaintance Vice President Henry Wallace, Rossby offered his assistance 
and that of his academic colleagues. He wanted to help overcome what he 
saw as duplication of effort between the military services, and to develop 
some kind of cooperative, coordinated plan of attack for weather services 
to the nation. Rossby noted that he had already offered his services directly 
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to Colonel Donald Zimmerman, who was in charge of the Army Air Force’s 
weather services.41 Within a couple of weeks, the War Department requested 
the formation of a standing committee to coordinate the recruitment and 
training of meteorologists for the Army and Navy air forces as well as the 
Army ground forces.42

As noted above, the University Meteorological Committee (UMC), chaired 
by Rossby, drew its members from the Big Five. UCLA’s upper-air special-
ist Joseph Kaplan served as the personnel director and was responsible for 
recruiting. Physical meteorologist Henry G. Houghton represented MIT. 
Athelstan F. Spilhaus came from NYU. Paul E. Ruch of Caltech, who held an 
MS degree from that institution and was an associate professor, directed its 
meteorology program during World War II while Krick was in uniform pro-
viding forecasting services for the Army Air Force. Although the UMC was 
originally formed to provide guidance on recruiting and training, it would go 
on to infl uence research agendas and the professionalization of the fi eld. By 
December 1942, the UMC was in full control of all meteorological training 
and had the full “confi dence and cooperation” of the Army. The “Assistant 
Director of Weather” was the military head of the program, but Rossby was 
the organization’s dominant fi gure.43

Even though meteorology training had been in progress for a couple of 
years, the rapid increase in student numbers dictated a more coordinated 
approach among participating universities. To ensure a consistent curricu-
lum, the UMC needed to decide on course prerequisites and content. A sig-
nifi cant debate over which mathematical approach should be taken while 
teaching physics ensued during a January 1943 meeting. Some faculty mem-
bers recommended the simultaneous teaching of calculus and mechanics. 
Others thought that students should study algebra-and-trigonometry-based 
physics, then vector algebra, then vector calculus, and then mechanics 
using vector analysis. The crux of the debate focused on student prepara-
tion. While some had fi nished calculus, others had not. The question then 
became one of correlating physics instruction with the correct mathematics 
level so as not to lose students. Physics preparation was also weak. Despite 
entering the program with more than the minimum requirements, many of 
the men were defi cient in sophomore-level college physics, which slowed 
their academic progress.

Civilian faculty members were also concerned about their ability to pre-
pare students adequately if they could not control the students’ waking 
hours. They worried that if they did not set strict limits, military authori-
ties might appropriate students’ time for military matters. Therefore, a mini-
mum of 49 hours per week had to remain under academic control. Although 
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the “A” course was strictly devoted to meteorology, the “B” course included 
mathematics, physics, mechanics, geography, and English (both written and 
oral). The English courses were included to prepare the men to make clear, 
concise radio transmissions between ground and aircraft in order to reduce 
misunderstandings and the accidents they might cause. All participating 
schools were expected to follow the assigned curriculum. If time had to be 
made up, it came from English and geography. Interestingly, any cuts from 
geography were to be fi rst taken from climatology.44 Although this might 
seem counterintuitive, physical geography would be much more important 
for these students than climatology. Topographic features signifi cantly affect 
weather and therefore students would be well served by realizing where tall 
mountains, deserts, valleys, and other landforms were in relation to militar-
ily important sites and how they could affect their ability to make a forecast. 
On the other hand, climatology for an area could be looked up in tables and 
on graphs. If time were tight in the training program, instructors assumed 
that students could familiarize themselves with local climatology at their 
ultimate duty stations.

The UMC was in place, but the Weather Directorate had been dissolved by 
April 1943 when Rossby expressed his concerns about meteorological support 
services to communications engineering pioneer Edward L. Bowles, Special 
Assistant to Secretary of War Henry L. Stimson. Rossby told Bowles that the 
demise of the Weather Directorate meant that military weather activities 
were rudderless once again. Furthermore, very few professional meteorolo-
gists were in positions of authority, which was not surprising given their pau-
city. Meteorologists had been assigned to the Weather Information Service, 
but it was not involved in training policies or the needs of military avia-
tion. The Pacifi c campaign was being waged in tropical areas, about which 
little was known meteorologically and for which few training materials were 
available. They were desperately needed if trainees were to be competent 
forecasters when they arrived on station. With no War Department coordina-
tor, specialized meteorological areas—including tropical and oceanographic 
meteorology (i.e., weather over oceanic areas)—could become victims of in-
fi ghting between special interest groups. Additionally, the continued pres-
ence of non-meteorology-trained personnel in the decision-making pipeline 
was delaying prompt action on new training ideas.45

Rossby closed his discussion by pointing out that, as far as he knew, the 
United States was the only country where top-notch academic meteorolo-
gists were being used to provide basic meteorological training while no one 
was being tapped for policy advice. The unfortunate result: ground forces 
were operating without adequate weather services due to the emphasis on 
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aviation needs. Closer cooperation between Army and Navy weather ser-
vices could overcome this defi ciency.46 Although Rossby did not address it 
explicitly, there was another contentious point: scientists in other fi elds, 
most notably the physicists, were being used to signifi cantly advance the 
war effort through their work on weapons and weapons countermeasures. 
They were being consulted by the highest levels of government. Because 
there were so many more physicists, those being employed as instructors did 
not constitute the majority of available scientists.47

For Bowles, grappling to fi x defects in communications circuits han-
dling weather data and information, Rossby’s letter must have appeared as 
an answer to a prayer. Less than two weeks after Rossby penned his letter, 
Bowles appointed him as an “expert consultant” to the Secretary of War’s 
offi ce. Rossby’s appointment letter was followed by a letter from Stimson 
to University of Chicago President Robert Maynard Hutchins. Stimson 
requested that Hutchins make Rossby available for a mission that was “vital 
to the war effort.”48 Bowles needed advice on how to balance the require-
ment for meteorological information against the ability of communications 
facilities to carry them in a timely manner.49 As the war continued, Rossby’s 
expertise would be tapped numerous times. He was asked for personnel rec-
ommendations, ideas on the best uses of newly trained meteorologists, and 
advice on the necessity for encrypted and coded transmission of weather 
data. Rossby also undertook inspection trips of the standard air routes to 
determine how best to support them. He coordinated meteorological support 
for ground forces, which had been left wanting due to the focus on aviation 
missions, and investigated shortcomings in instrument development and 
procurement.50 Thus, Rossby came to be integrated into the highest levels 
of the military command structure. He tremendously infl uenced all aspects 
of meteorological services during the war. When the end of the war was in 
sight, he continued to use his connections to advance his personal agenda 
for both meteorological research and disciplinary professionalization.

Rossby attacked shortcomings in weather support being provided to mili-
tary units, but many smaller, practical matters adversely affected the univer-
sity training units, including diffi culties obtaining current weather data via 
teletype because real-time data could not be sent “in the clear.” For students 
to have data access, the universities would need to install a “secure drop” 
with an encrypted communications link, a guarded room, cryptographic 
equipment, and properly cleared personnel, because weather data were being 
handled as classifi ed material. Owing to their relatively low priority, install-
ing secure drops at the universities was not trivial. Therefore, students had 
to work with “canned” (i.e., old) data, which had no intelligence value and 
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therefore could be used without security considerations. Instructors were of 
two minds about using canned data. Meteorology students were generally 
more attentive to real-time data—plotting and analyzing data from several 
months before was not nearly as exciting as watching the current weather 
unfold on the chart as it unfolded outside. Real-time data also allowed stu-
dents to make the connection between what they saw on a map and what 
they observed outside. And yet from the instructors’ point of view, old data 
were easier to handle. Once the instructors had analyzed a map, they knew 
the “right” answer and could tell at a glance where the student had gone 
wrong. If new data were continually clattering in on teletypes, then the 
instructional staff would literally be just minutes ahead of the students—not 
always the place a meteorology professor on a compressed schedule wanted 
to be when dealing with hundreds of students. Instructors had another rea-
son for using canned data: they could select case studies instructive of differ-
ent weather regimes. Live data had ties to real weather, but might not offer 
students the opportunity to see certain types of systems develop.

Additionally, the Army protested that it was receiving the most immature 
graduates because the university programs were keeping their best students 
on as instructors instead of sending them out to fi eld activities. In order to 
protect the program’s reputation, Rossby recommended that some of the 
best graduates be sent to fi eld units no matter how much they were needed 
in the training arena. Besides being needed for on-site forecasting at bases 
all over the world, the newly minted meteorologists were needed to provide 
weather training for student pilots, the Chemical Warfare Service, and other 
branches of the ground forces. Rossby estimated that the chemical warfare 
branch alone needed about 200 weather offi cers. Since the War Department 
had made no provision for meteorological support for ground forces, Rossby 
had no sense of their manpower needs. Unfortunately for the meteorology 
program, some of the new meteorologists were being siphoned off for pilot 
training and never served as weather offi cers.

The specifi c needs of government units also created challenges for the 
meteorology training program. For instance, leaders of the Chemical 
Warfare Service had come to realize that they needed to determine the dif-
fusion of smoke and fumes when either launching or receiving chemical 
warfare attacks. They had a two-fold requirement: assistance in interpret-
ing research questions and help in the operations division using chemical 
warfare materials. However, the Chemical Warfare Service had no meteo-
rologists on staff to provide advice. Rossby suggested that the UMC select 
men for weather training who already possessed degrees in chemistry and/or 
chemical engineering to fi ll this particular mission.51 To meet the needs of its 
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chemical warfare community, the Navy established the US Navy Chemical 
Warfare Training Unit at the Dugway Proving Ground (Tooele, Utah) to pro-
vide micrometeorology training focused on weather conditions within a few 
feet of the ground where the impact of gas warfare would be the greatest. The 
Army Air Force took advantage of this instruction to train their chemical 
offi cers to understand the meteorological conditions necessary for success-
ful offensive gas operations.52

The UMC also spurred efforts to obtain needed information about weather 
conditions in militarily important operating regions. It received funds to 
establish an Institute for Tropical Meteorology (under the joint control of 
the universities of Chicago and of Puerto Rico) in Puerto Rico, which would 
address some of that sub-discipline’s defi ciencies. Additionally, several senior 
meteorologists were sent to Newfoundland, Greenland, Iceland, Labrador, 
Alaska, and India to obtain more realistic information on weather condi-
tions for the students.53

The UMC’s primary mission—training—continued with few hindrances. 
Students fl owed smoothly through the courses and received operational 
weather station experience before being sent to their fi rst assignment. Yet 
the UMC also had a research mission, and it was defi nitely in the applied 
category.

In early 1943, Army, Navy and Weather Bureau representatives advising 
the Joint Chiefs of Staff established meteorological research priorities. They 
assigned the highest priority to developing upper-level forecasting charts for 
aviation, and developing techniques for fi ve-day and longer-range forecasts 
for strategic areas. Next in importance was the extension of forecasts for afl oat 
and aviation missions over ocean areas by making use of observations from 
isolated stations. This was followed by exploiting the possibility of weather 
typing.54

The research programs being carried out by each of the Big Five meteo-
rology departments were thus directly connected to the war effort. These 
efforts usually fi t into one or more of several categories, including analy-
sis/atlas, climatology, tropical meteorology, upper-air chart, and long-range 
forecasting projects. Analysis/atlas projects involved re-analyzing weather 
maps after including all available data (without the time constraints of 
operational meteorology). Meteorologists could then use the resulting col-
lections of weather charts to study atmospheric patterns and the resulting 
weather. Climatology projects involved compiling many years of observa-
tional data from sites that were important to military operations (for exam-
ple, Greenland, Iceland, and Europe), and determining long-term averages 
for temperature, precipitation, pressure, and other weather elements. This 
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information was used by military planners to determine, for example, the 
best locations for landing strips, and the best (or worst) times for launching 
certain kinds of military operations.

Tropical meteorology studies were important because a considerable por-
tion of the Pacifi c Theater was in the tropics, for which there was very little 
meteorological knowledge. Researchers gathered as much observational 
data as possible and analyzed the resulting patterns to determine forecast-
ing rules. The last category—upper-air observations and their study—was 
important because it was not possible to determine the dynamic structure 
of the atmosphere by just looking at surface data. With the inclusion of large 
amounts of upper-air data, meteorologists could effectively study the gen-
eral circulation of the atmosphere for the fi rst time. They could also use the 
resulting knowledge to better predict fl ight conditions and to make attempts 
at longer-range forecasts, i.e., over several days instead of just one or two.

In short, these wartime research efforts were focused on improving the 
success rate of military operations by incorporating the latest meteorologi-
cal techniques—including new instruments—and knowledge in geographi-
cal areas that had previously been outside routine military operating areas. 
Methods of providing long-range forecasts, including an analysis of ozone 
content and its relation to general atmospheric circulation patterns, were 
especially important to military planners.55 This preliminary work driven by 
military requirements during the war served to advance theoretical studies 
in general circulation as well as long-range forecasting after the war.

In late 1943, with the war’s end not yet clearly in sight, UMC members were 
considering its future. With suffi cient meteorological manpower trained, its 
instructional role was ending. The time had come to turn their attention 
elsewhere and create a more permanent entity. Having been responsible 
for the professional training of the majority of active meteorologists who 
would be practicing the science in the postwar years, committee members 
wanted to ensure the appropriate employment of these new additions to the 
community. Rossby was convinced that the UMC should have an impor-
tant role in promoting and developing the meteorological sciences.56 In 
that vein, Rossby proposed that the UMC become the meteorology section 
of the National Defense Research Committee (NDRC). Created in 1940 in 
response to the national emergency and focused on weapons research, a year 
later the NDRC was subsumed under the Offi ce of Scientifi c Research and 
Development (OSRD), which was created to mobilize scientifi c personnel for 
the war effort.57 If such a meteorological section were established, it would be 
responsible for sponsoring meteorological research and have the funds to do 
so on a large scale. When Rossby approached Bowles with this idea, the latter 
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strongly opposed it. Rossby was concerned that Bowles thought the Army 
had enough funds to support “all legitimate meteorological research.”58 
Apparently the only research worth doing would be of direct benefi t to the 
Army Air Force.

Rossby also suggested, based on information he had received from a num-
ber of sources, that the UMC could become the basis of a new professional 
society that would either supplant or augment the American Meteorological 
Society. As confi gured, the UMC only spoke for universities. The Weather 
Bureau only represented civilian sector government meteorology. And the 
AMS could not speak for meteorology as a whole because of the way it was 
organized—presumably because the AMS mixed amateurs with professional 
members.59

Some very important questions arose for Rossby and other leading UMC 
members. With the creation of a large cadre of highly educated meteorolo-
gists, who would be considered as a “meteorologist” in the postwar years? 
Who, or what, would control the meteorological research agenda? Who were 
the possible patrons? How might they infl uence the conduct of research? 
How would the burgeoning private sector meteorologists be controlled? 
What entity would be responsible for protecting the professional standing 
of the scientifi c community by licensing practitioners? How could meteo-
rology be sold as a technical profession? All of these questions confl ate to a 
single theme: the professionalization of meteorology.

Professionalization of the Meteorological Community

In the United States, meteorology had always been unique among scientifi c 
disciplines because the vast majority of its practitioners were employed not 
in universities or industrial settings, but by the government. Those employed 
by the government were almost exclusively attached to the Weather Bureau. 
Although there were other scientifi c agencies, including the Coast and 
Geodetic Survey, the Geological Survey, the Bureau of Mines, and the Naval 
Observatory, none of these organizations employed the majority of the sci-
entists in their disciplines. However, with the atmosphere extending beyond 
the boundaries of any state or region, and data collection and processing 
being beyond the capability of a business concern, by national necessity the 
Weather Bureau had a stranglehold on American meteorological practice. 
Thus, before World War II, meteorologists in the United States were divided 
into two very distinct camps: the academic theoreticians, who were gener-
ally found within university physics or geography departments, and the 
forecasters, who worked predominantly for the Weather Bureau. While the 
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former had advanced degrees from colleges in the United States or Europe, 
the latter had received most of their training “on the job.” These two groups 
intermingled very little. The theoreticians considered themselves to be 
practicing a science and thought the forecasters were pursuing an art only 
peripherally related to science. For the most part, academics were seldom, if 
ever, involved with making forecasts. Despite these differences, anyone who 
was interested in the study of weather—for academic or practical purposes 
or just out of personal desire—was eligible to be a member of the American 
Meteorological Society. No distinction was made between those who were 
theoretical, applied, or amateur meteorologists. Indeed, AMS membership 
was almost evenly split between amateurs and those who were either theo-
retical or applied meteorologists. With membership in 1940 at a little more 
than 1,400, thousands of potential new members with formal meteorology 
training stood ready to change this mix.60

The academics composing the UMC considered themselves and their col-
leagues to be professionals. “This Committee,” Horace Byers wryly observed, 
“may consider itself as perhaps more deeply engaged in some of the bet-
ter aspects of meteorology. . . . Certainly meteorology in this country out-
side of this esoteric bunch is a small proposition.”61 Besides the academics, 
they acknowledged that there were just a handful of professionals scattered 
within the ranks of the Weather Bureau—at most perhaps 200–300 (or less 
than 10 percent of the total). Byers estimated that only 25–30 percent of 
those holding professional grade appointments at the Weather Bureau pos-
sessed any kind of college degree. Indeed, the bureau preferred to train its 
own forecasters. Prospective forecasters needed to have completed 2 years 
of college with mathematics and physics and have passed a placement 
test. Alternatively, they could have one year of college and an outstand-
ing record at the bureau—usually as sub-professional plotters or observers. 
Thus, by the academics’ defi nition the majority were not professionals.62 
In contrast, everyone they had trained during the war was a professional 
by virtue of course work no matter the extent of their practical experience. 
Uncomfortable with requiring new meteorologists to meet a higher standard 
of professionalism than current practitioners once the war was over, in 1943 
the UMC members pondered who would have the authority to make that 
kind of decision.

The AMS was open to anyone who paid the annual dues of $3.50.63 The 
UMC members anticipated that with the end of the war, the combined effects 
of a rapid increase in commercial aviation and the UMC-established meteo-
rology training centers would result in a tremendous growth of interest in 
meteorology. People interested in meteorology would want an  organization 
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for amateurs. The AMS would be a good place for them—the “National 
Geographic Society of meteorology,” as Rossby dubbed it.64

The professionals, no matter for whom they worked, would need their 
own separate organization. The UMC members wanted a professional mete-
orological society (much like the American Society of Mechanical Engineers) 
that would guarantee standards: standards for entering the profession, and 
standards for remaining within it. By expanding their group to include other 
academics and those with advanced degrees in meteorology, they could 
create a professional society that would be responsible for setting educa-
tional standards, accrediting university curricula, and licensing private con-
sultants. It had to be a strong society whose words carried weight so as to 
“do away with the embarrassment already existing” in the profession—an 
embarrassment stemming from the perception of both the wider scientifi c 
community and populace at large that meteorology was not a scientifi c 
endeavor. Unfortunately, such a society would exclude a large number of 
current practitioners. The idea of setting up a competing group struck Byers 
as “snobbery.”65

The point, as Rossby saw it, was one of rampant professional opportunism. 
He was convinced that when the war ended and the men returned home, mete-
orology would “blossom out as a fi eld of consulting meteorological engineers.” 
Without adequate professional standards, Rossby worried, a “lot of people” 
who did not possess minimal professional educations would set themselves 
up as consulting meteorologists.66 A licensing venue had to be established to 
prevent that from happening. The Weather Bureau was a possibility; however, 
the UMC members did not think the bureau was capable of maintaining pro-
fessional standards within its own ranks, much less among a larger group of 
meteorologists. Furthermore, Rossby did not think that Reichelderfer (who 
had stayed on as bureau chief long after the promised three-year appointment) 
wanted to step into the licensing void.67 If the UMC members established an 
alternative professional organization, how could they license meteorologists 
and not extend those same licenses to Weather Bureau members who were 
already serving in professional positions? How could they say “no” to private 
sector meteorologists and not say the same thing to Weather Bureau person-
nel? After all, there were already many people working as “meteorologists” 
in private industry who only possessed high school educations.68 It appeared 
that setting up a separate professional society was the only method of con-
trolling the potentially embarrassing position of non-professionals providing 
meteorological services to an unsuspecting public.

But Rossby had a confl ict of interest. He had been nominated as the next 
AMS president. (And was later elected.) As AMS president, Rossby could hardly 



86 ■ Chapter 3

agitate for a new professional society. That meant that AMS leaders would 
need to modernize its existing structure to transform it into a more profes-
sional society.69 By January 1944, Rossby concluded that there was no need 
for another organization whose only purpose would be to safeguard profes-
sional standards, ethics, and privileges—much like a trade union. The AMS 
Council met four times on this subject between late January and mid July 
1944. The councilors decided to promote the public acceptance of meteorol-
ogy as a technical profession by establishing standards, issuing a new techni-
cal journal, bringing meteorology to the attention of industry, and providing 
a placement service for meteorologists. They would create a new category of 
professional members who would be “actively engaged in professional phases 
of meteorology who see their obligation to the science and who are therefore 
willing to support measures that will apparently best meet these responsibili-
ties and insure to the general benefi t.”70 By late 1944, Rossby joined Henry G. 
Houghton in leading the AMS to become a more professional scientifi c soci-
ety. As part of that process, the AMS founded the Journal of Meteorology as the 
technical counterpart to the Bulletin of the American Meteorological Society.71

Another matter related to the professionalization of the fi eld concerned 
university curricula. UMC members feared “wild growth” in meteorologi-
cal institutions before they could get their professional organization started. 
However, it would be diffi cult for the new organization to “meddle” in the 
business of professional meteorology schools if they could not decide what 
constituted an acceptable course of instruction. Rossby proposed that repre-
sentatives from the Weather Bureau, the Army, the Navy, and UMC draft a 
statement outlining minimum content and staffi ng requirements for a legit-
imate meteorology curriculum. The UMC would mail the statement to all 
college presidents, “many of whom are now thinking of establishing a pro-
fessional course in meteorology.”72 These expectations were clearly emerg-
ing from unrealistic, and wishful, thinking. Certainly there were universities 
planning to establish meteorology departments at the end of the war. Among 
them were the University of Washington and the University of New Mexico. 
The former already had an oceanography department and wanted to expand 
into meteorology as a related area. Indeed, University of Washington faculty 
member Philemon E. Church, working with Rossby in Chicago, had advised 
President Paul Sieg that the university needed to make its move into meteo-
rology if it wanted to secure the possibility of expanding into the fi eld after 
the war. That was the primary reason Sieg had actively pursued offering the 
wartime “B” course.73 Even if Rossby and the UMC were anticipating unfet-
tered growth of meteorology programs, at least the University of Washington 
realized that demand would be limited.
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Meteorology at War’s End

By mid 1945, the meteorology community in the United States had been 
transformed. The military exploitation of aviation assets to transport arma-
ments, personnel, and material had given an unprecedented stimulus to the 
science of meteorology. To ensure the safety of aviators and their aircraft 
from weather vagaries, meteorologists had sought and obtained the estab-
lishment of worldwide reporting and forecasting stations, an observational 
network that would prove crucial to postwar disciplinary development. 
Meteorological sectors directly related to the war effort—tropical, high-lati-
tude, oceanographic, and high-altitude—had received a signifi cant boost 
due to government-fi nanced research. And, of course, large numbers of 
newly trained meteorologists had entered the fi eld.74

For the United States, this was an especially profound change. Before 
the war, Germany and Scandinavia had considered meteorology and other 
geophysical sciences to be more important than had the United States.75 
Indeed, most research advances in meteorology had come at the hands of 
Scandinavians working under the inspiration of Vilhelm Bjerknes and the 
Bergen School. Although some ground had been gained during the interwar 
years in the United States, the Great Depression had not been a good time to 
advance new academic fi elds.76 Progress that was made was very much infl u-
enced by the Scandinavians—at fi rst just Rossby, later Jacob Bjerknes, Sverre 
Petterssen, Jörgen Holmboe, and Bernhard Haurwitz—all Scandinavians 
and Germans caught in the United States when the war broke out. Their 
leadership was crucial not only in the training of thousands of military 
men and women, but also in attracting those who might have gone into 
the physical sciences or engineering had the war not changed their plans. 
As a consequence, not only did the professional meteorological community 
grow from a total of 400 persons before the war to 6,000 afterwards—a 1,500 
percent increase—but those new members tended to come from physics and 
mathematics backgrounds that led them to take a very different approach 
to the science of meteorology.77 These were men who depended on physical 
laws and mathematical manipulation to defi ne the state of the atmosphere, 
rather than men with a sense of the atmosphere based on gut instinct. They 
were looking for mathematical rigor. If they did not fi nd it, they expected to 
create it.

Equally important was the new perception of meteorology among the sci-
entifi c community at large and the general public. There was no mistaking the 
importance of meteorology to the war effort. Military operations—airborne, 
amphibious, ground, and afl oat—all depended on accurate weather forecasts. 
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Not only did airborne operations require weather forecasts for safety of fl ight; 
the pilots and their crews needed to know in advance if they could count on 
clouds for cover, or if those same clouds would prevent them from fi nding 
their target. Likewise, amphibious missions depended on accurate wave and 
surf forecasts for safe beach landings and successful outcomes.

One particularly well-known instance of the importance of weather fore-
casting was during the planning of Operation Overlord (the invasion of 
Normandy on 6 June 1944). A multi-national team of meteorologists sta-
tioned in Britain coordinated weather as well as sea, swell, and surf forecasts 
several days in advance—an extremely diffi cult prospect considering the 
available data and techniques of the time. The conditions under which mili-
tary operations had been carried out were made known to the general public 
through newsreels and radio and newspaper reports. No longer as quick to 
make snide comments about the local “weather guesser,” citizens became 
more accepting of the discipline as a scientifi c profession and the meteorolo-
gist as a “reliable professional man.”78

Community leaders realized that they had to capitalize on this newfound 
respect for their science and do so quickly. Under Rossby’s leadership, the 
AMS acted swiftly to take its place beside other engineering and scientifi c pro-
fessional societies. To guarantee that meteorology did not lose wartime gains 
and that it continued to advance, the AMS sought broad exposure of the dis-
cipline’s possibilities. The value of meteorology to aviation and agriculture 
was already well known. Rossby wanted many more industries to recognize 
that meteorologists could make their businesses more profi table. To make this 
happen, the AMS took two important steps. First, it became a potent factor in 
soliciting funds and fellowships for research. In this way, the science could—
as Sverre Petterssen put it—be “lifted out of a state of neglect and place[d] 
on a level of prominence amongst the other physical sciences.”79 Second, it 
established strict ethical standards to prevent the exorbitant claims by those 
who might wish to profi t at the expense of an uninformed public, thus leav-
ing the meteorological community open to criticism that could destroy the 
very gains made toward credibility during the war years.80 In particular, the 
society was worried about private sector meteorologists who sold very-long-
range forecasts based on dubious scientifi c reasoning to agricultural, utility, 
and other industrial interests who made business decisions based on these 
predictions.

“There has been little except war and the needs of the general public to 
promote advancement of [meteorology],” Army Air Force Brigadier General 
D. N. Yates, Chief of the Air Weather Service, later noted. “There has been 
practically no incentive to individuals for entrance into the fi eld of meteo-
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rology on a career basis.”81 As unfortunate as the war had been, it opened the 
door for huge advances in meteorology. Horace Byers may have summed it 
up best: “It is an unfortunate characteristic of meteorology that its great for-
ward strides depend on disasters. Catastrophes and wars result in increased 
meteorological fi nancing and activity and World War II was an outstanding 
example of growth bred from disaster.”82

World War II had expanded the atmosphere for the meteorology commu-
nity—more money for research that extended knowledge into new areas, 
newly designed equipment, more observing stations, and more professional 
scientists. This “critical mass” of well-trained, ambitious, and forward-look-
ing men became meteorologists in the postwar era—a time when virtually 
anything seemed possible scientifi cally. They were ready to take the fi eld 
from a small, marginalized, and sometimes scorned, scientifi c backwater 
to a discipline of importance within the sciences and the realm of public 
opinion. Within a few months of VJ Day, the technology that meteorologists 
needed to create the scientifi c breakthrough of the century arrived on their 
doorstep: the electronic digital computer.
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■ ■ Initial Atmospheric Conditions: Scientifi c Goals, 

Civilian Manpower, and Military Funding (1944–1948)

By 1944, the United States was within reach of military victory. The meteorol-
ogists who had been training thousands of men to support military missions 
were faced with empty classrooms. For them, the end of the war appeared 
to be in sight. Many meteorologists were more than ready to abandon the 
applied meteorological questions, which they had pursued to support the 
nation’s defense, for more theoretical pursuits. Their interests and concerns 
were not just limited to research topics. They extended to research funding. 
Government funding had dominated the war years. Would the free fl ow of 
money continue after the war? Other scientifi c communities were facing the 
same kinds of questions. Physics and engineering disciplines in particular 
were benefi ting from the needs of the war effort, stimulating rapid, ground-
breaking advances in radar, electronics, proximity fuses, and nuclear power. 
Applied physics had also stimulated development in another signifi cant 
area. The extensive calculations that had to be undertaken to aim very large 
guns and rockets (fi re-control solutions), had provided the impetus to create 
primitive electronic computers.1

One of those involved in developing what became the modern computer 
era was the distinguished mathematics prodigy John von Neumann of the 
Institute for Advanced Study in Princeton. Developer of the theory of games 
in the 1920s before immigrating to the United States from Hungary, von 
Neumann had worked on the Manhattan Project, among other efforts, during 
the war.2 He sought to pursue his goal of a digital electronic computer once 
the war was over. This new stored-program computer would allow for signifi -
cantly faster solutions of complex mathematical problems—particularly those 
that had non-linear solutions solvable only by numerical analysis techniques. 
Instead of taking days, weeks, or months of work by human “computers,” 
these new “electronic brains” could produce a solution in hours or days. Thus, 
investigators could rapidly revise formulas, change variables, alter input, and 
re-compute as many times as necessary to reach the desired solution.
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Despite the atomic bomb and the subsequent concerns about the dan-
gers of radioactivity, the prevailing view in the United States after 1945 
was that the sciences had had a positive infl uence on the outcome of the 
war.3 This reinforced the tremendous faith of Americans, already evident in 
the Progressive Era (circa 1890–1917), in the ability of science to solve all 
 diffi culties— natural or man-made. Therefore, it seemed very reasonable for 
people to be able to control nature and their environment.4 The atmosphere 
and its processes constitute the ultimate environment to control. If people 
could outwit the weather—prevent droughts and fl oods, enhance rain and 
snow, disperse fog, reduce hail damage, dissipate or change the paths of hur-
ricanes, and prevent tornadoes from forming—that would be a huge achieve-
ment. Never before had such a possibility seemed within reach.5

But before people could control the weather, they would have to thoroughly 
understand the atmosphere’s physical processes, and they would have to be able 
to consistently make accurate forecasts. In 1945, theories defi ning the atmo-
sphere’s general circulation were very weak. Forecasting techniques remained 
primitive. Nevertheless, the steps taken to aid weather forecasting during the 
war, such as expanding the data network and adding many more upper-air 
observations (fi gure 4.1), could now be exploited for theoretical work.

Figure 4.1
Army Air Force meteorologists prepare a balloon launch in Iceland, circa 1944. (NOAA 

National Weather Service Collection, courtesy of NOAA Central Library)
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Figure 4.2
Carl-Gustav Rossby (courtesy of MIT Museum)

The return to peacetime helped fuel a dramatic expansion in many physical 
science fi elds, including studies of the atmosphere. Meteorologists from all 
parts of the community—academic, Weather Bureau, and military—were free 
to tackle long-term projects of importance to the overall advancement of the 
atmospheric sciences. The Big Five meteorology departments moved ahead 
with expanded research agendas. Weather Bureau Chief Francis Reichelderfer 
anticipated taking back some of the traditionally civilian roles that had been 
usurped by the military during the war. Military agencies looked at ways of 
infl uencing scientifi c development. In the immediate postwar period, each 
group maneuvered to solidify its position in a strengthened professional 
community.
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The emergence of the electronic digital computer would prove to be a vital 
ingredient for the meteorologists’ advancement of their discipline. However, 
the forward-looking efforts of Reichelderfer, Carl-Gustav Rossby (fi gure 4.2), 
and the military meteorologists were what moved numerical weather pre-
diction forward.6

The Postwar Research Agenda for Meteorology

Theoretical meteorologists, such as Hans Panofsky at NYU, Horace Byers at 
the University of Chicago, and Henry Houghton at MIT, were eager to return 
to their own research projects that had been put on hold since the begin-
ning of the war. At the same time, they were concerned about who, or what, 
might infl uence or control the postwar research agenda. During wartime, 
the research agenda had been heavily infl uenced by military requirements. 
The academic meteorologists were now confronted with the possibility that 
postwar research would be controlled by the government as well: not as 
overtly, perhaps, as during the war, but certainly as a result of making fund-
ing available through contracts.

Although generous funding for basic research in the postwar era would 
indeed become available—fi rst through the Offi ce of Naval Research, and 
later through the National Science Foundation—this was obviously not 
known in early 1944. The academics on the University Meteorological 
Committee were panicked by the thought of continued government con-
trol of their research projects. Before the war, a large percentage of meteo-
rological and other scientifi c research had been funded by private sources. 
Leading a discussion on potential research funding during a UMC executive 
meeting, Byers argued that funding from private sources appeared to be on 
the wane, with government funding taking its place.7 If government agen-
cies were providing the funding, they would in turn dictate the problems to 
be solved, present them to universities, award contracts, and expect results. 
He did not anticipate that funding would be awarded for general research. 
The path would be laid out for a specifi c result, and the contract awarded to 
the school best equipped to provide it.8 Byers’s proffered scenario worried 
these meteorologists who were counting on the opportunity to conduct fun-
damental research—they needed the freedom to explore and follow where 
their research took them. In general, these academics did not view decision-
making personnel in the military weather services or the Weather Bureau as 
being cognizant of how that research was done.9

Although some government agencies (particularly the National Advisory 
Committee for Aeronautics) had allowed considerable latitude in how con-
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tracts were handled, the Army had not.10 Jörgen Holmboe of UCLA protested 
that what the Weather Bureau really wanted were improvements, not basic 
research. Therefore, university meteorology departments could help the 
bureau without getting tied down in extensive research projects that would 
interfere with departmental interests. Nevertheless, Byers cautioned that 
while it might be acceptable to help the bureau and the Army with their proj-
ects, keeping academic departments fully occupied with contracted research 
would greatly reduce research freedom—“the life blood of any university.”11 
Houghton was blunter still. Taking on government contracts, he growled, 
was “selling out.”12

Despite the prevailing evidence that private funding was a thing of the past, 
the UMC meteorologists were not sure that government subsidies would be 
a sure thing after the war.13 Beno Gutenberg of Caltech fl atly rejected the 
idea of government funding. He argued that once the war was over, private 
foundations would resume their prewar roles as patrons of basic scientifi c 
research. The government would fund research by its own people in its own 
labs. Gutenberg was not even convinced that any government funding 
would be available. He thought Congress might well divert funds earmarked 
for scientifi c research to other needs. As Joseph Kaplan contended, if they 
could get the private funding scenario in place well in advance of the war 
winding down, there would be less interference in their research agendas. 
With research freedom preserved, they could make more progress. But Byers 
and others remained skeptical. The shift to government funding had pre-
ceded the war, they pointed out, and that pattern could continue.14

The Weather Bureau’s research budget had always been small. What had 
been in the pot had been quickly placed under military control during the 
war. As in most situations involving money, once an organization has gained 
control of funding at the expense of another, the latter rarely recovers it. 
Indeed, in the mid 1940s, the bureau had research questions in need of 
answers, but no funds to pursue them. The military services also had ques-
tions that needed answers, but they had plenty of money to spend. To avoid 
being cut out of the picture entirely, Reichelderfer recognized that he would 
need to place himself in a position to infl uence the allocation of funds.

A “top-ten list” of the “most useful research to bring results in the shortest 
amount of time” provides a tantalizing piece of evidence that the Weather 
Bureau was trying to prioritize, and perhaps infl uence, meteorology’s postwar 
research agenda. The list, a result of a 1944 survey of bureau, military, airline, 
and university meteorologists, is interesting both for what it includes and 
what it does not. Seven of the ten items were related in some way to forecasting 
(development of forecasting rules, studies of orographic infl uences,  studies of 
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factors controlling movement of high-pressure and low-pressure areas). Two 
of them dealt with obtaining better upper-air data from radiosondes. And 
the last one called for descriptive studies of convergence, divergence, vertical 
motion and vorticity, i.e., physical processes in the atmosphere.15

This period was ripe for theoretical development and research in meteo-
rology. Networks for recording surface and upper-air conditions were now at 
higher resolution because of the war. More scientifi cally trained meteorolo-
gists possessed advanced technical capabilities. And yet not one theoretical 
topic appeared in the top ten. Granted, one might not expect theoretical 
projects to “bring results in the shortest period of time.” Yet this seems to 
be another indicator of the divide that existed between the theoretical and 
applied sides of the meteorological house. Meteorology’s scientifi c advance-
ment depended on developing a mathematical and physical theory of atmo-
spheric circulation. It did not appear on the list. Despite comments to the 
contrary as meteorologists later reminisced on this period, there were no 
projects that indicated an interest in using a numerical approach to solving 
the non-linear equations defi ning atmospheric movement. Knowledge of 
the diffi culty in solving such equations was probably one of the reasons. But 
as the war ended, the means for their solution awaited.

High-Speed Computing Meets Meteorology

Numerical weather prediction depended on the availability of a high-speed 
electronic computer. The creation of such a machine began in Philadelphia 
during the war. John W. Mauchly and J. Presper Eckert, two electrical engi-
neers at the University of Pennsylvania’s Moore School, started working on 
the ENIAC (Electronic Numerical Integrator and Computer) in June 1943 
while under contract to Army Ordnance. ENIAC was designed to compute fi r-
ing tables much more quickly than was possible with calculating machines.16 
In April 1945, just a few months before ENIAC’s delivery to the Army’s 
Aberdeen Proving Ground, Mauchly visited Weather Bureau headquarters 
to ascertain the possible meteorological uses of high-speed sorting and com-
puting devices. The bureau’s Assistant Director for Scientifi c Research, stat-
istician C. F. Sarle, made an uninspired suggestion: use the computer to sort 
IBM cards punched with data for climatological studies. (Owing to a short-
age of personnel, the bureau was chronically behind in computing clima-
tological data.) Sarle also expressed interest in weather map extrapolation, 
i.e., the creation of a new forecast map by shifting weather features in the 
direction of general atmospheric fl ow. Such an extrapolation method would 
do the same thing that human forecasters were already doing—moving fron-
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tal features several hundred miles downstream, depending on the velocity of 
winds at the atmosphere’s steering level. As such, it did not incorporate the 
use of physical laws in anticipating atmospheric motion. Mauchly was not 
sure that his new machine, EDVAC (Electronic Discrete Variable Automatic 
Computer), could extrapolate weather maps, but he did point out that it 
would be able to solve partial differential equations, i.e., the type describ-
ing atmospheric motion. Sarle was not interested. The Weather Bureau—
 burdened by increasing demands and shrinking manpower—was primarily 
interested in automating data handling and statistical computations.

A much different response greeted Mauchly when he visited the Air 
Weather Service. There he met former, and returning, Weather Bureau 
meteorologist Major Harry Wexler. Recall that Wexler had been hired from 
Rossby’s MIT program after the Science Advisory Board urged the bureau to 
adopt Bergen School methods in the mid 1930s. Indeed, Wexler had been one 
of three new PhDs familiar with air-mass analysis hired to spread the tech-
nique throughout the bureau. Thus, he was not only interested in applied 
forecasting—he was interested in meteorological theory. The enthusiastic 
Wexler recognized the importance of applying a machine such as EDVAC 
to the integration of the hydrodynamic equations. He introduced Mauchly 
to other weather offi cers who were working on a variety of meteorological 
topics of interest to the Army Air Force in the days just before Germany’s fall. 
They, too, were convinced the machine could have a very important use in 
weather forecasting.17

The difference between the perceived uses of the computing machine by 
bureau and AAF personnel in spring 1945 is striking. Sarle—bogged down 
with data waiting to be analyzed for climatological studies and very few 
people to do it—saw only pedestrian uses. In stark contrast, Wexler and his 
mathematically savvy AAF colleagues immediately identifi ed an application 
to forecasting—the major meteorological undertaking for both the military 
and the bureau. Upon returning to the Weather Bureau at the end of 1945, 
Wexler would vigorously pursue this new technology.

Mauchly was not alone in trying to convince the Weather Bureau of the pos-
sible uses of the computer for meteorological purposes. Vladimir K. Zworykin 
of the Princeton RCA Laboratory also envisioned meteorological applications. 
The inventor of the electronic-scanning television camera, Zworykin, a physi-
cist, was involved in the development of meteorological instruments at RCA 
and had become attracted to weather problems, including, perhaps, the ulti-
mate one: weather control. During an evening lubricated by a liberal supply 
of vodka, he explained to an astonished Wexler that nascent hurricanes could 
be snuffed out by spreading oil over the ocean’s  surface and setting it afi re 
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under billowing convective clouds. Zworykin thought this would “bleed” 
the energy out of the system and prevent hurricanes from having suffi cient 
energy to form.18 Despite his incredulity over Zworykin’s hurricane-killing 
ideas, Wexler remained fascinated by Zworykin’s concept of using computers 
to make numerical forecasts.

Reichelderfer fi rst heard of Zworykin’s proposal for the use of “modern 
electronic devices” in meteorological analysis during a September 1945 visit 
to the RCA Lab. Much interested, he requested a copy of Zworykin’s forth-
coming written proposal.19 Edward U. Condon, an ambitious physicist who 
was Director of the National Bureau of Standards, was also curious about this 
potential use of computers. Having already obtained copies of the Zworykin 
proposal, Condon forwarded copies to Reichelderfer and suggested that they 
cooperate on work with electronic computers. Reichelderfer observed at the 
time that, although Zworykin’s proposal was unproven, it “should not be 
taken lightly.”20 In early December, Reichelderfer pursued the possibility of 
using electronic computers for meteorological analysis and extended fore-
casting by inviting Zworykin to bureau headquarters to discuss a potential 
collaboration in more depth.21 As that letter was leaving his offi ce, Condon 
contacted Reichelderfer and suggested that they also invite von Neumann.22

Originally planned for the end of December, the conference was resched-
uled for 9 January 1946. Attendees would include a small number of bureau 
and military meteorologists in addition to representatives of the Bureau of 
Standards. Reichelderfer noted that Zworykin’s ideas constituted a “startling, 
but noteworthy proposal.”23 In his invitation to von Neumann, Reichelderfer 
wrote that the purpose of the conference was to discuss “the ways and means 
for improving the techniques of weather analysis and forecasting.”24

While the meteorologists voiced tentative interest in this proposed com-
puter’s application to weather forecasting, the Navy’s Offi ce of Research and 
Invention (ORI) was already getting out its checkbook to fund von Neumann’s 
computer. During their meeting with IAS Director Frank Aydelotte, the Navy’s 
Chief of Naval Research, Admiral Harold G. Bowen, and the head of the 
ORI, Captain Luis de Florez, were “very enthusiastic” about the computing 
machine. Their “purely scientifi c” interest came with a commitment to make 
a substantial “no-strings attached” contribution to the effort.25 Whatever 
de Florez had in mind when expressing enthusiasm for this plan, the Navy’s 
claim of “purely scientifi c” interest is questionable. Several years later, de 
Florez publicly proclaimed himself a strong supporter of weather control.26

With a well-placed leak to the New York Times, the Navy revealed the possi-
bility of a weather-predicting computer within two days of the meeting bro-
kered by the Weather Bureau. Sources told the Times that participants in that 
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meeting had discussed a new super calculator that not only would be able 
to predict the weather but would make it possible to “do something about 
the weather” by using “counter-measures” against unfavorable conditions. 
Navy meteorologists thought suffi cient theory existed, but the complicated 
calculations could not be solved quickly. The new computer would reduce 
the time required to fi nd solutions. The Times reported that some scientists 
thought that the threat of tornadoes, hurricanes, and other severe weather 
could be reduced with advance knowledge. For example, atomic energy (i.e., 
nuclear weapons) might be used to divert hurricanes away from populated 
areas.27 The Weather Bureau was interested in analysis and forecasting appli-
cations. The Navy, which heretofore was only involved in funding the com-
puter, now seemed to emphasize the weather-control aspects of Zworykin’s 
proposal in its off-the-record comments.

