Peter V. Hobbs

Research on Clouds and
Precipitation: Past, Present,
and Future, Part
It is now thirty-four years since the 1st International
Conference on Cloud Physics was held in Switzerland. The 1988 conference marks the tenth in this
series of conferences. On this occasion it is perhaps
appropriate to glance back to our origins, to reflect
on the current situation, and to look to the future.

1. Early history1
Questions concerning the nature of clouds, why it
rains, will it rain tomorrow, what is thunder etc.,
must have been asked by prehistoric humans. Certainly, the ancient Greeks theorized on these matters:
Aristotle appears to have known that clouds consist
of water, and he speculated on the origins of hail.
However, another two thousand years was to pass
before it was realized that liquid water evaporates as
water vapor and not air.
Chinese writings of the second century B.C. associated the number six with water, and the first recorded observation that snow crystals exhibit
hexagonal symmetry was made in China in 135 B.C.
Not until 1611 was the same observation made (by
Kepler) in Europe. Correlations between the shapes
of snow crystals and meteorological conditions were
noted by Martens in 1675. By the 1760s, Wilcke (1761;
1769) was nucleating snow crystals with idoform and
camphor, thereby anticipating artificial cloud seeding
by 200 years.

* S p e e c h given at the 10th International
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Confer-

ence, Bad Homburg, FRG, August 15-20, 1988. The author is
president of the International Commission on Cloud Physics, which
organizes the quadrennial International Cloud Physics Conferences. A summary report on the 10th International Cloud Physics
Conference is given on pages 286-296 of this issue of the Bulletin.
Part II of this paper, which will be concerned with a more detailed
assessment of recent accomplishments in cloud physics research
and some of the outstanding problems that need to be addressed,
will appear in a future issue of the Bulletin.
1 Much of this material is abstracted from A History of the Theories of Rain by W . E. K. Middleton (Franklin Watts Inc., New
York, 1965).
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Newton knew that moist air is less dense than dry
air, but this concept was not generally understood
until the latter half of the eighteenth century. In 1715
Barlow elaborated on an idea, the origins of which
can be traced back to the tenth century, that raindrops form due to larger cloud drops overtaking and
colliding with smaller drops. Hamberger (1743) and
Franklin (1751) noted that heating can cause air to
rise, although it was not until 1834 that the term convection was introduced. Le Roy (1751) made great
strides in clarifying ideas on dry and moist air and
condensation. Ducarla-Bonifas (1780) had the general idea that expansion cools rising air and produces
condensation, and, remarkably, he even stated that
the precipitation rate is proportional to the rate of
ascent. However, it was Erasmus Darwin (1788) who
first stated clearly the connection between expansion, cooling, and condensation. Darwin also extended to the atmosphere Black's ideas on latent-heat
release, although it was not until the 1830s that its
importance in clouds was generally recognized.
The ninteenth century opened with the first useful
classification of clouds by Howard (1803). Cooling
and warming of air by expansion and compression
were described mathematically by Poisson (1823).
Dove (1828) discussed cooling due to orographic ascent and to the upward flow of warm air over colder
air.
The middle of the nineteenth century saw great
activity in the studies of tornados, hurricanes, and
what were later to be called cyclones. In 1836 Redfield (see Espy 1836) showed that tropical storms are
vortices. Espy (1841) put forward the idea that air in
large weather systems may converge along a line, an
idea that was developed by Loomis (1841). Over half
a century was to pass before these ideas were taken
up in the Norwegian frontal model of a cyclone.
Espy (1835) noted that latent-heat release due to
condensation reduces the rate of cooling by expansion of rising air parcels. Maille (1834), 1836)2 estimated the magnitude of this effect. He also calculated

