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The Role of Meteorology Among the Sciences
Remarks before The American Meteorological Society at the Honors Night
Dinner, 40th Anniversary Meeting, Hotel Somerset, Boston,
Massachusetts, 8:00 p.m., January 20, 1960
L. V.

BERKNER

Mr. President, members of the AMS, guests:
To speak at a time that the A M S is honoring
the distinguished scientists of our time is a special
pleasure. But this pleasure is enhanced because
a physicist is asked to speak to meteorologists.
In a sense, though, I too have some claim to be
numbered among your ranks because of my research on the earth's outer atmosphere — the great
breadth of modern meteorology would, I believe,
encompass this work.
In discussing the rise of meteorological science,
I am reminded of the general commentary on science recently made by Dr. Nathan S. Kline, Fellow of the American College of Physicians &
Surgeons and Director, Research Faculty of the
Rockland State Hospital of New York. Dr.
Kline, writing in the Indian Journal of Psychiatry,
remarks: "We are rapidly moving into an age in
which research is the intellectual equivalent of
sex. Philosophy, literature, history, poetry are
all passe — it is research that is admired, promoted, and discussed. In point of fact, as with sex,
in certain circles it is more talked about than performed since to be really satisfactory its practice
requires not only interest and pleasure but hard
work. There are other analogies such as the fact
that the probability of something productive resulting is closer to 1% than to 100%. It is also
over-romanticized by some, despised by others,
and looked upon as a purchasable commodity by
yet others. As a "professional," I would like to
clarify some of the. aspects of the problem and describe various ways in which the function can be
performed. . .
Let me turn, more seriously,
to the growth and stature of meteorological
science.

so occupied the central position in man's behavior
that for most of his history he has believed that
they were the "basic elements" — air, earth, fire
and water — from which a whole philosophy of
nature was constructed.
In the first really genuine attempt to order scientific thought — Aristotle's Meteorologica, these
elements were brought together in the endeavor to
account for the natural phenomena that were encountered in everyday experience. Of course,
man had given critical thought to the elements of
his environment from the very beginnings of his
written history. Fragments of this thought from
the first Sumerian writings down to the early
Greek philosophy tell of man's attempts to comprehend his environment in rational thought and
to escape somewhat from the individual determinism and domination of the "gods." While
man's rise to civilized values was retarded by his
fatalistic conviction that the gods controlled his
future in a highly arbitrary and capricious fashion, yet there was a substratum of hope and even
belief that the behavior of nature might have some
element of predictable and controllable order — an
order beyond immediate manipulation by the gods.
And so from man's very origins, the word
"meteorology" has carried a complex connotation
in man's thought; it has encompassed the scientific
description of man's environment, but, even more,
it has carried the hope of escape from the misfortunes of circumstances beyond man's control—the
word has represented the substitution of an enlightened rational scientific comprehension and behavior in the place of the attitude of a hopeless
fatalism under the subjugation of uncontrollable
and even unpredictable forces.

The very origins of man's scientific thought
arose from his perception of the environment that
envelops him — the air above, the earth beneath,
the oceans and the warmth provided by the sun.
These essential characteristics of his surroundings