Reichelderfer and other conference participants, thinking their meeting 
was confi dential, were very unhappy with the coverage by the Times.28 The 
War Department’s Ordnance Research Offi ce thought the newspaper had 
violated military security.29 A puzzled Zworykin could not understand why 
the Navy had released the information without consulting anyone.30

Why the Navy leaked the story almost certainly was related to mustering 
support among Navy leaders for developing a meteorological application for 
von Neumann’s computer. Navy meteorologists, like their counterparts in 
the Weather Bureau and in the Air Force, recognized that the computer had 
the potential to speed up the availability of predictive charts and to increase 
their accuracy. This new tool would allow on-site forecasters to spend more 
time on locally tailored weather prediction. For military leaders, weather was 
of concern only when it hampered operations. When it was not trouble-
some, no one gave it a second thought. To obtain continued support from 
war-fi ghting interests, meteorologists would need something more appeal-
ing than a faster forecast. Weather control, with its possible application as an 
offensive and defensive weapon, was clearly very appealing. Thus, the leak 
indicated that a comprehensive meteorological theory existed (when it most 
certainly did not) and emphasized the weather-control aspects of Zworykin’s 
proposal. In order to sell a project that could forecast or control the weather, 
the meteorologists had to develop a plausible atmospheric theory.

Though ruffl ed and embarrassed by this unanticipated public-relations 
fi asco, Reichelderfer pressed forward to pursue the possibilities that elec-
tronic computing might offer. Wexler visited Zworykin and von Neumann 
in Princeton to discuss potential computer-solvable meteorological prob-
lems. Having no meteorological background, von Neumann needed advice 
on the mathematical and physical requirements that had to be considered.31 
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So did Mauchly and Eckert when Wexler sounded them out on the feasibility 
of designing an ENIAC-type machine to forecast the weather. They were con-
vinced it could be done “once specifi cations were laid down by meteorolo-
gists.”32 But this was going to be diffi cult. Neither “electronic engineers nor 
the meteorologists” were able to answer the question “How can the electronic 
computer be applied to meteorology?”33 Establishing the specifi cations would 
be impossible without fi rst determining the extent of the meteorological 
questions. Ascertaining those questions would be diffi cult. The Air Weather 
Staff wanted to know if Wexler had any ideas, other than a reconstruction of 
the Richardson method, which they could think about and discuss.34 Lewis 
Fry Richardson’s World War I-era attempt at numerical weather prediction 
had been to solve the “primitive equations” of the atmosphere by making one 
six-hour time step and then doing all the calculations by hand (a time step 
being the change in time in the equations of motion over 6 hours). His results 
appeared in the 1922 book Weather Prediction by Numerical Process, wherein 
Richardson laid out his theoretical ideas and provided a complete example. 
When he was done, Richardson’s forecast called for a pressure change of 145 
millibars—an unrealistic value in comparison with the 1-millibar change in 
pressure actually observed.35 (For comparison, a hurricane passing directly 
overhead may lower the pressure by 30 millibars.) Although widely reviewed, 
Richardson’s book had attracted little attention at the time because his method 
was much too labor intensive. But in 1946 Richardson’s approach was briefl y 
considered as a fi rst point of departure. For his part, von Neumann expressed 
his intent to examine the fundamental theories of meteorology—a necessity 
if the computer was to be able to solve atmospheric problems. Further, von 
Neumann expected to spend about 25 percent of his time on the meteorol-
ogy part of the project—a fi gure that Rossby thought would more realistically 
amount to 5 percent, in view of von Neumann’s other obligations.36

After meeting with Wexler and others in early February in Princeton, von 
Neumann turned to Rossby for advice. Von Neumann informed Rossby 
that he was “considerably attracted” by the research problem presented by 
the general circulation of the atmosphere, and proposed that they fi rst try 
solving it in its most “simplifi ed and schematic form.” He wanted to con-
sider a homogeneous, rotating earth that included some corrections for the 
amount of solar radiation received by latitude and assumed zonal symme-
try, i.e., that physical data were independent of longitude. Did Rossby think 
that an approach using partial differential equations to describe the general 
atmospheric circulation would be reasonable? Because it was unlikely that 
he could get to Chicago in the near future, von Neumann asked Rossby to 
come to the IAS so they could discuss it in more detail.37 Rossby accepted.
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Rossby’s discussions with von Neumann at Princeton furthered advanced 
the meteorology-computer connection, and he immediately reported the 
meeting’s results to Reichelderfer. Rossby recognized that von Neumann 
was interested in hydrodynamic research questions and their answers, i.e., 
researching the general circulation of the atmosphere, but that he was not 
interested in the kind of empirical correlations over time and space that 
could have an immediate practical impact on weather forecasting. Although 
not aiding forecasting in the near term, the development of working mod-
els would allow meteorologists to change input variables like solar radia-
tion to evaluate their effect. Rossby thought meteorology would be better 
served by letting a team work on the general circulation problem—theory 
 development—fi rst. Solving the equations of motion as they related to 
weather prediction—an application—could come later.

A master at recognizing fruitful opportunities, Rossby shrewdly viewed 
von Neumann’s newfound interest in theoretical meteorology as a poten-
tially huge asset to meteorological progress, and wanted to “stimulate him 
further” by surrounding him with a “small and versatile” group of theoreti-
cal meteorologists who would serve to provide the foundation for this new 
computational approach. At a minimum, Rossby wrote to Reichelderfer, they 
should fi nd “some highly competent young man” to help von Neumann. 
However, all the young meteorologists he knew were already engaged in 
their own work. Instead, Rossby proposed forming a team of meteorolo-
gists that could assist in the project. His proposed list included Walter M. 
Elsasser, a specialist in atmospheric radiative processes with the Princeton 
RCA labs; Chaim L. Pekeris, a former Rossby student, working on radiation 
and hydrodynamics; AAF Captain Gilbert Hunt, a wartime-trained meteo-
rologist and mathematics doctoral student at Princeton; and someone 
familiar with large-scale turbulence—perhaps Raymond B. Montgomery of 
the Woods Hole Oceanographic Institution or Hans Panofsky of New York 
University. Others who could potentially make substantial contributions 
were Bernhard Haurwitz of MIT, Victor Starr (another Rossby protégé) of 
the University of Chicago, and Morris Neiburger of UCLA. However, they 
were already engaged in other research projects. As Rossby ruminated on this 
list, he feared the models that this group, top-heavy with mathematicians, 
would choose to pursue. A synoptic meteorologist skilled in both descriptive 
and theoretical approaches had to be added to this mix if the group were to 
be effective. Indeed, fi nding people possessing a sense of the atmosphere 
as well as a mathematical bent soon emerged as a priority in the long-term 
modeling process. To bring the team together, Rossby recommended that 
the IAS reach an agreement with a government agency (perhaps the Navy’s 
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Offi ce of Research and Invention) that could supply suffi cient funds to allow 
von Neumann to assemble the proposed group.38

Since von Neumann was not concerned with efforts that would aid fore-
casting in the near term, Rossby also recommended assembling a second 
group of people from the ranks of the “mathematically, statistically, and syn-
optically competent and ingenious” in the Weather Bureau, the Air Weather 
Service, and the Naval Weather Service for the purpose of examining how 
the ENIAC could be used to compute temporal correlations that would 
aid day-to-day forecasting.39 In this way Rossby—theoretician, researcher, 
and  entrepreneur—capitalized on the interest of both Mauchly and von 
Neumann by proposing projects that would simultaneously tackle meteoro-
logical theory and forecasting.

Reichelderfer strongly backed the proposed project even though he was 
well aware that there was no guarantee of useful results. While preferring that 
the Weather Bureau should be the governmental organization to take leader-
ship, he was realistic enough to acknowledge that fi nancial constraints might 
require interdepartmental cooperation. However, he advised Rossby that he 
would be putting together a program plan with the still-enthusiastic Wexler in 
the near future, and hoped that Rossby would continue to provide advice.40

Rossby saw the Princeton project as a way to advance theoretical meteorol-
ogy and very much wanted it to move forward. Within a week of his letter to 
Reichelderfer, Rossby negotiated a tentative contract proposal and funding 
arrangements with the ORI’s staff meteorologist, Lieutenant Commander 
Daniel F. Rex, and then provided von Neumann with a draft proposal.41 The 
proposed research objective was to examine ideas concerning the general 
circulation of the atmosphere so as to determine its steady-state character-
istics and subsequent response to externally applied infl uences. If suffi cient 
support were forthcoming, the project might even be able to “throw light on 
the nature of climatic fl uctuations.” Leaving nothing to chance, Rossby con-
tinued with a complete budget description that included numbers and types 
of people, salaries, travel, and overhead expenses. Noting a lack of suitable 
candidates for the project, he recommended that Wexler manage the proj-
ect. In addition to those he had named in his earlier letter to Reichelderfer, 
he added the name of his protégé Paul Queney, director of the Institut du 
Globe at the University of Algiers. The proposed starting date for the project 
was 1 July 1946.42

On 8 May 1946, IAS Director Frank Aydelotte signed out a contract proposal 
to the ORI. However, the research objective had now become “[an] investiga-
tion of the theory of dynamic meteorology in order to make it accessible to . . . 
computing.” Specifi cally, the project proposed to investigate the mechanism 
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and fl ow pattern of the general atmospheric circulation, the necessity of con-
sidering stratospheric as well as tropospheric contributions, the stability of 
the polar front and other fronts in general, the mechanism and fl ow pattern 
of major cyclones including their formation, progress, and stability, and the 
release mechanisms of local instabilities. However, it did not stop with atmo-
spheric theory or forecasting. The proposal went on to claim that with this 
computing project, they would take the “fi rst steps towards infl uencing the 
weather by rational, human intervention . . . since the effects of any hypo-
thetical intervention will have become calculable.”43 This theme was further 
emphasized in the Justifi cation Memorandum, which stated that the research 
program would contribute to achieving the goals of rapidly predicting both 
short- and long-range weather conditions as well as controlling the weather.44

In the meantime, with the new machine not yet built (its anticipated com-
pletion was 2–3 years away), the project would need to focus on meteoro-
logical theory. Indeed, meteorological theory could not yet pose problems 
solvable by this new computational approach. Without this new computer—
which could perform calculations 1,000–100,000 times faster than had been 
previously possible—there had been no motivation to address the relevant 
theoretical considerations.

The proposal indicated that if enough meteorological personnel could be 
assembled by fall 1946, these individuals would spend 6 months complet-
ing a preliminary analysis of the basic dynamical meteorological problems 
(those listed above). Following peer review, project members then would 
determine the most promising research directions. This part of the project 
would extend until late 1947, at which point the computations could be 
worked out in parallel with computer development throughout 1948. By 
1949, both the machine and the required theoretical work would be com-
plete, and model testing and subsequent modifi cations would be underway.

Desired personnel for this project would be “fi rst-class younger meteo-
rologists” led by Wexler. Younger meteorologists were required because in 
the United States they were the ones who had the mathematics and phys-
ics background necessary to advance the work. Although older theoretical 
meteorologists also had these attributes, they were already committed to 
other academic pursuits. As a complement to this group of young meteorolo-
gists, the project would assemble a “prominent group of advisors and consul-
tants” including (besides Rossby) meteorologists and oceanographers such as 
Harald Sverdrup and Jacob Bjerknes; physicists with radiation and molecular 
physics expertise such as Edward Teller and Subrahmanyan Chandrasekhar; 
and an aerodynamicist like Theodore von Kármán. Other experts from a 
variety of technical fi elds would round out the number to a total of eight to 
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ten individuals. With the funding to cover the personnel costs for the meteo-
rological group, the total proposal came to $61,000 per annum.45 Following 
negotiations carried out by Frank Aydelotte, John von Neumann, and Daniel 
Rex, the Justifi cation Memorandum was signed on 6 June 1946.

From the very beginning, project supporters had different goals for their 
creation. Reichelderfer—who had sparked the project—was interested in 
forecasting. Military meteorologists, even those theoretically trained, also 
had practical forecasting goals. Rossby and the academics were fi rmly in the 
theoretical camp, although the more intuitive and pragmatic Rossby was 
not against applied research. Zworykin and von Neumann wanted a meteo-
rological theory amenable to an attack by computer, an advance that would 
ultimately allow for weather control. And the funding source, now called the 
Offi ce of Naval Research (ONR), seemed content to support basic research 
with the hope of future practical results.

Calls for Manpower and Advice

All major research projects, boiled down to their essence, contain three neces-
sary ingredients: funding, equipment, and manpower. The IAS Meteorology 
Project was no exception. The funding was assured by the Navy; von 
Neumann’s Computer Project team was designing and building the equip-
ment. Manpower availability, however, was in doubt. Meteorologists then (as 
now) tended to come in two varieties: theoretical and applied. Theoreticians 
had mathematics and physics backgrounds, tended to think in equations, 
and viewed the atmosphere as something “out there,” not something that 
affected daily life. Applied scientists might not be mathematics- and physics -
savvy in a technical way, but they had a sense of the physical factors that 
infl uenced the weather. This project needed people who could handle both 
theory and applications.

Attracting meteorologists to Princeton was diffi cult. The more experi-
enced academic meteorologists, i.e., those whose professional careers started 
before the war, were primarily theorists. Happily settled on their campuses, 
they were not only committed to other projects, they were also extremely 
skeptical that the entire computer scheme would work.46 They were also 
under pressure to remain in their current positions due to an overall short-
age of theoretical meteorologists, which, combined with the large infl ux of 
recently discharged veterans hitting campuses on the GI Bill, exacerbated 
the diffi culty of putting faculty members in the classroom.47 Others were 
concerned about the length of time it would take to develop von Neumann’s 
new computer.48
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Rossby applied his considerable charm to persuade his handpicked 
 candidates—and sometimes their bosses—that the Meteorology Project was 
the perfect place for them to use their many talents.49 Von Neumann ob tained 
commitments from Paul Queney (University of Algiers), Albert Cahn 
(University of Chicago), and Chaim Pekeris (Columbia University). Wexler 
would lead the project.50 The team combination was telling:  everyone involved 
was part of a younger, more mathematically grounded subset of the meteoro-
logical community; they were all theorists; and they all had ties to Rossby. 
Although members of this group had numerous advantages— openness to 
new ideas being one—their lack of a physical sense of the  atmosphere would 
later prove to be a handicap. With their  theoretical bent, it was clear that this 
project was only going to pursue theoretical  development, not the applica-
tions desired by the military and Weather Bureau meteorologists.

While others sought people, Reichelderfer sought advice. Sending letters 
to a number of prominent meteorologists and oceanographers, he described 
the Meteorology Project as one that would “advance our science materi-
ally.” The responses were almost universally skeptical of the possible suc-
cess of the undertaking, based on a realistic assessment of the extant state 
of meteorological theory in spring 1946. Respondents wondered how the 
computer could positively infl uence meteorological questions when there 
was little understanding of the principles underlying atmospheric behav-
ior.51 Meteorologists had scant knowledge of the governing equations of 
the atmosphere. What about the “little known terms”? Should those not be 
determined fi rst?52 What were the roles of friction and heat sources and sinks? 
Would they not need to be determined before developing the equations? 
Perhaps the computer could play a limited role in solving some dynamical 
meteorology problems, but nothing more. There would be no solution to the 
forecasting problem in the near future. And weather control? The experts 
Reichelderfer consulted all agreed: that was an absolute pipe dream.53

At least one person had a positive opinion on the proposed computing 
project: Caltech meteorologist Robert D. Elliott. Elliott had spent some time 
considering numerical methods while reworking Richardson’s World War 
I-era attempt to forecast by numerical means. At fi rst glance, he thought 
Zworykin’s ideas about using an electronic computer to forecast the weather 
were “overly optimistic.” Upon further refl ection, he thought that perhaps 
these were possibilities overlooked by forecasters desperate to get forecasts 
out. The increased data density available since the war would make a direct 
attack on weather prediction feasible.54

Ideas were fl owing in, and at least a few meteorologists were agreeing to 
join the project. Von Neumann invited a number of meteorologists to a 
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 conference to discuss the project in late August 1946. Wexler, in charge of 
the agenda, set aside the fi rst two days to discuss scientifi c questions and the 
last day to deal with organizational arrangements.55

Von Neumann opened the August conference with a discussion of the elec-
tronic computer’s capabilities. He was followed by Rex, who discussed Navy 
interests (since it was providing the funding). Rossby then led the discussion 
of meteorological research. He was followed by meteorologists  discussing 
research topics from their own specialties: Bernhard Haurwitz on dynamics, 
Hurd Willett on synoptics, Jerome Namias on long-range weather forecasting, 
and Albert Cahn on the Richardson-Elliott approach to numerical forecasting.

As the conference progressed, topics were prioritized, and assignments 
made to those who would head up the respective efforts. The fi rst of these 
were “type problems,” i.e., problems not necessarily directly applicable to 
meteorology, but whose prototype characteristics could be used to test exist-
ing or planned numerical techniques and computers. For instance, Pekeris 
suggested that they address stability questions associated with  turbulence—
generally a major aspect in thunderstorm-sized systems, but present within 
low-pressure systems that may be large enough to affect several states at once. 
One of these was the Heisenberg-Lin equation of stability: a one- variable, 
linear, total differential equation proper-value problem that could be sur-
veyed for various combinations of parameter values. Non-linear extensions 
could be added once progress had been made on the easier linear version. The 
meeting participants decided that Pekeris would start with the Heisenberg-
Lin equation when he joined the project in early November.

Meteorological stability problems—such as those involving cooler air over-
running warmer air—were similar to the Heisenberg-Lin problem. These were 
linearized stability questions superimposed on typical meteorological fl ow 
conditions (unlike Heisenberg-Lin, which is superimposed on the Poiseuille 
fl ows, i.e., the laminar [uninterrupted] fl ow of a fl uid through a cylindrical 
tube, including rivers of air). Depending on the circumstances, these prob-
lems could be either simpler or more diffi cult than Heisenberg-Lin. Haurwitz 
and Panofsky, having ideas for a possible solution, drew this assignment.

The conferees discussed general and specifi c circulation topics throughout 
the meeting. They decided to put their efforts toward determining the sig-
nifi cance of the stationary and zonally symmetric atmospheric circulation, 
i.e., which circumstances caused blocking situations that lead to large north-
south excursions of air (meridional fl ow), and which lead to air fl owing gen-
erally parallel to lines of latitude (zonal fl ow). Panofsky temporarily received 
this assignment. Hurricane theory fell to Haurwitz, who had already given it 
thought and possessed adequate empirical material to make an initial attack.
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Meteorologist-turned-mathematician Hunt proposed the analysis of basic 
meteorological parameters—for instance, velocity and pressure distributions 
in a large (continental-sized) volume of air. He believed this analysis would 
help to work out some problems of turbulent fl ow represented by complex 
mathematics. All the attendees realized the importance of these very dif-
fi cult subjects that would require an extensive amount of data and prob-
ably use the entire capacity of the planned computer. They agreed that Hunt 
should work on turbulence.

The meteorologists also discussed the continuation of Elliott’s efforts to 
renew Richardson’s attempts to directly integrate the equations of motion. 
Since the computing machines available to the group were considerably 
more advanced than those available to either Richardson or Elliott, they 
agreed that the direct numerical attack should be repeated immediately. 
They were not sure whether continued efforts should be made to eliminate 
the fl ow velocities from the equations, since that approach seemed to lead to 
analytical diffi culties and questionable approximations.

At a fi nal evening meeting of the working group, members discussed 
assignments and the role that each would play. Montgomery would serve 
as a part-time consultant, and give his attention to numerical forecasting 
by direct integration. Walter Elsasser, fully occupied at the RCA laborato-
ries, would consult when available. Cahn’s task would be to undertake the 
Richardson calculations by formulating the dynamic equations and setting 
them up for a numerical approximation method. He would become familiar 
with the ENIAC, and possibly with Harvard’s Mark I computer, and then 
supervise the actual integration. Panofsky and Haurwitz would assist with 
the equations, von Neumann would address the numerical approximation, 
and von Neumann (together with mathematician Herman H. Goldstine, 
the assistant director of the Computer Project at the IAS), would deal with 
the computing machines themselves. Hunt, who had resigned his Army 
commission, was scheduled to remain in Princeton until his discharge on 
1 November, at which time he would decide whether or not to remain with 
the project. In the meantime, he would assist Cahn and also work on  general 
atmospheric circulation. Panofsky wanted to remain involved with both 
NYU and the Princeton group. Haurwitz, at short-handed MIT, was unable 
to make a full-time commitment until February 1947. He intended to con-
centrate on hurricanes and instability. Wexler would remain at Weather 
Bureau headquarters until late 1946 and then move to Princeton once hous-
ing became available. He planned to split his time between Washington and 
Princeton, where he would supervise the working group. In the meantime, 
he would make frequent visits to Princeton. Von Neumann would spend the 
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last half of September at Los Alamos, but would remain in Princeton after 
1 October. Those associated with the project decided to hold periodic meet-
ings to discuss problems and assess their progress.56

 Despite all the time and effort that went into this meeting, very little 
would come of it. The members were physically separated and occupied 
with other projects. What could have been a jump-start for the Meteorology 
Project turned out, as described below, to be a false start. This was hardly 
apparent at the time. Reporting to bureau chief Reichelderfer, Wexler shared 
his conviction that the “abrupt discontinuity in speed” represented by the 
new computing machine would make a substantial difference in the discov-
eries of theoretical meteorology by reducing calculation times. Despite its 
theoretical bent, Reichelderfer remained steadfast in his conviction that the 
project was of the greatest importance and must be kept moving forward.57

By fall 1946, in any event, the Meteorology Project had established its pri-
orities and arranged for team members. Reichelderfer and Wexler, having 
thrown their complete support behind it, were clearly enthusiastic. But the 
project’s theoretical ambitions were worrisome for the weather services that 
had little use for meteorological theory. What they needed was a way to get 
better forecasts out faster, using less subjective techniques.

The Meteorology Project Takes Form

The original proposal had called for a fairly large group of collaborators 
to work on the Meteorology Project. A drastic shortage of housing in the 
Princeton area quickly derailed this plan, preventing several investigators 
from joining the group and subsequently becoming unavailable or less 
 available than they had been. Indeed, the combination of scarce housing 
and a lack of investigators to supervise soon convinced Harry Wexler to 
remain in Washington and periodically commute to Princeton.

Visiting in mid October, Wexler found Paul Queney, Gilbert Hunt, and 
Albert Cahn on site. Von Neumann was very pleased with the progress being 
made on the general circulation model and the setting up of the Richardson 
equations. He thought—rather over-optimistically, as it turned out—they 
would be able to put the equations on the underutilized ENIAC in the near 
future. However, the group was being hampered by a lack of offi ce and living 
space, and consequently, of personnel. Wexler thought the group needed 
coddling to make sure it got off on the right foot. He was providing both 
advice and meteorological information to these theoreticians so that they 
would have evidence of actual atmospheric behavior. Included in these 
data were wartime-prepared historical upper-air reports, a requirement for 
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atmospheric modeling.58 This happy situation was extremely short-lived. 
Returning to Princeton a mere two weeks later, Wexler was shaken to  discover 
that von Neumann was ready to abandon the project. Living and working 
conditions had created an unstable personnel situation.59 The  computer 
work had started in the IAS’s Fuld Hall boiler room in June 1946, but other 
Institute members, fi nding little merit in the venture, wanted it even more 
“out of sight and out of mind.”60 The temporary building being moved in to 
house the Computer and Meteorology Projects was not yet ready, so offi ce 
space was simply unavailable. Likewise, Depression-era Works Progress 
Administration housing being hauled to Princeton to provide living quarters 
had yet to be installed.61 “We must not allow this important project to lapse,” 
a troubled Reichelderfer jotted in the margin of Wexler’s report.62 Indeed, 
the project’s progress report for the period ending mid November com-
mented that the larger group originally anticipated to compose the  project 
could not be assembled due to the housing shortage. They would form a 
smaller group instead and attempt to create a more cohesive unit.63

In mid November a group of prominent meteorologists and oceanogra-
phers visited von Neumann in Princeton to share their ideas about the use of 
the computer and approaches to solving the numerical forecasting problem. 
Computer forecasts that produced abnormally large changes in pressure 
 tendencies, already seen by Lewis Fry Richardson, Robert Elliott, and an AAF 
offi cer at UCLA (Lieutenant Philip D. Thompson) in their work, indicated 
that both a new mathematical approach and changes in the observational 
network were needed. Von Neumann thought that they would need to make 
trial runs on the ENIAC to ensure they were ready when his new computer 
came on line. The personnel onboard had been signifi cantly reduced: Hunt 
was  temporarily out of town, and the frequently absent Cahn had been fi red. 
However, the visiting scientists had lifted von Neumann’s spirits: with Chaim 
Pekeris and Queney settling in, he was no longer talking about  leaving the 
project.64

Wexler’s next report (as ever, neatly typed with single spacing and tight 
margins) noted that von Neumann was pushing for an objective method 
of determining the fi eld of divergence, i.e., any area where air molecules 
are moving apart from each other, in the atmosphere. MIT and NYU, he 
complained, continued to use unacceptable subjective, non- mathematical 
methods. In order to use a more objective method, the project would need 
very good upper-air data—temperature, pressure, and wind velocities aloft. 
NYU possessed such data sets, and would pick one as a case study. Since 
the required calculations were extensive, they decided to ask the Bureau of 
Standards for assistance. Fortunately it was happy to help.65
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Maintaining the momentum building in postwar research, Carl-Gustav 
Rossby organized a conference at the University of Chicago to discuss 
the most important topics in meteorological research. The 18 conferees at the 
December 1946 meeting were primarily theoretical meteorologists from the 
University of Chicago, but meteorologists from NYU, MIT, the Meteorology 
Project, and the Weather Bureau attended too. Looking back at the list, two 
striking anomalies emerge. There were no representatives from the West 
Coast universities—UCLA and Caltech. And a fi nal attendee was from the 
Soviet Union: Commander Ryshkov of the Hydrometeorological Service. 
Caltech’s absence is not a surprise. Robert Millikan’s meteorology program, 
focused on creating entrepreneurs in operational meteorology who could 
provide contract services to industry, was not the least bit theoretical. Soviet 
Commander Ryshkov’s participation in late 1946 demonstrates the contin-
ued free fl ow of scientifi c ideas in the immediate postwar period.

The assembled meteorologists considered fi ve major topics: the relation-
ship of the wind and pressure fi elds, the scales and types of atmospheric per-
turbations, stability criteria, general circulation, and surface waves of fi nite 
amplitude. They held detailed discussions on the current and developing 
meteorological theory in each of these areas.66 On the important topic of 
model development, Rossby argued that model conception needed a requi-
site physical nature in to be useful. The most fruitful path would be to create 
simple dynamical models that characterized the atmosphere.67

■ ■

■ ■

Early winter had also heralded the arrival in Princeton of Army Air Force 
Lieutenant Philip D. Thompson. A man of extraordinary intelligence and 
unbridled ambition, Thompson had received wartime meteorology train-
ing at the University of Chicago, but was subsequently assigned to air traf-
fi c controller training. Thompson was not happy to be stuck in air traffi c 
controller school after fi nishing an intensive course in meteorology. He 
was subsequently relieved of those duties because of a temperament “not 
suited to the high nervous tension . . . developed during this duty.”68 Thus, 
when Thompson requested reassignment to duty as a weather reconnais-
sance observer, he was almost denied that position for temperament too.69 
Ultimately, he was returned to the Air Weather Service and assigned to the 
Army Weather Station, Long Beach Army Air Field, California. While there, 
he learned that the Army Research Weather Station at UCLA needed a few 
more offi cers on its staff. Thompson applied, noting that his “greatest inter-
est, and, in consequence, usefulness lies in meteorological research, rather 
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than in operational forecasting.”70 The request approved, Thompson made 
his move into meteorological research.

Working on objective forecasting techniques, Thompson’s interest was 
piqued when he heard about the work of the Meteorology Project from the 
UCLA-based Holmboe. Although Thompson later claimed Holmboe had 
shared a New York Times Sunday Magazine interview of von Neumann and 
Zworykin with him in the fall 1946, no such article exists.71 What is clear 
is that Thompson placed a call directly to his commander, General Ben 
Holzman, and convinced him to authorize a trip to Princeton to visit with 
von Neumann. The latter was suffi ciently impressed to invite Thompson 
on board and the Air Weather Service assigned him to serve a tour of duty 
with the Meteorology Project.72 This was an extraordinary event: at the time 
Thompson was only a fi rst lieutenant (a very junior offi cer) with a bachelor’s 
degree from the University of Chicago. First lieutenants do not have direct 
pipelines to generals. That Thompson had the chutzpah to call Holzman 
directly, much less request an audience with von Neumann, is only a small 
hint as to the measures he would take to get what he wanted, when he 
wanted it. While this trait generally worked to advance his career, it would 
not always prove endearing to his colleagues.

With the arrival of Thompson at the Meteorology Project, the Air Weather 
Service made its fi rst contact with numerical weather prediction. Equally 
 signifi cant, the military weather services had a member on site. For the fi rst 
time all three constituencies—academic meteorologists, Weather Bureau 
civilian meteorologists, and military meteorologists—were represented.73 By 
accepting a military member, the project—perhaps inadvertently—opened its 
work up to military scrutiny in an unintended way. Although von Neumann’s 
ONR contract directed him to submit periodic formal reports, he enjoyed 
complete control over their content. Von Neumann could not, however, con-
trol the content of Thompson’s reports. Thompson would be able to report 
directly to his military superiors without being censored by von Neumann. 
Indeed, the nature of what kinds of statements were released about the proj-
ect were about to become a point of contention.

The Air Force’s seeming inability to allow its personnel to fi ll positions with-
out having an organizational designation required Thompson to be assigned 
as the Offi cer in Charge (and, literally, sole member) of the Seventy-Second 
AAFBU Detachment (Special Projects Unit). As such, he needed to create a mis-
sion statement for himself and regularly report on his activities. Despite being 
on the job for only a few weeks, Thompson fi led his fi rst report (classifi ed 
“Restricted”) at the end of December 1946. His detachment’s mission: to 
restate meteorological problems as hydrodynamical problems, to formulate 
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them as mathematical problems, and to solve meteorological problems capa-
ble of physical analysis. To do this, he would need to coordinate information 
from meteorology, fl uid mechanics, mathematics, and electrical engineer-
ing. Therefore, Thompson had reviewed the work of Richardson and Elliott, 
who had used fi nite differences to examine the underlying mathematical 
structure of the graphical methods promoted by Vilhelm Bjerknes. However, 
fi nite differencing was not a viable approach because available data were not 
suffi ciently representative. Therefore, it would be necessary to “examine sys-
tems which have simple analytical form, but which may be identifi ed with 
the real atmosphere.”74 Since the Harvard Computation Laboratory and the 
Naval Ordnance Laboratory were also working on a numerical solution to the 
hydrodynamical problem, even if in a more general sense that the Princeton 
group, Thompson noted that it would be important to stay in touch with 
them.75 Because of the heavy military presence and mission at these labs, 
Thompson was probably more comfortable with this arrangement than were 
Pekeris or Queney.

Thompson had only been in Princeton a short time when he heard from a 
former UCLA acquaintance and wartime-trained meteorologist much inter-
ested in the Meteorology Project: Jule Gregory Charney. Charney had com-
pleted his undergraduate work in mathematics and physics (Phi Beta Kappa, 
1938) at UCLA, and was a mathematics doctoral student there when he fi rst 
heard Holmboe lecture on fl uid turbulence. Attracted by the subject mat-
ter, he accepted an offer to become Holmboe’s assistant and simultaneously 
participate in the meteorology program being established in support of the 
war effort. And so Charney made the switch to meteorology. More comfort-
able with mathematical explanations than the more descriptive techniques 
then the mainstay of meteorological studies, Charney went his own way, 
producing a masterful PhD dissertation (later to be published in the Journal 
of Meteorology) titled The Dynamics of Long Waves in a Baroclinic Westerly 
Current.76 Having completed his degree in 1946, he was awarded a National 
Research Council fellowship and set his sights on the University of Oslo. 
There he would study with the leading mathematician of the Bergen School, 
Halvor Solberg. However, en route he stopped off at Chicago and called on 
Rossby, who encouraged him to stay for awhile. Charney remained at Chicago 
for almost a year, taking part in free-wheeling discussions of meteorologi-
cal theory with the Chicago staff and the many foreign visitors who passed 
through. Given Charney’s mathematical approach to meteorology, Rossby 
had taken him along to Princeton for the August 1946 meeting that set up the 
Meteorology Project. While there, meeting with von Neumann, Charney was 
drawn to the ideas surrounding numerical weather prediction. Now prepar-
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ing, at long last, to leave Chicago for Oslo in early 1947, he wanted solid fi rst-
hand information from Thompson on what was happening at the project.

Charney had been mulling the problem of numerical weather prediction 
since the previous summer. He wanted to share his ideas with Thompson 
about how to consider wave speed and other motion ideas, with an eye 
to setting up a system of solvable equations for atmospheric circulation. 
Since it would be hard to share these ideas by mail, Charney suggested that 
Thompson invite him to Princeton for a visit since they had “all that Navy 
money lying around.”77 This gambit worked: Charney was able to make 
the trip in March just before leaving the United States, and he dropped his 
detailed fi ndings in the mail to an eagerly waiting Rossby.

The news Charney had to share was not promising. In his opinion, the 
Meteorology Project was the “ugly duckling” of meteorology, but had 
the potential to become a “swan.” Charney had several concerns about 
the Princeton project, not the least of which was that meteorology was the 
“weak sister.” With no cooperating meteorology department, the meteo-
rologists were largely isolated, and worse, seemed to have no coordinated 
approach. Queney—with limited facility in English and little rapport with 
von Neumann—was working on a variety of wave motions, none of which 
seemed to have any relation to the real atmosphere. Pekeris and Panofsky 
(working at NYU) had almost nothing to do with the project. Thompson 
was very capable, Charney believed, but had little knowledge of other work. 
Thompson was, however, the only person on the project who realized the 
signifi cance of rapid readjustment processes for large-scale motion in the 
atmosphere. Von Neumann regarded scale questions as being of secondary 
importance and attributed instability in the calculations to the computa-
tion processes themselves and not to the physics of motion. This concerned 
Charney. He thought project members needed to consider the possibility of 
dynamic instabilities, which could lead to computational errors, being inher-
ent in the system. In his opinion, the instability to which von Neumann 
alluded was the same phenomenon already discovered by Victor Starr when 
he was “playing around” with difference equations at the University of 
Chicago. Charney thought they would all be better off if the Meteorology 
Project were co-located with Rossby in Chicago.78 However benefi cial that 
might have been, this did not happen. Indeed Paul Queney eventually 
bolted, leaving Thompson on his own for almost a year.

In March 1947, Philip Thompson wrote a survey of the IAS project, pri-
marily for Air Weather Service consumption, but also with the idea that the 
project needed to get out some accurate information about its work to coun-
teract sensational publicity appearing in the popular press. (Sample head-
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line: “Scientists Get Ready to Do Something About the Weather; World-Wide 
Observation Planned; Force to ‘Counter-Attack’ Storms Considered,” from 
the 20 January 1947 Chicago Sun.) He worried about overselling the project and 
expressed the hope that readers of his survey would do so without “undue 
optimism, though certainly not with preconceived pessimism.” He was aware 
that many forecasters were very skeptical about numerical techniques. Results 
produced in haste could ultimately lead to dwindling support for this new 
approach to weather prediction. Thompson went on to explain the motiva-
tion behind numerical weather prediction. The hydrodynamical equations 
that describe the physics of the atmosphere could not be solved analytically. 
That being the case, a new line of attack had to be undertaken. With the intro-
duction of the new high-speed electronic computers and increasing data 
availability, numerical analysis techniques could be applied to the problem. 
Thompson explained these methods in great detail and sent off copies of his 
report to the Air Weather Service for internal distribution only.79

More than anything else, Thompson wanted to get out some correc-
tive publicity before the meteorological community looked upon the 
Meteorology Project as an unprofessional excursion into scientifi c hype. He 
sent a copy of the report to fellow AAF offi cer Robert Bundgaard with a note 
saying the survey was deliberately “conservative and vague” because von 
Neumann wished to publish his own paper on computational stability.80 
Wexler, having received a copy also, agreed with Thompson that the report 
should be published just so they could remove a “good deal of the mystery” 
surrounding the project.81 However, having been scorched by inaccurate 
press reports, von Neumann did not want Thompson’s survey published in a 
peer-reviewed (or any other) journal, so ultimately it was published only in 
restricted Air Force technical reports.82 Consequently, there was little offi cial 
information about the project reaching the scientifi c community or even 
the Weather Bureau staff. Indeed, after receiving another trip report from 
Wexler about a recent visit to Princeton, Reichelderfer wrote at the bottom of 
the memorandum: “This project is still in the ‘prospecting stage’ but it rep-
resents a possibility which has general interest and perhaps our fi eld service 
should be informed. What do you think of a brief, factual (not visionary or 
over-optimistic) item [for the Weather Bureau newsletter]?”83

Thompson was not the only participant to pen a report on numerical 
weather prediction. Albert Cahn, fi red from the Meteorology Project, had 
subsequently joined the National Bureau of Standards. In June 1947, he 
sent his report on numerical weather prediction to Wexler. Cahn noted that 
insuffi cient data density and poor data accuracy presented substantial obsta-
cles. Indeed, in 1922 Richardson had named these same data defi ciencies 
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as the ultimate source of the errors in his prediction. This had led to what 
Cahn labeled “a symbiotic inertia of form: there is no use developing meth-
ods to get extensive, accurate observations since there is no use for them; 
on the other hand, there is no point in funding computing techniques to 
do numerical forecasting since the required observations are not available.” 
However, with new computers being developed, the balance had changed. 
Now they needed to determine which observations were truly prerequisite 
to good forecast output from models. After considering a number of ques-
tions that would guide the answer on observations, Cahn asked, “Do you 
think the problem of predicting the weather is worth all the effort we seem to 
be spending?”84 Cahn was a theoretician, not an operational meteorologist 
providing daily forecasts, and his doubts deeply troubled Weather Bureau 
leaders. How many other theoreticians felt as Cahn? How many forecasters, 
skeptical that numerical methods would ever work, would agree with him?

After Paul Queney’s September 1947 departure, Thompson was the only 
person remaining in Princeton on the Meteorology Project “team.” In his 
project report, Thompson noted that he was continuing his mathematical-
physical research, while the NYU subcontract group under Hans Panofsky 
was doing synoptic and empirical work. Cooperating government agencies 
were doing the extensive numerical computations.85 Reporting to Francis 
Reichelderfer, Wexler was impressed that Thompson had managed to pro-
duce signifi cant results on his own despite chronic staffi ng shortages. The 
Weather Bureau was contributing by giving advice and suggesting problems 
to be solved. Wexler was addressing a variety of theoretical topics, and the 
bureau staff was providing hand-drawn analyses in support of the numeri-
cal weather forecasting project. Reichelderfer was very supportive and very 
much desirous of keeping the Meteorology Project on track.86 However, the 
bureau had a shortage of analysts and could offer only limited help. The 
Meteorology Project had no analysts at all.87 This would prove to be an on-
going diffi culty. The only way to secure data to use for the models’ initial con-
ditions was from an analyzed chart. Why? Because when raw data came in, 
they were plotted on a chart. The chart was then analyzed with the familiar 
lines of equal temperature, pressure, wind speed, etc. Analysts then placed a 
grid over the analyzed chart and extrapolated data values to the grid points. 
These extrapolated values became the initial values (or initial conditions) for 
the calculations. No analysts—no initial conditions. Therefore, the project 
had to have access to enough qualifi ed analysts to provide starting point 
data as well as analyzed charts to verify computer predictions.

Sharing Reichelderfer’s desire to keep the project moving ahead was 
Jule Charney. Since spring 1947 Charney had been at the Oslo Institute of 



116 ■ Chapter 4

Meteorology, working to develop a solvable set of equations out of the basic 
hydrodynamic equations. For him, weather forecasting was primarily a com-
puting problem that required “one intelligent machine and a few math-
ematico-meteorological oilers.” Charney thought the Meteorology Project 
soon would have von Neumann’s computer, but it was lacking in “oilers.” For 
that reason—and because he was convinced that he had found a solution to 
the forecasting equations by applying fi lters to get rid of unnecessary “noise”—
Charney wanted very much to join the Princeton team instead of accepting 
offers from the University of Chicago and UCLA.88 His eagerness to try out 
his new fi ltering method on the computer was not his only reason for want-
ing to join the Meteorology Project. Charney’s misgivings about the project’s 
direction spurred his desire to go to Princeton. “Unless some physical ideas are 
brought to bear,” Charney confi ded to a close colleague, “the project will die 
out through mathematical sterility. I have no delusions of grandeur about my 
own possible contributions, but at least I may help to give it the right slant.”89

Von Neumann was delighted to hear from Thompson that Jule Charney 
wanted to join the team. He invited Charney to become a project member at 
the conclusion of his fellowship year in Norway and inquired of his require-
ments. He also wanted to know if Norwegian meteorologist Arnt Eliassen, 
working with Charney in Oslo, would be willing to come too.90

Accepting von Neumann’s invitation in early 1948, Charney used the occa-
sion to offer his opinion on a suitable approach to numerical weather pre-
diction and advise von Neumann of his progress. Charney had determined 
that the dynamical equations of the atmosphere could be reduced to a single 
linear partial differential equation in the pressure and of the fi rst order in the 
time, by assuming that large-scale atmospheric motion is governed by the 
conservation laws of entropy and potential vorticity, and by conditions of 
quasi-hydrostatic and quasi-geostrophic equilibrium. (Assuming the system 
is quasi-hydrostatic means that air parcels experience only extremely small 
accelerations in the vertical. Assuming it is quasi-geostrophic means that the 
actual horizontal wind can be replaced by the geostrophic wind—the wind 
resulting when the Coriolis force due to earth’s rotation balances the hori-
zontal pressure force. It also allows for the neglect of the vertical advection 
of momentum. This assumption works for large-scale systems outside of the 
tropics and away from frontal systems.) If the assumptions held, they would 
just need the easily obtainable initial pressure distribution to integrate the 
equation. If the short wave motion could not be eliminated from the dynam-
ical equations, they would need to start with the initial vertical velocity and 
horizontal divergence, or the initial pressure tendency—quantities that were 
not determinable with suffi cient accuracy for numerical techniques.
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Charney also noted that there was no rule to distinguish large- and small-
scale motions, but that his fi ltering scheme removed all wave motion 
smaller than those small-scale wave cyclones (extending several hundred 
miles) that appeared on weather maps. Furthermore, such a separation was 
not strictly mathematically justifi able, since the equations were not linear. 
However, it turned out the small-scale perturbations could be safely ignored 
in the fi rst approximation, thus making the equations easier to solve. 
Therefore, although the transition motions might indeed be meteorologi-
cally signifi cant, there were not suffi ciently accurate data to handle them. 
Charney felt they could hope to “forecast the principle [sic] large-scale cur-
rent systems” and then regard these as steering currents for the smaller scale 
motions.

Having dispatched the troublesome small-scale motions, Charney set his 
sights on long waves. Pointing out that no one understood their controlling 
mechanism, he thought they should forecast large-scale perturbation move-
ments for one to three days and see what happened. If they could accom-
plish that, then the money and effort would be worthwhile.

Turning to more mathematical considerations, Charney referred back 
to Richardson’s efforts. He declared the importance of looking at compu-
tational stability and how it corresponded to grid spacing and temporal 
scales. Because the atmosphere is a dispersive medium, they had to account 
for the infl uence of energy propagation from outside the area of inter-
est. This outside energy does not propagate at the same speed as the dis-
turbances themselves and as far as Charney knew, “the question of energy 
propagation in fi nite amplitude systems is unsolved.” With meteorologists 
in Chicago, Oslo, and Stockholm looking at these perturbations, they had 
found “many examples” where the “infl uences of neighboring atmospheric 
perturbation on one another” were propagated faster than the disturbances 
themselves and even faster than the wind velocity. Models could help in the 
investigation, but selecting those models was a physical problem and there-
fore numerical forecasting would require a combined effort of mathemati-
cians and physicists. But perhaps most importantly, Charney realized that 
not even a mathematical and physical approach would be suffi cient. The 
meteorology group needed people who knew enough about meteorology to 
know “when and how to make the approximations.” This was an extremely 
important insight. The equations defi ning atmospheric motion were never 
going to be solved if all of the terms were left in. Therefore, the terms least 
likely to affect the solution would need to be removed or a value substi-
tuted in for them. Practicing meteorologists already made those approxi-
mations in their heads during the course of the forecasting day. Someone 
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who had been forced to make tough decisions about what to keep and what 
to throw out would be crucial to the success of this project. To this end, 
Charney recommended bringing over Arnt Eliassen from the Norwegian 
Meteorological Institute. Eliassen possessed experience in both synoptic 
and theoretical meteorology, and was also interested in numerical solu-
tions. Sverre Petterssen—head of the Norwegian Forecasting Service, who 
had spent the war years advising the Meteorological Offi ce of the British 
Air Ministry (and had participated in the D-Day invasion forecast)—had 
approved a year’s leave of absence for Eliassen, who was quite willing to 
come. Charney thought it was important to combine theoretical work with 
empirical data, and therefore that it was important that some members of 
the group have “intimate experience with actual weather processes.” For 
Charney, Eliassen was that man. To make sure Eliassen was “up to speed” on 
the latest synoptic work, Charney had already arranged for him to visit with 
Rossby at Chicago and go to Weather Bureau headquarters.91 In retrospect 
this was a particularly signifi cant development, marking the emergence of 
the international Scandinavian-infl uenced “Tag Team” approach to devel-
oping numerical weather prediction.

Von Neumann, responding to Charney in early February, said that he 
was “very anxious” to have him and Eliassen with the project “next [aca-
demic] year.” In response to Charney’s inquiry regarding “professional and 
sub-professional help,” he reiterated who would be locally in place: Philip 
Thompson and Albert Hunt. Hans Panofsky and Bernard Haurwitz were col-
laborating from NYU, and Harry Wexler would continue to provide assis-
tance from the Weather Bureau.92 This meant the “group” would consist of 
Charney, Eliassen, Thompson, and Hunt—a signifi cantly smaller group than 
had been foreseen in the initial plan set forth by von Neumann, and even 
small by his revised plan.

Nonetheless, the Meteorology Project was reaching a minimum staff-
ing level. Charney was very pleased to be joining the Princeton team and 
bringing Eliassen with him. Charney’s only concern was the salary, which 
was less than he had proposed. One reason for the concern: he viewed the 
Princeton job as temporary and anticipated that he would be moving his 
family from Los Angeles (where they had left their household goods while 
in Norway) to Princeton and back to Los Angeles within a year. Apparently 
Charney thought that his contribution would be over fairly quickly so he 
could rejoin UCLA’s Meteorology Department.93 Indeed, Jacob Bjerknes of 
UCLA had asked Charney to let him know when he would be available after 
his “well accomplished job in Princeton.”94 Charney, as it turned out, was to 
be in Princeton much longer than anyone anticipated.
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The End of the Slow Start

Despite the discussions of numerical forecasting, the project was still primar-
ily concerned with atmospheric theory in spring 1948. Philip Thompson, 
worried about his vulnerability to transfer because the end of his assign-
ment was approaching, made clear to his Air Force contacts that he wanted 
to remain with the project until he was sure the fundamental problems 
related to developing equations that described only essential atmospheric 
phenomena were in place. Once that was done, numerical prediction would 
be within the group’s reach. In his opinion, the Meteorology Project was 
the “fi rst, and at present only, direct and potentially successful approach 
to fundamental problems.” He was completely convinced that the project 
could succeed. Furthermore, Thompson anticipated that funding from Navy 
contracts would continue indefi nitely, although it appeared that the scope 
would be widened to include a broader range of geophysics topics.95 This last 
comment probably referred to the request made by the ONR’s Commander 
Roger Revelle to expand the project’s geophysics base.96

Little of substance had been accomplished during the fi rst 2 years of the 
project, but with the personnel situation about to improve, it was poised to 
take advantage of a new talent mix. Hunt, having recently completed his doc-
toral program, rejoined the project. That meant Thompson and Hunt were 
the only team members in Princeton. Weather Bureau headquarters person-
nel handled plotting, analysis, and data preparation as time permitted. Since 
there were no funds available to do this work, bureau employees could only 
work on Meteorology Project tasks once the day’s routine work had been 
completed. With von Neumann’s computer still under construction, the 
meteorologists anticipated using either the Bureau of Standards’ computer or 
the ENIAC to perform the initial calculations.97 Yet as the progress report for 
the six-month period ending in mid May of 1948 indicated, there was still no 
organized and established meteorological theory.98 Without such a theory, 
they would be unable to move toward the prediction phase. But help was on 
the way. By mid-summer Jule Charney and Arnt Eliassen would arrive from 
Norway, and things would start to look up for the hard-luck Meteorology 
Project and for the prospects of numerical weather prediction.
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■ ■ An International Atmosphere: Carl-Gustav Rossby and 

the Scandinavian Connection (1948–1950)

With the arrival in Princeton in August 1948 of Arnt Eliassen—the fi rst mem-
ber of the Scandinavian Tag Team—an international atmosphere returned 
once again to the Meteorology Project. By then, Chaim Pekeris had moved 
to Israel and Paul Queney had returned to France. Both Pekeris and Queney, 
however, had been working in the United States before being asked to join 
the project. Eliassen, in contrast, was an imported scientist—imported to pro-
vide some measure of atmospheric reality to a heavily theoretical project. 
Indeed, he was imported because Carl-Gustav Rossby, the de facto head of 
the Meteorology Project, was determined to have a signifi cant infl uence on 
its outcome despite being an ocean away in Stockholm.

If this group were focused on the development of meteorological theory, 
why did it need personnel with synoptic experience? Synoptic meteorology 
relies on data collected worldwide and analyzed locally to make predictions. 
It was a very subjective endeavor, and theory-based dynamicists considered it 
to be more art than science. However, Rossby recognized that any theory used 
as a basis for a computational solution had to include those factors that were 
either consciously or unconsciously used by forecasters who were using signif-
icant skill to turn raw data into a representation of the atmosphere from which 
they could make a prediction. Any additional variables could be added once 
the fi eld forecasters’ approximations and assumptions had been included.1 
Therein lay a potential pitfall for this still (after 2 years of existence) fl edging 
group—a point touching on the fundamental reality of modeling. If the team 
members were looking strictly at elegant numerical solutions to the hydro-
dynamical equations, then they could develop internally consistent models. 
Such models could produce forecasts for conditions at multiple atmospheric 
levels that were correctly correlated with each other, but not necessarily have 
any relation to atmospheric reality—that is, to nature itself. As Rossby noted, 
the equations needed to be viewed as tools for studying problems suggested 
by the atmosphere, not as an end in themselves.2 Without solid synoptic 
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support, Charney’s fear that the group might become mathematically sterile 
would come to pass. Rossby’s mission was to put that fear to rest.

Rossby’s Off-Site, On-Scene Research School

Charney respected Rossby tremendously and looked to him for guidance 
and intellectual stimulation. As Charney put it days before his departure to 
Norway: “You will see me in Sweden if I have to ski there from Oslo.”3 Thus, 
once Charney joined the project, Rossby had a free pass to infl uence it, and 
he took every advantage of the opportunity. As Rossby was shuttling across 
the Atlantic while organizing the University of Stockholm’s new meteorol-
ogy department, Charney kept him apprised of the project’s progress.4 In 
return, Rossby provided a steady stream of ideas, personnel, and encourage-
ment to Charney. Rossby also provided a publication venue: Tellus, the new 
geophysical journal he had founded and was editing.5

Tellus was not, Rossby pointed out, “just another journal.” As the editor, 
Rossby expected his new journal to be truly international (despite the Cold 
War), to mirror what was happening in geophysics, and to serve as a bridge 
between the various branches of the geophysical sciences. Since its interna-
tional aspect was essential to spreading new meteorological ideas around the 
globe, this remained Rossby’s greatest concern. Indeed, Tellus was specifi cally 
created to advertise research already published in other journals including 
the American Meteorological Society’s Journal of Meteorology—also founded 
by Rossby. Whereas the Journal had been created to provide a place to publish 
peer-reviewed, meteorological research venue for readers in the United States, 
Tellus provided a peer-reviewed journal for geophysicists throughout the 
world and accepted contributions written in English, German, and French.6

These developments point to the ways in which Rossby personally infl u-
enced the paths that meteorology in particular, and geophysics more gener-
ally, would take in the middle years of the twentieth century. In short, they 
underscore the importance of Rossby’s far-fl ung, loose-knit organization as a 
research school.7 An internationally respected meteorological researcher by 
the late 1930s, Rossby had previously established two meteorology depart-
ments in the United States (one at MIT and one at the University of Chicago) 
and was beginning another in Sweden as the Meteorology Project was gain-
ing momentum. He had also directed research programs for the US Weather 
Bureau and been an active participant on the US government’s Research 
and Development Board. Notoriously lacking in attention to administrative 
details, he was happiest setting up programs, arranging funding, and letting 
others take care of the day-to-day operations.8 He was not hindered in get-
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ting what he wanted no matter where he worked—he had the ear of people 
in high places and worked those connections.

Rossby’s research focus changed with the times; he worked on what-
ever presented the most scientifi c potential. From the 1920s through the 
1950s, Rossby would move from aviation-related concerns to dynamics, on 
to numerical weather prediction, and later to tracking radioactive isotopes 
as a way of determining the general circulation of the atmosphere. In each 
case, he was at the cutting edge of a new fi eld in the atmospheric sciences.9 
He drew students from all over the world to wherever he was and continu-
ally pushed them and his colleagues to publish their work and publish it 
quickly—in Tellus or other appropriate journals.10 He was responsible for 
fi nding the right people for the right job—keeping up with a large number of 
correspondents (as existing archival evidence demonstrates). Rossby’s vast 
network of contacts and his infl uence over them would prove very impor-
tant to the Meteorology Project’s success.

Moving to a New Level

The summer of 1948 saw a major infusion of enthusiasm and meteorologi-
cal insight, culminating when Charney and Eliassen joined the Meteorology 
Project. Charney came armed with, and ready to try out, the techniques 
he had developed for fi ltering out noise, e.g., sound and gravity waves that 
complicated the physical solution to atmospheric motions, but did not in 
practice infl uence the weather. Eliassen, with his well-rounded combination 
of synoptic, theoretical, and numerical skills, offered the promise of practi-
cal atmospheric experience to counterbalance the heavy theoretical empha-
sis. From this point on, the project maintained much closer ties with Rossby 
and, not coincidentally, made rapid progress toward a formal theory.

Before Charney’s arrival, team members had individually taken on vari-
ous problems to solve without fi rst determining where they needed to go 
and how their individual projects might take them there. Once Charney 
took over, the emphasis of the four-man team shifted to mapping out a 
path, and then identifying and solving more general groups of problems 
along it. Charney, Eliassen, Hunt, and new arrival John C. Freeman focused 
on developing a method to mathematically integrate the meteorological 
equations so they could be solved by the new IAS computer. To help them 
reach their ultimate goal, they set up intermediate goals: fi nding the gov-
erning laws of atmospheric motion, fi nding a way to numerically inte-
grate those laws when written as differential equations, and fi nding the 
data requirements needed for a solution. To address these goals, the group 
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 proposed to consider a “hierarchy of ‘pilot problems,’ ” each of which would 
contain more physical, numerical, and observational aspects of the general 
forecast than the preceding one.

Rossby had already shown that planetary circulations of the atmosphere 
were more amenable to quantitative techniques than for more localized 
regions, so the team members decided to start there: more was known 
about large-scale than about small-scale motions.11 They could address this 
large-scale motion by using the hydrodynamical equations for a non-vis-
cous, adiabatic fl uid (one that does not exchange heat with its surround-
ings). As discrepancies appeared between the numerical solution and the 
atmosphere’s observed state, they could modify the equations by adding one 
parameter at a time to ascertain its effect. In this way, they hoped to avoid 
the frustrations that Richardson had faced in the late teens and early 1920s 
as a result of trying to do “too much, too soon.”

The hydrodynamical equations were troublesome because they governed 
atmospheric motions—including sound and gravity—that were of no conse-
quence to the meteorological situation. Therefore, the team had to fi lter out 
these smaller-scale motions so as not to obscure the larger-scale motions.12

Because failure to get it right would doom the rest of the project’s 
efforts, Charney dealt with noise fi rst. Just a few weeks after his arrival in 
Princeton, Charney laid out his ideas on noise and other topics in a long, 
detailed, technical letter to von Neumann, who was spending the summer 
working at Los Alamos. Charney wrote that the so-called primitive equa-
tions (those used by Richardson) were not going to work because there 
was no method of accurately measuring horizontal acceleration and diver-
gence—both of which were very small differences between very large terms. 
Therefore, the noise level in smaller-scale motions would mask the larger-
scale components. No matter how much observational techniques improved 
(and they were unlikely to improve that much), the diffi culties associated 
with noise would persist. Since the horizontal divergence term appeared in 
both the continuity and vorticity equations, Charney chose to eliminate it 
by combining those two equations. The still unobservable horizontal accel-
eration term would remain, but Charney argued that it could be replaced by 
the geostrophic approximation (where the Coriolis force is equal and oppo-
site to the pressure gradient force) that would fi lter out the gravity waves. If 
the gravity waves were included, large initial data sets would be necessary to 
prevent an unstable computation. Using the fi lter would reduce the size of 
the required initial data sets.13

Charney acknowledged that two methods had already been proposed for 
solving the resulting system of equations: one by Philip Thompson and one 
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by John von Neumann himself. Thompson’s required one to guess the value 
of certain derivatives, creating a situation where the solution would be nei-
ther stable nor converge. Von Neumann proposed that the kinematic bound-
ary condition be used to determine the surface pressure change. However, 
this approach required solving a three-dimensional equation as a two-
dimensional one. Charney disputed that approach. Instead, he proposed his 
own method that would be a direct integration for pressure by replacing the 
space derivative with fi nite differences. Assuming that the starting equations 
were correct, both horizontal and vertical infl uences would propagate at a 
fi nite rate. One would then only need to possess initial data in a fi nite region 
around the forecast point of interest.

Studies of pilot models showed that the mechanisms of both horizon-
tal and vertical propagation were very similar. Charney’s proposal for an 
“immediate attack” on numerical forecasting was to describe the initial pres-
sure fi eld in such a way that the average motion was defi ned as being two-
dimensional (even though the atmosphere is a three-dimensional space) and 
replace the actual atmosphere with a barotropic atmosphere. In a barotropic 
atmosphere, surfaces of constant density or temperature coincide with sur-
faces of constant pressure. Thus, for any given pressure level, the analyzed 
lines of equal temperature and equal height would be superimposed.14 The 
continued study in two-dimensions would provide needed practice and 
experience to prepare for the eventual three-dimensional approach. Since 
the two-dimensional model would be less diffi cult, the team would be able 
to uncover modeling mistakes and data errors more quickly. And no less 
important on a project this large, reaching an intermediate goal would pro-
vide a distinct psychological boost to the team members.15 It was unrealistic 
to expect that they could model the atmosphere successfully on the fi rst try. 
But if the team members could get a simple form of the model to work, they 
could build on that success.

When von Neumann inquired about Thompson’s approach, Charney 
restated his contention that Thompson’s iterative method would amplify, 
not eliminate, the noise. The atmosphere is, after all, three- and not two-
dimensional, and must be treated as such. He also explained again that there 
was no other option than to eliminate the divergence term from the equa-
tions because it could not, under any circumstances, be measured.16 So while 
von Neumann clearly had the upper hand when it came to computer design 
and numerical analysis techniques, Charney had the superior knowledge of 
atmospheric processes.

Charney also had the ear, and the support, of Rossby. Settled in to the 
project’s routine, Charney wrote to his mentor, apprising Rossby of the latest 
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developments and including a copy of his letter to von Neumann. Charney 
was discouraged by their slow progress: von Neumann was out of town, and 
Eliassen was distracted by his search for housing. However, Charney was 
happy to report that the objective analysis part of the project, which had 
been underway at NYU, was being dropped, along with its requirements for 
the bulk of the funding. But what Charney really wanted were Rossby’s com-
ments on the ideas he had presented to von Neumann.17

With his acolyte on board in Princeton, Rossby had in Charney a built-
in conduit to infl uence the project’s direction. His correspondence with 
Charney vividly illuminated Rossby’s style of mentoring. He immediately 
started fi lling the pipeline with technical and professional advice. But 
instead of providing the feedback Charney had requested, Rossby launched 
into his own views on atmospheric instability, and concluded by saying that 
he believed that he had the “instability problem by the tail.” It was unfortu-
nate that they were separated by such a great distance, because Rossby really 
wanted to talk it all over with Charney in person. He also had a directive for 
Charney: “condense the letter to von Neumann for publication in Tellus.” 
By doing so, Charney would be stating the principal diffi culties that they 
faced with the computer project, including a discussion of the signifi cance 
of noise, high signal velocities, and the character of the barotropic model.18 
Rossby wanted to spread the word, and spread it quickly. Too little informa-
tion had been coming out of the project, and he wanted to get these impor-
tant theoretical developments in front of international geophysicists.

Sensing yet another opportunity to bring the project’s work to the atten-
tion of the wider meteorological community, Rossby wrote again just two 
days later. This time, Rossby wanted Charney to write a brief note—based 
on the project’s work on signal velocities—for the Journal of Meteorology to 
accompany a paper on energy dispersion by Rossby’s “academic son,” the 
Chinese meteorologist Tu-cheng Yeh (now known as Ye Duzheng). Rossby 
knew that Charney and his colleagues had had to determine under what cir-
cumstances a perturbation would be carried into the forecast region during 
the period of interest. To understand their concern, consider an extremely 
large (1,000 miles × 1,000 miles × 30,000 feet high) virtual “box” enclosing 
part of the atmosphere. To make a 24-hour forecast of the box’s atmospheric 
properties, one would have to know how quickly atmospheric energy was 
moving in from the west (assuming mid-latitude west-to-east fl ow). If the 
inbound (horizontal) fl ow were moving at only 10 nautical miles per hour, 
then only those features within 240 nautical miles of the western edge of the 
cube would enter it. Features farther west could be ignored without adversely 
affecting the forecast. Therefore, in areas of extensive data coverage, there 
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were suffi cient data to make a one- or two-day prediction. Further, the ver-
tical velocities were so slow that any stratospheric disturbances could not 
work their way down to the lower troposphere in this short forecast period, 
either. That meant available upper-air data were suffi cient for the task—an 
extremely important consideration since additional (expensive) upper-air 
reports were not likely to become available just to satisfy numerical weather 
prediction requirements. Rossby thought that if Charney explained the 
signifi cance of signal velocity to the computing project, he would educate 
readers to get away from explanations “in situ.” Indeed, Rossby thought this 
was just the piece needed to enhance Yeh’s work.19 And, of course, just what 
was needed to alert meteorologists around the world to Charney’s work in 
Princeton.

Rossby had immediately grasped that the obstacles the Meteorology 
Project was confronting—and the solutions they developed to overcome 
them—would be an important starting point in his drive to sell applied 
meteorologists on the importance of theory (and, equally, selling theoreti-
cal meteorologists on the importance of thinking physically). Advancing 
this agenda, Rossby once again offered Charney advice and direction, urging 
him to tackle the topic of internal waves that Charney himself had suggested 
in his letter of 15 September. (Charney, an infamously poor correspondent, 
had not yet responded to Rossby.) Rossby had attempted to work on internal 
waves in an incompressible atmosphere with either constant stability or a 
sharp density discontinuity. He had found stable waves and a small range of 
phase velocities. Again, he urged Charney to write an article for Tellus about 
the computing project. He did not want to overload the journal with the-
ory and thought that a “clearly written exposé” about a computable model 
might help meteorologists gain a better attitude toward theory. He also asked 
Charney to discuss the diffi culties of measuring approximations because it 
seemed to Rossby that “the majority of theoretical meteorologists hide their 
inability to think physically behind absurd insistence on ‘accuracy.’ ” Rossby 
closed his letter by reiterating his belief that the Meteorology Project was 
important. But he was concerned about the “vast amount of housecleaning 
required in the storehouse of ideas among theoretical meteorologists and 
partly over the vastness of the educational task among the so-called practical 
meteorologists.”20

Rossby wanted those studying with him in Stockholm to be thoroughly 
familiar with Charney’s ideas and the project’s progress. And he wanted to 
ensure that Charney knew that his European-based brethren were taking his 
ideas seriously. Yet his greatest concern was educating all meteorologists to 
the potential of numerical methods to advance both theory and  forecasting. 
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Thus, Rossby had visiting Chinese meteorologist H. L. Kuo undertake a 
review of Charney’s ideas on stability as presented to von Neumann. Penning 
yet another note to Charney, Rossby reported that the attendees had held 
an “extremely stimulating discussion” of his current work. Why, even those 
skeptical synopticians in attendance understood at last that they meant 
“business with the computing project.” Again he tweaked Charney: get the 
letter to von Neumann cleaned up for publication—this time for the Journal 
of Meteorology—for the “education of meteorologists.” Moving on to theoreti-
cal considerations, Rossby wanted theory to get back to fundamentals, i.e., 
theory needed to express the factors that forecasters use, either consciously 
or unconsciously, when making a forecast. Other terms, e.g., the divergence 
term, which either could not be considered, or were not considered, by the 
forecaster could be included at a later time, but for now should be eliminated 
from the equations. Assumptions that were already successfully used by fore-
casters, e.g., neglecting compressibility and non-adiabatic processes aloft, 
should be considered when formulating theory.21 Rossby wanted to make sure 
that in their pursuit of theory, the Meteorology Project members—Charney 
in particular—took advantage of the knowledge already gained by those who 
dealt with the weather on a daily basis at the forecast desk.

Rossby had a wide network of contacts throughout the geophysical com-
munity with whom he maintained a regular dialogue. To keep his outgo-
ing pipeline of information fi lled, he needed regular updates from Charney. 
What frustrated Rossby was that he was not getting them. In December 
1948—having heard nothing from Charney in 3 months—he wrote again, 
chiding and nagging. Rossby was curious about the progress in Princeton. 
What was going on? He knew that Charney had not written the article for 
the Journal of Meteorology because editor George Platzman, a former Rossby 
protégé now at the University of Chicago, had neither heard from Charney 
nor gotten a manuscript in the mail. Rossby badgered Charney to get it out. 
And he pleaded once again for a summary for Tellus, not to compete with the 
Journal of Meteorology, but because the Swedish physicists and geophysicists 
needed to know that meteorologists were thinking in terms of calculating 
fl ow patterns.22

That Rossby was trying to get the word out to other scientifi c disciplines 
about the new, more theoretical approach in meteorology was apparently 
lost on Charney. When he got around to responding to Rossby with a long, 
newsy letter, he made it perfectly clear that he agreed with Rossby’s philoso-
phy of approaching meteorological problems, but was not going to write an 
article for Tellus. Charney assured him that he was indeed writing an article 
for Journal of Meteorology because it was better for “propaganda purposes.” He 
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saw no point in writing two articles about the same thing—an attitude that 
probably did not please Rossby.23

Operating on Rossby’s research philosophy—once you think you have 
something fi gured out, try it on data to see what happens—Charney had 
the group consider an actual case. The starting point was a 500-millibar 
(mb) constant pressure map, i.e., a map which represents a surface in the 
atmosphere where the pressure is everywhere 500 mb—considered to be the 
halfway level between earth’s surface and the top of the atmosphere. The 
lines on the map represent the height above the surface where the pressure 
is 500 mb. It varies from place to place, with the average height being about 
18,000 feet (5,500 meters). (This differs from a surface weather map where 
the earth’s surface is considered to be sea level everywhere and the equal air 
pressure lines—isobars—on the map create a pattern that varies across the 
surface. There, high numbers represent higher pressures, i.e., the weight of 
the air above that part of the surface is high. Low numbers represent lower 
pressures, i.e., the weight of the column is less than in higher-pressure areas.) 
The team members selected 500-mb-height values at 45° north latitude and 
inserted them into the formula derived by Charney and Eliassen.24 They suc-
cessfully predicted the deepening (pressure decrease) of a major trough (an 
elongated area of low pressure) in the central United States and the inten-
sifi cation (pressure increase) of a ridge (an elongated area of high pressure) 
in the eastern Atlantic. Since the technique was quite simple and had given 
such good results, Charney was convinced that it might prove immediately 
useful to forecasters, who would be able to predict a pressure profi le for a 
specifi ed latitude in less than 30 minutes. It was particularly important that 
the intensifi cation and weakening of pressure features were explained solely 
as a result of the horizontal dispersion of energy. Although in some cases 
energy would come from above or below, it appeared that when consider-
ing the average motion, one could predict many features by using the baro-
tropic assumption—a major simplifi cation. However, one successful trial 
over the continental United States did not mean that the method could be 
generalized to other parts of the globe. So Charney had the team perform a 
similar trial run over the Pacifi c Ocean. Where the fi rst trial was successful, 
the second was a complete fl op. The initial situation showed an extremely 
long trough that should have been moved rapidly to the west. Indeed, their 
model forecasted it would do so. Unfortunately, to the surprise of the meteo-
rologists (as sometimes happens in real weather situations), the trough actu-
ally stayed put. Project members were puzzled—not about why their model 
predicted movement that did not take place, but about why the trough did 
not move.
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Although a barotropic model showed promise, Charney knew that it would 
not be the ultimate numerical weather prediction model. Why? Because the 
atmosphere is not usually barotropic. If it were, cyclonic (counter- clockwise 
turning, low pressure) systems and their associated fronts (boundaries 
between two distinct air masses) would fail to develop. It was when ther-
mal and height patterns were not in perfect agreement—a state called baro-
clinicity—that storm development, to use a layperson’s term, takes place. 
Therefore, Charney knew they would need to attack the signifi cantly more 
complex baroclinic model. An intermediate model—an enhanced baro-
tropic model such that the variation in the wind with height is averaged 
vertically—would be dubbed “equivalent barotropic.” It was an ideal model 
to attempt because it needed only easily obtained height gradients as ini-
tial values. Charney had found that this model worked as long they used a 
1-hour time step and 400-kilometer grid spacing. Once the team thoroughly 
investigated this model, Charney was confi dent that they could expand it to 
the baroclinic case. No matter what the investigation, Charney continued 
to follow Rossby’s directions: try the simple version fi rst and, once it works, 
increase the complexity. That is exactly what Charney intended to do.

Rossby continued his mission of closely following the progress of the 
Meteorology Project, providing advice whether it was asked for or not, and 
encouraging quick publication in Tellus—especially because he wanted to 
get the word out on the new scientifi c meteorology to all those physicists 
who doubted their scientifi c intentions. Writing in early January 1949, he 
expressed much interest in Charney’s work on the extension of the energy 
propagation equation. However, Rossby was having a diffi cult time accept-
ing Charney’s conclusion that the barotropic convergence was of little or no 
importance. This was largely due to the “absurd result” in non-divergence 
theory that the western edge of a solitary disturbance is displaced with the 
speed of the zonal wind eastward that would be, in Rossby’s view, much 
too fast. Disturbances just did not move at the same speed as the wind. And 
again, he reminded Charney that he was not only welcome to publish in 
Tellus, he was most strongly encouraged to do so. Rossby was extremely eager 
to show “pure” physicists that meteorologists were “getting out of fi ddling” 
and developing signifi cant theoretical approaches.25

Much to Rossby’s consternation, Charney did not submit his “cleaned up” 
letter to von Neumann to the Journal of Meteorology until April 1949—a sig-
nifi cant delay in getting the word out to the skeptical meteorological com-
munity. But undoubtedly hoping for better cooperation from Charney on 
his next paper, Rossby continued to provide venue and content publishing 
advice. While visiting Chicago, Rossby jotted Charney a note about the new 
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Charney-Eliassen paper. Rossby told Charney that von Neumann should 
write a preface for the paper giving a short explanation of the computer proj-
ect itself and what it hoped to accomplish. The recommended publication 
venue: the Journal of Meteorology. In this case, Rossby was not pushing for 
publication in Tellus, because he thought it was more important to bring 
these new developments to the attention of the meteorological public in 
the United States than to publish in Sweden. He would, of course, print it 
immediately if Charney instead submitted to Tellus. Rossby further advised 
Charney to include samples of numerically predicted pressure profi les so that 
readers could see how the output looked.26 In a follow-up note written while 
en route to Sweden (with the jotted postscript “please mark coffee as gift”—
to avoid customs payment), Rossby suggested that the joint paper compare 
predicted and observed changes in the profi les because it would be a “severe 
test, but more fair” than comparing actual profi les.27 He also telegrammed 
Charney, asking him to send a brief statement on what was happening at the 
Meteorology Project for the May issue of Tellus because it was “essential” to 
keep the progress of the computing project before the scientifi c public.28

By March, Charney had apparently put in a word with von Neumann 
about Rossby coming to Princeton, because the latter expressed his appre-
ciation to Charney and reiterated that he would very much like to join the 
Meteorology Project. However, Rossby desired to maintain a lectureship 
in Chicago, which would allow him to keep close ties to its meteorology 
program and also work in Princeton with minimal travel back and forth to 
Chicago. He did not anticipate a large experimental facility being required 
in Princeton because he was counting on extensive cooperation with other 
institutions, particularly the University of Washington, Chicago, NYU, MIT, 
and UCLA.

Large-scale organizational and professional matters were much on Rossby’s 
mind. He clearly wanted the opportunity to recruit a couple of younger 
meteorologists to do the needed synoptic investigations in order to continue 
the work in basic theory.29 He thought it was “absurd” to set up an organiza-
tion at Princeton that would compete with meteorology departments at uni-
versities. Instead, Rossby envisioned a totally cooperative relationship with 
both academic departments and government agencies.30 He recognized that 
there were not enough academic meteorologists to go around, nor enough 
graduate students to fi ll their programs. Adding another formal meteorology 
department would just take away from the others for no net gain to the com-
munity of researchers.

In the interest of getting their results out sooner rather than later, 
Charney and Eliassen decided to submit their joint paper to Tellus instead 
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of to the Journal of Meteorology. Unfortunately, printing problems delayed 
its appearance until June 1949. The Charney-Eliassen article, detailing the 
effectiveness of numerical weather prediction techniques for both theory 
development and possible weather prediction applications (the previously 
discussed forecast of 500-mb heights), was extremely important. Although 
it did not have an opening section written by von Neumann as Rossby had 
suggested, it was the fi rst paper to give positive, concrete results from the 
Meteorology Project. Rossby thought that the article presented a new era in 
meteorology where “ ‘feeling’ would be repressed in favor of computation.” 
It also presented a more heuristic view because the team was willing to try 
an approach and see how it worked with actual data before determining the 
next move.31 The theorists would be pleased that feeling was taking a back 
seat, at last, to more mathematical techniques. And the applied meteorolo-
gists would be glad to see that they were trying the newly developed theory 
on actual data for a reality check before moving on.

■ ■

■ ■

Rossby, being Rossby, had more pots to stir than just the Meteorology Project. 
In early May 1949, he invited a veritable who’s who of European meteorol-
ogy to Stockholm for a week of talks and discussions (and probably argu-
ments) on climatic fl uctuations and other related subjects—followed by the 
customary Rossby-led excursion to the Swedish countryside that accompa-
nied all Rossby-inspired meetings.32 However, never passing up a chance to 
preach the results of the Meteorology Project’s numerical weather prediction 
work to the unbelievers (or at least the skeptical), Rossby took time to brief 
the assemblage on the Charney-Eliassen paper and its predicted pressure 
profi le diagrams.

Considering the current state of the project and some concerns of his own 
and others that had been tossed around, Rossby wanted to know if it would be 
possible to make a numerical study of stationary wave patterns, which could 
very well inform climatological questions. If such a study were possible, did 
Charney intend to attack it? If not, Rossby had a couple of young meteorolo-
gists ready to work on it, but he did not want to duplicate research that was 
already spoken for by the Meteorology Project or the Weather Bureau.

When contemplating how best to put applied meteorology on a fi rmer, 
i.e., more scientifi c footing, Rossby had come to the conclusion that the 
Meteorology Project needed to “push the present approach” to its ulti-
mate conclusion—an operational forecast—to swing the doubters into the 
numerical weather prediction camp. He reported that the British meteorolo-
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gist Reginald C. Sutcliffe, for instance, had wanted to know why they could 
not simply extrapolate troughs and ridges from one day to the next based 
on past displacements, since they would come up with the same answer. 
To Rossby, the question was not even important. However, he thought it 
best if Charney knew the opposition—the very conservative people in the 
meteorology community who were going to be diffi cult to convince of the 
effi cacy and desirability of numerical weather prediction. As a postscript, he 
recommended the Charney take a look at prominent Swedish oceanogra-
pher Vagn Walfrid Ekman’s ocean current theory because it was similar to 
what Charney was trying to do more generally in the atmosphere.33

By late spring 1949, Rossby was spending most of his time in Stockholm. 
However, he continued to maintain close ties by mail with his Chicago 
 colleagues—in particular Journal of Meteorology editor George Platzman. 
Writing to Platzman at the close of the climate change conference, Rossby 
wanted to sound out his friend on a number of ideas related to the Meteorology 
Project in general and the production of operational forecasts by numerical 
means in particular. He also knew that whatever he wrote to Platzman would 
ultimately get to Charney and thereby double the impact of his message. 
Rossby wrote Platzman that the Charney/Eliassen methodology—using a 
barotropic atmosphere with barotropic convergence and assuming a con-
stant zonal current to develop a method of integration—seemed “extraordi-
narily promising.” Their introduction of frictional forces in the model had 
prevented resonance diffi culties. Although Charney and Eliassen argued 
that the method had practical applications because of the amazing agree-
ment between observed and computed results, Rossby thought the method 
would break down when faced with rapidly deepening systems. However, 
he had shown the results to visiting Weather Bureau meteorologist Jerome 
Namias—Rossby’s former co-worker and student at MIT. Namias had subse-
quently written to his brother-in-law, Harry Wexler, at the Weather Bureau, 
asking him to contact Charney and try the method in the forecast section. 
Although Rossby would have preferred a more rigorous test performed in 
an academic environment, he considered a Weather Bureau test to be better 
than no test at all.

Additionally, Rossby wanted to fi nd a way to expand the work. He thought 
the calculations should be done for all middle latitudes (i.e., 35°, 45°, and 
55° north), not just 45° north, and for several different values of zonal cur-
rents. If the values were then computed for different altitudes, they could be 
pieced together to create a three-dimensional view of the atmosphere. He 
also wondered if equal success would be reached by looking at moving versus 
stationary systems. If the method worked for moving systems, then there 
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was a possibility of getting out of the “horrible subjectivity” that character-
ized “all or most” forecasting. Again, Rossby had pointed out that he had a 
couple of young men in Stockholm who could be employed on such a task, 
but claimed he did not want to “interfere” in US efforts. However, if all of the 
groups could work cooperatively and obtain results faster, that seemed to 
make the most sense.34

Leaders of research schools are constantly on the move—making sure that 
their acolytes’ works are spread far and wide, and keeping up the fl ow of advice 
and moral support. They also push hard to see desired research and experi-
ments achieved. Rossby’s aggressive sharing of the Charney-Eliassen paper 
with the “younger people” (graduate students and post-doctoral researchers, 
presumably) and the Meteorological Institute’s many visitors before its actual 
publication is an important example of this trait. Reassuring Charney that 
everyone who had seen it was very interested, Rossby was most anxious to 
get it on the street.35 Charney genuinely appreciated this routinely received 
moral and technical support. He acknowledged his debt to Rossby’s infl u-
ence, writing that if he and Eliassen had been successful in the application of 
the heuristic method, it was because Rossby had taught them very well.

Rossby, recall, had also pushed the idea of an operational test in letters 
to both Charney and Platzman. By sharing the paper with Namias and sug-
gesting the same operational test to him, Rossby was counting on Namias 
to make the same proposal to Wexler, and then execute the project once 
he returned to the Weather Bureau in late spring. Charney’s hand was all 
but forced. Rossby knew that the chronically short-handed Weather Bureau 
would want to try out an objective technique that provided a prediction in 
half an hour’s time. Once the possibility was out in the open, the Weather 
Bureau would be clamoring to try it no matter how reluctant Charney and 
Eliassen might be to subject their new method to an operational test. After 
all, if it did not work as advertised, it could set back their efforts to convince 
the applied meteorologists of the ultimate usefulness of numerical tech-
niques. Furthermore, Charney did not want the practical applications to 
overshadow the important theoretical results: topography and friction were 
only minor players in short-range atmospheric variations. Thus, the models 
could ignore them in short-range predictions. Perhaps even more important, 
the results indicated that non-linear barotropic models would lead to both 
practical and theoretically valuable outcomes.36

The testing that Namias had proposed to Wexler was carried out at Princeton 
by Weather Bureau personnel. Charney and Eliassen went to bureau head-
quarters and delivered two lectures about their method. The response was 
so enthusiastic that Charney decided he needed to temper his remarks so as 
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to not inadvertently oversell it. The testing team was to make pressure pro-
fi le forecasts for several different weather types using the Charney-Eliassen 
equations for periods of two to seven days, and some for even longer periods. 
Charney noted that the Rossby formula yielded reasonable values for the 
displacements of the fi ve-day mean pressure systems and therefore might be 
able to approximate dynamically possible fl ow patterns.37 These tests would 
force the Princeton group to concentrate on longer period phenomena for 
which new physical factors would have to be taken into account.

Despite Rossby’s desires, Charney thought there would be problems in 
extending their results. He and Eliassen had avoided some of them by assum-
ing a constant, zonal basic fl ow, but other assumptions did not seem natural. 
Friction was unimportant for short period weather changes, but extremely 
important for stationary systems. Also, friction implied that system energy 
would be dissipated. However, the model could not dissipate energy unless it 
was provided with an energy source. The team decided to provide the energy 
by assuming the zonal current was maintained by a thermally driven meridi-
onal circulation. They also neglected any energy loss through perturbation 
fl ow.

Rossby had suggested that atmospheric baroclinicity could be introduced 
as an external factor in the two-dimensional model. Excited by this sugges-
tion, Charney promised to keep it in mind. He was also pleased that the plans 
he had already made to investigate the stationary perturbation pattern were 
similar to Rossby’s ideas on the subject. However, Charney had not planned 
to determine the stationary pattern for jet stream fl ow by superimposing the 
patterns for different parts of the stream, and was delighted to let Rossby’s 
Stockholm group work on that.38

Since his arrival in Princeton, Charney had enjoyed the relative luxury of a 
stable personnel situation characterized by an ideal mix of disciplinary 
expertise. Project members had been simultaneously focused on the physi-
cal description of the atmosphere such that prognoses could be developed 
from available data, and the invention of a computing technique that would 
be both stable and responsive only to meteorologically signifi cant atmo-
spheric motions. Eliassen had been particularly helpful in both the physical 
and mathematical aspects of the project.39 But Jacob Bjerknes had offered 
Eliassen a position at UCLA for the remaining months of his one year leave 
of absence from the Norwegian Meteorological Offi ce, and Eliassen—desiring 
to take his bride to another part of the country—accepted. Charney acknowl-
edged that while the UCLA opportunity was wonderful for Eliassen, he was going 
to miss him very much. The project would need a replacement with Eliassen’s 
combination of theoretical and practical experience. Charney found this 
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in Ragnar Fjørtoft of the Norwegian Meteorological Institute. Fjørtoft had 
worked with Charney during the latter’s year in Norway, and Charney knew 
that he would be able to fi t nicely into the project. Still looking abroad, 
Charney also invited British meteorologist Eric Eady to join the project. 
Having heard nothing by way of reply, he asked Rossby to check on Eady and 
fi nd out what his plans were. And as for Rossby himself joining the 
Meteorology Project, no decision had yet been forthcoming from the 
Institute of Advanced Study.40

Rossby had played a major role in the Meteorology Project since its con-
ception, but he had done so from off-site. Charney, longing for the days in 
Chicago when he and Rossby would spend many hours discussing meteo-
rological problems, very much wanted Rossby to come to Princeton and 
become the project’s director. Instead of waiting for letters to make their way 
back and forth across the Atlantic, they could sit down over strong Swedish-
style coffee, discussing their ideas face-to-face. Rossby’s close ties with 
Reichelderfer at the Weather Bureau, the academic meteorologists associ-
ated with the MIT and Chicago programs he had founded, and geophysicists 
from many disciplines throughout Europe, would aid in bringing in outside 
advice and support when they needed it. And so Charney had encouraged 
von Neumann to bring Rossby to Princeton.

After several months of negotiations within the Institute, von Neumann—
with the concurrence of IAS Director J. Robert Oppenheimer—extended an 
invitation to Rossby to become a member of the Institute for 2 years. As von 
Neumann noted, Rossby “more than anyone else” was responsible for get-
ting theoretical meteorology work started at the IAS under the auspices of 
the ONR contract. Although they had had a slow start, the pace had acceler-
ated since Charney’s arrival (and due to the “advice and encouragement” of 
Rossby). The computing machine was expected to be operational in early 
1950. Von Neumann wrote to Rossby: “[Our] work will need your advice, 
and to the extent to which this is feasible, your presence, more than ever. In 
fact, we embarked upon it originally in the inarticulate but defi nite hope, 
that we should have your help and guidance, when we had developed the 
necessary tools, and come really to grips with the main problem.” The pro-
posed two-year contract would give Rossby suffi cient time to carry out a 
“well-rounded” portion of the research program in theoretical meteorology 
and would give all of them enough time to come to some agreement about 
their “mutual possibilities and plans.”41 In other words, the Institute was not 
willing to bring Rossby on contractually for too long a period in case it did 
not work out. Given the very strong personalities that were involved in this 
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project, von Neumann and Oppenheimer may have been reluctant to bring 
in yet another alpha male for an extended stay.

Charney, trying to convince Rossby to come to Princeton, worked to put 
the negotiations in a positive light. The permanent members of the Institute 
had had little or no knowledge of Rossby and his qualifi cations. Therefore, 
the process had been slowed down while von Neumann brought his work to 
their attention. Charney reported that after this “indoctrination” the deci-
sion to extend the offer was unanimous. Although von Neumann wanted 
the appointment to be permanent, it was thought best to leave the decision 
about the future open to both Rossby and the Institute leaders once they had 
become better acquainted. Von Neumann believed that “the going would be 
smoothed if an engagement period were allowed to precede the marriage.” 
Rossby would become the head of the Meteorology Project, but would be 
able to maintain contact with the University of Chicago and other meteoro-
logical institutions. In his fi nal pitch to persuade Rossby to come, Charney 
wrote, “You know as well as I that meteorologists will continue to be frus-
trated at every turn as long as they lack the mathematical ability to carry 
their physical arguments to their logical conclusions. I would like noth-
ing better than to be able to help you to break this dam.”42 In the midst of 
this invitation, catastrophe struck the University of Chicago’s Meteorology 
Department. Chairman Horace Byers had suffered a heart attack. Rossby, 
still tied to Chicago, volunteered to fi ll in for the summer before returning 
to Sweden to teach in the fall. Despite establishing a meteorology program 
in Stockholm, Rossby’s intent in summer 1949 was to return to the United 
States permanently in early 1950.43

The Princeton group, anticipating the day when their new computer 
would be ready, had started to make tentative computations of 500 mb 
wind forecasts on desk calculators by early 1949. Meanwhile, down in 
Washington, the Weather Bureau’s Joseph Smagorinsky was coordinating 
the future Princeton-based tests of the Charney-Eliassen numerical fore-
casting method. Since it was too diffi cult to do the needed calculations 
as the month unfolded—i.e., in close to real time—Smagorinsky and the 
Extended Forecast Section elected to use June 1949 data with a normal (i.e., 
climatic average) value for the June zonal current. Smagorinsky was con-
vinced that the normal value would be unreliable because it would not be 
related to the June 1949 conditions. However, if they were calculating daily 
forecasts in June as the month unfolded, they could not very well use the 
June average, which would not be available until the end of the month. 
Smagorinsky thought they ought to try the calculations both ways: with 
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the normal and with the calculated average value for the month, and then 
compare the results. If the normal values provided a solution that was close 
enough to that provided by the June 1949 average value, then in the future 
it would be possible to use the normal values under operational circum-
stances. The Weather Bureau’s analysis center hoped to produce 36-hour 
prognoses eventually, but in the near-term would work on 24-hour progno-
ses instead. Due to time and manpower constraints, they had not gotten as 
far as the Extended Forecast group. Analysis center personnel would need 
to compile, plot, and analyze a tremendous amount of data before making 
the forecasts.44

ENIAC to the Rescue

By late summer 1949, the Meteorology Project’s future progress depended 
on the availability of an electronic computer for trial runs of their models. 
Unfortunately, the IAS computer was not ready. So as not to lose time while 
waiting for the new computer, Weather Bureau Chief Reichelderfer inter-
vened with Army Ordnance on behalf of the Meteorology Project.