And so the word — meteorology — has risen
from broad and honorable origins; indeed these
origins are associated with the very beginnings of
true scientific thought. In its beginnings, meteorology characterized what we now associate with
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the whole of geophysics and with all of the related
physics and chemistry and mathematics added to
boot.
But over the years the connotation of the word
"meteorology" has narrowed in the scientific sense.
Tonight, I would like to trace very briefly the history of the narrowing influences and to look at the
consequences of what might be called the overconfinement of the science in its recent state.
Finally, I will discuss the broadening opportunities that our age affords, opportunities that meteorologists are now emphasizing in the reorientation of the science of meteorology.
Before looking at this history, let me remark
that, in spite of the dynamic changes of thought
over the short history of civilization, man clings
to the idea that his own life should be stable and
his habits unchanging. He resists the advances
that should inevitably be anticipated as lying on
the rapidly rising curve of civilized values. He
likes to believe that his social order and his science will remain pretty much as he found them
and that radical change in his procedures and attitudes are a little "sinful," for they lack something
called "tradition."
But we must not forget that the whole of man's
history from the Sumerians to ourselves can be
counted by a mere 300 generations — only one
hundred successive life-spans of the traditional
three-score and ten. So the change of civilized
status, of modes of thought, of scientific procedure, must be very considerable over a single lifespan to account for the remarkable changes in
man's status, and his comprehension, and his
methods over his civilized history. Far from
stability over a lifetime, history shows that dynamic change of social attitude and environmental
circumstance is the rule, not the exception. So
the reactionary who would keep the status-quo or
mourn the past is fighting the overwhelming tide
of history. Let us consider the history of meteorology as measured in life spans.
The first and by far the longest phase of meteorology was the pre-Aristotelian extending from
the Sumerians down to the inception of the Greek
science. This interval of sixty-six life spans
might be called the "mystic" phase, for meteorology was controlled by the gods and identified
with their whims. Even then, man attempted to
control his environment by prayer or the sacrifice of a lovely virgin or two to satiate the fury of
these gods. But, in spite of these mystic forces,
man noticed the change of climate with season,
and from place to place, and speculated on the
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relation of season and of climate and even of
weather to the position of the stars.
The rationalization of the accumulated knowledge of these sixty or so life spans by the Greeks
generally, and by Aristotle in the Meteorologica
in particular, opened the second phase of meteorology. This phase of 28 life-spans might be
specified as the "dialectic" phase. A general philosophy was developed into which most simple experiences of man could be forced. This philosophy
then provided the base of all knowledge from
which subsequent experience could be predicted.
This represented a nature with some order, but
provided supernatural causes to intervene conveniently when the natural order specified by the
dialectic failed. But the growing recognition of
natural order during this interval led to the ultimate downfall of the dialectic, for it was no longer
sufficient for man's needs.
We come then to Galileo and the last six life
spans of man's history. Phase three of meteorological history from Galileo to Dalton and extending over three of the remaining six life spans
was certainly the age of discovery.
During these
two centuries, modern science of the atmosphere
was established, and meteorology enjoyed all the
scientific fruits of the Baconian scientific revolution. The thermometer of Galileo (1607) and
the barometer of Torrecelli (1643) provided the
means and principles of mensuration and the basis
for mathematical theory. Pascal's diminution of
pressure with height (1647), the laws of perfect
gases of Boyle (1659) and of Charles and GayLussac and Bernoulli's theorem (1682) laid the
basis for theoretical concepts of atmospheric behavior. The origin of the trade-winds from the
earth's rotation by Hadley (1735) laid the base for
subsequent ideas of global circulation. Then came
the brilliant foundations of the chemistry of compounds by Priestley and Lavoisier, with Antoine
Lavoisier's (1743) discovery of oxygen and the
formal application of the conservation of mass to
chemical processes. Franklin (1750) identified
lightning and electricity. The foundations %of atmospheric science were completed by Dalton's
(1800) measurements of water vapor, its variation, and his laws of partial pressure with consequent effects of expansion and condensation. For
the first time less than three life-spans ago, man
comprehended the basic origins of rain.
Characteristic of this age of discovery, the science of meteorology was identified with the whole
body of science. There were no "meteorologists"
— only natural scientists whose interests ranged
over the whole of science, and whose discoveries
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were extended to every aspect of scientific speculation. At the beginning of this interval, the science
of meteorology embraced all of geophysics. Gilbert (1600) wrote of magnetism and geomagnetism under the masthead of meteorology.
With the basic comprehension of gas laws and
composition out of the way, meteorology evolved
to the fourth or "synoptic" phase. Lavoisier and
others had already started observation of pressure and cloud-cover at several places in the late
1700's, and these measurements were rapidly extended in the early 1800's. Between 1820 and
1840, Brandes, Redfield and Espy had described
the cyclonic character of storms. The value of this
knowledge to the prediction of weather became
apparent immediately. To obtain synoptic data
needed for definition and movement of cyclones,
the national meteorological services were established (1850-1875) and international exchange of
data between them was initiated. Weather records over wide geographical areas were commenced hardly a century ago. The theoretical developments of thermodynamics and kinetic theory
and the beginnings of fluid dynamics and theory
of diffusion during this interval added mightily to
meteorological perspective.
Kites and balloons were instrumented to discover and define the lapse rate, and in 1899 the
stratosphere with its isothermal region was established by Assman and de Bart.
But, during this fourth or synoptic phase, meteorology underwent a profound change. With
the establishment of the national meteorological
services, the "professional meteorologist" appeared
on the scientific scene. The public demand for
weather information to improve man's adaptation
to his environment was a high form of civilized
response to the growing comprehension of order
in nature. Moreover, the discovery of the dynamic phenomena of meteorology led to the optimism that weather and even climate could be predicted precisely if only enough observations were
available.
Consequently, the professional observes and interpreter was an imperative response
to a justifiable public demand.
But the effect of the professional meteorologist
was to constrict the science to those aspects of
atmospheric behavior that seemed involved in
immediate weather problems. The broad roots
of meteorology in the whole range of science, and
more particularly in the whole of geophysics, began to wither. It is true that, as late as 1883, Professor Balfour Stewart wrote his dynamo theory
of geomagnetic variation in the
Encyclopedia
Britannica under the title of Meteorology. But,