Army Ordnance controlled the ENIAC—the special purpose electronic 
computer designed and built to solve ballistic problems. Unlike the new IAS 
machine, the ENIAC was not a fully stored-program machine. Programs had 
to be broken into small pieces and set on switches. Therefore, it would take a 
considerable amount of time to write a program specifi cally for ENIAC and 
to put the program into the machine. However, a slow electronic computer 
was still much faster than a hand calculator, so ENIAC was the best alterna-
tive available to the Meteorology Project.

In September 1949, Reichelderfer formally requested the use of ENIAC 
(located at the Aberdeen Proving Grounds, Maryland) for the Meteorology 
Project’s barotropic model run. He supported his request by pointing out that 
the work being done at the IAS on numerical forecasting was of the utmost 
importance to both civilian and military interests. World War II had led to 
the establishment of many more surface and upper-air observation stations, 
which had greatly increased the amount of data available for weather fore-
casting. The additional data needed to be included into both meteorological 
analyses and prognoses. The electronic computer was, therefore, the best 
hope for helping to sort out all these data and solve the relevant equations 
that govern atmospheric behavior. Although the Offi ce of Naval Research 
had initially been the only fi nancial supporter, it had been joined by the Air 
Force. Military leaders had become increasingly aware that this was a project 
of strategic and tactical importance.



An International Atmosphere ■ 139

By using hand-calculators and human “computers,” the Meteorology 
Project had already successfully predicted the 24-hour change in the 500-mb-
height fi eld when treated as a one-dimensional problem. Attempts to solve 
the two-dimensional problem by hand had been abandoned because it was 
too labor intensive. If the ENIAC were available, von Neumann estimated it 
could make a 24-hour forecast, calculated in 1-hour time steps, in 6–8 hours. 
To check forecast accuracy, they needed to make daily forecasts over a two-
week period. Reichelderfer asked: could Army Ordnance make the ENIAC 
available for a two-week period sometime in the upcoming 3–4 months for 
the fi rst application of electronic computing to weather forecasting?45

The Army responded swiftly. Noting “the importance of weather forecasting 
for military and civilian purposes,” Army Ordnance granted permission to use 
the ENIAC for a two-week period on a not-to-interfere basis.46 Reichelderfer 
forwarded this response to von Neumann, adding his “personal appreciation 
of the interest” shown by von Neumann in the “solution of the meteoro-
logical problem.”47 Von Neumann warmly welcomed this development, 
writing Reichelderfer that he felt “obliged” to him for his assistance in obtain-
ing ENIAC and “this additional manifestation” of his interest in the work of 
the Meteorology Project. Von Neumann would be at Aberdeen, Maryland, 
for a meeting of the Scientifi c Advisory Committee of the Ballistic Research 
Laboratories in late October and would then make detailed arrangements for 
ENIAC.48 Considering his close ties with the Offi ce of Naval Research and the 
support he was receiving from the Air Force, it is curious that von Neumann 
sought Reichelderfer’s—and not one of his military contacts’—help in secur-
ing ENIAC’s use. Yet past accounts which assert that von Neumann rather 
than Reichelderfer made this crucial connection are in error.49

Meanwhile, in Stockholm, Rossby was trying to get some information 
from Platzman and Charney. He decided to take an “I’ll fi ll you in, if you’ll 
fi ll me in” approach when he wrote to both of them in October 1949. Rossby 
reported that visiting Belgian meteorologist Jacques Van Mieghem had been 
giving lectures on hydrodynamic instability. Almost all the others working at 
the Institute were addressing the formation and impact of blocking systems, 
i.e., high-pressure systems that remain in place and block the movement of 
atmospheric waves. US Navy Commander Daniel Rex—who 3 years earlier 
had arranged ONR funding for the Meteorology Project—was now working 
on his PhD in Stockholm under Rossby’s supervision. His research focused on 
a comparison of blocking situations in Europe and North America. Having 
updated Charney, Rossby asked for a progress report on the project’s non-
linear attack on the forecasting problem. He noted that his Finnish colleague 
Erik Palmén was still skeptical and very much concerned that  numerical 
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methods had too little connection with real atmospheric conditions. But 
Rossby thought it was healthy to win over skeptics, and he wanted more 
ammunition with which to do so.50

Smagorinsky continued his work on forecasting for the standard latitudes. 
Having overcome some initial diffi culties, he anticipated having signifi cant 
results before Charney’s two-dimensional, non-linear model was ready.51 
Charney invited Smagorinsky to join the Princeton group in the three weeks 
preceding the ENIAC test so that he could become acquainted with the plan-
ning and coding. He suggested that Smagorinsky obtain a publication on cod-
ing so he would be somewhat familiar with the process before he arrived.52 
Smagorinsky was already trying to do this. He had also identifi ed a possible 
scenario for the test run: the period starting 22 November 1949, when a mas-
sive block of high pressure suddenly appeared in the North Atlantic. The 
block persisted until 1 December, then weakened and diminished to the point 
that, by the time he penned his letter a week later, it had all but disappeared. 
Smagorinsky thought this two-week period would adequately test the two-
dimensional fi nite-amplitude forecasting technique and would allow a good 
test to see how the barotropic model handled the blocking scenario.53

To become conversant with ENIAC, Charney had had to become, as he 
put it, a “servant” to the machine. Writing to Rossby on 21 December 1949, 
Charney opined that until such time as they had settled on one method and 
had thereby limited their options, it made the most sense for the person 
formulating the problem to be the one doing the programming and cod-
ing, or at a minimum, to maintain close supervision over the efforts. He also 
made this prophecy: “[In the future] the training of every meteorologist will 
include a course in numerical methods and the use of large-scale computing 
instruments.”

Preparations for the ENIAC “expedition” required writing a computation 
scheme, and then translating that scheme into machine code. However, 
the scheme had to fi t the machine, which had an internal memory of only 
15 ten-digit numbers. Their model would require the storage of as many 
numbers as there were grid points, of which they had many more than 15. 
Therefore, they were going to have to use punch cards as external memory. 
A grateful Charney gave credit to von Neumann for his help in this regard.

Von Neumann and his wife, Klari, were also helping with the machine 
coding. For ENIAC, that meant one instruction for every ENIAC operation 
(in the order in which it occurred) had to be set on dials on the machine. The 
tentative plan was to go to Aberdeen and try it out in February 1950. Because 
Platzman had made major coding contributions, Charney hoped to entice 
him to come from Chicago to Princeton.54
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The ENIAC plans were slowly coming together. Once again, however, per-
sonnel shortages threatened to disrupt the project. Several people Charney 
had thought were en route to Princeton had decided not to come. Charney 
was disappointed and surprised when von Neumann and Oppenheimer 
informed him that Rossby, disliking the trial “engagement,” had declined 
the Institute’s interim two-year offer.55 Likewise, von Neumann was disap-
pointed that Eady would not be joining the Meteorology Project in the sum-
mer as previously planned. He still hoped that Eady would join them once 
the IAS computer was operational.56

Changes to computer programs also contributed to delays in prepara-
tion. Von Neumann continued to handle the numerical analysis-related 
parts of the computer program, developing code to solve the model’s equa-
tions. He found a method adaptable to the ENIAC, established the nature 
of boundary conditions, worked on stability criteria, and determined the 
infl uence of energy being propagated into the forecast area.57 The ENIAC 
trials slipped into March. Charney, writing to Rossby, asked if he would 
be available to come to Aberdeen in mid March, after they had made 
one complete computation, so he could look over the results. Charney 
really wanted to see Rossby, and suggested that he might be able to get 
von Neumann to Aberdeen at the same time.58 Rossby, then in Chicago, 
was eager to join them and tentatively scheduled himself to arrive on 13 
March. However, he still reserved the right to change his plans at the last 
minute.59

■ ■

■ ■

Noon on Sunday, 5 March 1950, was the starting point of a 33-day experi-
ment that became a major milestone in the history of the atmospheric 
sciences: the fi rst computer-assisted attempt to forecast the weather by 
numerical means. The full-time expedition members (Charney, Fjørtoft, 
Freeman, Smagorinsky, and Platzman) ran three eight-hour shifts, fi ve days 
per week, for fi ve weeks (fi gure 5.1). The team, with the aid of ENIAC, pro-
duced two 12-hour and four 24-hour forecasts from initial observed data. As 
one participant later recalled, they encountered myriad diffi culties with the 
ENIAC. On average, it could run error free for only a few hours and then took 
many hours to repair—with 20 accumulators each containing more than 500 
vacuum tubes, there were many parts that could fail. The card-punch equip-
ment was also prone to failure, although its mean-time-to-failure rate was 
not nearly as high as ENIAC’s. Coding errors surfaced. The original two-week 
window stretched to fi ve to allow time for additional runs.60 Reichelderfer 
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ensured that the Aberdeen staff knew of his appreciation for “making this 
historic occasion possible.”61

Once the expedition was over, Charney and Fjørtoft spent nearly 3 months 
analyzing the results.62 By June 1950, Charney had something defi nite to 
report to Rossby. Forecast accuracy varied greatly from day to day. The model 
had produced terrible forecasts from data that should have played to model 
strengths. Unaccountably good predictions had been produced by model runs 
on data that should have created poor forecasts. The spatial grid size turned 
out to be too large. Much like a net with large holes that allow smaller fi sh 
to escape, cyclones slipped between grid points, leaving the model unable to 
identify their pressure patterns. The time increment was small, so the calcula-
tions were correct, but the computation time was too long.

Overall, Charney was suffi ciently pleased with the results that he thought 
the barotropic model would be useful for qualitative explanations of atmo-
spheric motion. However, the team would need to move to the more com-

Figure 5.1
The fi rst ENIAC “expedition,” April 4, 1950. Left to right: Harry Wexler, John von 

Neumann, M. H. Frankel, Jerome Namias, John Freeman, Ragnar Fjørtoft, Francis 

Reichelderfer, Jule Charney. (courtesy of MIT Museum)
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plex baroclinic model to produce the quantitative predictions needed by 
applied meteorologists. The IAS machine would have a 1,024-word internal 
memory—not suffi cient for a baroclinic model unless they could arrange 
for external memory. Project members would try to run a partially advec-
tive model proposed by Fjørtoft (and similar to Sutcliffe’s advective model) 
on the same data to see if it would handle cyclone development. They also 
planned to work on a primitive equation model and theoretical wave and 
vortex barotropic models, even though Charney was personally more inter-
ested in pursuing baroclinic models.

Despite these important advances in model development and understand-
ing, personnel arrangements were again occupying Charney’s time. Sharing 
Rossby’s philosophy on personnel, Charney thought that it was a much better 
idea to invite those who understood the reasoning behind numerical weather 
prediction and were glad to be part of a cooperative solution than those only 
willing to till their “own furrow.” In Charney’s opinion, Eliassen and Fjørtoft 
were solidly in the fi rst group, while Hunt and Queney were just as fi rmly in 
the latter. The initial members of the Meteorology Project had all been in the 
latter group—that was why initial progress had been so slow. Eliassen and 
Fjørtoft also had the advantage of possessing a broad knowledge of synop-
tic meteorology which had prevented the project from “degenerating into 
mathematical sterility”—a concern that had haunted Charney from the 
beginning. Freeman and Fjørtoft were both leaving in July 1950—Freeman 
for Chicago—but Fjørtoft would return to Princeton in September for only 4 
months. No personnel additions had been planned for after that time, which, 
Charney noted, was “bad.” Rossby had suggested that British theoretical 
meteorologist Thomas V. Davies might be a good addition, and Charney was 
sounding him out. Charney asked Rossby what he thought about bringing 
Namias in for a few months. Smagorinsky would be coming part-time to take 
Freeman’s place, but they still needed two others at “the idea level.” He asked 
Rossby to give them some advice and come himself if possible.63

Having considered the errors in the ENIAC results, Rossby was convinced 
of the importance of understanding the atmospheric processes that had been 
at work when the computations failed. Examining the maps with his protégés 
Swede Bert Bolin and US Navy offi cer Daniel Rex, all were amazed at how good 
the results were, given the model’s simplicity.64 Rossby proposed having Bolin 
conduct a synoptic study of the meteorological scenario because he was both 
an excellent analyst and a suffi ciently well-trained theoretician to be able 
to come to a theoretically sound conclusion. Bolin was leaving for Chicago 
within a month and would be available to work with the Meteorology Project 
starting in early 1951. Rossby recommended Bolin because, like Eliassen and 
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Fjørtoft, he possessed both the synoptic  background and the theoretical back-
ground that Charney needed. Desiring to get the results out quickly in the 
meteorological literature, Rossby strongly encouraged Charney and Fjørtoft 
to write a note for Tellus about the ENIAC calculations.65

Charney had also expected Platzman, who had played an important 
role in the ENIAC preparations and expedition, to move from Chicago to 
Princeton. Platzman’s boss, Horace Byers, had been pressuring Platzman to 
remain in Chicago. Ultimately, Platzman decided to stay, and so informed 
a disappointed Charney. Platzman wanted to turn Chicago into a research 
center that would increase meteorology’s standing as a science. “I feel,” said 
Platzman, “that academic meteorology in this country is still suffering from 
the trade-school blues”—this despite efforts by the American Meteorological 
Society and its leaders, most of whom worked in the academic sector, to 
turn meteorology into a professional discipline accorded the same respect as 
engineering and the physical sciences. Platzman was hoping that with Dave 
Fultz—another Rossby protégé who had earned his PhD at Chicago (1947) 
and was known for his “dishpan experiments” that provided tangible evi-
dence of how the jet stream moved in the atmosphere—he could bring new 
blood into the fi eld and raise research standards. Platzman wanted his stu-
dents to look at undertakings like the Meteorology Project and to be inspired 
to pursue theoretical research.66 As it turned out, Platzman was able to join 
the Princeton group for the fall quarter, and Charney’s morale received a 
boost with the opportunity to work closely with the Chicago group.67

The two-dimensional barotropic model had been fairly successful, so proj-
ect members continued on their heuristic path, setting their sights on three-
dimensional models and the possibility of using the primitive equations in 
numerical weather prediction. In mid-summer 1950, Charney was investigat-
ing the upper boundary conditions for a three-dimensional model. Fjørtoft 
was making a theoretical study of a simplifi ed three-dimensional model and, 
with Charney, was studying the statistical-mechanical properties of two-
dimensional incompressible fl ows. The IAS computer, which was supposed 
to be operational in mid 1948, was still not ready in mid 1950. Although the 
Meteorology Project members had no idea when the computer might be fi n-
ished, as soon as it was, they planned to perform additional integrations of the 
barotropic equations with smaller grid spacing, and to begin programming in 
three dimensions. Most importantly, they would continue their efforts to for-
mulate a theory for the physical nature of atmospheric motion.68

While the Princeton team continued its work, another team was setting 
up shop in Cambridge, Massachusetts. This one was under the direction of 
Philip Thompson, formerly of the Meteorology Project.
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Research in a Parallel Atmosphere

As an active-duty offi cer in the Air Force, Philip Thompson knew he could not 
stay with the Meteorology Project indefi nitely. By March 1948, after being 
on board for a little over a year, he was negotiating for his next assignment. 
Thompson wanted to stay in Princeton at least until the end of the year so he 
could see his efforts “blossom and be assured that [they] will later bear fruit.” 
One possible alternative was to become the military attaché in Norway, 
where he would be able to use his position to obtain, directly and indirectly, 
valuable technical information about meteorology and other more general 
hydrodynamical topics. As an outgrowth of the Bjerknes dynasty in Norway, 
the Scandinavians continued to maintain a strong research program despite 
many of their students having moved to the United States during the war. In 
Norway, Thompson would be able to tap into this research network and pass 
information of interest back to the United States. However, his true desire 
was to return to the Meteorology Project.69

In August 1948, Captain Albert Trakowski of the Air Force’s Geophysics 
Research Division at the Watson Laboratories in Red Bank, New Jersey, asked 
Thompson to recommend someone to lead the division’s Meteorology 
Section. In response, Thompson managed to eliminate from contention 
 everyone who was a meteorologist. Charney was out because “it’s not his style” 
and he had no talent for administration. The same applied, in Thompson’s 
view, to Victor Starr. Haurwitz knew the literature but was “old school” and 
lacked administrative ability and inclination. Indeed, Thompson could think 
of “no one in the fi eld of meteorology” to whom he would entrust an organi-
zation dedicated to fundamental research in meteorology. He therefore sug-
gested that Trakowski look for a geophysicist, especially one who had dealt 
with a hydrodynamical fi eld like oceanography and had a “casual” interest in 
meteorology. Thompson wrote:

If I may make a couple of general remarks, meteorology seems to repel those sensitive 

souls who like mathematical or otherwise rigorously scientifi c treatment and draws a 

great many fools who, undaunted by the extreme diffi culty of the problem, feel that 

metaphysical methods will yield results where scientifi c methods have not – whereas, 

several other fi elds of geophysics, better developed and more scientifi c (simply because 

the problems involved are less formidable), attract many able men.70

This was not the only time that Thompson would criticize the abilities of 
prominent meteorologists in an attempt to have them removed from con-
sideration for administrative positions. In March 1949, when the Geophysics 
Research Directorate had been looking for a director for the new Cambridge 
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Labs, Thompson provided his opinion on Rossby’s candidacy even after 
learning that the position was going to someone else. While claiming that he 
respected Rossby as a “man and scholar,” he then went on to strenuously argue 
that Rossby would not be appropriate because he was “too narrow” (despite 
the breadth of his published works), that his ability to bring in new talent had 
three stages (“seduction . . . incest . . . degeneration”) which effectively stifl ed 
any original work, and his lack of attention to detail was counterproductive. 
“Furthermore,” Thompson continued, “for your sake as well as ours, may I 
suggest that you look at these things from the viewpoint of those who will 
judge you?” Thompson closed with this: “In short, it is my opinion that we 
should aggressively seek candidates potentially less dangerous to us, perhaps 
sacrifi cing a little of the vitality which we like in Rossby, and soon.”71 What 
should be concluded about Thompson and his aims? The meteorologists 
dispatched by Thompson as being unacceptable leaders of the Geophysics 
Research Directorate’s meteorological section were among the most promi-
nent, creative meteorologists of their day. Any of them would have been able 
to fully understand—and criticize—Thompson’s research projects. Perhaps 
all of these distinguished meteorologists shared one characteristic: the poten-
tial to thwart the brilliant, yet insecure Thompson’s ambitions.

Whatever Thompson’s intentions or motivations when he wrote the afore-
mentioned letters and similar ones, his apparent disdain for his fellow mete-
orologists is important. His attitude colored his efforts in pursuing numerical 
weather prediction as a strictly Air Force project over which he would have 
absolute control. And when the time came to take numerical weather predic-
tion “operational,” Thompson’s drive for absolute control would lead to an 
explosive confrontation and would cause much heartburn among the others 
who had worked for years developing the theory and techniques with the 
Meteorology Project.

Having eliminated everyone else from consideration, Thompson was 
offered and accepted the position as Chief of the Atmospheric Analysis 
Laboratory (AAL) of the Air Force Cambridge Laboratories. Thompson wanted 
this move kept “fairly dark” so as to “reduce friction—and the heat engen-
dered thereby—in a system whose viscosity is admittedly quite high.” He dis-
cussed his planned move and new assignment with John von Neumann, who 
was supportive and wanted to maintain his association with Thompson.72

When Thompson advised Harry Wexler of his new assignment in late 
November, he disingenuously claimed to be completely surprised by the 
offer, but that under the circumstances it was the best career move for him. 
He was sorry to leave Princeton and “a group of meteorologists whom I 
esteem as highly as any in the world,” but that he would only be “divorced” 
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physically from the project. He planned for his new lab to complement the 
work being done in Princeton and looked forward to closer cooperation 
between the research services of the Weather Bureau and the Air Force’s 
Geophysics Research Division.73 The latter was a remarkable statement, inso-
far as Thompson was on record as considering the Weather Bureau to have 
been of little help to the Meteorology Project.74

Once Thompson became the AAL’s director, the Air Force began to develop 
its own extensive plan for meteorological research. In the “Proposed Plan of 
Air Force Sponsored Research on Meteorology and Closely Allied Sciences,” 
written by Thompson and issued in January 1949, the Air Force staked its 
claim to being the savior of modern meteorology. Thompson felt the Air 
Force needed to synthesize a unifi ed theory of meteorology because previ-
ous efforts in geophysics research had been uncoordinated and results were 
lacking. Research coordination would improve and better results would be 
forthcoming with the Air Force leading a “frontal attack” on the weather-
related scientifi c problems. Lest higher authority misconstrue this to be 
“pure science” unrelated to operational needs, the plan noted the “diverse 
operational requirements” of both the Air Weather Service and the other 
Air Force agencies concerned with atomic energy, electronics, and guided 
missiles. Thompson’s plan was high-tech and high-cost. Specialized rockets 
for upper-level observations and photography topped the list. With too few 
men trained in the fi eld, graduate fellowships were needed to entice students 
away from more glamorous physical sciences.75 Clearly, the Air Force, and 
Thompson, had big plans for meteorological research.

Philip Thompson was thinking well beyond his own corner of the atmo-
sphere to an overall military research policy. The Air Force was a large con-
sumer of technical information, so Thompson thought it would be more 
economical if it conducted its own research. One drawback was that in order 
to be scientifi c it had to be reproducible by a team that had not conducted 
the original research. If the research were classifi ed (due to data, technique, 
or results), another similarly skilled team had to have appropriate clearances. 
Research that (for reasons of security) was under military control would be in 
a separate category from research that was simply supported by the military. 
The Air Force would be required to carry out its own research plan as a mat-
ter of survival. To be successful, such a research organization would require 
the assignment of Air Force offi cers who were also scientists and researchers. 
They would bridge the divide between the military side, which controlled 
the funds and assigned the problems to be solved, and the civilian side, 
which would spend many years working on longer-term projects. Although 
these offi cers would not stay in the research arena (a career dead end) forever, 
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their training, Thompson argued, would later make them valuable as intel-
ligence offi cers and attachés.76

Thompson’s AAL, while still striving to work on meteorological theory 
and numerical weather prediction models, was very much concerned with 
making contributions to short-range and long-range military objectives. The 
AAL wanted to be the Air Force equivalent of the Meteorology Project. Like 
the Princeton group, the Cambridge lab planned to operate under the guid-
ing vision that a “unifi ed theory of atmospheric motion would, of course, 
provide the perfect instrument for predicting weather.” Unlike its Princeton 
counterpart, however, this laboratory had a full-fl edged weather detachment 
(with probably 10–15 enlisted men and one weather offi cer assigned) operat-
ing within its confi nes for the purpose of handling and storing large amounts 
of data. The synoptic analysis section took care of its analysis and verifi ca-
tion needs.77 This gave the laboratory an advantage over the Meteorology 
Project, which had no in-house analysis capability and had to rely on the 
Weather Bureau’s analysis section in Washington to provide that function. 
However, the lab did not have—nor would it have—a computer; thus, any 
models it developed would have to be solvable with desk calculators. In addi-
tion to Thompson’s numerical prediction investigations, the AAL sponsored 
a variety of meteorological research projects within the lab. It also sponsored 
research projects in university meteorology departments (particular at UCLA 
and MIT), and it would eventually be a co-sponsor (with the Offi ce of Naval 
Research) of the Meteorology Project.78

By early April 1949, Thompson’s group was preparing to produce fore-
casts for the one-dimensional quasi-barotropic atmosphere. The plan was 
to attack a large-scale weather situation and compare the numerical results 
with those of a standard forecast.79 By the end of the month, Thompson 
reported that the results were looking “rather promising.”80

Little of Thompson’s correspondence for the remainder of 1949 and into 
1950 discusses his numerical work. What is most interesting is the lack of 
correspondence on the ENIAC expedition. For all his protestations of 
remaining involved with the Meteorology Project, Thompson was certainly 
not involved with the ENIAC runs, nor does he even bring the subject up 
in his correspondence with Harry Wexler. This is important, for previous 
histories of the Princeton Meteorology Project have told a distinctly differ-
ent story. Historian Frederik Nebeker has written that Thompson traveled 
to Princeton every “two to three weeks” to keep in contact with the group. 
This information was based on an interview with Thompson conducted by 
historian William Aspray. Yet this differs from an account Thompson gave 
in a separate 1987 interview. In that account, Thompson said he went to 
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Princeton “fairly frequently” and that he and Daniel Rex “of ONR” were 
monitoring the Meteorology Project, since they were providing the money.81 
However, Rex was in Stockholm studying with Rossby during this period. 
Moreover, if Thompson spent that much time in Princeton, it is odd that 
those trips do not appear in any of the voluminous correspondence left by 
either Thompson or Charney (or, for that matter, von Neumann). Neither 
does Thompson mention this close liaison in either of his written accounts 
of the early days of numerical weather prediction efforts.82 More likely, the 
later oral accounts of “frequent visits” were an effort by Thompson to align 
himself more closely with the by-then famous Princeton group.

By fall 1950, Thompson reported that the AAL had been doing a lot of 
work on the theory of large-scale motions and on verifying the correspond-
ing prognostic equations. Thompson himself had incorporated some baro-
clinic effects into his large-scale motion theory and had found analytical 
solutions of the two-dimensional prognostic equations. He was writing 
up this theoretical development for publication in a Geophysics Research 
Directorate publication by early 1951. The lab, however, had moved on to 
advancing the work on two-dimensional models and was concentrating on 
extending one-dimensional theory.83 Thompson had complained about the 
lack of “airing out” of ideas while he was with the Meteorology Project in 
Princeton.84 Thus, it is interesting that he was publishing his new research 
in Air Force technical reports without benefi t of peer review. Although some 
research papers produced in military laboratories contained fi ndings that 
were subject to security concerns (which created problems in getting mili-
tary releases to publish), Thompson’s work did not fall under that category. 
Therefore, publishing his fi ndings in an Air Force report seems to indicate 
that he was reluctant to have his work come under the formal scrutiny of 
his fellow meteorologists. His paper, “Notes on the Theory of Large-Scale 
Disturbances in Atmospheric Flow with Applications to Numerical Weather 
Prediction,” was not published until July 1952.85 At this point, despite his 
brave assertions, Thompson was on the margins. The main work in numeri-
cal weather prediction was underway in Princeton and Stockholm, and 
would remain there.

Onward and Upward

The two years that elapsed between Charney’s arrival at the Meteorology 
Project and the fi rst ENIAC expedition were busy ones for the international 
network supporting this theoretical effort. Previous narratives of this project 
have focused almost entirely on the computer aspects. In fact, it was the 
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meteorologists who controlled and advanced it. Meteorologists from aca-
deme, the Weather Bureau, and the military—in Princeton, Stockholm, 
Chicago, New York, Cambridge, and Washington—were busy trying to 
develop a workable theory of atmospheric motion that could then be pro-
grammed into von Neumann’s new machine. While von Neumann’s efforts 
related to computational methods and hardware development should not 
be underplayed, neither could he have successfully completed this effort 
without the leadership of Princeton-based Charney and the off-site but 
intellectually and spiritually present Rossby. The continuous presence of 
Scandinavian Tag Team members Eliassen, Fjørtoft, and (at the end of this 
period) Bolin provided the genuine sense of the atmosphere necessary to 
keep the project from being separated from the physical world and tumbling 
into a mathematical fantasy land.

In stark contrast, the Atmospheric Analysis Laboratory’s numeri-
cal weather prediction section, headed by Thompson, basically had just 
Thompson himself. Without the direct path to publications such as Tellus 
enjoyed by his Princeton counterparts, Thompson’s infl uence on numerical 
weather prediction was limited to the Air Force. A minor player in Rossby’s 
research school, he had very little intellectual impact on the Meteorology 
Project after his late 1948 departure.

In the next period, both groups would seek to develop even better models 
as they moved toward operational numerical weather prediction. Not to be 
outdone by the Princeton team, another group was taking shape in Europe: 
Rossby’s own International Meteorological Institute in Stockholm.
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■ ■ Creating a Realistic Atmosphere (1950–1952)

The success of the fi rst ENIAC “expedition” gave the Meteorology Project a 
much-needed boost. With their simplifi ed barotropic model providing out-
put that at least looked meteorological, it was time for the team to increase 
model complexity. In an elaborate system of guess and check, they would 
introduce new techniques and variables, perform a test, compare the output 
to an analyzed weather map, and then verify the model.

The meteorology team would continue to develop more sophisticated models 
while the computer was being completed, and von Neumann and his Computer 
Project team would assist with mathematical solutions. The question remained: 
How would they know if the model had produced realistic output ? While they 
were modeling, others would have to be generating a subjective (hand-drawn) 
product against which they would compare the model’s output. No two subjec-
tively created meteorological maps were (or are now) ever exactly the same. If 
they were going to decide on atmospheric reality by comparing their objective, 
computer-made chart against a subjective, man-made one, how would they 
know that either of them was right? Which reality would they choose?

The Meteorology Project at the Institute for Advanced Study was not the 
only group attacking the problem of numerical weather prediction. Carl-
Gustav Rossby’s Stockholm team was providing analysis support to the 
Princeton group, training US meteorologists (military, Weather Bureau, 
and academic) as well as those from Europe, and preparing its own eventual 
launch into numerical weather prediction with assistance from the Swedish 
Air Force. Philip Thompson’s group at the Air Force’s Geophysical Research 
Directorate in Cambridge, Massachusetts, was hard at work on his models. 
Besides pushing development of his own model, Thompson encouraged the 
expansion of Air Force meteorology research funding to the European the-
ater as well as to the Meteorology Project.

Though there appeared, at fi rst at least, to be no overt competition—no 
overt “race to the fi nish” among these groups—those who reach the goal 
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fi rst in the scientifi c arena usually take all the credit. For numerical weather 
prediction, there would be not only a theoretical goal of describing how the 
atmosphere worked, but also an operational goal of using the computer to cre-
ate usable forecasts for military and Weather Bureau meteorologists. Would 
the interagency and international cooperation that had been a feature of 
the developmental phase extend to the operational phase, or would a single 
winner attempt to corner the market on providing numerical forecasting 
tools to the nation? Who would get to make the choice?

Out of the Blocks

The Princeton team members were not the only ones encouraged by the 
results of the ENIAC expedition. In August 1950, Francis Reichelderfer asked 
Harry Wexler about the Meteorology Project’s progress since the team had 
returned home from Aberdeen. When would numerical weather-prediction 
techniques reach the stage at which “we should start a full operating unit [at 
Weather Bureau headquarters] to make use of the results of the Princeton 
research,” he wrote, so that the bureau could request suffi cient funds to 
cover the cost in that year’s budget?1 Reichelderfer was overly optimistic. 
A few more years would pass before a computer would provide operational 
output useful to bureau forecasters.

Indeed, the Princeton team took several months to analyze the ENIAC 
results. George Platzman (in Chicago) was in close contact with Jule Charney 
about the model he was developing with Ragnar Fjørtoft. While provid-
ing extensive feedback on the fi ner points of the model, Platzman became 
concerned that the addition of more and more physical infl uences into the 
quasi-geostrophic model was leading to a very complex computation—more 
complex than an all-out attack on the primitive equations might be. (In the 
quasi-geostrophic model, the time scale on which a system evolves is slow 
compared to the rotational period of the earth, and the length scale is larger 
than the distance cold pools of air can spread under the infl uence of the 
Coriolis force.) Platzman wondered if they ought to just abandon the other 
models and move directly to the primitive equations.2 Of course the problems 
with the primitive equations were all too clear, instability being the greatest.

The ENIAC results were important for future model development, and 
Charney was eager to get them published and circulating within the wider 
geophysics community. By then the Meteorology Project had been work-
ing on numerical weather prediction for 4 years, and the ENIAC results pre-
sented the fi rst concrete examples of computer-produced pressure surface 
forecasts. That was a signifi cant achievement in its own right, but, even more 
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importantly, it would give those actively promoting numerical weather pre-
diction more ammunition against the skeptics—both theoretical and practi-
cal meteorologists.

The need for additional ammunition was becoming crucial because Charney’s 
1949 paper “On a Physical Basis for Numerical Prediction of Large-Scale Motions 
in the Atmosphere,” which had laid out the Meteorology Project’s theoreti-
cal underpinnings, had come under attack. Richard S. Scorer, a meteorologist 
at Imperial College, London, had written a letter to the Journal of Meteorology 
questioning a number of points, in particular the adequacy of the barotropic 
model, in Charney’s paper.3 Charney had to craft a response that would diffuse 
the infl uence of Scorer’s comments on the assumptions underlying numerical 
weather prediction. He asked for Rossby’s reaction to Scorer’s criticisms and to 
his draft response. Charney also asked whether Rossby could publish the new 
Charney-Fjørtoft-von Neumann paper in Tellus’s November issue.4

Rossby swiftly assured Charney that the article would make the cutoff 
date if he would submit it in time. The Scorer letter was more troubling 
because it contained, in Rossby’s view, numerous unproven assertions that 
Scorer had used to support his contention that the barotropic model should 
be abandoned. Rossby was particularly irritated by Scorer’s argument that 
meteorologists should leave numerical methods behind because the mod-
els did not contain every atmospheric detail, including the effects of grav-
ity waves—which, Charney had pointed out, complicate the computations 
without improving the solution. Rossby perceived the infl uence of Reginald 
C. Sutcliffe—a British meteorologist who opposed numerical weather 
 prediction—in Scorer’s attack. Of primary importance, Scorer had not taken 
into account the difference between linearized and non-linearized wave the-
ories. The former, often used successfully to solve problems involving sound, 
gravity, and frontal waves, could still produce sharp wave fronts that were 
maintained much longer than one would observe in the atmosphere—a bad 
characteristic for a model to have. Rossby had found Charney’s response to 
be “all too soft . . . for a man who is apparently being used by [David] Brunt 
as a hatchet man.” Brunt (like Sutcliffe, a dynamicist at Imperial College) 
opposed numerical weather prediction. In particular, Rossby was upset by 
Charney’s “uncalled-for concession” in declaring that it was a “happy coinci-
dence” that the barotropic model approximated the atmosphere suffi ciently 
to be of practical use in forecasting. Rossby found that the approximation 
was not a happy coincidence at all, but instead a dynamic requirement based 
on the physical nature of the atmosphere.5

Charney saw things differently. His greatest fear was that those associated 
with the Meteorology Project, Rossby included, would oversell the  practical 
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forecasting aspects of the barotropic model in particular, and numerical 
weather prediction in general. This, he explained, was why his response had 
emphasized the word “practical” in relation to forecasting—numerical out-
put did not yet measure up to the skills of a solid forecaster. Charney did not 
want to give critics like Scorer any more ammunition in their war against 
numerical weather prediction, for he agreed that the barotropic model was 
important in theory development. Charney’s original response to Scorer, by 
his own account, had been “scorching,” and he had toned it down consid-
erably so as not to appear defensive.6 Rossby and Charney both recognized 
that they would have to consider questions of timing and presentation to 
the wider meteorological community if numerical weather prediction were 
to become credible to the majority of discipline practitioners accustomed to 
operating in a much more subjective manner.

Indeed, Charney soon reached a very wide audience of meteorologists and 
weather enthusiasts in the United States. This occurred when his paper on 
the progress of dynamic meteorology research, which he had presented at 
the January 1950 AMS Annual Meeting, was published in the September AMS 
Bulletin. Charney pointed out that numerical weather techniques were not 
likely to lead to a “revolutionary increase in forecasting accuracy.” However, 
he did anticipate that numerical techniques could yield more accurate fore-
casts of large-scale patterns in the upper atmosphere. The steering fl ows 
derived from these patterns could then be used to make forecasts of smaller-
scale frontal systems that produce weather. While it was certainly possible 
that numerical techniques could someday be used to predict cloud forma-
tion and resultant precipitation, extant techniques could not deal with that 
level of complexity.7 Although the audience for his talk had been relatively 
small, the print version quickly reached several thousand people interested 
in the status of numerical weather prediction. Charney’s carefully crafted 
remarks were planned to inform without overselling capabilities. This was 
important to his, and Rossby’s, overall strategy for winning skeptics over to 
the new meteorology.

By late October, Charney was working to fi nish his Tellus article before the 
1 November 1950 deadline. After checking with von Neumann (then in Los 
Alamos) to clarify the derivation of the computational stability criterion, 
Charney advised him that they had completed some calculations by using the 
three-dimensional model on a scenario that had produced a large error in the 
barotropic forecast. These new calculations explained the error, so Charney 
and Fjørtoft planned to include the results in the article. Since they had fi n-
ished coding the barotropic model for the new Princeton machine, Charney 
wrote that he was ready to receive his promised reward. In particular, he was 
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waiting for “that dinner that Klari” (Mrs. von Neumann) had promised him. 
However, things must have been just a little hectic in Princeton. Charney 
admitted he would probably need Klari’s meal in “liquid form” by the time 
they returned.8 Indeed, at the end of December, Charney and Fjørtoft were 
still working on the Tellus manuscript and hoping to get it into the next 
issue.9

In fall 1950, Wexler paid another visit to the Princeton team. He reported 
to Reichelderfer that they had tested the barotropic model and were now 
moving on to the baroclinic version. The new computer was “almost ready” 
to go, but no one really knew when it would be ready for testing—perhaps by 
year’s end.10

Other agencies holding a stake in the Meteorology Project were also inquir-
ing about the computer’s status as the year came to a close. With the proj-
ect’s ONR contract set to expire 31 May 1951, ONR staff member and Navy 
aerologist Lieutenant Max Eaton needed to discuss an extension with von 
Neumann and Charney. However, it appeared that the terms might change—
Philip Thompson had contacted Eaton about adding Air Force money to the 
pot.11 Before the Offi ce of Naval Research accepted the Air Force’s cost-sharing 
offer, Eaton wanted to discuss it with von Neumann.

As the new year began, Rossby planned to spend nearly 2 months con-
sulting with Meteorology Project members. His presence would be particu-
larly important given the decisions that needed to be made on future model 
development. Project members expected that the IAS computer would be 
operational soon, and they wanted Rossby’s advice on how to best make the 
transition to the new machine. In advance of his arrival, Rossby had written 
to Charney and expressed his hope that the long-awaited corrected manu-
script on the ENIAC results was en route to Sweden. He was hoping that von 
Neumann’s contribution to the ENIAC article would draw more mathemati-
cians to geophysical research.12

Wherever Rossby visited, his charismatic personality invariably drew in 
members of his far-fl ung research school like a magnet. Therefore, his pres-
ence in Princeton provided the perfect opportunity for his former doctoral 
student, Harry Wexler, to pay a visit. Wexler not only wanted to pay a call 
on Rossby, he also wanted to assess the project’s progress since his fall visit. 
Model preparation invariably depended on analysis assistance from the 
bureau. Wexler needed to determine what the team members would need 
and when they would need it. He reported back to Reichelderfer that project 
members had decided to forecast, as much as possible, in real-time based 
on numerically determined 2–3-hour pressure tendencies aloft, i.e., over 
time, whether pressures were rising or falling. Therefore, they would need 
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twice daily standard pressure maps from the Weather Bureau-Air Force-
Navy (WBAN) analysis center—a joint activity manned by all three weather 
services for the production of analyses and prognoses. The WBAN would 
mail the charts daily for the duration of the experiments, through the end 
of February 1951. The bureau would also provide a copy of the 700-mil-
libar (10,000 feet, 3,000 meters) prognoses for comparison.13 These maps 
would supplement those already provided by the bureau. Charney was 
extremely grateful to the WBAN for providing plotting and analysis services 
for the project, which had insuffi cient manpower to handle those tasks.14 
The bureau never had money to support the project, but even when short 
of manpower, its leadership worked hard to scrape together enough man-
hours to get these necessary tasks done.

Wexler was not Rossby’s only visitor. Leaders of the Air Weather Service’s 
Research and Development branch were interested in the project, and wanted 
to provide funds. Specifi cally, the AWS wanted to know if Rossby were plan-
ning to remain in Princeton, and if the project would expand. Rossby was tied 
up with his new Meteorological Institute in Stockholm, so von Neumann and 
Rossby both envisioned only a modest expansion of the project over the next 
6–12 months. What they really desired was “quasi-permanency” for Charney. 
The AWS quickly responded that its Research and Development branch 
could offer the Meteorology Project a fi ve-year contract, renewable annu-
ally so the project would always operate under a sustained period of guaran-
teed funding. Further conversations between the AWS’s Colonel Benjamin 
G. Holzman, Rossby, and Charney resulted in an offer to fund any expansion 
of the project, including sub-contracts to Rossby’s Stockholm group. Rossby 
thought that such funding for Stockholm by the U.S. government would be 
fully justifi ed because both Rossby and Eliassen could “profi tably” spend sev-
eral months of each year in Princeton. Furthermore, European meteorolo-
gists who were possible additions to the Princeton team could be hired by 
Rossby in Stockholm and evaluated on their potential usefulness before send-
ing them on to Princeton for a year or two.

Developments were progressing so rapidly that not all interested par-
ties understood the new arrangements. Von Neumann was not at all sure 
if ONR Director Alan T. Waterman had been briefed on increased Air Force 
interest, or the possibility of a sub-contract for Rossby. Charney and von 
Neumann had already briefed the Meteorological Panel of the Research and 
Development Board on 1 February 1951. The panel concurred in the con-
cept that the Meteorology Project should receive additional support “within 
reason” whenever it was needed. However, it had not known of the possible 
fi ve-year contract or extension to Stockholm.15 Their interest in fi nding addi-
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tional funding for the project might have been lessened had they known 
about the Air Force’s offer.

In mid February, Wexler returned to Princeton—this time accompanied by 
Jerome Namias of the Extended Forecast Section and J. R. Fulks of the WBAN 
Analysis Center. Colonel Benjamin Holzman joined them. They wanted 
to see how Charney’s group was using the WBAN prepared maps and how 
those techniques might be applied by Weather Bureau forecasters before 
the implementation of computer operations. The Princeton group used 
the charts to compute (by hand) the instantaneous height tendency fi eld at 
500 mb (18,000 feet, 5,500 meters) for the barotropic model and a special-
case baroclinic model. The group members then created a 24-hour prognosis 
from the tendency fi elds to compare with observed data. To their delight, 
situations with distinct, large-amplitude troughs and ridges showed a good 
match between predicted and observed values. The new computer would 
signifi cantly reduce the computation time, which was then 4–6 hours. Until 
then, Charney suggested that the WBAN perform the same procedure as an 
aid to their analysis and prognosis routine. But, Wexler noted, they would 
need to fi nd additional manpower before it would be possible. Fulks prom-
ised to look into it.16

Here again, an old obstacle re-emerged: Fulks determined that, since the 
personnel situation was at an “irreducible minimum,” the WBAN analysis 
center would have to fi nd more people.17 Upon further consideration, Fulks 
recommended that the Weather Bureau supply one additional person to work 
on the tendency computations and ask the military services to each provide 
one additional enlisted man. To this end, he suggested submitting a proposal 
to the Joint Meteorological Committee (Joint Chiefs of Staff) subcommittee 
that coordinated meteorological services.18 However, when this request came 
up for review, the Air Force and the Navy declined to participate because the 
WBAN was not supposed to be used for “research projects.” Therefore, the 
Weather Bureau assigned an employee from outside the WBAN to perform 
these calculations.19 In fact, the tendency computations were not exactly 
a “research project” and the decision to make them came from within the 
WBAN, and not from an outside organization. So while both the Air Force 
and Navy were sponsoring the Meteorology Project, decision makers some-
where in those organizations considered a technique under evaluation to be 
research and hence unworthy of additional personnel support. The research 
and operational arms in the military services were probably not communi-
cating effectively.

In late March 1951, the Princeton group submitted a progress report encom-
passing the period since 1 July 1950. It did not include the ENIAC expedition 
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results, since Charney, Fjørtoft, and von Neumann had published them in 
Tellus.20 However, the project members did report that the computations had 
been suffi ciently good to confi rm the usefulness of numerical methods for 
weather forecasting, although grid coarseness had most probably obscured 
model errors. They intended to rerun the computations with a fi ner mesh 
grid on the new Princeton computer. The new machine would require a mod-
ifi ed program and recalculation of the stability criteria—von Neumann had 
accomplished both tasks. Moreover, George Platzman and Weather Bureau 
statistician Margaret Smagorinsky (wife of Joseph Smagorinsky) had com-
pleted the coding in December and were ready to run forecasts from actual 
and idealized situations as soon the computer was available. The ENIAC runs 
had demonstrated that conventional map analysis and subjective inter-
polation of grid values were not good enough for numerical computation. 
Therefore, George Platzman and Margaret Smagorinsky would also work on 
an objective analysis technique and the accompanying programming for 
the new machine.

The group had also spent a considerable amount of time “re-tooling” for 
three-dimensional forecasts, trying a variety of approaches that could poten-
tially yield better results. While the two-dimensional models were helpful 
for understanding the atmosphere’s physical nature, they had limited fore-
casting applicability. However, like all experimental models, these early ver-
sions of the three-dimensional models soon proved inadequate as well, and 
so project members looked ahead to creating a solution of the general three-
dimensional equations. Von Neumann and Charney were actively investi-
gating the best techniques for handling them.21

Even without the new computer, the project had continued to expand its 
efforts beyond its fi rst simple barotropic model. However, team members 
would not be able to advance without additional computer runs.

ENIAC to the Rescue—Again

In April 1951, the Meteorology Project members were ready to run their 
latest models, but the IAS computer was still not operational. Once again, 
Weather Bureau leaders made the initial overtures to Army Ordnance to 
arrange for computer time and quickly passed the affi rmative response on 
to John von Neumann.22 But while the Army had not charged for computer 
time during the fi rst ENIAC expedition, this time the project would have to 
pay $800 for each 24-hour day of use because the Bureau of Ordnance’s bud-
get no longer had suffi cient funds to cover runs for outside agencies.23 Von 
Neumann worked on getting the necessary additional funds from the ONR.24 
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The time it took to arrange a transfer of funds from the ONR to the Bureau of 
Ordnance further delayed the arrangements.25 Yet if von Neumann and the 
project members were frustrated by this delay, they did not so indicate in 
their correspondence.

Justifying the project’s need for time on the ENIAC, von Neumann advised 
the ONR that Charney and Rossby were jointly planning the second set of 
ENIAC runs. Not only would they be testing model effectiveness, Charney 
and Rossby would be investigating a number of theoretical ideas that were 
related to research questions concerning the zonal westerlies and the devel-
opment of blocks. Studying idealized fl ows, they wanted to fi nd out the 
kinds of interactions that would occur between fi nite-amplitude waves and 
mean zonal fl ow. Charney and Rossby also wanted to explore how kinetic 
energy from a solitary wave dispersed, depending on whether it was con-
nected to an unstable or a stable zonal current. They wanted to know the 
circumstances under which an atmospheric jet changed from one that wid-
ens gradually to one that widens rapidly.26 This second ENIAC expedition 
would allow Charney and Rossby to extend their ideas about the usefulness 
of numerical methods to theoretical as well as practical meteorology.

The ENIAC run was scheduled for the end of May. Project members had 
not made any fi nal decisions on which models they would test, but they 
had determined that their overarching purpose would be to study the non-
linear interactions of systems in hopes of gaining a better understanding 
of observed atmospheric phenomena. Charney posed a series of questions 
about the behavior of perturbations in zonal fl ow as related to perturba-
tion wavelength. Although the group agreed with Rossby and H. L. Kuo that 
they should try to discover properties of the general circulation that could 
be explained barotropically, they were convinced that the models they had 
been using were too restricted and possibly physically unsound.

No matter what they decided to run, available computer time would be 
limited. Charney hoped for a minimum of 14 and a maximum of 24 inte-
grations, given their allotted three-week time slot and assuming 90 percent 
machine effi ciency. Considering the machine problems they had encoun-
tered during the fi rst expedition, there was no guarantee that this series of 
computer runs would be any smoother, and hence the number of completed 
runs might not be as great as they had hoped.

Army Ordnance had promised them the ENIAC starting 28 May, but it 
soon appeared team members could not have it until after 30 May. That 
meant they would be working at the proving ground until after 15 June. 
Neither Jule Charney nor Bert Bolin could stay that long, so Charney sug-
gested that George Platzman, former team member John Freeman, and 
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Platzman’s doctoral student Norman Phillips all come down to Aberdeen 
from Chicago for the runs.27 Since too many people might lead to confusion, 
Charney proposed that they rotate in and out of Aberdeen from Princeton. 
Those left in Princeton would work on analyzing the results or revising the 
models as required. Norma Gilbarg, one of the project’s “computers,” would 
perform hand calculations in Aberdeen. Joseph Smagorinsky and Thomas 
Davies would also be available to work in Aberdeen.28

The delay ultimately caused considerable scheduling confl icts. After dis-
cussing the matter with Charney, Platzman and Phillips developed a plan: 
they would leave Chicago for Princeton to arrive on 21 May. After complet-
ing some preliminary work, they would return to Chicago, and then head 
east to arrive in Aberdeen on 4 June. The participants’ personal calendars 
became stumbling blocks when coordinating the next round of model runs. 
Everyone had someplace else to be: Freeman was scheduled to give a paper 
in Los Angeles, Phillips had to return to Chicago for his convocation, and 
Platzman was obligated to attend a wedding. Platzman thought he could 
manage the last week in Aberdeen with Joseph Smagorinsky, Davies, and 
Gilbarg.29 Von Neumann would be in Los Alamos during this second run.30 
Despite these diffi culties, the second expedition moved forward.

Results proved mixed. In mid July, Charney (visiting the University of 
Chicago) advised von Neumann (still in Los Alamos) of the second expedi-
tion’s fi ndings. ENIAC and IBM equipment failures adversely affected their 
operations during their last week in Aberdeen. In four weeks, they had com-
puted 70 time steps for four different models. Charney estimated a 41 percent 
operational effi ciency—considerably lower than the estimated 90 percent. 
Machine failures cost 40 percent of their time; programming errors another 
19 percent. Nevertheless, there was positive news. The model run had con-
tained wave perturbations on a west-to-east zonal current featuring a jet-like 
structure. Perturbation energy was fed into the mean current for two of the 
models and withdrawn from the other two, giving results that qualitatively 
matched their preliminary calculations. Charney and Smagorinsky worked 
up the theoretical analysis of the results, and Bolin wrote up the barotropic 
tendency calculations. By July 1951, Charney and Bolin were looking for an 
appropriate journal in which to publish their results.31

■ ■

■ ■

After earlier toying with the idea of remaining in the United States after a 
fall of teaching in Stockholm, Rossby had decided to stay in Sweden perma-
nently, determined to establish an International Meteorological Institute. 
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Initially, in the early 1950s, Rossby’s institute was a small affair. Rossby, ever 
dreaming grandly, had envisioned a larger organization; however, since he 
would be setting it up “without an angel [a major patron],” he settled on 
starting with a smaller group. This proved a benefi t to the Princeton group: 
able to support fewer researchers at the institute than he had anticipated, 
Rossby could spare some of his people to work elsewhere. But lack of suf-
fi cient funds also meant that Charney might not receive anticipated assis-
tance from the Stockholm group.

As an interim measure, Charney proposed that von Neumann appoint 
Arnt Eliassen—who had been the fi rst member of the Scandinavian Tag 
Team at the Meteorology Project—to the IAS staff on a part-time basis. Then 
Eliassen could shuttle between Princeton and Stockholm while being paid 
full-time by the IAS. Charney needed Eliassen. “Half an Eliassen,” he told 
von Neumann, “is better than two non-Eliassens, and far better than no 
Eliassen.”32

Charney was not sure about Rossby’s plans, other than that he intended 
to teach in Chicago during spring term 1952. He also knew that Rossby had 
been trying to secure endowment funding from the Munitalp Foundation, 
a New York-based organization supporting basic meteorological research.33 
However, that possibility was fading rapidly. If Rossby’s group failed to 
obtain Munitalp money, Charney suggested that they might want to apply 
for the funds on behalf of the Meteorology Project. Rossby, always on the 
lookout for meteorological research funding, liked this idea, and expressed 
his willingness to intercede on their behalf.34

The project’s ability to evaluate the impact of the jet stream got a huge boost 
in summer 1951. It was then that Joseph Smagorinsky succeeded in fi nding a 
way to solve the partial differential equation governing the infl uence of con-
tinental topography and friction on a jet-like westerly current. His discovery 
meant the team now would be able to evaluate the effects produced by dis-
placement and intensity changes in the zonal jet stream. The Princeton team 
also thought topography-infl uenced perturbations would localize centers of 
action in the upper atmosphere. This would provide a way to introduce heat 
sources and sinks into their models, as well as large-scale turbulent stresses 
responsible for variations in the mean jet stream structure.

Meanwhile, Charney had been working on a theoretical investigation of 
the mechanism which transfers angular momentum and kinetic energy in 
both barotropic and baroclinic wave systems. He found that both stable and 
unstable baroclinic perturbations increased zonal kinetic energy. Charney 
had examined four barotropic cases. In each one, he had found a net increase 
in momentum in the middle latitudes.
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The British Meteorological Offi ce (BMO) had also been looking at the 
quasi-geostrophic advective model and had found it wanting—as had the 
Princeton group. However, when they included the vertical advection of 
entropy in the calculations, the results agreed with observations. BMO per-
sonnel had shared these discoveries with Charney during his late-summer-
of-1951 tour of European institutions conducting research on numerical 
weather prediction, and Charney had heard similar comments from other 
groups. Therefore, the Princeton group concluded that it would take the 
integration of the complete three-dimensional quasi-geostrophic model 
to produce a major improvement in forecasting. They decided to turn their 
efforts toward programming this model for the Princeton machine. Rossby’s 
Stockholm group would do much of the preliminary testing and the synop-
tic analysis.35

Charney continued to be concerned about the “fog of criticism” that had 
begun to settle around their numerical efforts, and fi rmly believed that they 
needed to lift it very quickly. Writing to Rossby in fall 1951, Charney opined 
that the heart of the criticism stemmed from the Meteorology Project’s reluc-
tance to embrace the baroclinic model. Charney thought that if they stayed 
with the so-called two-dimensional or 2½-dimensional baroclinic models 
they would end up with the same inconclusive results they had seen from 
the barotropic models. Granting that there was still much to learn from 
these models, he greatly feared a loss of priority to other numerical predic-
tion groups who were just then starting to work on them. If the Princeton 
group did not move into three-dimensional modeling soon, they could fi nd 
themselves overtaken by other groups.

As Charney began to think about a question von Neumann had raised 
about the number of different weather parameters they were considering as 
data, he had an epiphany: the team was not including that many different 
weather elements in their model, so the new Princeton computer would be 
able to handle the three-dimensional problem. At that point, project mem-
bers decided to start immediately on programming the three-dimensional 
baroclinic model for the new machine. They soon discovered that poten-
tial temperature was a better coordinate than pressure—which Rossby had 
told Charney some time before, but the latter had “pooh-poohed” the idea. 
Charney now asked Joseph Smagorinsky to fi nd the appropriate equation. 
They found potential temperature worked better conceptually and com-
putationally than using pressure or height as the dependent variable. Then 
they found out that Weather Bureau meteorologist Frederick G. Shuman had 
done his thesis on a related topic. Wexler sent Shuman to visit the Princeton 
group, but persistent personnel shortages at the Weather Bureau  complicated 
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matters; Shuman was unable to follow up on his ideas because he had been 
assigned to be a tornado forecaster.36

Although it might appear that the team’s programming diffi culties were 
mostly technical, some physical concerns remained. One of those dealt with 
how to treat the tropopause—the isothermal layer between the top of the 
troposphere and the bottom of the stratosphere. If they treated this layer 
as a discontinuity, handling the resulting boundary conditions could be a 
signifi cant challenge. If the team considered the tropopause to be isentropic 
(i.e., of constant potential temperature), the boundary conditions would be 
easier to address. However, the tropopause was not always isentropic. After 
considering their options, team members decided to assume that it was not 
a discontinuous layer.

The project’s major predicament was having too few people to perform too 
many tasks. With Joseph Smagorinsky spending all his waking hours on his 
dissertation, Charney and Phillips were doing most of the work. They desper-
ately needed synoptic help, but instead found themselves with more math-
ematicians. The Bureau of Standards had loaned them a mathematician who 
had been a huge help on some mathematical problems involving the inver-
sion of matrices. He had asked to join the group, but Charney thought bring-
ing in yet another mathematician was akin to “carrying coals to Newcastle.” 
Eady had proposed sending his student Andrew Gilchrist from the United 
Kingdom, an offer that was quickly accepted. Norman Phillips was working 
out “splendidly,” for which Charney was very glad.37 Working at Chicago 
on stability, Platzman had discovered that misconceptions could arise if one 
considered the shape of the mean-fl ow velocity profi le as the only control-
ling factor for stability. After modifying his approach, he had to set aside the 
calculations on which he and Phillips had worked so hard.38

By late 1951, the group’s size remained desperately small and almost 
unable to function. Only two meteorologists (Norman Phillips and Joseph 
Smagorinsky), a coder, and Charney were working on the project—too few to 
tackle awaiting tasks. They spent most of their time programming models for 
the new computer, which was now “physically complete.” They broke this 
large task into several parts as they concentrated on choosing the most advan-
tageous variables for the vertical coordinate in three-dimensional space, the 
appropriate grid spacing, and the optimum upper boundary layer.39

Across the Atlantic, life was very busy at the nascent Institute of Meteorology 
as its staff members—a team composed of Europeans from several coun-
tries as well as American civilian and military meteorologists—prepared 
their own attack on the problem of numerical weather prediction in early 
January 1952. A detailed mid-January letter from Bolin fi lled Charney in on 
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the  latest news from Stockholm. He assured Charney that Rossby still “loved 
him” even though he had not yet answered his last two letters. The Institute 
had an uncertain fi nancial base, and Rossby was focused on administrative 
concerns. The Stockholm team members, however, had been busy making 
tendency computations for Europe and the eastern Atlantic—the same sort 
of computations that the Meteorology Project had made a couple of years ear-
lier for the United States—and they would be publishing the results in Tellus. 
Team members were trying out a variety of modeling scenarios. Eliassen and 
William Hubert—a US Navy aerologist studying with Rossby—were applying 
the barotropic computations to the blocking cases and attempting to fi nd 
the reasons behind any errors. Meteorologist Karl H. Hinkelmann was work-
ing on the three-dimensional model, but would be returning to Germany in 
just a few days. Icelander Snorre Arnasson was attempting to forecast surface 
pressure changes using his own technique. Ernst Kleinschmidt was exam-
ining potential vorticity in a scenario over the United States. Phil Clapp of 
the Weather Bureau was making barotropic computations for fi ve-day mean 
maps. US meteorologist Chester Newton was performing a detailed analysis 
of the jet stream. Bolin was considering the possibility of using a very large 
grid to forecast the large-scale fl ow pattern. He had determined that one had 
to ascertain a good initial fi eld and then compute mean values so that the 
few points available were representative. Bolin was also working on a simple 
three-dimensional model—one with three vertical points—but was not yet 
ready to discuss it.40 In short, Rossby’s institute was making good progress on 
numerical model development.

A week or so later, Bolin wrote again. He was anxious to avail himself 
of an opportunity to go to Princeton at the end of the spring term (1953) 
and stay until January 1954. With the Swedish Air Force’s computer BESK 
(Binär Elektronisk Sekvens Kalkylator, meaning Binary Electronic Sequence 
Calculator) being built in Stockholm, he wanted to get up to speed on pro-
gramming fl aws by working with the Princeton group. He also wanted time 
to visit Chicago, Woods Hole, and MIT (partly because he wanted his new 
bride to see something besides Princeton). Since his last visit with Charney, 
he had been working on two- and several-parameter models and had almost 
fi nished a paper on the latter. He closed by saying that Rossby hoped to place 
Phillips in Bolin’s position in Stockholm.41

The “air mass mixing” of personnel between the United States and 
Sweden—and between Princeton and Stockholm, in particular—acceler-
ated after Rossby established his new International Meteorological Institute. 
Rossby’s Stockholm group had previously been occupied with conduct-
ing small-scale studies for the personnel-defi cient Meteorology Project. But 
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by late 1951 the Stockholm group had begun its own work on numerical 
weather prediction, focusing on eastern Atlantic and western European data. 
With Rossby arranging the movement of meteorologists across the Atlantic 
in both directions, the Princeton group’s numerical techniques were being 
aggressively extended and applied outside the United States.

“Johnniac”: Alive and On Line

The project’s quarterly progress report released in late March 1952 announced 
a major turning point for the Meteorology Project: the IAS computer—
 nicknamed “Johnniac” by some—was fi nished at last. With this milestone, 
reached 5 ½ years after the project’s stumbling beginning, Charney and his 
team at last turned their attention to using the machine. Although they had 
considered using their three-dimensional model to test the new computer, 
they opted to run the older barotropic model fi rst because they already had 
experience with it. This time they intended to vary the grid size, the time 
intervals, the relaxation methods, and the numerical storage specifi cations. 
The team also planned to use two-dimensional models incorporating essen-
tial barotropic features.

During the fi rst run, the team members had an important practical insight: 
it made more sense to have the machine check itself and stop when it had 
made an error than to check the output for accuracy at the end of the run. They 
also streamlined their input technique and found a way to reduce round-off 
errors. Using the fi rst few integrations of each run to locate machine errors, 
they would correct the offending program code and run it again. However, 
during this initial testing stage they did not attempt to draw conclusions from 
the resulting forecast because of the high probability of error.42

Rossby had been in the United States from January until April 1952, but 
unable to visit project members in Princeton. In a written report, he told 
them to watch for the needed analyzed maps that were en route via the US 
Embassy. Eady had joined them in Stockholm and had given an excellent 
seminar on the 2½-dimensional model. But since BESK was not yet ready, 
they could only test it with tendency calculations—the same method the 
Princeton team had used before the ENIAC trials. Finnish meteorologist Lauri 
Vuorela was visiting for a couple of months, studying atmospheric deforma-
tion fi elds. Rossby was trying to fi nd a mathematician who was trainable in 
meteorology to help them as soon as BESK was ready, and had already identi-
fi ed a possible candidate.43

With progress being made in Stockholm, Rossby wanted Charney to come 
for a visit so they could share ideas. The frantic pace in Princeton, however, 
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meant that Charney would have no chance to escape. Besides, until he had 
new products to show from the IAS computer, Charney did not think it 
worthwhile to make the trip.44 Rossby understood the inadequate staffi ng 
situation facing the Princeton group. He suggested that Charney add both 
Chester Newton and his meteorologist wife, Harriet, to the team to provide 
help on the synoptic side. After a year of dealing with theory in Stockholm, 
the Newtons could be a considerable addition to the project. Rossby sug-
gested that they keep Danish meteorologist Ernest Hovmöller in Princeton 
until the Newtons returned to the United States. Hubert was working with 
Eliassen and could be assigned to Princeton upon his return. A Navy offi cer, 
he had suffi cient “charm and tact” to blend in with the Princeton group 
without bringing a “military atmosphere.” But as far as theoretical meteo-
rologists went, Rossby had no one to recommend: he found the situation 
in the United States rather desperate. There was no one at the University of 
Chicago. Rossby also thought that Starr was educating his MIT students in a 
way that did not match Charney’s requirements in Princeton. Hinkelmann 
might be a possibility. Rossby offered to bring him to Stockholm for “inspec-
tion” and determine if he would be a suitable addition to the Meteorology 
Project.45 More than 5 years after the end of World War II, the dearth of 
 graduate-trained meteorologists in the United States remained acute.

Harry Wexler visited the Princeton group in mid May for a briefi ng and 
a demonstration of the new computer, which was one-tenth the physical 
size of ENIAC. When working correctly, it could compute a 24-hour forecast 
in 3 hours. Von Neumann was postponing a dedication ceremony until he 
was sure all the “bugs” were out of it. Wexler reported back to Reichelderfer 
that Charney’s primary concern remained the lack of personnel, especially 
synoptic staff, not funding. The Weather Bureau had been providing analy-
sis assistance via WBAN for quite a while, but the increased need for anal-
ysis assistance had stretched the bureau to the limit. Namias’s extended 
forecasting section was lending a hand when it could, but it had few slack 
periods. Smagorinsky had completed his PhD and wanted to return to the 
bureau, turning down a position with the Air Force’s Geophysics Research 
Directorate. He hoped to introduce electronic computer techniques to fore-
casters. Closing his report, Wexler wrote: “I am quite impressed by the prog-
ress shown by this group and feel that continuation of this progress will go 
far to promote the science of forecasting.”46

Having discussed the Meteorology Project’s progress, Weather Bureau 
leaders realized that numerical methods would soon shift from research 
to operations. Reichelderfer recognized their budget forecasts needed to 
include funding for numerical weather prediction—earmarks for  computing 
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and accompanying ancillary equipment, as well as personnel training. The 
bureau wanted to be “in the forefront in its readiness to adopt improved 
techniques” by having its employees trained well in advance of operational 
implementation.47 Since the bureau had long been criticized for being behind 
the times, there is little doubt that, with all the publicity and media hype sur-
rounding computer forecasting, Reichelderfer wanted to be ready to move 
ahead with numerical prediction as soon as it was operationally feasible.

In Sweden, the Stockholm group—having held a conference in early 
May—reported increasing interest in numerical techniques. The Deutscher 
Wetterdienst (German Weather Service) had reported on its proposed attempt 
to compute a three-dimensional tendency fi eld by using ten vertical grid 
points. Fjørtoft had introduced a graphical technique whereby one could pro-
duce a 24-hour forecast in about 3 hours. Conference attendees had strongly 
supported the prompt introduction of this method to forecast centers. All 
had been very curious about the status of the Princeton computations, but 
understood that team members were busy addressing computer problems. 
The Stockholm group very much wanted to hear the latest news as soon as 
Charney or Smagorinsky had time to write.48

■ ■

■ ■

During the fi rst few months that the computer was fully operational, the 
Meteorology Project’s members concentrated on testing the barotropic model 
at the 500-mb level. To adequately test a variety of three-dimensional models, 
they chose to use the same highly baroclinic scenario for each run: the historic 
24–25 November 1950 storm over the eastern United States (fi gure 6.1). New 
York City’s predicted weather had been for occasional rain and wind followed 
by some snow. What they got was hurricane force wind and rain, followed by 
ice and large amounts of snow. Almost 300 people died in 22 states, and dam-
age was estimated to top $400 million. As a New York Times editorial mused 
a couple of days later, “if such a thing had occurred in Russia the Weather 
Bureau would probably now be on its way to Siberia.”49 Because forecasters’ 
predictions for this systems had been spectacularly wrong—a “bust”—the 
Weather Bureau had compiled extensive documentation. Therefore, this sce-
nario was a logical choice to see how well the computer runs would compare 
with observed data. The November 1950 storm was also interesting because 
its rapid development involved conversions of potential energy to kinetic 
energy—something that models would have to be able to handle effectively 
if numerical weather prediction were to become operational. Models that 
could only predict run-of-the-mill low-pressure systems moving across the 
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continent would not be a signifi cant improvement over what experienced 
forecasters could do without computer assistance.

In spring 1952, project members decided to compare two models, the 
equivalent barotropic and a simple baroclinic, against a barotropic model. 
The barotropic model only predicted fl ow at the 500-mb level because it 
contained no vertical structure. And since this model did not make poten-
tial energy available for conversion to kinetic energy, it could only predict 
a redistribution of initial kinetic energy. The equivalent barotropic model 
would serve as the control. When the computer operated at full capacity, the 
24-hour forecast required a run time of only 90 minutes—10,000 times faster 
than a person doing the same calculations with a desk calculator, which 
would take 8 years of 40-hour weeks and provide a very old hindcast of dubi-
ous value. An increase in program effi ciency could reduce the 24-hour fore-
cast run time to 10 minutes. In all, the team made twelve runs: six 12-hour 
and six 24-hour barotropic forecasts. As expected, the barotropic model did 
not fully predict the storm’s extremely rapid and intense development. The 
group decided to overcome this by creating a simple baroclinic model that 
would take the three-dimensional character of the atmosphere into account. 
Consisting of barotropic layers at 700 mb (10,000 feet, 3,000 meters) and 
300 mb (30,000 feet, 9,000 meters), they reduced the time step to 30  minutes 

Figure 6.1
The 1950 Thanksgiving holiday storm that dropped these large snowdrifts in 

Massillon, Ohio, continued to the East Coast and strengthened, catching forecasters 

by surprise. (courtesy of Collection of the Massillon Museum)
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to avoid computational instability. At full speed, the computation time 
was 2½ hours for a 24-hour forecast. Since the machine typically ran at half 
speed, it took 5 hours. As was hoped and expected, the baroclinic model per-
formed better than the barotropic model with the 24-hour forecast, showing 
less degradation from the 12-hour forecast. The group was thus encouraged 
that the baroclinic model might give reasonably good forecasts out to 36 or 
even 48 hours. Because the two-layer model included a vertical component, 
it could also predict cloudiness and precipitation, which depend on rising 
air. The team members concluded that the baroclinic model output agreed 
fairly well with the observed atmospheric state.

The two-layer model was only a small step on the path to operational 
numerical weather prediction, not the destination. Because the two-layer 
model could not account for horizontal variations of static stability, the 
team members would need to create a model with at least three layers. This 
would entail overcoming many theoretical and programming diffi culties, 
and making simplifying assumptions that would allow the team to develop 
computer-solvable equations. Once the team members had completed the 
programming, they had to await the arrival of a magnetic drum that would 
provide the additional memory needed for coding and running the model. 
Eventually, they hoped to include frictional effects at the earth’s surface, 
non-adiabatic (heat-exchange) effects, and large-scale orography.50 Although 
it had only taken a few months to advance their model from the barotropic 
version to a simplifi ed baroclinic version, the dream of including major fric-
tional and thermodynamic effects in atmospheric models would not become 
a reality until the late twentieth century—when computer capacity was suf-
fi cient for such a task. With each new generation of computers, the models 
would advance, albeit slowly.

How did the model output stack up against the prognoses produced by 
experienced forecasters? Although project members had not made detailed 
comparisons, the model output and hand-produced prognoses appeared 
to show comparable accuracy. They thought subjective forecasts had not 
improved in the previous 20 (or even 50) years—a widely held opinion 
among meteorologists. Although model output was not yet superior to sub-
jective forecasts, at least the models could be improved incrementally as 
theory, mathematical techniques, and computing power advanced. Due to 
the project’s work, efforts at numerical weather prediction were expanding 
around the world as the Swedes, the Norwegians, the Danes, the Japanese, 
the British, and the Germans conducted related research. By 1952, prototyp-
ical techniques for numerical weather prediction had gained the respect of 
meteorologists of all backgrounds. They accepted that scientifi c gains could 
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only come from the application of computerized numerical techniques. 
Without them, potential advances made possible by increased surface and 
upper-air observations would come to nothing because the overwhelming 
amounts of new data could only be digested by electronic computers.

Additional efforts in anticipation of operational numerical weather pre-
diction included pursuing aspects of general atmospheric circulation related 
to longer-range forecasting. Team members studied the infl uence of large-
scale longitudinal asymmetries in heating on the mean seasonal fl ow pat-
tern, showing that heating differences demonstrated the most important 
effect on normal lower tropospheric patterns. They also examined the role 
of unstable baroclinic disturbances in maintaining the energy balance. That 
study indicated that large-scale baroclinic disturbances converted suffi cient 
potential energy to kinetic energy to balance the loss of energy due to fric-
tion, and at the same time transported enough heat poleward to balance the 
net radiation loss.51

Despite a chronic personnel shortage, the Meteorology Project was still 
able to make signifi cant gains between the fi rst ENIAC expedition and the 
period just following their tests on the new Princeton machine. Project 
members tried models, comparing their output against analyzed data, and 
modifying them for the next run. They examined barotropic and baroclinic 
models along with models in two, two and a half, and three dimensions. 
But as Rossby had long maintained, to sell the meteorological community 
on the effectiveness of numerical weather prediction, and simultaneously 
advance model development, the project members would need to put their 
models on the line—the one line that mattered, the operational line.

The Air Force Re-Engages: Thompson on the Move

While Jule Charney and his group had been sorting out ENIAC results at the 
end of 1950, Philip Thompson had been preparing for an early 1951 trip to 
Europe. The purpose, in his own words, was “to establish scientifi c contact 
with several meteorological institutes in Western Europe, observe research in 
progress at those institutions, estimate their capacities to expand the scope 
and scale of their present research programs, and if it appears desirable, to 
initiate such preliminary negotiations as are necessary to arrange for partial 
subsidization of research in meteorology and weather forecasting.”52

Why was Thompson making these contacts? Because he had convinced the 
Air Weather Service that there was not enough research capacity— manpower 
or facilities—in university meteorology departments in the United States to 
fulfi ll the Air Force’s needs. The demands of Navy and Air Force research 
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 contracts had so stretched the capacity of American meteorology depart-
ments, in his view, that a national emergency would fi nd them with insuf-
fi cient faculty and staff to meet mobilization-driven training. Therefore, it 
was important to assess opportunities to expand their research contracts to 
western European countries.53

Writing to his contact stationed with the US Air Forces in Europe (USAFE), 
Ramstein, Germany, Thompson further explained that he needed to fi nd 
out what European meteorological institutes were doing so that he could 
work toward “meshing” the Air Force’s meteorology research program in the 
United States with those of his western European counterparts. He wanted 
to “see where a few hard US dollars would do the most good.” Therefore, 
Thompson planned to visit the British Meteorological Offi ce and the “Brunt 
school” (Imperial College) in the United Kingdom, the Oslo Institute, the 
Stockholm Institute (Rossby), and fi ve German institutes.54 He informed 
Arnt Eliassen that the “[main] purpose of this trip and of my visit to you 
is simply to get a general idea of the sort of problems which preoccupy the 
European meteorologists and to absorb something of their viewpoint.”55

At each stop on his European tour, Thompson analyzed staffi ng, workload, 
funding, and personnel available for contract research. Thompson also pon-
dered the legality of using a host nation’s funds for facilities and US funds for 
research. He wanted to determine if this arrangement would be legally and 
practically possible before requesting formal contract proposals.56

By spring 1951, the Air Force had established the Offi ce of Air Research 
to compete with the Offi ce of Naval Research for the hearts and minds of 
scientifi c researchers. However, the OAR was not in a position to fi nance 
basic research in the manner of the ONR, which was also moving toward 
funding more applied research. Therefore, Thompson advised his friend 
and colleague, Chankey Touart, a doctoral student at NYU’s Institute for 
Mathematics and Mechanics, that he should not expect the ONR to con-
tinue supporting the Institute’s mathematical research at its previous level. 
Thompson argued that the ONR had so taken advantage of its newfound 
freedom in 1946 to pursue basic research that it had “overshot” and reached 
an “untenable position.” No longer able to justify its research strategy to 
“Battleship Admirals,” the ONR was moving rapidly away from basic into 
applied research. In Thompson’s opinion, this move would affect support 
for meteorological and geophysical projects. Organizations desiring to pur-
sue basic research projects could improve their funding potential by disguis-
ing them as applied projects.57

Thompson left his post as Chief of the Atmospheric Analysis Lab at the 
Geophysics Research Directorate on 1 August 1951, spending the rest of the 
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year and into spring 1952 fi nishing his PhD at MIT. As Charney and his group 
were preparing to run models on the IAS computer, Thompson received a 
request from the Air Weather Service to submit his “dreamsheet” (preferences) 
for his next assignment. Thompson did not want to fi nd himself relegated to 
an operational post (in his case, a weather forecasting offi ce) after spending 
his entire career in research and development. On the contrary, he intended 
to take whatever steps were necessary to ensure his continued leadership in, 
even control of, the Air Weather Service’s program for numerical weather 
prediction. Therefore, he made clear in his response that to his knowledge, 
the Research and Development Command had already requested, or would 
shortly request, his assignment back to the Geophysics Research Directorate. 
As he pointed out, he had spent virtually his entire career in the Air Force 
working in research and development, and that certainly seemed to be the 
best use of his interests and abilities.58 However, Thompson must have been 
feeling less than fully confi dent of this assignment. Jumping his chain of 
command, he sent a query letter to Sverre Petterssen, Director of Scientifi c 
Services for Headquarters, Air Weather Service. Thompson and Petterssen 
had recently attended a conference on general atmospheric circulation. 
He told Petterssen that he had been thinking about how numerical predic-
tion could be exploited and wanted to make sure Petterssen understood his 
thoughts. (Thompson, showing that he wanted very badly to be reassigned to 
the Geophysics Research Directorate’s meteorological research arm, despite 
being an Air Force major, wrote directly to Petterssen—a clear breach of the 
command structure. Clearly, he had a direct supervisor—no one in any mili-
tary service is a “free agent”—and it was not Petterssen.)

In his letter, Thompson sought to persuade Petterssen that current numer-
ical methods already were producing forecasts equivalent to existing, tradi-
tional hand-drawn forecast maps. This was patently untrue. The prognoses 
popping out of the IAS computer were certainly meteorological (they had 
the curved lines and closed circulations one would expect to see on a weather 
map), but the models still did not handle rapidly changing systems well. 
The intensity and position of high-pressure and low-pressure areas were not 
accurate enough to use for forecasting without additional human-created 
meteorological products. However, had Thompson not made this claim, his 
argument for operational numerical weather prediction would have fallen 
apart. Meteorology Project members and their supporters would later make 
a similar argument to obtain necessary funding for operational numerical 
weather prediction. Nevertheless, numerical products would not be equiva-
lent to forecaster-drawn maps until the 1960s, and even then they met only 
a minimum threshold of acceptability.
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Continuing with the premise that the computer-generated weather maps 
were the equivalent of forecaster-produced maps, Thompson argued that 
because these numerical forecasts were completely objective, one would 
at least know where to look to determine why a bad forecast had failed. He 
anticipated that numerical forecasts would continue to improve as modelers 
found and removed errors. His own doctoral research, Thompson pointed 
out, was an effort to “weld together the mechanical and thermodynamical 
aspects of the prediction problem” and that in the future numerical models 
would predict temperature and vertical motion fi elds in addition to pressure 
and horizontal wind fi elds. When that time came, true objective weather fore-
casting would be at hand. Further, Thompson thought that waiting for some-
thing better was “psychologically untenable” for those working in numerical 
weather prediction. He argued that to sustain an operational organization for 
numerical weather prediction one would have to develop the models, build 
the equipment, fi nd suitable physical facilities, and secure well-trained spe-
cialists. Those specialists did not exist, at least not in suffi cient numbers, and 
would need to be trained. By Thompson’s estimate, if the Air Weather Service 
started immediately, 2 years would pass before they would be ready with an 
operational organization. Given the incremental progress in numerical meth-
ods, Thompson thought it was safe to pursue the creation of an operational 
center for numerical weather prediction immediately. It was a bold gambit, 
but entirely consistent with Thompson’s earlier career.

Thompson did acknowledge potential obstacles, especially a complete 
lack of trained manpower. Where could suffi cient numbers of people receive 
training in numerical weather prediction? Thompson maintained that 
the Princeton group should not undertake a training mission because it 
would detract from its research mission. Even at the Geophysical Research 
Directorate in Cambridge, only a few people were familiar with numeri-
cal techniques and the theory behind them. Unfortunately for the United 
States, he noted, virtually everyone who was active in the fi eld had come 
from Scandinavia: Eliassen, Fjørtoft, Einar Høiland, Bolin, and “of course 
Rossby.” (So, of course, had Petterssen.) Thompson’s suggestion was to “move 
Mahomet to the mountain”—that is, send people to Stockholm for training. 
Conjecturing that it would take Rossby at least a year to package a course of 
instruction, Thompson thought this alternative would work just fi ne, because 
it would coincide with the completion of Stockholm’s new computer.

Exactly what did Thompson want? He clearly wanted to go to Stockholm, 
even if it was not good for his career. (In most cases, accepting too many assign-
ments away from the operational forces reduces a military offi cer’s promo-
tion opportunities. Thompson had never really served in an  operational job.) 
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Timing this letter to reach Petterssen the day before he left for Scandinavia, 
Thompson asked Petterssen to intervene with Rossby on his behalf.59 The 
same day, Thompson sent a letter to Charney, enclosing a copy of his letter 
to Petterssen. He asked Charney to “show the letter to no one” and to discuss 
the contents only with Rossby. However, Charney was not supposed to let 
Rossby know that the contents came from his letter to Petterssen. “I am sorry 
to appear so conspiratorial about this,” Thompson continued, “but my posi-
tion would be extremely awkward if all the gory details were known to the 
people at Wright Field [the home of Thompson’s superiors].”60 “Extremely 
awkward” was a major understatement. Thompson’s very career could have 
been in jeopardy if his superiors had discovered that he was working behind 
their backs and outside the chain of command. He had to hope that Charney 
would not inadvertently expose his subterfuge.

Thompson’s letter to Petterssen had indicated that the time was ripe for 
pursuing operational numerical weather prediction. But in his letter to 
Charney, a disingenuously irate Thompson attempted to put Charney on 
the defensive over a perceived deception: that project members had not 
kept him fully advised of how close they were to implementing some sort 
of operational organization for numerical weather prediction. Thompson 
was accusing Charney of conspiring with others—presumably Rossby, von 
Neumann, the Navy, and the Weather Bureau—to keep Thompson from 
taking part in operational numerical weather prediction. Furthermore, 
numerous options no longer existed since so much progress had been made 
toward operational numerical weather prediction. In fact, just one appeared 
viable: a joint organization manned and funded by all the weather services. 
Thompson had opposed a joint venture, but upon realizing that a jointly 
manned and funded activity might form whether he wanted it or not, des-
perately claimed that he did not want to be left out. Of course, that was not 
what Thompson had told Petterssen, and Charney knew it. Thompson was 
trying to play on both sides of the fence and claim a spot with the victor. 
Hedging his bets, he told Charney he wanted to go to Stockholm. Would 
Charney, he asked, please pass that piece of intelligence on to Rossby?

A main point of Thompson’s earlier campaign against a joint operational 
unit had been to dispute an important assumption of the Princeton group: 
that to make an accurate prediction, numerical modelers had to address 
three-dimensional motions in the atmosphere. On the contrary, Thompson 
thought, it was possible to deal with baroclinicity in general by the “math-
ematical artifi ce” of vertical integration. Intending to visit New York after 
Easter (13 April 1952), he hoped to visit Charney to discuss his ideas further.61 
Such a comment suggests that Thompson was not seeing Charney every 
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“two to three weeks,” as he later claimed in recounting his recollections of 
the Princeton Meteorology Project.62 Indeed, it appears that Thompson was 
not in regular communication with the Princeton group. The next day, a 
still boldly calculating Thompson sent a letter directly to Rossby with this 
 opening paragraph:

We were in some hopes that you might turn up at the general circulation conference at 

MIT last week, but learned that you were returning to Sweden on Wednesday, nursing 

an incipient cold and otherwise worn by winter travel. (How you are able to withstand 

the pace of commuting between Chicago, Stockholm, and Princeton is a mystery 

deeper than the confl uence theory.) At any rate, since it is unlikely that I shall see you 

before your next visit, I felt that I should write to state my position as clearly as is pos-

sible under the present circumstances.63

Abandoning military protocol, Thompson pushed on: he told Rossby how 
much he wanted to join his Stockholm group. Thompson understood that 
Rossby might be concerned about a military person’s injecting “a com-
pletely alien outlook,” but wanted him to know that his only interest was in 
research, not in a series of administrative staff jobs. (Since William Hubert 
was already in Stockholm working with Rossby, and Daniel Rex had com-
pleted his PhD under Rossby in Stockholm, Thompson likely realized that 
his military affi liation was of no concern to Rossby, making his comment 
disingenuous.) Thompson declared that he was “looking forward to a visit 
to Sweden as a sort of preview of the meteorologists’ Valhalla (which I am 
sure must be somewhere in Scandinavia) where the ghosts of old heroes still 
mingle with younger warriors.” Thompson was less concerned with ghosts 
than he was perturbed that the forward movement in operational numerical 
weather prediction was a fait accompli and that nothing he did would affect 
the outcome. He was determined to go to Stockholm, no matter how that 
would be viewed by the Air Weather Service leadership.64

Nothing came immediately from Thompson’s exertions. He soon received 
a response from Petterssen, who was glad to know that Thompson agreed 
with him on “all essential points”—a fascinating statement, since Petterssen 
was the one in charge. Petterssen was expecting to see Rossby soon and told 
Thompson he would get back to him later in the spring.65 Rossby, mean-
while, had received Thompson’s “fl owery letter” and was not quite sure what 
he wanted. Surmising that Thompson wanted to join his group, Rossby told 
Charney that it was fi ne with him, but that he would talk to Petterssen, soon 
to arrive in Sweden.66

Thompson’s letters strongly suggested that he was very much interested in 
being a team player with the rest of the people working on numerical weather 
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prediction, that he really wanted to go to Stockholm to study with Rossby, 
and that he was willing to pull any strings possible to get what he wanted. 
Yet it seems evident that throughout most of his tenure at the Cambridge 
center Thompson had been actively seeking to steer Air Force meteorology’s 
research agenda. The trip to Europe by so junior a person to evaluate possible 
research contract opportunities, the astute assessment of research differences 
between the Air Force’s and the Navy’s research arms, the drive to secure an 
operational run of his models, and the behind-the-scenes, “don’t tell any-
one about this letter” maneuverings for his next assignment all point to a 
scenario that was not exactly what it appeared to be to any single individual 
involved with Thompson. But over the next few months, a very different 
scenario would be played out—not the “team player” scenario, but one that 
would quickly force the hand of everyone who had been involved in the 
Meteorology Project. Indeed, all of Thompson’s correspondence appears to 
have been a rather elaborate cover for what Thompson really wanted: a shot 
at controlling operational numerical weather prediction.

Who Would Control Numerical Weather Prediction?

While Thompson was making overtures to Rossby and Charney, Chankey 
Touart—Thompson’s replacement as Chief of the Atmospheric Analysis 
Laboratory of the Geophysical Research Directorate in Cambridge—was 
writing to the Commanding General of the Air Research and Development 
Command to propose the establishment of a Numerical Prediction Project 
(NPP) with Philip Thompson as its leader. Almost certainly, Thompson was 
behind this initiative.

Touart explained that two groups were working on weather forecasting 
using electronic computers: the IAS group (focusing on basic research and 
a thorough, systematic exploration of fundamental problems) and the 
Geophysics Research Directorate group (led by Thompson until the fall of 
1951, and focusing on applied research and concentrating on the develop-
ment of mathematical models and their exploitation with a more immediate 
concern for practical forecasting).

Work on numerical weather prediction had focused on the creation of “ide-
alized models” of the atmosphere that would be solvable by an electronic com-
puter. The Geophysics Research Directorate group had focused on a linearized, 
two-dimensional, adiabatic, quasi-barotropic model that assumed an average 
wind in the vertical, no energy input to the atmosphere, and that potential 
energy is only minimally converted into kinetic energy. Nonetheless, test runs 
had shown the model could produce a 24-hour forecast of 500-mb-level winds 
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commensurate with those produced by an experienced forecaster. The model 
broke down in cases that were more likely to cause a subjective forecast to bust: 
cases in which there was a new system developing.