by the turn of the present century, those whose
interest in the atmosphere or the oceans transcended the bounds of synoptic meteorology hardly
found a home in the literature of meteorological
science. Such important discoveries as those relating to the mesosphere and ionosphere and exosphere were hardly known to meteorological science and certainly not of much concern to them
at that time. The narrow professional preoccupation with synoptics all but destroyed the broad
historical roots of meteorological science in the
whole of science. Instead, those broad historical
interests of meteorological science found it necessary to enter a new home — geophysics — that embraced the scientific roots that were, for most of
history, only meteorology.
But, even as geophysics was emerging to replace
the original broad interests of meteorological science, the revolution leading to the fifth and present phase of meteorological science was beginning.
This phase is the present era of global dynamics
and direct experiment as contrasted to mere observation. The history of this final phase is contained in but the last one of man's hundred life
spans of civilized history. Stimulated by man's
growing access to the whole earth, the studies of
Bjerknes generated the polar-front theory. The
wave concept of cyclogenesis and the mathematical developments of fluid dynamics by Rossby and
others again broadened the interests of meteorology as a science. The radiosonde and high-altitude synoptics extended the interest of the meteorologist truly to three dimensions. But, above
all, the extraordinary opportunity of World War
II for collection of almost unlimited synoptic data
demonstrated unambiguously that the pure synoptic methods, so promising toward the end of
the last century, had unforceable limitations. Professor Willett remarks of World War II that during the era "the stimulation of meteorological activity appeared in a great increase of the synoptic
weather information, especially upper-air data
available from many parts of the world, and in
multiplication of new synoptic charts and forecasting techniques applicable to a variety of type
of weather forecasts extending from a few hours
to a month or more in range. But there did not
appear corresponding advances in meteorological
theory or in forecasting skill."
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Let me be clear that I do not criticize the professional efforts of meteorologists that generate
our knowledge of day-to-day weather. Without
these efforts we could not have our present aviation or storm warnings or flood control. Our
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professional meteorology is now essential to our
day-to-day existence. Without it our present day
activities would hardly be possible.
But, in the present era, meteorologists are recognizing that it has been a serious mistake to confuse professional needs at any instant with scientific scope of the basic supporting science. The
fundamental science of meteorology is interested
in why the atmosphere behaves as it does, why it
has behaved differently in the past, and what
factors are likely to affect its behavior in the future. These scientific interests range far outside the immediate requirements of the applied
science.
The applied science of professional
meteorology is involved in applying this knowledge in all useful forms for man's welfare, and in
acquiring the observations necessary for that application. While the observations of the professional meteorologist are immensely necessary
and useful to the science of meteorology, they are
not sufficient for the health and growth of that science. It is an historical truism that those sciences
flourish best which have a professional counterpart, but only if the science is free and distinct
from the professional offspring.
This realization of meteorologists that their
science must be broadly founded across the whole
of science is the striking feature of the present
revolution in the concept of meteorological science. This realization is nowhere better illustrated than by the broad scope of the Compendium
of Meteorology published by this Society at the
mid-century.
Let me hasten to add that this recognition, this
movement of the present phase of meteorology to
recreate a more fundamental science of meteorology, is not just stimulated by the meteorological
scientist but by the professional meteorologist
as well. For the profession clearly sees that, if
it is to advance in its long-range objectives of improved weather forecasting and climatic prediction,
or even some measure of weather modification, the
base of meteorological science and research must
be broadened immensely. After all, one of the
most important recent studies to stimulate the science was carried out by the National Academy of
Sciences at the instigation of the present head of
the Weather Bureau.
This sharp recognition of the need for a broad
science has brought the meteorological scientist to
the very vanguard of today's most advanced scientific techniques. With the aid of the electronic
computer, the meteorological scientist is encouraged to generate advanced mathematical models
of the circulation with some hope, I may add, of