Touart then described the IAS model as a “non-linear analogue” of the 
Geophysics Research Directorate’s own model. As far as he knew, once the 
members of the IAS team had evaluated their new computer, they planned to 
make forecasts based on a three-dimensional version of their model. Touart did 
not have much on which to base a comparison of the models, but he guessed 
“on physical grounds” that the IAS model would not produce results radically 
different from the GRD’s except that the IAS model would produce an actual, 
not an averaged, wind.

The Geophysics Research Directorate thus planned to introduce topo-
graphic effects, to prepare experimental 48-hour forecasts, and to use their 
current computing machines (then just coming into use) to create 24-
hour forecasts on a “production” basis (presumably meaning in real time). 
Thompson, Touart went on, was crucial to the success of this work: his cur-
rent research was focused on the “strong-development” problem, which 
appeared to have practical applications. Additionally, Touart suspected that 
Charney was ready to take the IAS project from experimental forecasting to 
operational implementation. Therefore, it would be of the greatest advantage 
to merge the operational and research arms of numerical prediction into one 
Numerical Prediction Project headed by Thompson, whose “background, 
capabilities and burning aggressiveness” were required for the “immediate 
success” of this project. Touart requested Thompson’s assignment back to 
the Geophysics Research Directorate to head up the proposed Numerical 
Prediction Project. In the meantime, Thompson would be assisting “unof-
fi cially” in getting that project established.67

Within a few days of Touart’s letter, the internal newsletter GRD Spectrum 
published a small article on the “pioneers” in the Atmospheric Analysis 
Laboratory, who would, “for the fi rst time in meteorological history, as far as 
we know,” produce an upper-level wind forecast by machine methods dur-
ing the forecast period. Lou Berkofsky, a civilian meteorologist working for 
the Air Force, would direct the running of Thompson’s model on real-time 
data. They hoped to have the forecast out 12 hours after the fi rst PIBAL (pilot 
balloon, used to obtain wind velocity aloft) report came across the wire.68 If 
Thompson had been surprised that Charney’s group was nearly ready to pur-
sue an operational venue, he certainly cannot have been in the dark about 
what the Atmospheric Analysis Laboratory was doing with his model.

Thompson maintained a low profi le about his involvement with the pro-
posed Numerical Prediction Project until early July 1952, when he began 
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sending out query letters to potential staff members. Since all the letters were 
essentially the same except for the opening personal paragraph, the one 
sent to Chester Newton in Stockholm serves as a good example. Thompson 
began by providing background information: several institutions in the 
United States and overseas, including the Geophysical Research Directorate, 
had groups working on numerical weather prediction. Unlike the other 
groups, the GRD had been “pursuing a long-range program” that would ulti-
mately move into semi-routine numerical predictions. It was now time to 
exploit and apply the methods that had been created. Thompson added that 
he believed Rossby would “attest to this.” (This comment must have been 
added for Newton’s benefi t, since it did not appear in the letter to a UCLA 
staff member: Thompson, wishing to connect himself to Rossby, was count-
ing on Newton to discuss the contents of the letter with Rossby.)

To speed up the process, the GRD planned to bring the research and opera-
tional meteorologists under one roof to facilitate a two-pronged attack on 
the problem. In case Newton might be wondering why the Air Force would 
choose to do this on their own, instead of jointly like the Meteorology Project, 
Thompson reassuringly declared that it would take 12–18 months just to get 
through all the administrative negotiations and hassles. Therefore, it seemed 
best for the Air Force to set up its own outfi t and “invite” people from other 
weather services to participate. The target date was 1 February 1953. After 
asking Newton about his interest in accepting an appointment, Thompson 
inserted a disclaimer that he had no offi cial status in relation to the project 
although it was “tacitly assumed” he would be its director. “Meanwhile,” he 
wrote, “I am acting as unoffi cial head of an almost non-existent project—as 
an entrepreneur, if you like.”69

Writing to Charney a week later, Thompson tweaked him for not respond-
ing to the accusation, leveled in his 31 March letter, that Charney was 
involved in some sort of conspiracy against him. Thompson then explained 
that his situation had changed, and discussed the GRD’s plans to establish 
the new research/operational project in Cambridge. He argued that the 
development and application of numerical methods would proceed most 
rapidly if all aspects of the problem could be attacked “simultaneously and 
under the same roof.” The “roof” that Thompson proposed covered the Air 
Force’s Geophysics Research Division in cooperation with the Air Weather 
Service. He listed four subsidiary aims: to develop, test, and evaluate new 
methods of numerical prediction; to devise high-speed computational and 
data-processing methods and equipment; to prepare and send numerical 
products on a “semi-operational” basis; and to provide experience to person-
nel who would then move to fi eld units.
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Apparently, Charney and Thompson had already discussed how a future 
operational unit might look, because Thompson made it clear that he knew 
Charney did not support having such work done by a single entity. However, 
if numerical weather prediction were handled only by the Air Force, there 
would be less bickering and they could get started that much faster. The new 
research group would include six people: Thompson, a civilian who would 
replace Thompson when he transferred, two meteorologists, and two junior 
meteorologists. But Thompson needed to fi nd some researchers to join his 
group. Did Charney know of anyone who would be available? In particu-
lar, he intended to sound out Phillips—already under contract to Charney’s 
group in Princeton—and hoped that Charney would not regard it as “pros-
elytizing.” And one last thing: Thompson wanted to know if Charney had 
any ideas about “inexpensive and effi cient computation devices.”70

Discerning Thompson’s vast ambition, Charney was livid. He telephoned 
Wexler—a relatively rare occurrence—and gave him the gist of Thompson’s 
letter. Charney insisted that he did not like the idea of cutting the Weather 
Bureau out of numerical weather prediction, in view of all the help it had 
provided over the lifetime of the Meteorology Project. Furthermore, Charney 
considered the bureau to be the federal meteorological service—not the Air 
Weather Service. He was sure that von Neumann was going to be “greatly 
disturbed” when he got the news. Petterssen obviously was involved, 
since the GRD and the Air Weather Service were establishing the new unit 
together. There were also rumors about forming a unit in Washington. That 
would mean four proposed units: one at Chicago, one at Cambridge, one at 
Princeton, and one at Washington.71

The very next day, Wexler was on a train to Cambridge to meet Chankey 
Touart and Helmut Landsberg (a climatologist who headed the Geophysical 
Research Directorate). Backpedaling, they denied that Thompson’s letter 
had any offi cial status—after all, he was simply an MIT student and not a 
GRD member. Touart did admit, however, that the letter was written with his 
knowledge. The descriptive points about the unit? They were from a memo 
Petterssen had sent to General Oscar O. Senter of the Air Weather Service. 
But the proposed unit was not nearly as pretentious as Thompson had made 
it out to be. It was just an extension of the small extant numerical weather 
prediction unit within the Atmospheric Analysis Laboratory. They planned 
to increase the number of employees to 24, and to use punch-card machines 
to fi nd “analytic solutions for a linearized model in 24-hour jumps.” At 
that point in the conversation, Wexler, Touart, and Landsberg called Jule 
Charney. When asked about the linear models, Charney maintained they 
were “hopelessly out of date.” Therefore, Charney believed it would be a 
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complete waste of time, money, and manpower to test them. Disturbed by 
this conversation and by its larger implications, Charney decided to call a 
meeting in Princeton. Thompson’s letter had brought the matter to a deci-
sion point, and it was necessary for representatives from all the weather 
agencies to gather and develop a plan. Landsberg thanked Wexler for bring-
ing the matter to his attention.72 If Landsberg’s comment was genuine, that 
Thompson and Touart had together jumped way past the chain of com-
mand on an offi cial matter was made clearer still. The situation had been 
bad enough when Thompson wrote directly to Petterssen to request his 
help in getting to Stockholm, but when Touart skipped past his immediate 
superior—Landsberg—and went directly to Air Weather Service with his pro-
posal, the potential for professional disaster and embarrassment had been 
greatly magnifi ed.

Wexler shared his more personal thoughts on selecting an operational 
model with Francis Reichelderfer. In military terms, they were walking 
through a minefi eld and would need to be very careful. The decision was 
being infl uenced by “strong ambitious personalities and presumably inter-
service rivalries.” It would be diffi cult to select any one model to be opera-
tional since each had its strengths and weaknesses. While the researchers 
may have been looking for some kind of perfection, the forecasters were 
looking for a product that would help them out in the near term. They would 
need to be careful. Any quick moves into operational numerical weather pre-
diction could discredit the entire concept even if “obsolete” models were the 
ones used.73

Charney recognized that there were not enough appropriately trained peo-
ple to staff several centers for numerical weather prediction : the long-run-
ning dearth of professional meteorologists remained troubling. If they did 
not work together, then they risked failing. Having worked together from the 
beginning, it was unconscionable for one group to engage in empire build-
ing while shutting out the people who had brought numerical techniques 
to the verge of operational status. In an unsuccessful attempt to bring these 
matters to Thompson’s attention, Charney’s response was extremely blunt: 
“I saw no reason for answering your earlier letter with its fantastic imputa-
tion of ulterior motivations. Conspiracies are foreign to my nature, besides 
they take too much time.” Continuing, Charney argued that it was unwise to 
shut out the other weather services. The Air Force, the Weather Bureau, and 
the University of Chicago were already establishing a program in Chicago 
that would be performing the same kind of work that Thompson was propos-
ing for the Geophysics Research Directorate. Charney did not think that the 
GRD was better equipped than any other to become an operational  center. 
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With so few qualifi ed meteorologists available, “if you succeed in obtain-
ing good meteorologists who are already trained in numerical forecasting,” 
Charney wrote, “will you not be robbing Peter to pay Paul? What is needed 
now more than anything, I repeat, is to train people.”74

Furthermore, Charney declared he was “astonished” that Thompson had 
not consulted with him or von Neumann about these plans. While they were 
not “building empires” at the IAS, they did have a one to two year lead on 
everyone else, and were glad to share their experience. Particularly irksome 
was that the GRD now provided half of the Meteorology Project’s funds: the 
IAS was openly competing with its own contractor. Charney made clear that 
Phillips was staying with the Meteorology Project—they had contracted 
with their funding agencies for 4 years just so they would have the long-term 
stability they needed to hire people and keep them.75

But Thompson seemed little dissuaded by Charney’s letter. On 1 August 
1952, he sent a letter to Bert Bolin in Stockholm asking him to join the GRD 
group. Bolin declined.76 So did Newton, who thought that any operational 
unit needed to be “joint.” Newton’s other concern was more fundamental: 
too rapid a move into operational numerical weather prediction could leave 
them with forecasts of lesser quality than were available by subjective, hand-
drawn techniques. If that happened, many people could be inclined to kill 
operational numerical weather prediction aborning.77 Morton Wurtele of 
UCLA was more interested in Thompson’s offer. Besides wanting to know his 
possible civil service employment grade, Wurtele was concerned about how 
he could get his work published if he accepted a position.78 Thompson clari-
fi ed for him that the purpose of the group would be to develop the theory 
on which numerical weather-prediction methods were based and to apply 
a theory that Thompson himself had just worked out.79 This inadvertently 
revealing comment suggests that Thompson had no intention of using any 
other group’s models in his new unit.

Later in August, Charney sent a copy of Thompson’s letter (minus the fi rst 
“conspiracy” paragraph) to von Neumann along with his comments. “This 
is empire building in its crudest form,” Charney wrote, clearly appalled that 
Thompson’s proposal had been made without consulting either the only 
experienced group working on numerical weather prediction or the Weather 
Bureau itself. At the same time, he realized that they were not going to be 
able to stop Thompson’s move into pre-operational research and training for 
numerical weather prediction.

The only thing to do, Charney believed, was counterattack. Numerical 
weather prediction was universal, just like other weather-related sub-
jects and undertakings, he argued. No single weather service should have 
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a monopoly. Just as the joint WBAN analysis and forecast center handled 
these tasks for all three weather services, so a similar venue should be cre-
ated for numerical weather prediction. They would need trained personnel 
to launch such a group, but there was nowhere to train anyone except “in-
house” because they were learning as they went along. Even with trained 
personnel, they would still need research and development on communi-
cations, data handling, and objective data analysis that could not really fi t 
under a basic research umbrella. In fact, Charney noted that such research 
did not belong to any one group or person. Although his Princeton group 
could train a few people, they really were not equipped to take on that task. 
An entirely new group—preferably located nearby—was needed to work 
with the original team members. Or they could set it up with the University 
of Chicago group, a joint venture under Petterssen’s direction. However, 
Petterssen appeared to be backing Thompson’s new unit—a group whose 
members had to be Air Force personnel. Although the Chicago group and 
the Weather Bureau were committed to continuing their close working rela-
tionships with the Meteorology Project, Thompson had given every indica-
tion that he would not maintain close ties to the Princeton team. Charney 
reported that Wexler was “equally indignant.” Charney clearly did not trust 
the GRD or Thompson. He strongly urged von Neumann to join him in tak-
ing the initiative to put operational numerical weather prediction in the 
“proper hands.”80

In his correspondence with Charney, Thompson just as adamantly 
maintained that the Air Force had the right to go it alone for military rea-
sons. Although now claiming the project was a “stop-gap” measure, in his 
opinion the necessity to support short-range military objectives meant it 
was  “neither necessary nor desirable” to set up a joint operational group. 
However, Thompson was willing to let the other weather services take part 
as long as the Numerical Prediction Project was not “too seriously affected 
by the attendant divisive forces.” Likening Charney’s version of the call 
with Wexler, Touart, and Landsberg to the “parlor game called Telephone,” 
Thompson maintained that Touart had told Charney that they intended 
to test a number of new models and not just Thompson’s. If so, then both 
Wexler and Charney misunderstood Touart, for both were convinced that 
Thompson’s new group would only test Thompson’s model.

In his subsequent response, Thompson backed away from his comments 
about training, implying that Charney himself had tried to put distance 
between the Princeton group and any operational venture. Knowing that was 
not the case, he promised to “belabor and besiege” Charney for assistance. 
He appreciated the offer of training assistance even while  commenting on 
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Charney’s “explosion,” which had come as “a surprise to everyone” when 
the topic had been discussed the previous week.81 Clearly this letter was not 
meant to invite cooperation.

Von Neumann and Charney, understanding the situation better and bet-
ter, did not wait to consolidate their position. They called a meeting for 
5 August 1952 in Princeton. Reichelderfer sent letters to the leaders of the 
Navy and Air Force weather services, asking them to attend because there 
was not much time before the congressional budget hearings. If they were 
going to plan for operational numerical weather prediction, they needed 
to develop their justifi cation. The letter included a discussion outline pre-
pared by the Princeton group—probably Charney under the circumstances, 
although that is not explicit in the letter—which set out four stages that 
needed to be addressed en route to operational reality: preliminary training, 
pre-operational research and development (objective analysis, communica-
tions analysis and development, forecast evaluation, deductions of weather 
from numerical forecasts of meteorological variables, derivation of small-
scale phenomena from large-scale predictions), and direct preparation for 
and operation of a numerical forecast service.82 An earlier historical account 
maintains that the meeting was called quickly because of concern over the 
budget hearings alone,83 but that is highly doubtful. Until Charney, Wexler, 
and von Neumann were confronted with Thompson’s brazen attempt to 
take the “joint” out of numerical weather prediction, there had been no dis-
cussion of having a meeting to provide ammunition for a budget hearing. 
In any case, the meeting would not have included everyone who had ever 
been concerned with numerical weather prediction if it were just a Weather 
Bureau concern. Clearly, Reichelderfer was undertaking a little ruse of his 
own to get everyone to Princeton and to force a decision to keep operational 
numerical weather prediction a multi-agency program.

Wexler represented the Weather Bureau. The Air Force sent representatives 
from the Air Weather Service, the Air Research and Development Command, 
and the Geophysics Research Division. Thompson was conspicuously absent, 
but Touart and Petterssen attended. The Navy sent representatives from the 
Offi ce of Naval Research and from Naval Aerology, Daniel Rex representing 
the latter group. Princeton staff members rounded out the attendees.84

After reviewing the progress made in numerical weather prediction, 
von Neumann made “inferences” based on what the Princeton group had 
learned. He assumed a general baroclinic model providing a forecast of at 
least 36 hours would be the fi rst practical forecast. He noted that there would 
be three basic steps to any such forecast (input, actual computing, and out-
put), the combination of which should take 12 hours to complete. When 



184 ■ Chapter 6

programmed for speed considerations, he anticipated the computations 
would take 4 hours. The other 8 hours would be tied up inputting the data.

Furthermore, von Neumann identifi ed two challenges to overcome: educa-
tion and technology. The fi rst was a challenge because there were very few 
people who had both synoptic meteorology and mathematics backgrounds to 
supervise and operate the program. With an intense program, he thought they 
could get people trained in about 3 years. Technology challenges included 
having a machine that was in “perfect condition” and in working order at any 
time. Petterssen noted that the machine would be “idle” most of the day, but 
that the “idle” time would be required for maintenance. Von Neumann envi-
sioned that one-third of the day would be devoted to preventive maintenance, 
one-third to test runs, and the rest for both operational and research runs.

Petterssen questioned the times for input, computation, and output. 
However, Charney thought they were being suffi ciently conservative for an 
initial attempt. Eventually they would be able to save time in the input and 
output sections.

Another discussion concerned geographic coverage for numerical fore-
casts. Von Neumann thought that available machines could cover the 
United States, but even that geographical expanse might be too large for 
the 36-hour forecast given memory limitations. If they extended the area to 
range from Japan to eastern Europe—a fourfold increase—then they would 
need a much larger machine. One might be ready in 5 years. Von Neumann 
argued that it would be best to show that numerical weather prediction was 
viable before requesting additional data that the models would require to fi ll 
gaps in coverage.

The Weather Bureau representatives (Harry Wexler and Joseph Smagorin-
sky) commented that it took 7 hours from data receipt to facsimile transmis-
sion of the prognostic chart with current subjective, hand-drawn methods. 
A question that remained unstated, but had probably occurred to everyone 
there, was “How does it improve the situation to take an additional 5 hours to 
get the product out?” Wexler reported that bureau forecasters valued numeri-
cal weather prediction for time periods beyond 36 hours because they could 
already produce accurate products for the 24–36-hour range. However, the 
general group consensus was that it was “too early” to lead people to think 
that longer range forecast reliability would be improved. Charney also argued 
that the barotropic forecasts, as then run, were not as good as a subjective 
forecast, but preliminary work on baroclinic models showed a promise of 
improvement.

The other major concern—training of personnel—also had to be addressed, 
and quickly. In its chronically undermanned state, the Meteorology Project 
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was probably not the best training venue. However, its members did have 
more experience than anyone else. Therefore, the project members were will-
ing to take in three trainees at a time. The attendees recommended that each 
of the three weather services send one person to Princeton to work with the 
project members. Those selected would need to possess most of the required 
qualifi cations: solid synoptic meteorology background, mathematics and 
physics expertise, and a limited need for a refresher course in meteorological 
theory. Others, including synoptic forecasters with some theoretical back-
ground or those with little or no meteorological knowledge, but solid in 
mathematics and/or physics, were thought to be best trained in a university 
setting. The University of Chicago had a program suitable for synopticians 
needing theoretical work. According to von Neumann, Chicago needed to 
attract more people from applied mathematics and physics into the program 
to ensure its long-term success. Petterssen noted that weather forecasting did 
not attract “many theoretical minded people,” but believed that as numeri-
cal forecasting became a stronger element, more of those kinds of people 
would be willing to join the discipline.85 At that moment, the Geophysical 
Research Directorate’s Touart introduced Thompson’s personal statement 
about his plan for a parallel group moving forward with a two-dimensional 
model. The statement refl ected the message sent to Charney, which had 
been the impetus for their current meeting. Thompson claimed that it was 
“wasteful” to pursue a three-dimensional model of the atmosphere when his 
two-dimensional model worked just fi ne. With a modest investment, they 
would be able to turn his two-dimensional model into an operational model 
suitable for routine uses. Thompson maintained that “immediate military 
needs,” which were distinct from the needs of the populace at large or of the 
research interests of the scientifi c community, dictated that they work on a 
model (his) that would be operational in 2 years or less. Thompson’s plan 
would be a short-range program to produce the best model for military pur-
poses within 2 years, while a long-range program pursuing the best possible 
model could still be undertaken for general use.86 But short of two dismissive 
comments by Charney and von Neumann, there was absolutely no discus-
sion of Thompson’s proposal. Apparently even the Air Force representatives 
were distancing themselves from Thompson, even though they were not 
backing a joint venture.

In the end, the attendees agreed on only a few points. Each service’s rep-
resentative volunteered to provide a trainee to Charney’s group. (Owing to 
other commitments, it appeared that 1 December 1952 would be the absolute 
earliest arrival date for anyone.) The Navy’s representative expressed support 
for a joint venture modeled on the WBAN. The Air Force’s  representative 
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declined to comment on the joint venture and indicated his service would 
continue its own project at the Geophysical Research Directorate while con-
tinuing support for the Meteorology Project.87

What is most apparent was that any attempt by the Air Force to claim 
numerical weather prediction for itself was doomed. In his attempt to con-
trol numerical weather prediction, Thompson had overreached, and, tempo-
rarily at least, those involved in the Air Force’s numerical weather prediction 
were no longer trusted by others in the fi eld. Despite the claim of Air Force 
representatives that they would proceed alone, what had started out as a 
joint project would remain a joint project.

Nevertheless, the confl icts inherent in going “joint” were just beginning.
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■ ■ A Changing Atmosphere: From Developmental to 

Operational Numerical Weather Prediction (1952–1955)

“Electronic ‘Brain’ Planned to Forecast the Weather,” proclaimed a Science 
Service article splashed across page 12 of the 12 August 1952 Boston Daily 
Globe. Appearing a scant week after the Princeton meeting that had addressed 
future operational possibilities, the story explained how computers would 
be making Weather Bureau forecasts in “two to three years” by using still-
experimental numerical weather prediction techniques. Meteorologists 
would feed data into complex formulae and get out eight charts—computer-
generated forecast maps representing “eight horizontal slices of the atmo-
sphere, beginning at sea level and extending up to about 13,000 feet”—every 
24 hours.1 Everyone even remotely associated with the Meteorology Project, 
which was struggling to produce a working three-level model, must have 
read that statement with amazement. Still a dream in 1952, an eight-level 
model would start just above the surface and would have to top out at 30,000 
feet to allow a 500-mb steering-level forecast. This disconcerting bit of media 
coverage notwithstanding, the race to operational numerical weather pre-
diction was on.

While the Navy, the Air Force, and the Weather Bureau jockeyed for posi-
tion, the Meteorology Project redoubled its efforts to ensure the availability of 
a viable operational model. It would leave decisions outside the project’s pur-
view—computer selection, data handling, and the adequacy of data  coverage—
to the weather services. In the meantime, project members continued to hope 
that numerical weather prediction would not be oversold to the public.

The Americans were not the only ones preparing to move from research 
to operations. In Stockholm, Carl-Gustav Rossby’s group was also preparing 
to go operational. The Swedish team had fewer bureaucratic hoops to jump 
through—would they be the fi rst to produce usable prognostic charts?

After 6 years of research and development, the Meteorology Project and 
its military and civilian supporters were ready to bring numerical weather 
prediction from a theoretical vision to an operational reality. The next 3 
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years would bring the project to a close, and a widespread operational and 
theoretical numerical weather prediction effort, with its great infl uence on 
twentieth-century atmospheric science, would begin. Governmental con-
trol over scientifi c endeavors, the use of the media to spread information 
on science and technology, and the importance of practical considerations 
over research when science moves from the theoretical to the operational 
realm, would all become important issues as the Joint Numerical Weather 
Prediction Unit took shape.

Theory Takes Aim at Operations

While the Weather Bureau considered how best to move numerical weather 
prediction from research project to operational practice, the Princeton team 
continued model development. Past modeling efforts had been more about 
atmospheric understanding than weather forecasting, but with the push to 
go operational, the Meteorology Project’s models now needed to pass the use-
fulness test. As important as theoretical work was to developing numerical 
techniques and a robust atmospheric theory, gaining knowledge about the 
atmosphere was no longer suffi cient—they needed realistic predictions. To see 
if their forecasts matched reality, the team members would need analyzed 
data to compare with model output. And for that, they would need theoreti-
cally savvy synopticians—synopticians who were not available in the United 
States. So once again the project looked toward Scandinavia. Project mem-
bers also looked to the United Kingdom for additional help from dynami-
cists. And they prepared to bring weather service representatives—the men 
who would take numerical weather prediction operational—in for training. 
Under pressure to produce computer-generated weather forecast maps that 
met or exceeded the accuracy of hand-drawn maps, the Meteorology Project’s 
already frenetic pace picked up.

Throughout 1952, the Meteorology Project concentrated on short-term 
forecasting goals as well as on more theoretical aspects of general atmospheric 
circulation. The latter would be especially important as project members 
attempted to extend the length of numerical forecasts. Forecasts also had to 
become more sophisticated, offering guidance for predicting cloudiness and 
precipitation. After all, when people wanted a forecast, they were interested 
in precipitation—would it rain, snow, hail, drizzle, or not? For numerical 
weather forecasting to be successful, the modelers had to produce signifi cantly 
more than steering fl ow prognoses. They spent considerable time determin-
ing atmospheric fl ow changes for 24 and 48 hours—a necessary, although not 
suffi cient, condition for predicting cloudiness and precipitation. They stuck 
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with their original modeling plan of starting simple, analyzing shortcomings, 
and making small changes before running the next version.

Just as the group developed a simplifi ed baroclinic model in mid-summer 
1952, hardware failures began to have an adverse impact on model runs. 
From mid August through mid September, team members only got 11 hours 
of computer time. With daytime hours reserved for machine maintenance, 
project members were forced to run their models in the evening. The eagerly 
awaited magnetic drum—expected to help with memory defi ciencies—would 
not be ready for another month or two. So the team, under Norman Phillips’s 
guidance, worked on the general model using the minimum number of layers 
until the hardware situation improved. Model advances awaited additional 
memory and a computer that was operational more hours than not.

Sharing his frustrations with Jule Charney, then visiting the Astrophysical 
Institute in Oslo, Phillips reported that he had just managed to eke out a 
single 12-hour forecast on the barely operable computer and was sending 
the resulting charts to him in Norway for perusal. In Phillips’s opinion, the 
fi nite 12-hour change was disappointing—only very slightly improved over 
the corresponding barotropic model run. However, he thought the initial 
tendencies looked quite good. Phillips did not yet understand the major 
error—the weakening of the height fall center—because the rise center, on 
the contrary, had “behaved well.” Perhaps they had made a poor assump-
tion or the mathematics was bad. Round-off error (due to rounding up or 
down to the next closest digit) was unlikely because the error was too large, 
and although truncation error (due to dropping off digits) could have caused 
it, Phillips could not understand why it would have been systematic.2 They 
were making progress, but needed to do much more work.

Complicating the Meteorology Project’s efforts, as always, were personnel 
shortages. Navy Lieutenant Albert Stickles, a recent graduate of the Naval 
Postgraduate School’s meteorology program, had been assigned to the newly 
established Navy billet (position) with the project. Although Stickles would be 
attached to Princeton University’s Naval Reserve Offi cer Training Corps unit 
for administrative purposes, his only duty would be as a project researcher.3 
The Navy’s Daniel Rex assured Charney that Stickles had a personal interest 
in numerical weather prediction and was professionally competent in math-
ematical methods as they pertained to meteorology.4 He would be the fi rst of 
four weather service members assigned to the project for training, and would 
ultimately move to the Joint Numerical Weather Prediction Unit.

The project was still short of people—particularly with Charney overseas 
and Phillips, home alone, trying to lure Briton Eric Eady and Norwegians Arnt 
Eliassen and Ragnar Fjørtoft to Princeton for another tour of duty. Fjørtoft 
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could be available as early as February 1953, but no later than September. Eady 
was available for 6 months starting in September. Eliassen would not be able to 
come until early 1954, but would then be available for 2 years.5 With these addi-
tions, the project would have a more solid personnel situation in the future.

The lack of synopticians remained troublesome. Why was the Meteorology 
Project unable to fi nd synoptic meteorologists within the United States who 
could do the job? Why did they have to be imported from across the Atlantic? 
The short answer is that synoptic meteorology was not held in high regard 
in the United States, and neither were its practitioners—unlike their foreign 
counterparts. The lack of interest in synoptic meteorology was not only a 
challenge for the project, which had a very small, albeit crucial need for suit-
ably trained personnel. It was also a challenge for the largest employer of 
synopticians: the Weather Bureau. In a memorandum to some of his division 
heads marked “ADMINISTRATIVELY RESTRICTED,” Francis Reichelderfer 
bemoaned the fact that so “few meteorologists really fi nd their principal 
interest centered in the daily weather picture.” He wanted some answers. 
Why were people being led away from synoptic meteorology?6 One Weather 
Bureau man thought it boiled down to “you have it or you don’t.” There were 
those who experienced the poetry of weather and found “communion with 
the infi nite.” Others saw weather as contours on a piece of paper, and they 
did not become synopticians.7 On a less poetic note, there was a fi nancial rea-
son: the bureau’s synoptic meteorologists were not rewarded with pay grades 
equivalent to those of their more theoretical brethren. The analysis section’s 
supervisor held a lower pay grade than those leading other sections. District 
forecasters could never advance beyond GS-11, a comparatively low rung on 
the US government’s ladder of salaries for scientists. They were chronically 
undermanned, rarely selected for graduate study, and allotted no research 
time. Their French counterparts who were lead forecasters—i.e., those who 
led a forecast team of several people—worked one week on, one week off, and 
then had two weeks to do research. In marked contrast, the Weather Bureau’s 
lead forecasters worked almost around the clock, seven days a week, and got 
recognition—the bad kind—only when they “busted” (that is, made a poor 
forecast). Until the situation changed, synoptics would hold no allure for 
meteorologists desiring career advancement.8 Thus the Meteorology Project 
would have to depend on its Scandinavian contacts to fi ll the requirement, 
for it was the synopticians who were needed to move numerical weather pre-
diction from development to operations.

The grim staffi ng situation, which had left only Charney, Phillips, and 
Smagorinsky working in Princeton, had gotten some relief during the sum-
mer of 1952. Ernest Hovmöller, who had worked on jet stream structures 
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and aerological studies of cyclone structure with Rossby’s Stockholm group, 
arrived in July to work on a synoptic investigation related to the transi-
tion from barotropic to baroclinic models. On a leave of absence from the 
Swedish Meteorological and Hydrological Institute (SMHI), he was obligated 
to return to Stockholm in January 1953. Von Neumann desperately needed 
Hovmöller to stay until at least September 1953 to complete this synoptic 
work. In fall 1952, von Neumann proposed to the SMHI’s director, Anders 
Knut Ångström, that Hovmöller return to Princeton after a short trip back to 
Sweden in early 1953. In pressing his case, von Neumann wrote: “His associ-
ation with us is perhaps the fi rst example of the kind of cooperation that will 
ultimately have to take place between theoretical and synoptic meteorolo-
gists, if and when numerical forecasting is integrated into the governmental 
weather services.”9

Von Neumann’s argument was certainly valid. But Ångström rebuffed him, 
proposing that Hovmöller be replaced by fellow synoptic meteorologist Roy 
Berggren. Von Neumann was willing to take Berggren, but wanted Hovmöller, 
too, since their abilities would “complement each other admirably.” Finances 
seemed to be a major stumbling block, but von Neumann was sure something 
mutually agreeable could be worked out. He suggested that Ångström wait to 
debrief Hovmöller in Stockholm before making a fi nal decision.10

Back in Stockholm, Hovmöller provided a full account of the progress in 
Princeton to Ångström and to Rossby, who was pleased that project members 
were producing a signifi cant number of computer forecasts. After Rossby had 
seen Ångström’s latest letter to von Neumann about Hovmöller, Berggren 
stopped by to discuss the Princeton group with Rossby. Rossby then realized 
that Berggren had been “somewhat of a pawn in this peculiar chess game in 
which also Hovmöller is one of the pieces.” Rossby told Berggren he could 
make a better contribution to the project if he reviewed related theoretical 
topics thoroughly before departing for Princeton. Berggren readily agreed 
with that plan.11 However, von Neumann, desperately needing an outstand-
ing synoptician, felt compelled to approach Ångström again. In a despairing 
note, he wrote: “To obtain such a person we are willing to bring him over 
from Europe and we agree with you that we should pay the costs, providing 
of course that he comes not as a student or trainee, but as an employee.” 
Von Neumann was still paving the way for more collaboration with the 
SMHI so that its personnel could receive training in numerical methods, 
and, of course, so that the Meteorology Project could get its synoptic work 
done. Ångström, however, was unmoved. Hovmöller remained in Sweden. 
Berggren alone would join the Princeton team in March 1953, and would 
stay until the end of the year.12
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The continuing saga of the synopticians was not the only item on the per-
sonnel agenda. Rossby’s Stockholm group, awaiting delivery of the Swedish 
Air Force’s BESK computer, needed to prepare by practicing on an operational 
machine. Thus, Bert Bolin announced in early 1953 that he wanted to get 
time on the new IAS computer as soon as possible. The only potential sched-
uling confl icts would occur in the summer. Rossby would be out of town, and 
if Bolin left too there would be no Swedes at the Meteorological Institute. So if 
Bolin could join the Princeton group in the spring, he might have to return to 
Sweden for the summer and then fl y back to Princeton in the fall.13

■ ■

■ ■

Despite persistent personnel shortfalls, the Meteorology Project’s pace accel-
erated once again in early 1953. With the IAS computer fi nally working well, 
the team was busy running and modifying models. The staffi ng situation 
was strengthened with the addition of new foreign members. Six full-time 
meteorologists were working with the group, including three new faces: Roy 
Berggren, Briton Andrew Gilchrist, and Kanzaburo Gambo of the Japanese 
Meteorological Agency (which was preparing to pursue its own numerical 
weather prediction program). Charney was delighted to hear that Bolin and 
Phillips would be trading places, a move that would allow for more cross-
pollination between the Princeton and Stockholm groups. He hoped Bolin 
would be able to stay at least until the end of 1953, and longer if possible, 
since Fjørtoft and Eady would be in Princeton for collaboration. Charney 
was counting on Bolin to take Phillips’s place as their “man-machine 
 interface”—and to do so, they would need to overlap at the project.14 Since 
he had to stay in Stockholm for the summer lest some “foreign person” get 
“stuck” with handling the Institute’s affairs, Bolin suggested that he reach 
Princeton in August to train with Phillips. That would allow Phillips to arrive 
in Stockholm by fall, when Rossby’s group would really need him for its com-
puter work. Bolin told Charney that he planned to stay at least 6 months.15 In 
a swift response, Charney informed Bolin that he (Charney) and Rossby had 
jointly decided that Bolin should start his work in Princeton on 1 September 
1953. Bolin could remain in Stockholm through the early part of the sum-
mer, and could tour the United States with his wife in late summer.16

Not only had the regular staffi ng situation improved in early 1953; the four 
weather service trainees had arrived, and several European meteorologists 
would be stopping by for visits. Work had begun on the baroclinic model, 
which was in the coding stage by late March. Team members had also been 
able to speed up the barotropic model; the 24-hour forecast now took only 
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5–6 minutes of machine time—a dramatic improvement over the 24 hours it 
had taken on ENIAC only 2 years before. Team members also did another run 
on the November 1950 storm data using a signifi cantly improved three-level 
baroclinic model for both 12-hour and 24-hour forecasts. Unlike the earlier 
runs, the model output did not deteriorate with time, and the storm predic-
tion was better.17 By June 1953, team members had run additional forecasts 
for the November 1950 storm as they further developed the baroclinic model. 
Instead of using 200-millibar (40,000 feet, 12,000 meters), 500- millibar 
(18,000 feet, 5,500 meters), and 850-millibar (5,000 feet, 1,500 meters) data, 
they used 400-millibar (23,000 feet, 7,000 meters), 700-millibar (10,000 feet, 
3,000 meters), and 900-millibar (3,000 feet, 1,000 meters) data. The 900-mil-
libar forecast accurately predicted the storm’s rapid development—a very sig-
nifi cant development. Overjoyed, the group reported that this was the “fi rst 
successful attempt to forecast cyclogenesis by purely numerical methods.” 
Team members had then started to make model improvements that would 
include previously neglected non-linear terms, using iterative processes in 
the solution of non-linear equations for the fi rst time. Thus, the results would 
interest mathematicians as well as meteorologists.18

To advance the predictive models, team members also had to fi nd an effec-
tive objective analysis program. The reason was simple. To obtain input 
data, charts for each atmospheric level had to be analyzed and gridded, and 
the data then had to be extrapolated to grid points. The grid-point values 
were then punched on cards or paper tape and fed into the computer. With 
an objective analysis program, the computer could perform all these steps, 
thus reducing subjective data interpretation and (it was hoped) the number 
of initial errors. The team members attempted a new approach by chang-
ing the radius surrounding the data so as to always provide for a minimum 
number of data points. Those data-point values would then be analyzed by 
the machine to arrive at one value for the grid point within the circle. From 
experience, team members knew this new method probably would not work 
the fi rst time, but they planned to learn from each attempt and modify the 
method until they got the desired result.19

Project members were not likely to learn much more by continuing to run 
their models on the Thanksgiving 1950 storm data. They needed more case 
studies with which to compare their model output. Therefore, team mem-
bers began analyzing maps for two additional cyclogenetic periods in the 
eastern United States.20 After successfully running these data sets on the 
three-level model, they determined that large-scale mid-latitude storms were 
 predictable, quasi-geostrophic, and quasi-isentropic—good news for opera-
tional applications that were now less than a year away.21
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As they continued cleaning up their programs for operational use, the 
Princeton team also investigated aspects of the earth-atmosphere interface 
and atmospheric physics that had not been included in simpler two-level and 
three-level models—for example, the infl uence of mountain ranges, the ver-
tical advection of vorticity, and the vertical propagation of energy. Project 
members also gained more experience with multi-level models by program-
ming two fi ve-level models (one for the IAS computer and one for an IBM 
machine). By March 1954, just a few months before the joint unit’s opening 
day, they had run both programs out to 5 hours and were planning to extend 
that to 24 hours. They noticed that cyclogenesis had begun at the ground and 
worked its way up into the atmosphere in both models. In preparation for 
longer period predictions, the group members also wanted to explore how 
far into the future they could successfully extend the predictive period if they 
took into account energy sources and sinks, as well as the non- homogeneity 
of the earth’s surface with respect to heat, water vapor, and momentum trans-
fer. The models had to describe the essential processes governing the life cycle 
of a single large-scale atmospheric system and account for the general circula-
tion of the atmosphere. From previous work, it appeared that it was necessary 
to have at least a three-level model to predict cyclogenesis. However, team 
members worried that they had not conclusively ruled out the effi cacy of the 
two-level model. They had gotten good results from two-level models, and 
the results from the three-level models seemed to depend on the chosen lev-
els. Additional investigations would be necessary.22

Although the research focus was heavily practical in the year before the 
joint unit became operational, the Meteorology Project’s theoretical work was 
far from complete. There was still much to be discovered about atmospheric 
circulation and much work left to be done before longer-range forecasts (in 
excess of 36 hours) would be useful. Once their models were in the hands of 
the operational unit, they could turn back to more theoretical research, but 
as team members had been scrambling to debug and prepare their models for 
real-time operations, their weather service counterparts had been doing their 
part to ensure the new operational unit would be ready to use them.

The Weather Bureau Gets Started

Weather Bureau Chief Francis Reichelderfer, a strong proponent of theoreti-
cally infl uenced methods of weather forecasting since his days as a Navy 
aerologist, had aggressively encouraged John von Neumann to use his new 
computer to solve weather forecasting problems. Throughout the life of 
the Meteorology Project, Reichelderfer had periodically sent Harry Wexler, 
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head of the Weather Bureau’s Scientifi c Services Division, up to Princeton 
to check on its progress. He had also offered the assistance of bureau per-
sonnel in securing and analyzing data for the project’s use. In fall 1952, as a 
member of the Joint Meteorological Committee of the Joint Chiefs of Staff, 
Reichelderfer had been in an excellent position to infl uence the direction of a 
joint operational unit manned and funded by all three weather services. Just 
as the joint analysis function of the Weather Bureau-Air Force-Navy (WBAN) 
analysis center had been centralized at the Weather Bureau, Reichelderfer 
had intended to do everything possible to ensure the bureau’s position at 
the forefront of operational numerical weather prediction. To guarantee that 
he was not out-maneuvered by his military counterparts, Reichelderfer had 
started early to create an adequate support structure.

Reichelderfer selected Joseph Smagorinsky, still on leave from the Weather 
Bureau to complete his doctorate, to head a pre-operational numerical weather 
prediction unit: the Numerical Forecasting Group, whose purpose would be 
to indoctrinate bureau personnel in numerical techniques by having them 
do limited hand computations. Smagorinsky’s group would also recommend 
changes to observation methods on the basis of anticipated data needs.23

Rejoining the bureau in January 1953, Smagorinsky found a lengthy list 
of high-priority tasks thoughtfully provided by Charney. Among these tasks 
were directing extensive hand calculations, determining large-scale weather 
elements from numerically predicted fl ow fi elds, and directing research on 
short-range and long-range predictions. Smagorinsky would have to do sig-
nifi cant work on data acquisition and handling—determining the minimum 
amount of data for successful model runs, communications requirements 
for obtaining data and disseminating forecasts, and methods of electroni-
cally checking data and performing objective analyses. Furthermore, he 
would have to introduce the “philosophy, physical basis, and techniques” 
of numerical weather forecasting to the bureau.24 There was no guarantee 
that numerical weather prediction would be an easy product to sell to belea-
guered, marginally paid bureau forecasters who had limited professional 
training in meteorology—even assuming the numerical method lived up 
to its advertised potential. Accustomed to doing all analysis and forecast-
ing by subjective techniques, forecasters were not likely to look with favor 
on predictions spitting out of a new-fangled computer. To ensure success, 
Smagorinsky not only had to be a masterly organizer of data, communica-
tions, and computers; he also had to be fully cognizant of model develop-
ments, and an excellent salesman.

Smagorinsky grappled with two immediate needs of his nascent Numerical 
Forecasting Group: people and equipment. He needed at least two full-time 
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mathematics-savvy synopticians, two part-time statistical clerks, a full-time 
assistant, and a “simple electronic computer.”25 Personnel with both synop-
tic meteorology and mathematics skills were essential. Unfortunately, very 
few people possessing that combination of skills were willing to work for the 
Weather Bureau.

In addition to hiring personnel and effi ciently handling data, the bureau 
needed to ensure an adequate stream of upper-air sounding data. This was 
an expensive proposition, since they not only needed more soundings, they 
needed more widely distributed soundings. The bureau barely had suffi cient 
funds for their own upper-air stations, much less for upper-air stations that 
had been installed in developing countries during the war. Reichelderfer 
could not hide his impatience with military colleagues who thought funds 
would be found somewhere. They were unable, he groused, to recognize a 
bad fi scal situation when it presented itself. Reichelderfer asked his people to 
develop ways of getting needed upper-air information for considerably less 
money.26

By late spring 1953, personnel training and data-handling consumed 
Smagorinsky’s time. Despite the bureau’s budget limitations, he successfully 
argued that at least three of their meteorologists should be sent to George 
Platzman’s new ten-week summer training program at the University of 
Chicago. The planned course, expected to cover the logic, physical basis, 
and techniques of numerical forecasting, would help the bureau maintain 
its perceived edge in operational numerical weather prediction.27

Smagorinsky recommended that the bureau pursue techniques and equip-
ment for automatic data accumulation, handling, and transmission required 
for numerical weather prediction. Upon hearing this news, von Neumann 
and Charney were delighted. For once, there was hope of fi nding a way to fi x 
30 years’ worth of “patch-work and improvisation” that had characterized 
the bureau’s data handling. The typically overextended von Neumann even 
volunteered to be a consultant on this part of the project if it would speed 
up the process. Von Neumann and Charney were also enthusiastic about the 
bureau’s efforts in objective analysis. Charney’s team certainly did not have 
time to devote to it, and with the IAS computer inoperable for the next 2–6 
months, computer time would not be available.28

By July 1953, the Weather Bureau had adopted Smagorinsky’s suggestion 
to study Automatic Procurement and Processing of Data (APPOD)—ADP in 
more recent terminology. The extant data-handling situation was abysmal. 
When data came in via teletype, they were punched on paper tape. Then, 
instead of processing the data directly from punched tape, they were trans-
ferred to several other media. The original tape was then thrown away.
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Data handling consisted of multiple steps and was not a single problem—
it combined several problems, starting with instrument design and end-
ing with forecast dissemination. Unless Smagorinsky and his small group 
addressed and fi xed the possible error sources at each step, too much time 
would be devoted to processing observational data. And that would mean 
that a computer could generate a forecast in just a few minutes, but only after 
many hours had been expended trying to collect and feed in the data. Since 
speed was one of numerical weather prediction’s main selling points, failure 
to fi x data problems would eliminate much of its promise. Under consid-
eration were ways of automatically retrieving surface and upper-air obser-
vation data, for instance readings of wind velocity, temperature, pressure, 
precipitation, cloud cover, radiation, and visibility. The Army Signal Corps 
had worked on automated observation instruments—initially designed 
for remote areas—during World War II. One idea for obtaining hard-to-get 
upper-air information from oceanic areas was to station automatic micro-
wave relay stations at sea that would forward data transmitted from drop-
sondes (an instrument packet launched by rockets instead of carried up by 
balloons), but it was extremely expensive. If collected data could be trans-
mitted and received by microwave, then written directly to magnetic tape, 
computer operators could greatly reduce processing time.29

Data verifi cation was related to data handling. In the early 1950s, techni-
cians evaluated data for accuracy. An incoming report that had taken a “hit,” 
and was showing (for example) an unrealistic temperature or wind speed, 
would be tossed out before it adversely affected the model run. If a com-
puter could evaluate raw data observations and could automatically elimi-
nate spatially and temporally inconsistent data, then it could also be used 
to smooth out small-scale variations and allow for easier analysis and inter-
polation between grid points. This seemed a good plan, but sometimes the 
“odd” report was the correct report, which experienced forecasters could spot. 
If thrown out, the resulting model output could be badly skewed. Human 
evaluators were still needed, but if a machine could perform the initial data 
screening, it would certainly speed up the process.30

Once the computer had produced a chart, forecasters would need effi cient 
ways of getting a hard copy. This part of the process had to be automated, per-
haps with a mechanical plotting device. And once the plot had been made, 
the bureau would need to get the product out to forecasting stations—ashore 
and afl oat. High-speed facsimile broadcasts would get the charts to local fore-
cast centers, which could store them on a memory device such as a magnetic 
drum. The estimated price tag for Smagorinsky’s staff of eight meteorologists 
and assorted technical specialists to do this work was $60,000.31
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In mid 1952 the Weather Bureau had not been ready for operational 
numerical weather prediction, but it had asked the right questions and devel-
oped a plan to answer them. Smagorinsky had secured help with both train-
ing and data handling—neither of which had concerned the Meteorology 
Project. Now it was just a matter of making operational numerical weather 
prediction a reality.

Jointly Speaking

Having a meeting and deciding to “go joint” were easy tasks compared to the 
diffi culties in implementing a joint operation. Such an undertaking required 
participants who could set aside their own personal agendas and concen-
trate on successfully melding people, institutional cultures, equipment 
spaces, and funding from different sources with minimal in-fi ghting. If the 
proposed joint operational center for numerical weather prediction were to 
become a reality, those interested in making it happen would need to move 
early and keep abreast of the situation. The Navy moved fi rst.

In fall 1952, Commander Daniel Rex of the Offi ce of the Chief of Naval 
Operations had announced the Navy’s intention to negotiate a joint agree-
ment among the Navy, the Air Force, and the Weather Bureau concerning 
the organization, the scope, and the objective of a “national numerical fore-
casting (or computing) center.”32 By May 1953, after an impromptu meeting 
in Princeton involving Smagorinsky and Colonel George F. Taylor of the Air 
Weather Service, the Air Force and Weather Bureau agreed that all of the 
weather services would need to stick together to meet labor and fi nancial 
requirements surrounding operational numerical weather prediction.33 The 
Weather Bureau made this very argument in a point paper written for the 
Joint Meteorological Committee of the Joint Chiefs of Staff in June, and 
dropped a disconcerting bit of news: they had received reports that Sweden, 
England, and West Germany were planning their own forays into opera-
tional numerical weather prediction by January 1954.34

The possibility of being overshadowed and outperformed by European 
groups undoubtedly provided some impetus to establishing a joint operational 
unit. By mid 1953, all of the US weather services were actively supporting some 
kind of joint operational approach to numerical weather prediction. The next 
step: the establishment of a series of ad hoc committees to provide direction.

Within two weeks of receiving the Weather Bureau’s point paper, the Joint 
Meteorological Committee (JMC)—originally established during the early 
years of World War II to address the provision of meteorological support 
during national emergencies and still in active operation—created the Ad 
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Hoc Committee on Numerical Weather Prediction. Composed of representa-
tives from each weather service, and chaired by Daniel Rex, the committee 
acted quickly to move operational numerical weather prediction forward. 
Two months later, these committee members, after consulting with von 
Neumann, Charney, and others from the IAS projects, devised a detailed 
plan for creating an operational numerical weather prediction unit by 1 July 
1954.35

The ad hoc committee set four goals to be met before the unit’s opening 
day: model development, computer acquisition, personnel training, and a 
facility to house the people and the computer. The fi rst goal had been met 
by the Meteorology Project. Numerical analyses and prognoses had shown 
suffi cient skill (based on placement of high-pressure and low-pressure sys-
tems) to make them competitive with the best subjective methods. That was 
a very optimistic conclusion, but one that had to be made to keep the project 
viable. (Had it concluded that the models could not compete with subjective 
methods, the proposal to establish the joint unit would have quickly died.)

To meet the second goal, the weather services would have to secure a suffi -
ciently powerful computer. In 1953, few computers could handle the meteorol-
ogy models, and they were not available off the shelf. The International Business 
Machines Corporation had produced a Type 701 electronic computer—closely 
modeled after von Neumann’s machine—which could be used for meteorologi-
cal work. IBM could have a leased version of this machine ready by 1 October 
1954.

Fortunately, the third goal—suffi cient trained personnel—already had been 
met: the three weather services, at last, could identify enough meteorologists 
and meteorological analysts to serve with the proposed unit. In addition, the 
last goal—a place for the unit to call home—appeared secure based on infor-
mation provided by the JMC itself. The JMC advised the Ad Hoc Committee 
that space would be available near the WBAN Analysis Center—which had 
been in the decrepit Weather Bureau headquarters building, but was prepar-
ing to move to new spaces in Suitland, Maryland, in spring 1954.36

While everyone concerned agreed that it was best to “go joint,” in reality 
military and civilian organizations operated (and continue to operate) dif-
ferently. Military personnel were reassigned frequently, and high personnel 
turnover would be a disadvantage. Therefore, the military weather services 
were encouraged to extend personnel “tours” (i.e., assignments) for as long 
as possible.37 This was very important. Most military assignments were only 
2 years long—some were even shorter. Without tour extensions, military 
personnel would leave for new assignments just about the time they became 
productive team members.
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With the time ripe to form an unprecedented operational unit, the commit-
tee wanted to ensure that the unit’s organizational structure would be  fl exible 
enough to quickly incorporate new research results. The unit’s forecasts 
would need to be examined closely and carefully, and the models tweaked to 
effect small, steady improvement. It would be up to the weather services to 
ensure the ultimate success of operational numerical weather prediction.

The committee recommended that work on the joint unit move forward. 
Although the Weather Bureau would assume administrative responsibility, 
all three weather services would provide funding. Having fulfi lled their pur-
pose, members of the Ad Hoc Committee proposed establishing a new steer-
ing committee responsible for selecting the unit’s director and helping him 
implement the plan. They also decided on the mission of the Joint Numerical 
Weather Prediction Unit ( JNWPU):

To produce on a current, routine, operational basis, prognostic charts of the 3-dimensional 

distribution of relevant meteorological elements by using numerical weather prediction 

(NWP) techniques, in order to improve the meteorological forecasting capabilities of the 

participating weather services.38

Operationally, the unit would undertake data analysis and processing that 
were beyond the capabilities of the WBAN Analysis Center. It would compute 
prognostic charts and create products of greatest benefi t to fi eld forecasters. 
Additionally, the unit would verify computer-generated products— monitoring 
quality and suggesting model changes for further improvement. It would 
develop objective analysis methods and improve data-handling techniques, 
extend models geographically, and adapt models for longer forecast periods. 
The unit would liaise with other organizations, particularly those conduct-
ing numerical weather prediction research, and determine the applicability 
of new research results to operational models. It would also conduct in-house 
training of personnel to maintain optimal personnel profi ciency.39

Since the unit was starting from almost nothing, the committee anticipated a 
three-month shakedown period during which the unit would prepare and dis-
tribute one set of prognostic charts daily. Unit members would focus on develop-
ing and standardizing an operational routine. By placing the JNWPU adjacent 
to the WBAN Analysis Center, the services hoped to eliminate duplication of 
effort—a long-time concern. In the past, concerns over apparent duplication 
of effort had led to retrenchment in military meteorological organizations at 
the end of national emergencies. The Weather Bureau did not want its effi ciency 
questioned yet again on this high-visibility, high-cost project with still uncer-
tain results. The WBAN could provide the unit with plotted maps and additional 
data as needed. Although the unit might need to perform its own analyses to 
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meet specifi c numerical prediction requirements, i.e., those needed to provide 
initial grid-point values, it would use WBAN analyses when possible.40

The committee set forth tentative goals and operational procedures for 
the JNWPU. At fi rst, unit members would use a simple atmospheric model to 
produce prognostic charts of pressure surfaces, vertical velocity, average tem-
perature, and perhaps large-scale precipitation rates. The weather services 
could then choose which products to transmit via their facsimile broadcasts. 
The meteorologists would also evaluate the computer-created prognoses 
and make iterative improvements to the model. However, it would not be 
the unit’s task to develop new models—those would come from research and 
development sites and then be adapted for operational applications. Unit 
members would be able to extend the size of the geographical area and the 
forecast period. They would consider data processing improvements sepa-
rately, with much of the emphasis on objective analysis techniques.41

Anticipating potential inter-agency coordination battles, the commit-
tee recommended that the JMC appoint a steering committee composed 
of service representatives to hear confl icts over service personnel, require-
ments being placed on the unit, and technical matters external to the unit. 
For example, each weather service would have unique mission requirements 
demanding particular products. If the unit tried to meet too many of these 
service demands, it could fi nd itself unable to complete its primary mission. 
This committee would sort out such confl icting requests. The director of the 
JNWPU would report to the Weather Bureau’s chief on all administrative 
matters including fi nance, civilian personnel, and logistical support. A sci-
entifi c advisory group composed of subject matter experts, including schol-
ars from meteorology, electrical engineering, and mathematics, would visit 
periodically and provide technical advice.42

■ ■

■ ■

Having set forth the nascent unit’s mission and a general outline of its duties, 
the Joint Meteorological Committee disbanded the Ad Hoc Committee on 
Numerical Weather Prediction and reconstituted the members into the Ad 
Hoc Committee for Establishment of a Joint Numerical Weather Prediction 
Unit to help navigate the bureaucratic maze that awaited. As the unit’s needs 
changed, so did the committees. But two impediments to progress persisted: 
equipment and personnel.

In the summer of 1953, the fi rst ad hoc committee had concluded that 
the IBM 701 “Defense Calculator” was the best computing machine avail-
able. Designed to meet the demands of the Defense Department and the 
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 aerospace industry (which in fact used almost all of the 19 extant machines), 
this machine’s design, logic, and high-speed memory were almost  identical 
to those of the IAS computer.43 With an extremely fl exible input/output 
scheme, and with IBM’s promise to cooperate on automatic data process-
ing developments, the 701 was clearly a good choice. Indeed, committee 
member did not discuss any other options, and they may not have been 
aware that one existed. They did know that if they submitted a letter of 
intent to IBM before 30 September 1953, the computer could be available 
by 1 October 1954—a full year later, and 3 months after the JNWPU was to 
open its doors. The amount budgeted for the computer was $200,000.44

For the second ad hoc committee, selecting a computer and providing 
an appropriately engineered space to house it became its two main techni-
cal challenges. Committee members had three options for obtaining the 
required computing machine: order it custom-built, purchase it off the 
shelf, or lease it. A custom-built machine would be prohibitively expen-
sive and limit their fl exibility to upgrade to a faster computer with more 
memory when one appeared. A computer purchased off the shelf would 
similarly limit future choices. Therefore, leasing seemed the best option. 
The unit could make equipment upgrades without investing large sums 
of money. Just as important, the leasing company would provide all the 
maintenance—a  signifi cant savings in manpower costs and hassles.45

The committee would have to address the 701’s siting requirements well 
before delivery. Spaces adjacent to the WBAN had suffi cient heating, light-
ing, and power systems, but not the required 30 tons of air conditioning. 
The Weather Bureau would need to raise the fl oor to allow for cabling and 
air conditioning ducts. IBM engineers would also need an offi ce and storage 
space for spare parts and equipment46

The committee knew what it wanted, and the weather services knew what 
they needed, but those wants and needs soon crashed head-on into the real-
ity of the fi scally conservative Eisenhower administration. Reichelderfer 
received a query from Assistant Secretary of Commerce James C. Worthy as 
to why the JNWPU needed a dedicated computer. Why not share the Census 
Bureau’s Machine Tabulation Facilities? If the Weather Bureau did plan to 
use the Census Bureau’s machine, Worthy wanted a detailed description of 
the “nature and scope” of the proposed use.47 Reichelderfer was distressed by 
this possibility. Attempts to save money by sharing computing equipment 
would be untenable if the unit were expected to run its models only when 
other agencies were not using their computers.

Wexler took on the task of responding to Worthy’s concerns, forcefully 
arguing that Census Bureau’s facilities were wholly inappropriate for the joint 
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unit or the extended forecast division. The Weather Bureau not only needed 
a more sophisticated computer than the Census Bureau owned, it needed to 
use it 70 hours a week on a very strict schedule. During the fi rst year, the run 
time might double to 140 hours per week. Even during the shakedown phase, 
staff members could not stand around waiting their turn behind Census 
Bureau personnel. If computer sharing were forced on them, the Weather 
Bureau would face two unhappy options: moving the extended forecasting 
section to the Census Bureau, or hauling the data on punched cards to the 
Census Bureau. Neither option was tenable. Separating the extended fore-
cast meteorologists from the rest of the bureau’s professional staff was non-
sensical. Likewise, driving numerous large decks of cards around the greater 
Washington area during rush hour, nasty weather, or other traffi c disasters 
would adversely affect the creation of timely meteorological products. Worse 
yet, what if someone dropped the deck of punched cards? The Weather 
Bureau, Wexler wrote Reichelderfer, required a dedicated computer.48

However, Reichelderfer demanded a more politically astute response 
to Worthy’s question, so Wexler tried again a week later. Sensitive to Rei-
chelderfer’s fi scal worries, he argued that leasing a computer would be not 
only economically prudent but also technologically smart. Extant comput-
ing power was only marginally able to meet the challenge of running real-
istic atmospheric models and processing data automatically. Newer models 
would soon outstrip the capability of any machine they chose, so being able 
to upgrade was a primary consideration. Perhaps when (in Wexler’s words) 
the “situation stabilized”—when computer design slowed so that new, faster 
models were not continuously being made available—it might make more 
sense to purchase one. Now was not the time.49

While agreeing with Wexler’s assessment, Reichelderfer nevertheless 
argued that they had to be attuned to their federal overlords: congressio-
nal authorities, the Bureau of the Budget, and high-ranking members of 
the federal government’s executive branch who were convinced that too 
much money was being spent on “machine tabulation equipment.” All 
were pressing agency heads to share computing equipment whenever pos-
sible. Under no circumstances did Reichelderfer want to appear uncoop-
erative by insisting that his organization required a dedicated computer. 
Therefore, he proposed that the Weather Bureau “not give the appearance 
of obstructing the plan in the beginning by starting off with reasons why we 
cannot do it.” He seemed to think that the reasons would “speak for them-
selves” once the Census Bureau and the Commerce Department reviewed 
the new unit’s computing requirements.50 It was risky for Reichelderfer to 
count on other agencies to see the wisdom of his thinking. Those agencies 
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owned the machines—the Weather Bureau was coming with hat in hand. 
If Census and Standards thought the Weather Bureau would take over their 
machines, then he might count on their support as well for a dedicated 
weather computer.

Apparently the Weather Bureau’s response had the desired effect, because 
computer arrangements initially moved forward. But less than a month later, 
another bureaucratic hurdle popped up before the intrepid and increasingly 
beleaguered operational numerical weather prediction pioneers. The Joint 
Meteorological Committee decided against leasing the IBM 701 without a 
competitive bid. And so in September 1953, the latest Ad Hoc Group started 
its quest for a competitive bid in an era of few potential bidders. Smagorinsky 
invited the only two fi rms with competitive machines—IBM and Remington 
Rand—to perform preliminary tests demonstrating their machines’ capa-
bilities. Von Neumann, Charney, Platzman, and several others from the 
Meteorology Project elected to help analyze the results.51

Meeting with company representatives in October 1953, the group asked 
them to run the three-dimensional quasi-linear model. IBM had a 701 avail-
able for the test, but declined to do the coding without compensation. 
Remington Rand was willing to do the coding without charge, but did not 
have a computer (ERA 1103) available to run it. IBM, as noted, could build 
and deliver a 701 within a year of receiving a letter of intent. Remington 
Rand’s representatives had no idea when they could deliver an operational 
computer, or how they would handle maintenance.52

Designated as fact fi nders, Smagorinsky and IAS mathematician Herman 
Goldstine worked to assess the computers’ suitability.53 Within a couple of 
weeks, Remington Rand had found machine time and IBM had identifi ed a 
program it could run on its 701.54 Testing would start in December and be 
completed by mid January 1954.55 Once test results were available, the Ad Hoc 
Group and its technical advisors would meet to discuss the outcome. They 
hoped to make a fi nal decision by early February.56

Goldstine and Smagorinsky fi led their report at the end of January, out-
lining how the complexity of the atmospheric models and the method of 
handling data affect run times. They argued that there was no point in select-
ing a computer that could not run the initial (and least complex) model and 
easily manage incoming data. Nor did it make sense to choose a machine 
that could handle the initial models, but fail to run models incorporating 
larger geographical areas, additional variables, or increased forecast periods. 
Smagorinsky and Goldstine anticipated that the fi rst year’s models would 
include large-scale atmospheric motions, assume an adiabatic (non-heat 
exchanging) and frictionless atmosphere, and consider an irregular lower 
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boundary. In mathematical terms, the model represented an initial-value 
problem wherein the geometric boundary conditions were specifi ed at all 
times. It would have three internal vertical grid points, be quasi-linearized, 
and have a lower-level boundary, i.e., it would not consider topography. The 
more general version of this model would have fi ve to seven vertical grid 
points and an irregular lower boundary, and it would require solution of the 
three-dimensional Poisson equation. Smagorinsky and Goldstine estimated 
that the run time for this more sophisticated model would be at least fi ve 
times greater than for the simpler quasi-linear, three-level model.

Other factors would also increase run times. Automatic data processing 
alone would require inverting nearly a thousand 10×10 matrices and use a 
signifi cant amount of machine time. Increasing geographic coverage, and 
including moisture distributions for precipitation forecasts and three-dimen-
sional trajectories for condensation computations in later models, would 
lead to longer run times too. Given these possibilities, Smagorinsky and 
Goldstine thought it likely that within a few years the required machine time 
would be an order of magnitude greater than for the test problem run by IBM 
and Remington Rand. Since future operational predictions would require a 
machine with a faster processor, the JNWPU’s ability to function effectively 
would depend on the availability of more sophisticated computers.57

As it turned out, the IBM and Remington Rand machines produced 
 solutions—complete with printed output—in the same amount of time. The 
IBM had a faster processor, but slower input/output devices; the Remington 
Rand was slower, but had a signifi cantly faster printer. Since the bids were 
essentially the same, and IBM had a better maintenance record, the group 
recommended—once again—leasing the IBM 701 Defense Calculator.58

About the time Reichelderfer managed to convince the Commerce 
Department that the JNWPU absolutely had to have its own computer, a new 
question arrived from Under Secretary of Transportation Robert B. Murray Jr.: 
Why not just use the best parts of the IBM and Remington Rand computers 
to build a computer better than either one of them was individually? Once 
again, Wexler was dispatched to research the answer, while Reichelderfer 
patiently told Murray that it made more sense to lease a machine than to 
purchase one that would be obsolete in 2–3 years. Time was getting short. 
They needed to order the computer right away.59

Having once again tamed bureaucratic nightmares, the Weather Bureau’s 
fi nancial maven, Robert Culnan, negotiated the fi nal details with IBM and 
sent the letter of intent.60 Only 4 months remained until the JNWPU would 
open for business. Then, in late May, just when computing equipment 
 procurement appeared settled, IBM announced a new computer—the 704. 
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Did the JNWPU want it? After tossing this idea around, the Ad Hoc Group 
decided to stick with the 701. They were already behind schedule, the 704 
had no operational track record, and adopting it would delay delivery by 
several more months and would increase the cost.61 The offi cial delivery date 
for the 701 was now 1 March 1955. The men of the JNWPU had at most 10 
months to test and refi ne their initial model.62

Almost a year had elapsed since the Joint Meteorological Committee had 
directed the establishment of the Joint Numerical Weather Prediction Unit, and 
the Weather Bureau had just signed a letter of intent for computing equipment. 
While the members of the Ad Hoc Group, their technical advisors, and the 
Weather Bureau’s leaders had been addressing hardware acquisition, some of 
these same people had also been working on an equally important job: hiring.

■ ■

■ ■

With the Joint Meteorological Committee’s decision to move ahead with the 
establishment of a new joint unit, the Ad Hoc Group needed to fi gure out 
how best to hire personnel for a tri-service organization. Mixing military and 
civilian personnel in the same organization historically has never been an 
easy process: doing it successfully requires the right combination of person-
alities, a large dose of patience, and an outstanding leader.

The director, the Ad Hoc Group decided, should have a broad background 
in both synoptic and theoretical meteorology in addition to experience 
using mathematical and physical techniques in weather prediction. He 
would also need to be familiar with basic programming techniques. The 
members unanimously recommended Air Weather Service meteorologist 
George P. Cressman, who had earned a PhD from the University of Chicago 
during Rossby’s tenure. A well-recognized authority on synoptic meteorol-
ogy, Cressman had had experience with all three of the weather services that 
would constitute the joint unit. When informally approached by the group 
in September 1953, he agreed to fi ll the position.63 This biggest challenge still 
remained: Cressman had only 9 months to fi nd and hire his professional and 
technical staff.

Whereas Cressman would be primarily concerned with the unit’s scientifi c 
work, the new assistant director, still to be appointed, would handle admin-
istrative matters. This individual would have to be conversant with numeri-
cal weather prediction but would not have to be a meteorologist. However, 
he would have to be tactful—and that is an understatement. Overcoming the 
rivalries among three competing weather services would require not only 
tact but also a huge amount of patience.
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The remaining personnel would have to have meteorological and/or mathe-
matics backgrounds. At least some of the new hires would come from the ranks 
of those training with the Princeton or Stockholm groups, or those working 
with Philip Thompson’s Cambridge team. The four research and development 
meteorologists would collectively, although not individually, have to possess 
strong dynamic meteorology and mathematics abilities and be familiar with 
machine computations. They would also have to have extensive synoptic 
experience and knowledge of advanced prognostic techniques, plus “proven 
abilities to carry out independent developmental research.” Assisting them 
would be ten meteorological analysts (fi ve for each shift) with strong synop-
tic backgrounds and enough general knowledge of dynamics and numerical 
weather prediction to be useful team members. Sub-professionals, including 
those who would check and plot data, would round out the unit’s meteorology 
component. The incoming mathematician would need extensive experience 
in numerical analysis and the programming of complex physical programs. 
He would be joined by three programmer-coders who would also be strong 
mathematicians with programming experience. They would be assisted by 
computer operators, who would be responsible for running the models.64

To forestall inter-agency personnel confl icts, the Ad Hoc Group’s representa-
tives worked closely together from the outset to get the joint unit off to a good 
start with capable, enthusiastic personnel. When it turned out that certain 
weather services could provide more people than others, the group decided to 
trade people for cash. The Navy, for example, had few people to assign to the 
unit, but was able to provide more funding. That the unit’s proposed internal 
structure remained intact as hiring continued was nothing short of amaz-
ing. The JNWPU faced two immense challenges: it was an entirely untested 
organization creating untested meteorological products, and the personnel it 
needed were likewise entering an entirely new fi eld that most of them were 
learning on the job. With the exception of diffi culties in locating a suitable 
programmer-mathematician, staff recruitment went smoothly. Cressman, 
however, wisely decided to postpone fi lling sub-professional positions until 
his new organization had found a permanent home.65

By the time the Ad Hoc Group made its fi nal report, and by the time the 
joint unit became a reality (1 July 1954), all but three professional positions 
had been fi lled. Of the professional core, seven each were from the Weather 
Bureau and the Air Force; three were from the Navy. The JNWPU was still 
short one meteorologist and two operators, but interviews were underway. 
The Air Force provided three sub-professional staff members and the Weather 
Bureau one. The remaining ten positions would be assigned from Weather 
Bureau assets.66 As nightmarish as the hiring process could have been for 
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the new JNWPU, surviving documents indicate that it went more smoothly 
than the acquisition of a computer and its associated peripherals.

Since the Weather Bureau would have administrative authority over the pro-
posed joint unit, in summer 1953 Harry Wexler arranged the appointment of a 
fi nancial representative. Robert Culnan became the unit’s fi nancial coordina-
tor and established contacts with Air Force and Navy representatives. However, 
none of the weather services would be allowed to transfer funds until the Ad 
Hoc Group had ascertained the extent of space modifi cation expenses, and that 
depended on the unit’s exact location, for which a decision was not anticipated 
until early 1954.67 The fi rst of the year brought no decision, however, and with-
out a fi rm location, the bureau could not develop a fi nal budget. Despite that, 
the group decided that each service should transfer funds—about $31,500—to 
cover one-third of the proposed start-up cost to the Weather Bureau, and that 
Cressman should be authorized to expend those funds.68

By mid-summer 1954—after the establishment of the joint unit—space 
was allocated in Federal Offi ce Building No. 4 in Suitland, Maryland, but not 
next to the WBAN Analysis Center (also in Suitland) as previously planned. 
However, this new location was adjacent to the future home of the new 
National Weather Analysis Center—the WBAN’s successor. In the meantime, 
the JNWPU would occupy space made available by the Weather Bureau. The 
space assignment allowed budget planning to continue.

Of the original $94,500 in start-up funds, approximately $82,000 was by 
now earmarked to modify the spaces, install power and electrical fi xtures, and 
pay for engineering services. The remaining money would be used for miscel-
laneous equipment and furniture. The total estimated expenditure for fi scal 
year 1955 was about $300,000, or a little over $100,000 per service. Since the 
Navy was providing fewer people, as noted above, its cash contribution was 
almost double that of the other two services. By providing more than one-
third of the personnel, the Air Force reduced its expected fund transfer.69

While the three weather services had been kept busy shuffl ing people, 
money, and spaces to meet the opening day of the Joint Numerical Weather 
Prediction Unit, and while the modeling team in Princeton had been busy 
cleaning up analysis and forecasting models for their operational brethren, 
the Europeans had been making their own move to operational numerical 
weather prediction.

The Europeans Close the Gap

As noted above, the move to operational numerical weather prediction was 
not restricted to the United States. During the year preceding the opening 
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of the JNWPU, other centers of activity were gaining ground in Europe and 
pushing toward their own forecasting units. Besides the Swedish team, the 
German meteorologist Karl Hinkelmann had signed a contract with the US Air 
Force for numerical prediction, “including the building of a machine”—an 
outgrowth of Thompson’s earlier European visit. The US Air Weather Service 
wanted numerical weather prediction support for its assets in Europe, but 
was not able to provide them from the United States—computers had neither 
the capacity nor the speed to process all the data. The Air Force’s solution was 
to establish numerical weather prediction centers, not unlike the JNWPU. 
Two members of Hinkelmann’s team were in Stockholm, and Hinkelmann 
was scheduled to join the Stockholm group in January 1954.70 So despite the 
Air Force’s desire to participate in the joint unit, the Air Weather Service was 
working independently to expand numerical weather prediction to Europe, 
in addition to maintaining Thompson’s group in Cambridge.

In late October and early November 1953, Philip Thompson made another 
European tour to assess the progress of numerical weather prediction in 
Sweden, West Germany, and the United Kingdom. After returning to the 
United States, he reported that the Europeans lagged by about 6 months in 
basic theory and 1–2 years in operational applications, owing to personnel 
shortages, lack of training, and non-availability of dedicated computers for 
numerical weather prediction. The Deutscher Wetterdienst was working on 
putting numerical weather prediction into operation, but would probably 
not do so before early 1956. The British Meteorological Offi ce intended to add 
numerical techniques to its forecasting practice, but without a computer its 
efforts would be limited. Rossby’s group “professed to have no defi nite plans 
for operational applications, but [would] have the capabilities for putting 
numerical methods into practice by early 1955.” Since the Swedish team in 
fact began producing operational forecasts in 1954, it appears that Thompson 
was somewhat led astray by what he heard in Sweden. Thompson was autho-
rized to offer Rossby the possibility of an Air Force research contract, which he 
was glad to take. But Rossby reminded Thompson that, because Sweden was a 
neutral country, the funds would have to be “decontaminated” via a civilian 
institution, perhaps the Woods Hole Oceanographic Institution.71

By late 1953, Rossby’s Stockholm group was very busy on BESK, which 
Phillips reported was running quite well. Although output was slow (because 
of the printer), BESK was faster than the IAS machine on which it was mod-
eled. When their magnetic drum arrived, the Stockholm team planned to 
increase grid size, the number of model layers, and forecast length.72

In early spring 1954, Smagorinsky went to Europe and reported that the 
British and the Swedes anticipated making daily operational predictions 
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within 6 months.73 It happened sooner than that. In mid June, Rossby 
informed Charney that the Stockholm team had made 23 barotropic fore-
casts for the eastern Atlantic and northern Europe, including two opera-
tional ones, on BESK. Having gotten good results, they were preparing to 
make operational 48-hour forecasts.74 In contrast, the JNWPU’s computer 
would not be available for at least another 6 months.

The Media and Numerical Weather Prediction

From the earliest days of John von Neumann’s Computer Project, outlandish 
descriptions of what a computer could do for meteorology and weather fore-
casting had appeared in the media. As discussed in chapter 4, early press cov-
erage in the New York Times linked numerical weather prediction and future 
weather control—links that were largely missing from stories by the early 
to mid 1950s. By then, weather control had become a press topic in its own 
right owing to Nobel Laureate Irving Langmuir’s cloud seeding experiments. 
However, press reports exaggerating computer forecast capabilities made 
von Neumann, Charney, and others who thought the entire project was 
being oversold very uneasy. Indeed, project members were having diffi culty 
persuading their fellow meteorologists to take their work seriously. Accounts 
of long-range computer-predicted weather in a few minutes of machine time 
were not helpful. One way to counteract fantastic press reports would be to 
meet the press. And so they did, even if their own stories were inconsistent.

In May 1953, Joseph Smagorinsky talked about numerical weather pre-
diction while appearing on “Science Forum” on WGY, the General Electric 
Company’s radio station in Schenectady, New York. Reviewing why peo-
ple wanted to know the weather in advance, Smagorinsky explained that 
meteorologists had signifi cantly increased their understanding of atmo-
spheric physics since the turn of the century. He described how physical laws 
could be described by differential equations (equations that related small 
spatial variations with small intervals of time), which could be solved by 
electronic computers. Whereas meteorologists in the past had solved these 
systems of equations by hand, with computers integrating the equations 
they could expect more accurate forecasts. Smagorinsky continued: “The 
vision of Professor John von Neumann of the Institute for Advanced Study 
at Princeton, New Jersey made it possible to apply high-speed computer 
methods to the weather forecast problem—which has come to be known as 
numerical weather prediction.” He also credited Rossby (as instrumental to 
the study of earlier meteorological work, which allowed current researchers 
to avoid the “pitfalls” of the past) and Charney (as having simplifi ed the 
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meteorological equations in a “rational” manner that bypassed “years of 
experimentation and research”).75

Smagorinsky further explained that, to obtain forecasts by numerical 
methods, meteorologists needed wind, pressure, temperature, and humid-
ity observations over large geographical areas, up to an altitude of 70,000 
feet above sea level, and not more than 200 miles apart. A 24-hour forecast 
for New York City would require large amounts of data in a 600-mile radius 
around the city. For a longer forecast period or a larger forecast area, meteo-
rologists needed a larger radius. Thus, to forecast for the United States, data 
were needed from the Pacifi c to the Atlantic and from the Canadian Arctic 
down to Mexico. Once the data were available, the forecast would take only 
minutes.

The public’s concern that automation would eliminate jobs must have 
been on Smagorinsky’s mind as he was preparing his presentation. His radio 
talk was primarily about numerical weather prediction methods, and yet 
he went on to explain that they would not result in the mass unemploy-
ment of meteorologists. Rather, meteorologists would just have more time 
to make sense of the atmosphere and thereby provide better, smaller-scale 
forecasts. Smagorinsky also admitted that meteorologists still did not under-
stand many things (e.g., the sun’s radiation, atmospheric turbulence, and 
pre- conditions for precipitation) that affected the weather. Until those fac-
tors were addressed, meteorologists could not attempt long-term forecasts 
of up to a year in advance. However, Smagorinsky assured his radio listeners 
that the Weather Bureau was addressing all these concerns so that it could 
continue to provide the very best weather information to the nation.76

Surely Smagorinsky was seeking positive press coverage that would enhance 
the Weather Bureau’s reputation. Reporting back to his bosses, Smagorinsky 
wrote that his talk had received a good review from the Schenectady Gazette. 
He pointed out that it “once again indicates that publicity originating from 
the Weather Bureau can help us to have sympathetic relations with the 
press and the public.” This was in contrast to a May 1953 Fortune article, 
“Tomorrow’s Weather,” that became a public-relations disaster. The Fortune 
article, which considered both weather modifi cation and extended weather 
prediction, implied that the Weather Bureau was so conservative that it had 
refused to use ground-based seeding methods perfected by commercial seed-
ers in its own trials. Although not overly reproachful of the bureau, it did 
put those working in the private sector in a better light. “It would seem,” 
Smagorinsky continued, “that the Weather Bureau should seize upon every 
opportunity to educate the public (in a dignifi ed manner, of course) on our 
efforts toward carrying out our primary mission.” After Smagorinsky’s letter 
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reached Weather Bureau headquarters, someone—probably Harry Wexler—
scribbled in the margin “Do we not?!!”77 Apparently, the Weather Bureau was 
feeling beleaguered by adverse press coverage.

In October 1953, as the JNWPU project gained momentum, Science 
Service staff writer Ann Ewing attended an Ad Hoc Group meeting to get 
help with an article she had written about numerical weather prediction. 
Ewing’s article described how a “giant electronic ‘brain’ ” (computers in this 
period were almost always “electronic brains”) would be making daily wind 
predictions that would then be used for local weather forecasts on an experi-
mental basis within a year’s time. Billing the undertaking as an experimental 
program run by the three weather services, the article went on to say that this 
“revolutionary method” was fi rst developed at the Institute for Advanced 
Study. In fact the fi eld was so new, Ewing declared, that few subject experts 
existed worldwide. After describing input and output, she asserted that these 
“brains” would “eventually eliminate most of the forecaster’s personal opin-
ions from his predictions.” Although the formulas had not been entirely 
worked out, Ewing wrote that eventually meteorologists hoped to include 
a variety of energy sources (e.g., radiation from the sun and heat released 
during condensation, and energy sinks such as those due to evaporation) in 
their models. These improvements would allow forecasts for 5 days, 30 days, 
or even more. Long-range predictions were not expected soon.78 Whether 
Ewing considered 5 days “long range” is unclear, but long-range predictions 
certainly were not going to appear any time soon. The spurious idea that 
forecaster’s “opinions” would ultimately be eliminated from weather pre-
diction was another common theme. Statements like these led the public 
to think that the forecasts they heard on the radio or read in the newspaper 
soon would come from computers.

Other publicity efforts presented the project’s history differently. In 
November, the Offi ce of Naval Research, with the approval of the Defense 
Department’s Offi ce of Public Information, issued its own press release in 
an attempt to gain positive attention for its role in numerical weather pre-
diction. In that release, titled “Electronic Weather Forecasting,” the Navy 
claimed credit for numerical weather prediction, accurately saying that the 
newly forming joint unit was an outgrowth of research “initiated in 1946 
when the Offi ce of Naval Research contracted with the Institute of Advanced 
Study in Princeton to study numerical prediction technique.” The Navy went 
on to claim that the Meteorology Project had been established by the Offi ce 
of Naval Research, which had given the task of developing the technique to 
von Neumann and Charney. This statement was not entirely accurate, since 
Charney did not come on the scene until 2 years into the project. After briefl y 
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describing the roles of von Neumann, Goldstine, and Bigelow in the design 
and development of the IAS computer, the press release asserted that “in 
January 1949 the Offi ce of Naval Research invited the Geophysical Research 
Division of the Air Force to participate in the electronic forecasting tech-
nique,” thus allowing the project to move forward even more rapidly than 
before. There was also a lengthy quote from “Dr.” (instead of Commander) 
Daniel F. Rex of the Offi ce of Naval Aerology, who compared the revolution 
in numerical techniques to the one spawned by Bjerknes’s “Norwegian Wave 
Cyclone Theory.” Numerical methods, Rex further asserted, would enable 
local forecasters to spend more time on the details of their local weather, 
since they would not have to draw their own prognostic charts.79 Rex was 
certainly a PhD meteorologist, but it appears that the Navy, by referring to 
him as “Dr.” instead of as an active-duty offi cer, was trying to attach more 
credibility to his statement. And in fact no available archival evidence indi-
cates that the Navy asked the Air Force to join in sponsoring this project.

The fl urry of press releases and articles did not escape the notice of the Ad 
Hoc Group (of which Daniel Rex was a member). Annoyed, the members 
of that group decided that whenever a signifi cant development occurred, 
or when new information was available, they would prepare a joint state-
ment and send it to von Neumann, Reichelderfer, Charney, Thompson, and 
the ONR’s representative for their own use or for further distribution within 
their organizations.80

In early December, Wexler visited von Neumann and Charney in Princeton 
to discuss some of the recent press accounts. Von Neumann was upset that 
some of the articles had tended to place the greatest emphasis on the machin-
ery instead of on the intellectual achievement that allowed the modeling to 
take place. Wexler subsequently advised Reichelderfer as follows: “We shall 
have to be even more careful in the future in cautioning reporters to avoid 
some of the objectionable features.”81

But Wexler could play the press game too. In February 1954, he presented 
a proposed press release about the computer simulation of the “busted” 
East Coast snowstorm of January 1950. In the article, the data were run 
through one of Princeton’s models, which successfully identifi ed the storm 
and steered it in the correct direction. The implication was that numerical 
methods yield better forecasts. In the discussion that followed, the Ad Hoc 
Group expressed concern that the press was considering the results of the 
competitive tests between the IBM and Remington Rand computers as a test 
of numerical weather prediction techniques. Therefore, the success of those 
runs would be equal to the success of operational numerical weather predic-
tion in readers’ minds. The group wanted to make sure the press did not leave 
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the public with the impression that numerical weather prediction already 
was a proven technique.82 But there is no doubt that the word was out. Even 
the Boy Scouts of America’s Editorial Service sent a letter to von Neumann 
asking about the work of the Princeton teams.83

Those developing numerical weather prediction certainly needed the 
help of the media—radio, newspapers, and magazines—to tell their story. 
Everyone involved desperately wanted the public to get these messages: 
numerical weather prediction was worth the investment of time and money, 
would lead to more accurate forecasts, and was the future of modern meteo-
rology. But while the project’s participants wanted the public and the scien-
tifi c community to be sold on numerical weather prediction, they did not 
want them to be oversold. And although articles about “giant brains” fore-
casting the weather certainly attracted attention, there was always a nagging 
concern, particularly at the Weather Bureau, that if the result did not live 
up to the hype, what little credibility the meteorological community had 
gained during and after World War II would be diminished signifi cantly.

The Joint Unit Comes to Life

On 1 July 1954, after more than a year of planning and negotiation, the Joint 
Numerical Weather Prediction Unit became a reality—a non- operational one 
initially, because it had no computer and would not for at least 6 months. 
However, its personnel still had plenty of work to accomplish. George 
Cressman laid down four primary tasks for his unit: evaluating which model 
would be best for initial operational use, preparing a program library, train-
ing personnel to program the computer, and training the analysts.

The Joint Numerical Weather Prediction Unit worked closely with the Air 
Force’s Geophysical Research Directorate (especially Thompson’s Numerical 
Prediction Project) and with the Institute for Advanced Study to evaluate 
models. Both the IAS and the GRD ran their three most promising mod-
els from the same initial data and compared the output. JNWPU members 
planned to obtain time on IBM’s New York-based 701 to run some of the pro-
grams. By 1 February 1955, they anticipated running the three models with 
30 different initial data sets. After studying about sixty of the GRD’s baro-
clinic forecasts, the JNWPU’s Development Section discovered that half of 
the systematic errors could be attributed to neglecting terrain-induced verti-
cal motions. It was also analyzing the effects of ignoring some of the terms 
in the vorticity equation. Another study dealt with erroneous boundary 
assumptions and how they affected model output. However, they determined 
that 16 of the 60 500-mb-height forecasts were signifi cantly more accurate 
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than the subjective maps obtained from US Air Force Weather Central for 
the same verifying times. Based on these fi ndings, the Development Section 
members revised the models and tested them by both hand and machine 
computation at the IAS. The Computing Section was working on a number 
of different programs, including barotropic, three-parameter baroclinic with 
terrain, objective analysis, and three-parameter baroclinic for comparison 
testing, as well as two-parameter baroclinic programs and a program that 
would produce a baroclinic forecast with boundary conditions given by a 
barotropic forecast covering a larger area.84

■ ■

■ ■

With the Joint Numerical Weather Prediction Unit offi cially open for busi-
ness, the work of the Ad Hoc Group was at last done. However, the Joint 
Meteorological Committee wanted an oversight committee to work out dis-
agreements among the three participating weather services. Therefore, on 4 
November 1954, the JMC formally dissolved the Ad Hoc Group and estab-
lished yet another ad hoc committee: The Ad Hoc Committee on Numerical 
Weather Prediction (referred to as JMC/NWP).85 Each weather service was 
authorized to appoint one member, although others would be allowed to 
attend meetings in an advisory role. The JMC/NWP would stay cognizant 
of the workings of the JNWPU, and assist and advise its director on require-
ments, external technical matters, fi scal considerations, service personnel 
matters, and off-time equipment use. The JMC/NWP would keep the JMC 
informed of numerical weather prediction matters and bring any major pol-
icy questions to it for resolution. However, it was not within the committee’s 
purview to solve any highly technical problems. For those, Cressman could 
seek the advice of scientifi c consultants after receiving the concurrence of 
committee members. This committee’s quasi-supervisory role did not give 
it license to micro-manage the unit. As the director of a new unit in a new 
fi eld, Cressman was to have signifi cant freedom in determining what should 
be done.86

One of the fi rst disputes, not surprisingly, concerned personnel. The 
Navy representative (Captain W. E. Oberholtzer Jr.) made clear that all Navy 
personnel assigned to the unit must be trained in each of its primary func-
tions, i.e., modeling, programming, and analysis. Cressman responded that 
personnel would be cross-trained to the extent that there was a fi t between 
their background and desires—not everyone wanted to perform all func-
tions. Oberholtzer likely reacted badly, for Cressman’s response pointed to 
a tremendous gulf between the cultures of civilian meteorologists and the 
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 military services: in the Navy, one’s individual “desires” had nothing to do 
with one’s assignments.