481
solving them as fast as nature does. With the
Earth Satellite, he is measuring the net heat balance of the earth and mapping its variation over
the surface. In this exercise, he is looking at a
most fundamental quantity — the distribution of
energy that produces the circulation. Satellite
mapping of cloud cover is pressed at priority, for
it promises a new dimension in continuity of meteorological data. Radio refractivity is providing
a powerful new tool in the study of atmospheric
homogeneity and turbulence. Radar observations
give critical knowledge of the structure of atmospheric irregularities and their change and
movement with time. Laboratory hydrodynamics
and fluid dynamics provides direct knowledge of
regularities and irregularities in fluid flow.
Meteorologists are turning to studies of the
oceans, their currents and the interchange of heat
and gases across the air-ocean boundary. They
are studying the glaciers for their relation to the
atmosphere and the atmospheric history that they
contain. Their interest in evaporation, hydrology,
and the effects of surface water transport on atmospheric conditions is growing. Paleometeorology is becoming respectable for the history of
the atmosphere that it provides. Paleontology is
of growing importance to the meteorologist, and
he is involved in the "Mohole" for the climatic
history that it promises. The interests of meteorologists are extended to the mesosphere, the
ionosphere and the exosphere to learn of their influence on unstable fluid systems. They are properly interested in the atmospheres of other planets
and the knowledge of atmospheric circulations that
different environments will produce. They are
taking a new look at the possible relation of micrometeorites to condensation and rainfall, an effect possibly related to the earth's position in its
orbit.
Direct experiment on a large scale shows real
promise. Nuclear fallout provides new and critical data on circulation. But deliberate insertion
of radioactive tracers in harmless quantities has
immense advantage in hydrometeorology and hydrology. Deliberate experiments in atmospheric
thermodynamics using carbon, carbon dioxide
and other chemicals of suitable thermodynamic
properties or crystal configuration are producing
exciting results. A whole variety of direct experiments on the atmosphere is in the making.
And so we see meteorologists shedding the narrower attitude of the previous phase, again to
assert their interest in the whole of science.
Specialization is needed, of course, to master the
complex techniques of modern science. But sci-
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enlists today recognize that specialization need
not, and indeed must not, exclude access to the
knowledge of the whole of science. It is this criterion, more than any other, that distinguishes the
scientist from the professional.
But, with these rapidly broadening horizons, the
meteorological scientist finds a need for new tools
and new opportunities to follow the clues that
challenge him. Since meteorology is a global
science, he must conduct his experiments at the
place and on the scale that the challenge requires.
So, quite properly, meteorology is planning new
facilities to acquire a new order of opportunity.
The concept of a school of the Earth Sciences

here at M I T is a most promising and significant
development. The initiative of the UCAR (University Corporation of Atmospheric Research)
toward creation of a National Laboratory for advanced and sophisticated meteorological research
is illustrative of the revolution of the attitudes in
the atmospheric sciences.
Meteorology as a science is again on the move,
asserting its traditional place as a leader among
the sciences with strong roots throughout all of
natural science. With this enlightened view, can
there be any doubt that in our life span the progress of the science will ensure its retention on the
rising curve of civilized values?
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Eppley Pyrheliometers are used for solar
radiation measurements at ninety-eight
weather stations in the continental United
States, Canada, Alaska, Greenland, Iceland, Caribbean Sea, and the Pacific
Ocean. Sixty-two of these stations are
under the direction of the United States
Weather Bureau.
The Eppley Pyrheliometer was adopted
as standard equipment by the Weather
Bureau after considerable experimentation. It was found to be the best instrument so far tested by the Bureau.
Used in conjunction with a suitable
recorder, the Eppley Pyrheliometer will
provide an accurate and reliable record
of total solar and sky radiation on a horizontal surface.
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