Cressman had already arranged for technical consultants. From outside 
government they included Charney, Gilchrist, and Bigelow from the IAS; 
Platzman from the University of Chicago; and Rossby from the University 
of Stockholm. (Rossby had been given an offi cial role after 9 years of guid-
ing the development of numerical weather prediction.) Consultants from 
within government service included computer specialists Lawrence Gates 
(of the GRD), von Neumann (now of the Atomic Energy Commission), and 
Franz Alt (of the National Bureau of Standards).

Another regulation was imposed: any agency desiring to place new require-
ments on the JNWPU had to coordinate them with JMC/NWP. Without this 
provision, chaos would have reigned immediately. The Air Force, the Navy, 
and the Weather Bureau, each having different mission requirements, were all 
seeking unique products. Without a clearing house for their specialized mis-
sion requirements, the unit would be overwhelmed. As far as requirements 
being levied by the JNWPU, Cressman reported that the WBAN Analysis 
Center would be plotting and analyzing two 400-mb charts per day starting 
in January 1955. Because the analysis section of the JNWPU had been kept 
small on purpose, he was counting on WBAN to fi ll its needs. Owing to the 
coordination required between JNWPU and WBAN, the ad hoc committee 
determined that the joint unit needed to deal directly with the Coordinating 
Committee of the National Weather Analysis Center (NWAC—replacing the 
WBAN Analysis Center) if and when the JMC appointed such a committee.

Also important was the policy for outside use of the IBM 701. The machine 
had not yet arrived, but outside agencies were already seeking computer time. 
The proposed policy stipulated that the computer could be used by govern-
mental meteorological services or cooperating numerical weather prediction 
research groups subject to the director’s approval. Computer use had to be at 
the unit’s convenience, and it would provide no manpower other than a 
machine operator. Non-governmental groups using the machine had to pay 
for all computer time unless there was a reciprocal arrangement on another 
machine. When Wexler questioned why the JNWPU needed to be reimbursed 
when the machine time was already paid for, Cressman commented that 
they wanted to discourage non-meteorological organizations from using the 
computer.87 The committee also discussed who would be allowed to submit 
programs to run on the machine. The Air Force representative thought fi rst 
priority should go to whichever group had the most to contribute to numeri-
cal weather prediction regardless of whether it was a governmental agency or 
a research group. Regarding reciprocal computer time, Cressman noted that 
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both the GRD and the IAS had run programs for the JNWPU, and therefore 
the joint unit should run programs for them if asked. They weather service 
representatives also addressed machine use in excess of contracted time. The 
cost increased once they exceeded the contract limit. Therefore, committee 
members decided that, as much as possible, any requests for computer time 
would have to fi t within the contracted hours.88

With the beginning of fi scal year 1956 (1 July 1955) only 6 months away, 
the committee also considered its budget needs. Cressman anticipated no fur-
ther staff increases after fi scal year 1956. He thought he might even be able 
to reduce staffi ng by one plotter. By the fi ve-year point, he might reduce the 
programming staff. Apparently Cressman thought that, once they had pro-
grammed the models, little programming work would remain.89 His casual 
comment was a consequence of a complete lack of experience in the fi eld—no 
fault of Cressman, since everyone was new to the fi eld—and yet it defi ed com-
mon sense. The unit’s purpose was to take upgraded models and put them to 
operational use. The programming would always need to be done in-house. 
Therefore, the number of programmers would not decrease with time unless 
the models were not improved. The whole idea behind making the transition 
from a research to an operational organization was to speed up model improve-
ments. Decreasing the numbers of programmers would risk stagnation.

The anticipated contribution of each service for fi scal year 1956 was 
approximately $200,000. The Air Force’s representative advised that his ser-
vice would need an estimated fi scal year 1957 budget not later than January 
1955 (fi scal year 1957 would have started on 1 July 1956).90 Somewhat sur-
prisingly, military members did not push for budget estimates over several 
years, since their budgets were set up in fi ve-year cycles and then readjusted 
each year as the operational climate changed.

In late 1954, Joint Meteorological Committee members addressed trou-
bles coordinating with the new National Weather Analysis Center. Whereas 
the WBAN Analysis Center was supervised by JMC’s Air Coordinating 
Committee/Meteorology (ACC/MET), the new analysis center would be 
without JMC supervision if a new ad hoc committee were not appointed 
to fi ll that role. On the other hand, the JNWPU fell under JMC’s cognizance 
via the existing ad hoc committee. Therefore, the unit could not directly 
approach the analysis center for assistance; rather, it had to follow a cumber-
some, circuitous chain through advisory committees up to JMC and down to 
the analysis center. This was clearly unsatisfactory. Since JMC had discussed 
merging the joint unit and the analysis center, members suggested that the 
JNWPU be placed under ACC/MET and the current ad hoc committee be 
dissolved.91
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This matter resurfaced a few weeks later when JMC members discussed 
who should have supervisory authority over the joint unit and the analysis 
center. Although the Weather Bureau argued that there was no reason for 
the JNWPU to be under JMC supervision, all agreed that the best scenario 
would have both units being supervised by ACC/MET once they were oper-
ational. Since neither was operational, it was not of concern. In response 
to the Weather Bureau’s comment about JMC supervision, the Air Force 
pointed out that it received part of its budgetary support for the joint unit 
because of its JMC affi liation. The Weather Bureau argued that unless it was 
absolutely necessary, no committee should supervise either unit because, 
as Reichelderfer put it, “committee operation of a unit is never good.”92 
Undoubtedly Reichelderfer was partly motivated by the fact that both of 
these units resided in Weather Bureau spaces and were under its adminis-
trative control despite being jointly funded and staffed. The military units 
were probably concerned about losing control within a civilian organization 
without the JMC-related supervision.

The JMC discussed the use of computer time by outside agencies and con-
curred in the policy as proposed by the Ad Hoc Group. The JMC also brought 
up the fi scal year 1956 budget, but both military representatives asked for 
a deferral until they could study it. All agreed that they strongly supported 
the joint unit and did not anticipate failing to meet their share of the bud-
get.93 However, by mid January 1955, potential funding and manpower 
defi cits were beginning to appear. The Air Force could not meet the man-
power requirements, but could substitute funds for manpower even though 
it was not sure it could offer its full share. Although Weather Bureau lead-
ers wholeheartedly supported the numerical weather prediction effort, the 
Commerce Department had eliminated the money they had set aside for the 
unit. However, the bureau continued to seek funding for its full share. The 
Navy reported that only part of its share had been included in its budget. 
That was partly due to the sharp increase in the unit’s budget between fi scal 
years 1955 and 1956, as it moved from the pre-operational to the operational 
stage. The Navy needed to wait until the entire military budget had been 
adopted before knowing if there would be additional funds. The JMC then 
approved the proposed fi scal year 1956 budget with the stipulation that it 
would await the outcome of the total budgets of the Department of Defense 
and the Department of Commerce.94

Cressman briefed the JMC on the JNWPU’s status on 3 May 1955, just 3 
days before its dedication ceremony. The IBM 701 had been checked out and 
accepted from IBM 2 months earlier (fi gure 7.1). In mid April, unit members 
had run the fi rst experimental forecasts with better than expected results. 
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Since the computer had arrived later than expected, unit personnel would 
not complete the shakedown phase (Phase I) until 6 May 1955. At that time, 
unit members anticipated beginning Phase II operations. During Phase II, 
they would extend the objective analysis for North America approximately 
1500 miles into the North Pacifi c and North Atlantic. This analysis would be 
for internal JNWPU use only. Unit members would also produce a baroclinic 
three-level prognostic chart for the United States. Diffi culties with the intro-
duction of terrain effects had led to some programming diffi culties, but unit 
members expected to overcome those within a couple of weeks. They would 
also be producing vertical motion products between the 900-mb and 700-mb 
(3,300–9,000 feet) layers and the 700-mb and 500-mb (9,000–18,000 feet) 
layers at 12-hour intervals. The baroclinic and vertical velocity products 
would be available for users starting on 6 May. Work continued on a baro-
tropic 500-mb prognostic chart covering all of the Northern Hemisphere.

The relative accuracy of the computer-generated charts generated a happy 
surprise for the joint unit. To verify the weather maps, unit members checked 
the 24-hour computer-produced prognoses at three levels (400, 700, and 
900 mb) by comparing the distance between the forecasted and observed low 
height center positions. The 400- and 700-mb levels showed a difference of 
two degrees each of latitude and longitude, while the 900-mb level showed a 
2° latitude difference and a 5° longitude difference. These results were better, 
Cressman argued, than the best subjective efforts, and should be considered 

Figure 7.1
Fred Shuman (left) and Otha Fuller at the IBM 701, circa 1955. (courtesy of NOAA-

NCEP)
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as the worst possible outcome. These initial, experimental efforts were quite 
encouraging. Nevertheless, the handling of incoming data continued to be 
problematic. The data came in via teletype, and 15 man-hours later, unit 
members had fi nished manually punching the data onto cards and feeding 
them into the computer. The unit had obtained a machine that would read 
teletype paper tape and convert it to punched cards. This new procedure 
would reduce the number of sub- professionals from fi ve to one. The com-
puter could then be programmed to sort through the observations and reject 
reports that were either not needed for the objective analysis or were garbled 
before running the program. Cressman noted that automated data handling 
was just beginning, and it would be a number of months before this would 
become a routine.

The teletype system, suffi cient for subjective methods, also was problem-
atic. It took 9 hours just to collect all the data needed for a single chart. If the 
observation and transmission schedules were changed, it would take only 30 
minutes. Adding up the time to tear teletype tape, punch cards, and run the 
programs, it was apparent that the 9 hours being absorbed by data collection 
would need to be dramatically reduced if numerical weather prediction were 
to work.

Military missions also affected data availability. For example, Air Force 
weather reconnaissance aircraft regularly fl ew and collected data at 500 mb 
(18,000 feet). The unit also created prognoses for that level, since it repre-
sented the steering level for surface systems and was highly valuable for fore-
casters. However, when the Air Force considered moving those fl ights to a 
higher level (400 mb) that meant the data stream would change as well as 
the desirability for producing 500-mb charts. If the Air Force did change its 
reconnaissance level, the unit might have to change its operations as well.

Cressman (pictured in fi gure 7.2) also wanted more data from over the 
Pacifi c. As a trial, the Weather Bureau had put an upper-air team aboard the 
USNS General Hugh J. Gaffey (a Military Sealift Command transport ship) 
while underway in the Pacifi c, and had obtained excellent results. The regu-
lar availability of soundings from ocean areas would help anchor the fore-
cast. Another possibility: using dropsondes launched from aircraft transiting 
the area.95 However, both of these were very expensive options, and if the 
bureau leaders were worried about having enough money to keep the unit 
operational, they probably did not have enough money to send upper-air 
teams out to ride ships of opportunity, i.e., ships transiting the area that were 
willing and able to take on men and material, or to send dropsondes out with 
military planes fl ying across the ocean.
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Figure 7.2
George Cressman (left) was the fi rst director of the Joint Numerical Weather Prediction 

Unit. Here, with Air Force Lieutenant Colonel Art Bedient, also of the joint unit, he 

prepares to mount a data tape for computer-microwave linking (circa 1960). (courtesy 

of NOAA-NCEP)
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At Long Last, Dedication

By spring 1955 the Phase I shakedown was complete. Unit members had 
checked out the computer, personnel were on board, the model was running, 
and communications circuits were in place. The time had come for numeri-
cal weather prediction to leap beyond experiment and into operation.

The small, almost anti-climatic dedication ceremony took place at 5 p.m. on 
6 May 1955—almost 9 years to the day since the Institute for Advanced Study 
had sent its proposal for a Meteorology Project to the Offi ce of Naval Research. 
After a few short remarks and the ceremonial pushing of the “on” switch, 
attendees toured the facility for half an hour and returned to the computer in 
time to see the 12-hour forecast emerge from the printer. Thirty minutes later, 
the 24-hour forecast appeared. Operational numerical weather prediction, a 
dream since the early twentieth century, was a reality (fi gure 7.3).96

In his comments for the offi cial opening of the Joint Numerical Weather 
Prediction Unit, Weather Bureau Assistant Chief for Operations Delbert Little 
paid tribute to the pioneers of hardware development, upper-air investiga-
tions, dynamic meteorology, and, of course, to Lewis Fry Richardson, who in 
1922 published the less than promising results of his attempt at numerical 

Figure 7.3
A 1,000-millibar prognostic chart, 24 May 1956, created by the JNWPU’s IBM 701 using 

a grid-point contouring program written by Art Bedient. (courtesy of NOAA-NCEP)
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weather prediction. And credit was given to von Neumann and Charney for 
their leadership in the Computer and Meteorology Projects and for bring-
ing to fruition two of the three legs on which numerical weather predic-
tion stood: the electronic computer and meteorological theory of large-scale 
atmospheric motions. The third leg—a suffi ciently dense network of surface 
and upper-air observations—was in place as a result of World War II. Credit 
was also given to Air Force, Navy, and Weather Bureau personnel who had 
played important roles in the development and planning of this “unprec-
edented venture.” Absent was any mention of the tag team of European 
meteorologists—primarily Scandinavians and Britons—who had bailed 
the Meteorology Project out of numerous manpower holes. These meteo-
rologists, who had stayed in the United States for several months to a year 
at a time, had been crucial to creating the dynamic-synoptic meteorology 
interface required for the successful creation of numerical weather predic-
tion models. They have been omitted from accounts of numerical weather 
prediction’s origins ever since.

In his speech to the handful of Air Force, Navy, and Weather Bureau offi -
cials and a few invited guests, Little emphasized that the “new era in meteo-
rology” that provided these computer products was not an excuse to “sit 
back and take it easy.” On the contrary, forecasters would now have more 
time to devote to their local forecasts, with the computer taking care of the 
large-scale forecast. Modeling results had revealed that topographic, coastal, 
and diurnal effects were more subtle than previously thought. This discovery 
would allow meteorologists to concentrate their efforts on other elements 
that might ultimately prove to be more important to solving the forecasting 
problem. The computer “under intelligent human direction” would be the 
forecaster’s assistant—not the controlling factor in making forecasts.97

And so it was. Or was it? How acceptable would these computer products 
be to the men at the forecasting desk? How would they be viewed by the dif-
ferent weather services? What was the future of the resulting man-machine 
interface? How long would it take before this operational unit was truly 
operational? How long could a melding of personnel from different opera-
tional backgrounds, serving very different customer bases, function before 
infi ghting led to its disintegration?
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■ ■ A New Atmosphere

If the Meteorology Project was the cradle of numerical weather prediction—
the initial research phase required to put numerical methods on a fi rm theo-
retical footing—then the Joint Numerical Weather Prediction Unit might 
be considered the “baby walker.” It took the project’s models into the opera-
tional phase, putting them to the test daily, with real-time data used to make 
real-time forecasts. But while the theory was relatively fi rm, the operations 
were decidedly shaky.

The Joint Numerical Weather Prediction Unit did not survive as long as 
the Meteorology Project that spawned it. Long-term cultural differences and 
unique customer requirements contributed to its demise, but the inclusion 
of numerical weather prediction techniques on the forecasting fl oor lived 
on. Not wholeheartedly embraced at fi rst, numerical products became the 
foundation of operational forecasting, including that done for television 
newscasts, by the 1970s.

Although the Meteorology Project faded away—its work did not fi t into the 
Institute for Advanced Study’s vision once John von Neumann decamped to 
the Atomic Energy Commission—theoretical numerical weather prediction 
spread to newly established research groups and university campuses around 
the world. Meteorologists, formerly concentrated within meteorology orga-
nizations and academic departments wealthy enough to lease mainframe 
computers, now formed alliances with other disciplines, incorporating new 
techniques and data sources into increasingly complex models. By the end of 
the twentieth century, modeling had expanded temporally and spatially to 
include  climate and “earth-system” forecasting. As concerns about weather and 
climate changes increased, so did numerical efforts. The return to collaborative 
efforts in the twenty-fi rst century—driven once again by the need to share lim-
ited resources—brings 50 years of numerical weather prediction full circle, and 
will likely lead to interesting tensions among those providing funding, equip-
ment, and personnel to solve problems involving the earth and its atmosphere.
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Culture and Customers Trump Jointness

In 1955, the JNWPU was an operational entity in only the loosest sense. 
Computer-generated products did not leave the unit, decisions about 
appropriate models remained to be made, and model development contin-
ued inside and outside the unit. Moreover, lots of rough edges still needed 
smoothing, including hardware use, data handling and coding, and trans-
mission schedules. With these elements unresolved, it was realistic to expect 
that a joint organization combining the talents of Air Force, Navy, and 
Weather Bureau meteorologists, mathematicians, programmers, and sub-
professional assistants would lead to the quickest results. Indeed, until mete-
orologists were forced to produce numerical forecasts on a schedule—i.e., 
before the forecast period started and not weeks or months later—they would 
have little impetus to improve model effi ciency or solve long-term diffi cul-
ties related to obtaining and handling meteorological data. Once some of 
these basic matters were under control, however, the situation began chang-
ing for the three collaborating weather services; the beginning of the end for 
joint operational numerical weather prediction was evident within a year of 
the unit’s opening.1

Despite attempts by various government watchdogs to root out and elimi-
nate overlapping weather services during the fi rst half of the twentieth cen-
tury (and into the second half), an indisputable fact was that the Army Air 
Force (later the US Air Force), the Navy, and the Weather Bureau forecasted 
weather for very different customers. Furthermore, these organizations pos-
sessed very different cultures that infl uenced their practices, and the cultural 
differences had doomed previous efforts to force them to work together.

Disagreements foreshadowing the JNWPU’s 1960 demise appeared within 
6 months of the unit’s opening. There were four basic points of contention: 
model selection, model coverage (geographic and spatial), replacement of 
hand-drawn products, and transmission of computer-generated products on 
the facsimile broadcast. Each service examined these points and developed 
a unique approach.

The Weather Bureau, which exerted administrative control over the unit, 
focused primarily on its ground-based customers in the continental United 
States. It supported aviation interests, but not high-fl ying, high- performance 
aircraft; the Air Force forecasted for them. The Weather Bureau supported 
marine interests, but not ships at sea; the Navy issued forecasts for them. 
Moreover, the Weather Bureau’s leaders were not about to provide the United 
States with computer-generated products unless they were superior to extant 
subjectively produced weather forecasts. By law they were responsible for 
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providing the nation’s weather services, and therefore would provide the best 
possible analyses and prognoses by the best available method—computer or 
hand-drawn.2 This pragmatic, civilian-dominated mindset infl uenced every 
Weather Bureau decision. In contrast, the Navy’s customers were at sea or in 
the air nearby. To serve them, Navy meteorologists needed weather maps that 
covered the vast extent of the Atlantic. Therefore, they needed to assess and 
include ocean-based data sources in the models. They also needed to expand 
the models’ geographic extent. Until oceanic coverage improved, the Navy 
argued, the JNWPU’s prognoses were of “academic interest only” and “of 
little or no operational value.” Navy ships receiving US-centered charts via 
facsimile were not getting operationally relevant information. The JNWPU 
could not accommodate the Navy’s needs without increasing its manpower 
authorization by 30 percent, and it was already 25 percent undermanned. 
The Navy was not going to get its desired products.3

The Air Force provided forecasts for ground forces, but its primary cus-
tomer was airborne and he was way up there. Therefore, it needed numeri-
cal products that provided forecasts for high-altitude fl ight. Air Weather 
Service meteorologists wanted to see a multi-level baroclinic model in place, 
the sooner the better. More critically, the Air Force wanted to see numerical 
research results incorporated into JNWPU models as soon as they were avail-
able. By December 1955, Air Force meteorologists were demanding closer 
ties with the Air Force Geophysical Research Directorate.4

But while the Weather Bureau accepted multi-level baroclinic models, the 
Navy did not. Barotropic models worked best over the Eastern Atlantic, where 
Navy ships operated. Shifting to an operational baroclinic model threatened 
to leave Navy meteorologists in a bind. They were already experiencing dif-
fi culty forecasting in the Pacifi c owing to lack of data. If they could not use 
the Atlantic charts, then numerical weather prediction was doing nothing 
for them. Getting testy in the spring of 1956, Navy leaders wanted outside 
reviewers to ensure model selections were made “without bias.” The data to 
support these models—very-high-altitude reports for the Air Force and addi-
tional oceanic reports for the Navy—were being debated for the same reason. 
Money was tight. Who would get the data important to them?5

As the intensity of inter-service skirmishes waxed and waned, techno-
logical defi ciencies also plagued the JNWPU. The IBM 701, installed with 
great fanfare just the year before, was quickly overwhelmed by models that 
almost exceeded its capacity. The JNWPU could not get a new IBM 704 for 
at least a year, and unit members were aware that their models would use 
the machine’s entire capacity shortly after its installation. Furthermore, 
computer costs would double in a time of fi scal conservatism. If the weather 
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 services did not stick together, the Weather Bureau was not sure they could 
all move forward. George Cressman argued that efforts to expand meteoro-
logical computing should be made “as part of one United States system and 
such expansion should receive careful joint study and action.”6 Cressman 
voiced his concerns in June 1956, well before any of the weather services 
openly discussed pulling resources out of the JNWPU.

The JNWPU’s disintegration in the late 1950s can be based partly on differ-
ent styles and approaches to modeling. In particular, the Weather Bureau’s 
and the Air Force’s theoretical approach clashed with the Navy’s ad hoc, “can 
do” approach. A model’s theoretical correctness was of little concern to the 
Navy, which just wanted acceptable products for its operational forces. Yet 
the most widely publicized reason for the split involved the content of and 
control over the facsimile broadcast. Weather maps were sent on a schedule—
the same chart type was transmitted at the same time each day. The broad-
cast schedule was usually full, so adding a map meant pulling off an existing 
map. Since the Weather Bureau controlled the broadcast, its leaders viewed 
any attempt to add a new weather map, substitute a computer-produced map 
for a hand-drawn map, or pull a weather map from the schedule as meddling 
in a bureau responsibility. Navy and Air Force leaders did not think request-
ing schedule changes usurped the Weather Bureau’s authority. If, after con-
sultation, they all agreed with a Weather Bureau decision on the broadcast 
schedule, everyone was satisfi ed. If they did not agree, the military weather 
services wanted the fi nal decision to rest with the Joint Meteorological Group 
(formerly Committee). After all, they argued, the Navy and the Air Force were 
providing a considerable share of the funding, and these maps should sup-
port their unique missions. For its part, the Weather Bureau thought Air Force 
personnel were “unfamiliar,” “not well briefed,” and “suspicious and overly 
cautious” about numerical weather prediction. Perhaps, but the Navy agreed 
with the Air Force. So did the Joint Meteorological Group. George Cressman 
and other Weather Bureau meteorologists were unhappy. In their eyes, the 
military weather services were moving into operational and research areas 
outside their purview. The Weather Bureau had recognized that within the 
Cold War context more funding would go to military than to civilian meteo-
rology. The Weather Bureau had gamely marched on, but its patience had 
worn thin. Francis Reichelderfer thought the responsibilities of each service 
should be clearly delineated so funding could be adjusted accordingly.7

When the budget for fi scal year 1961 came up for review, the Navy sug-
gested that the Weather Bureau fund the entire operation, which had 
amounted to $1.7 million in 1960. The Air Force agreed, while indicating that 
it would not pull out immediately.8 The Navy argued that military  budgets 
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were uncertain, and it did not want to make a commitment. Military budgets 
were indeed uncertain, but rarely so uncertain that the cost of providing 
weather forecasting services could not be covered. The Navy had been happy 
to participate in cost sharing when the JNWPU was basically a research orga-
nization. Now that it was operational, the Navy argued that the Weather 
Bureau should fund numerical weather prediction. Although this round of 
budget disputes was overruled by the Bureau of the Budget, which forbade 
the parties to remove funding, the JNWPU was close to disbanding.9

The end came in the waning days of the Eisenhower Administration. In 
January 1961, the Navy announced that it was opening a Fleet Numerical 
Weather Facility on the grounds of the Naval Postgraduate School in 
Monterey, California. The facility’s stated mission was to provide opera-
tional numerical weather prediction products peculiar to the US Navy’s 
needs, including the development and testing of numerical techniques in 
both meteorology and oceanography.10

The Air Force had already established its own computer facility at Offutt 
Air Force Base, Nebraska, and was processing classifi ed weather products sep-
arately. By late summer 1961, what remained of the JNWPU was subsumed 
under the Weather Bureau’s National Meteorological Center (NMC). After 
15 years of cooperation on numerical weather prediction, the three weather 
services struck out on their own paths.11 Numerical products would hence-
forth be created by models unique to their respective organizations. But the 
attitude on these three services’ forecasting fl oors shared a common charac-
teristic: resistance.

Numerical Weather Prediction on the Forecasting Floor

In the early days of numerical weather prediction, theoreticians and meteo-
rologists who became modelers and/or programmers were the only people 
affected by the new way of doing meteorology. But once computer-created 
predictions hit the forecasting centers, everyone—including observers, 
plotters, and forecasters—had to adapt. It is safe to say that most opera-
tional forecasters in the late 1950s and the early 1960s described the early 
 computer-generated predictions (fi gure 8.1) in scatological terms. And they 
were right. Early computer charts were more often than not wadded up and 
thrown away as forecasters turned back to the hand-drawn products with 
which they felt comfortable. It is quite possible that forecasters would never 
have incorporated computer-generated maps into their routines except for 
one very important decision: the hand-drawn charts were withdrawn from 
the facsimile broadcast and replaced with numerical products. The only 
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choice was to mutter, grumble, use them, and provide the feedback modelers 
needed to identify defi ciencies and correct them.12

Operational meteorologists had concerns in addition to map quality. Once 
automatic data-handling processes became more sophisticated, the charts 
showed up pre-plotted with observations. That meant that plotters—who 
had to be able to quickly record (in ink) an entire station plot (coded obser-
vation data) within a dime-sized area—had very little to do. Military service 
members still had to plot classifi ed reports transmitted over encrypted lines, 
but there was a huge difference between plotting a few classifi ed ship or air-
craft observations and plotting observations over an entire continent. But 
since computers and their associated systems were prone to failure, plotters 
still needed to retain their speed and accuracy so that forecasters would have 
enough to time to analyze the current surface map and get forecasts out on 
time. Plotting remained a requirement in most operational settings through 
the 1980s and into the 1990s, as did hand-drawn surface and upper-air 

Figure 8.1
A computer-produced weather map appears on a line printer at the National Mete-

orological Center, circa 1962. (courtesy of NOAA Central Library)
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 analyses—both as a way to train new people and as a way to provide model 
feedback to numerical weather prediction centers.

When forecasts had been based on longstanding rules of thumb and on 
years of experience watching similar weather patterns play out, operational 
forecasters had not been forced to retool their techniques. That changed 
with the arrival of numerical weather prediction and frequently updated 
models. Every time programmers updated a model—events announced as 
being “transparent to the user” that were anything but—forecasters had to 
adjust their understanding of the model’s strengths and weaknesses. The 
ability to make that adjustment depended on the forecasters’ understand-
ing of the atmospheric situation, which in turn depended on their experi-
ence. Sometimes even an uninitiated person could have determined at a 
glance that a given model run had failed—a giant “bull’s eye” in the middle 
of the forecast map yielded plenty of undeleted expletives about numeri-
cal products on the forecasting fl oor. But once the members of a forecast-
ing team became accustomed to a model’s latest quirks, they knew when 
they could trust its output and when they could not. Forecasters’ knowledge 
of model biases, typically encountered with particular weather regimes, 
provided the necessary human “sanity check” on numerical predictions. 
Operational forecasters also provided modelers with the information they 
needed to increase the accuracy and the temporal range of weather predic-
tions in a feedback loop that tied theoretical modeling and operational 
expertise together.

As slow as the transition was from all subjective to all objective analyses 
and prognoses on the forecasting fl oor during the 1960s and the 1970s, it 
was quick compared to the glacial rate of change in how forecasting teams 
handled computer-generated weather maps. No matter how weather maps 
were created—by hand, main-frame computer, or desktop workstation—
they invariably ended up posted on a wall so the forecast team could assim-
ilate the current and future atmospheric states. Although meteorologists 
entering the fi eld since the introduction of workstations (for example, the 
National Weather Service’s AFOS; see fi gure 8.2) in the 1980s seem to deal 
better with examining maps on screens, many fi eld forecasters still fi nd 
it easier to absorb the output from the rapidly expanding suite of mod-
els if maps are printed out. New generations of super-computers provide 
the opportunity to produce longer-range forecasts for atmospheric layers 
and variables. Operational forecasters using these products continually 
adjust the forecasting strategies they use to stay ahead of the ever-changing 
atmosphere.
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Operation Push and Theory Pull

In the decades following the Meteorology Project and the JNWPU, model 
development and operational products burgeoned. The Air Weather Service, 
the Naval Weather Service, and the Weather Bureau (and their successors) all 
built increasingly powerful computing centers and developed distinct mod-
els to serve their customers. Operational modeling centers expanded overseas 
too—fi rst in efforts confi ned to individual countries and then to large collab-
orative efforts such as the European Center for Mid-Range Weather Forecasting 
(near Reading, England), which has grown from 16 to 30 member nations 
since 1975. With each new generation of computers, models included more 
variables and different approximations, time steps, and geographic areas. Grid 
meshes became fi ner and time periods extended from a few days for weather 
forecasts to centuries for climate predictions. A combination of theoretical 
and operational work contributed to the improvement of models.13

As the Meteorology Project and its theoretical modeling ended, the wider 
academic community took up the development of atmospheric models at the 
Weather Bureau’s Geophysical Fluid Dynamics Laboratory (later associated 

Figure 8.2
Richard Hallgren of the National Weather Service formally accepts delivery of the 

Automation of Field Operations and Services (AFOS) system while sitting at an AFOS 

console in February 1978. (courtesy of NOAA Central Library)
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with Princeton University), the National Center for Atmospheric Research 
in Boulder, Colorado, and in university atmospheric sciences departments 
and institutes all over the world. How these groups came into existence is an 
important sequel to the efforts to develop numerical weather prediction.

John von Neumann and Jule Charney had encouraged Francis Reichel-
derfer to establish a group separate from the JNWPU that would focus its 
research on the general circulation of the atmosphere—work that had 
been started by Norman Phillips of the Meteorology Project.14 Obtaining 
additional funding from the Navy and the Air Force, Reichelderfer and the 
Weather Bureau established the General Circulation Research Section in 
1955 to conduct basic research on the general circulation of the atmosphere 
and on climate. Joseph Smagorinsky became its director in October 1955 
and remained its director through two name changes until his retirement 
in 1983.15

The fi ve-member staff began its work on general atmospheric circulation, 
but Smagorinsky soon realized that if they were to extend their efforts to 
climate modeling they would have to incorporate ocean modeling, which 
was fi rst included in 1960. Until that time, modelers had assumed a static 
ocean. Indeed, early models omitted surface interactions because they 
were too diffi cult to model—another source of the Navy’s discontent with 
model behavior over the oceans. Smagorinsky also realized the importance 
of modeling individual meteorological processes, as well as taking the les-
sons learned from those virtual experiments and applying them to weather 
forecasting and climate models. Pioneering interdisciplinary interactions in 
meteorological modeling, the research group gradually included radiation, 
condensation, boundary layer, and ocean processes in their increasingly 
complicated models. By 1963, the group had a new name (Geophysical Fluid 
Dynamics Laboratory) to go along with its expanded mission. Five years 
later, the GFDL moved to Princeton to become associated with Princeton 
University. The interdisciplinary nature of the GFDL’s modeling efforts is 
illustrated by the departments with which it maintained both formal and 
informal ties: civil engineering, aerospace and mechanical sciences, geol-
ogy and geophysical sciences departments, as well as astrophysics, chemical 
engineering, and statistics. In the mid 1970s, the GFDL became affi liated 
with Princeton’s Geology and Geophysical Sciences Department.16

The Geophysical Fluid Dynamics Laboratory tested atmospheric circula-
tion models by using real-time initial data, running the models as if they 
were forecasts, and checking the computer output against observed data. 
In 1963, Smagorinsky published his primitive equation model of the gen-
eral circulation—a signifi cant breakthrough in model sophistication.17 The 
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primitive equation model had been rejected in the 1940s and the 1950s in 
favor of simpler models, but advances in computing power in the 1960s 
made modeling the primitive equations possible for the fi rst time. The GFDL 
team later increased model run times and turned its attention to modeling 
wind-driven and heat-driven ocean circulations, convection, hurricanes, 
mesoscale features, and climate.18 The weather and climate models devel-
oped by the GFDL have signifi cantly increased meteorologists’ understand-
ing of atmospheric circulation, including heat and moisture transport, and 
the impact of humans on earth’s changing climate. As operational comput-
ing centers upgraded to more powerful computers, they incorporated the 
results of the more theoretical investigations conducted by the GFDL and 
other research centers.

Not only did the widespread acceptance of numerical weather predic-
tion change the approach to theoretical meteorology and operational 
 predictions; its need for massive amounts of data inspired large interna-
tional efforts to coordinate data gathering. Jule Charney of MIT considered 
the obstacles to obtaining meteorological data and started mulling over 
ways to increase international cooperation in atmospheric science. He pro-
posed a major international data-gathering experiment. Later known as the 
Global Atmospheric Research Program (GARP), Charney’s scheme for pull-
ing together massive amounts of observational data from every conceivable 
direct and remote sensing platform got started in the late 1960s.19 Its main 
event—the $500 million year-long Global Weather Experiment of 1978—
involved scientists from 147 nations gathering data from satellites, buoys, 
ships, and constant-level balloons.20

An alphabet soup of data-gathering exercises in data-defi cient areas fol-
lowed. The availability of increasingly sophisticated satellite-based sensors 
has allowed atmospheric scientists to collect more detailed information on 
areas that are outside the reach of standard surface and upper-air stations. 
Automatic observing stations on land and afl oat also provide a steady stream 
of data to some of the world’s largest computing facilities, enabling scientists 
to conduct interdisciplinary “earth system” studies such as were not even 
dreamed of by numerical weather prediction pioneers in the 1950s.

Numerical “Earth System” Prediction

As sensing systems multiply, assimilation systems collect and process even more 
data, and sophisticated models are created to handle them, numerical predic-
tion will increasingly incorporate more “earth system” modeling than atmo-
spheric modeling. Forging an interdisciplinary approach, modelers will link 
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climate, weather, water, land, cryosphere (ice), space weather, and chemistry to 
expand prediction systems to include environmental forecasts of air and water 
processes, and ecological processes. Weather predictions will be enhanced by 
combining ocean, land, and atmospheric forecasts. The effects of solar activity 
on weather and climate—dismissed in the early twentieth century—are once 
again being incorporated in models. By combining air chemistry and opera-
tional models, ozone forecasts will be improved. Operational forecasts—once 
limited to temperature and precipitation—will expand to include ocean condi-
tions, ecosystems, the carbon cycle, and solar fl ares. Numerical models are not 
likely to provide solutions to every atmospheric and broader “earth system” 
problem, but they will continue to be exploited as a practical way to experi-
ment on earth’s processes that cannot be confi ned to a laboratory bench.21

How will this work be coordinated? Collaboration such as existed in the 
1940s and the 1950s among the Air Weather Service, the Naval Weather 
Service, and the Weather Bureau is being resurrected by their successor repre-
sentatives (the Air Force Weather Agency, the Fleet Numerical Meteorology 
and Oceanography Center, and the National Centers for Environmental 
Prediction), which have signed a national Weather Research and Forecast 
framework. The Weather Research and Forecast framework—an initiative of 
the US Weather Research Program that was formed to foster partnerships 
among federal agencies, universities, and a variety of research  institutions—
is a collaborative effort among operational prediction agencies and the 
research community whose goal is to put research results into immediate 
operational use. Like the Joint Numerical Weather Prediction Unit, it pro-
vides a structure for civilian and military operational weather agencies to 
share resources, increase effi ciency, and provide “earth system” support for 
their users. The participants hope the newly developed numerical products 
will allow operational forecasters time to provide expert scientifi c advice 
to decision makers and to the public, particularly in the days leading up to 
and during hazardous weather events. In view of the dramatic changes in 
operational meteorology in the last 50 years, it is fairly safe to predict that 
another 50 years of theory, model, and computer development will produce 
even greater changes in how “earth system” scientists predict and explain 
changes in the earth’s environment.22

Conclusion

The introduction and acceptance of numerical weather prediction was the 
great watershed of twentieth-century meteorology. Numerical weather 
 prediction provided a technique and a way of thinking that represented a 
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fundamental discontinuity in meteorological theory and practice and trans-
formed meteorology from a marginal scientifi c backwater to a rigorous sci-
ence at the forefront of scientifi c discourse within 20 years. Particularly in the 
United States, where meteorologists were not often considered “real scien-
tists” by their colleagues in the physical sciences, numerical weather predic-
tion became the mark of a professional scientifi c discipline. Due to numerical 
weather prediction, meteorology developed a robust theory, established a 
strong academic presence, experienced a rapid increase in the availability of 
research funds, and saw graduate-school-trained meteorologists remake the 
nation’s weather services into respected, professional organizations.

As important as the story of meteorology’s twentieth-century profession-
alization is, the Meteorology Project is an appropriate subject for the study 
of a number of themes in twentieth-century science: military funding and 
civilian applications, the integration of practice with theory, the tensions 
between military and civilian control of science, the question of what consti-
tutes acceptable scientifi c evidence, and how to predict natural phenomena 
(past, present, and future) using ever more sophisticated computer models.

The Meteorology Project serves as a unique example of a military-funded 
effort leading to signifi cant scientifi c advances that had immediate civilian 
applications. During this same period, the Offi ce of Naval Research was also 
funding extensive oceanographic research, which obviously aided the per-
sonal research agendas of civilian oceanographers, but did not have a civilian 
payoff equivalent to weather forecasting.23 Nor did the military-funded space 
sciences, which captured the public’s imagination but did not affect daily 
life.24 Although a large project by meteorology standards, the Meteorology 
Project was very small compared to the Manhattan Project and the large 
particle accelerator facilities that characterized physics by the middle of the 
twentieth century. And yet the “small science” Meteorology Project led to the 
meteorology’s transition to “big science” within a decade. And unlike many 
of the Cold War military-funded physics projects, it did not face compart-
mentalization and secrecy—indeed, information about the project’s mission 
and what it would do for the average citizen were spread by the media. The 
Meteorology Project also provides insights into the integration of the elec-
tronic computer into scientifi c research, one of the most signifi cant develop-
ments in the history of post-World War II science.

The Meteorology Project is also an important example of how practice was 
integrated with theory in mid-twentieth-century science. Although theoreti-
cal meteorologists (dynamicists) took the lead in starting the modeling effort, 
meteorologists who combined theory and practice  (synopticians—especially 
the Scandinavians) were crucial to its ultimate success. Before their arrival, 
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models were, as Jule Charney lamented, veering toward “mathematically 
sterile” entities that were internally consistent but had little relation to atmo-
spheric reality. The models could produce descriptions of atmospheric layers 
that were correctly confi gured in relation to all the other modeled layers, but 
failed to match the atmosphere. Why this lack of connection between model 
and reality? In the United States there was an almost insurmountable intel-
lectual, professional, and institutional gap between those who developed 
meteorological theory (academic dynamicists) and those who practiced 
meteorology (that is, the weather services’ forecasters)—a “valley of death” 
that still existed at the start of the twenty-fi rst century. Without a common 
language, American researchers and operational forecasters were unable to 
collaborate on a project that was mutually advantageous. Recall John von 
Neumann’s words as he attempted to attract a Scandinavian synoptician to 
the project: “[This] kind of cooperation . . . will ultimately have to take place 
between theoretical and synoptic meteorologists, if and when numerical 
forecasting is integrated into the governmental weather services.”25 More 
than 50 years later, the statement remains true.

The Meteorology Project is also illustrative of tensions between military 
and civilian control of science—another important theme in twentieth-
century American science. During World War II, meteorological services 
had quickly swung to military control. The prewar relationships between 
the military weather services and the Weather Bureau were not immediately 
resumed in the postwar years, as institutional missions remained in fl ux. 
However, it was the Weather Bureau’s Reichelderfer who recognized the 
potential of computer-assisted weather prediction, along with his organiza-
tion’s inability to fund it. The money would have to come from the military 
services, which had come to dominate both operational and research meteo-
rology in the name of national defense. Reichelderfer (a retired naval offi cer) 
understood this military necessity, but as the Meteorology Project moved 
forward he was determined to reclaim the Weather Bureau’s traditional role 
as the nation’s provider of weather services and to ensure that the bureau and 
its customers were not excluded from the meteorological research agenda.

Supervision of the Weather Bureau had shifted from the Agriculture 
Department to the Commerce Department in 1940 as aviation interests had 
replaced agricultural interests as the customers with the loudest voices.26 
Indeed, aviation mission requirements were the reason the military basi-
cally co-opted meteorology during World War II. And then as now, the 
organization that controlled the funding also controls the research agenda. 
Military meteorology had no interest in broader agricultural applications of 
 meteorology—a strictly civilian function—and in time would spend more 
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of its money on military applications while the National Science Foundation 
funded basic theoretical work. To regain control of at least part of the meteo-
rology research budget, the Weather Bureau would have to make a strong 
argument for the economic importance of advancing agricultural meteorol-
ogy. The reasons behind military and civilian meteorology research funding 
decisions from the 1950s on need closer historical examination.

The story of the Meteorology Project also illuminates a signifi cant episte-
mological point that seems characteristic of the twentieth century. For mete-
orology, it can be stated as follows: Who possesses the better understanding 
of the atmosphere—those who crunch numbers but never look outside, or 
those who are unimpressed by equations but read the sky? This is perhaps 
analogous to the dispute between geophysicists and fi eld geologists—the for-
mer as the number crunchers and the latter as those who bring back “solid” 
evidence—as to who had the best understanding of geological reality.27 It 
is also related to the professionalization of scientifi c communities. Who is 
considered to be the “real” professional who speaks for the community? 
Who is the technician—allowed to work within the community, but never 
to speak for it? This last point was, in part, what triggered the in-fi ghting 
that overshadowed the transition from research to operations in numerical 
weather prediction. On some level, the warring participants forgot that the 
Meteorology Project had been successful by virtue of being “joint.” The proj-
ect could not have reached its ultimate goal of creating a theoretical basis 
for meteorology without the participation of every meteorological constitu-
ency. The military services and the Weather Bureau—the project’s fi scal and 
technical supporters—likewise could not have reached their goal of faster, 
more accurate weather forecasts for their customers without the participa-
tion of their academic brethren.

Last, the Meteorology Project was the fi rst instance of a major develop-
ment that came to shape late-twentieth-century science: the use of comput-
ers to model nature and the behavior of natural systems. By 2000, computer 
models had become commonplace yet powerful tools for forecasting pro-
cesses across the natural sciences, including past and future changes in eco-
logical systems and earth’s climate. Sophisticated computer programs also 
allowed weapons specialists to anticipate the physical behavior of aging 
nuclear weapons without the need to test them through actual detonation.28 
Some of these applications were controversial when fi rst introduced, and 
some remain controversial; what is important to remember here, however, is 
that numerical forecasting in meteorology illuminates how computer-based 
modeling was fi rst used to assess and understand complex natural systems. 
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The story of this achievement is part of the history of the rise of modeling in 
the natural sciences.

Those involved in the development of numerical weather prediction cer-
tainly valued the power of the tool they were creating and the challenges of 
making it part of the normal practice of science. During the nearly 9 years of 
research leading to operations, the project meteorologists came to realize that 
they would not win over their theoretical colleagues to numerical weather 
prediction’s potential power if they could not show a connection between 
their equations and the atmosphere. To convince the skeptics, they would 
have to use their models to predict the weather. The applied meteorologists, 
searching for predictive assistance, knew that they would never achieve their 
goal unless they understood which atmospheric variables were truly critical 
to the forecasting process. Overcoming backbiting, bruised outsized egos, 
unbridled ambition, longstanding inter-service rivalries, manpower short-
ages, and at times almost overwhelming discouragement, they ultimately 
triumphed with the major advance in twentieth-century meteorology: the 
development and acceptance of numerical weather prediction.
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