2 Unpublished manuscripts submitted to the Academie Royale
des Sciences, Paris (see Middleton, 1965).
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the precipitable water in a column and showed that
it could explain heavy rain. Thomson (later Lord Kelvin) derived analytical expressions for the dry and
saturated lapse rates (1862). By 1868 Peslin had produced a clear description of stability and instability
in the vertical displacement of air parcels.
The question of cloud-droplet growth was tackled
in earnest in the latter half of the nineteenth century.
Following Thomson's (1870) theoretical determination of equilibrium vapor pressure as a function of
drop size, Reynolds (1877) showed that growth by
condensation is too slow to explain the formation of
raindrops. By the turn of the century, Lenard (1904)
and Defant (1905) had deduced that collisions between droplets play an important role in the growth
of raindrops.
As early as 1672, Guericke had hinted at the role
of particles in the formation of drops by condensation, but this idea was not confirmed until the elegant
experiments of Coulier (1875) and Aitken (1881).
Fahrenheit (1724) noted that ice appeared in a flask
of cold water when it was shaken, but it was Saussure (1783) who first pointed out that water in clouds
resists freezing even at low temperatures. The suggestion that hailstones may grow by collecting supercooled drops followed shortly after (Nollner 1853;
Maille 1853). Maille also noted that the different
layers in hailstones might be due to their recycling in
a cloud.
In 1789 Franklin suggested that "much of what is
rain, when it occurs at the surface of the earth, might
have been snow, when it began its descent/' But it
was not until the twentieth century that this conjecture was put on a firm foundation by Wegener (1911),
Bergeron (1933), and Findeisen (1938). Bergeron also
realized that ice particles from high clouds might grow
by collection as they fall through lower clouds (the
"seeder-feeder" mechanism), although this idea can
be traced back to Renou (1866).
This brief review of the early history of cloud-physics research serves to remind us, to paraphrase Newton, that we "stand on the shoulders of giants."

2. The modern era
Bergeron's studies marked the beginning of "modern" cloud-physics research. During this period the
pace of research accelerated enormously, but we are
probably too close to it to assess its overall importance. W e can, however, obtain an idea of changes
in the level and types of research activity by briefly
reviewing the contents of the international conferences on clouds physics.
A measure of the growth in the subject is provided
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FIG. 1. Number of papers submitted and accepted for presentation at the International Conferences on Cloud Physics, by year
and location of the conference. (The data on submitted papers are
incomplete.)

by the number of papers at these conferences (Figure
1). The 1954 conference consisted of just 20 invited
papers. Since then the numbers of papers has increased sharply. At this conference (1988), 376 papers were submitted and 284 accepted. This growth
is even more remarkable when it is realized that during this same period cloud physics spawned international conferences in atmospheric aerosols and
nucleation, atmospheric electricity, weather modification, and cloud modeling. Shifts in research emphasis are reflected in the papers presented at the
conferences. In the 1968 conference about 75 percent of the papers were concerned with cloud microphysics, and the rest with larger-scale processes. In
the 1988 conference about 56 percent of the papers
are concerned with microphysics and 44 percent with
macrophysics. If the papers presented in 1968 are
divided into field, laboratory, theoretical, and numerical-modeling studies, the respective percentages
are 36, 33, 23, and 8. The corresponding percentages for the 1988 conference are 51, 7, 15, and 27.
Clearly, in the past 20 years a more reasonable balance has evolved between microphysical and macrophysical studies, and numerical modeling has come
on very strongly. Laboratory studies, on the other hand,
have fallen off sharply, to what some think is less
than an optimum level.
Another important development in recent years has
been a broadening of the subject. The 1988 conference contains sessions on clouds and radiation, cloud
chemistry and acidic precipitation, boundary-layer
processes, and satellite studies. At this conference we
have assembled a group of scientists with a broader
range of interests in clouds than has probably ever
before gathered in one place.
Yet, despite these signs of significant progress, one
might characterize the present period by Dickens'
phrase " . . . the best of times, . . . the worst of
times." The best of times, because we have at hand
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the tools to unravel complex cloud and precipitation
processes. The worst of times, perhaps, because we
must strive harder than ever before to obtain the resources to pursue these tasks in the face of mounting
competition from many other areas of science and
from societal needs in general.

3. The future
The 13th International Conference on Cloud Physics
should be held in year 2000. How will the subject
have evolved by that time?
My first prediction is that the conference will not
be entitled "Cloud Physics/' This is a misnomer even
now, as we can see from the 1988 Conference, which
contains many papers that are not well described by
this title. For this reason alone, the conference might
be called something like "International Conference
on Clouds and Precipitation/' However, I believe the
title will be even broader than this, for the reasons
given below.
Wiscombe and Ramanathan (1985) have pointed
out that since the 1940s meteorology has been dominated by dynamic and synoptic meteorology, but that
it is now moving into an era that requires a multidisciplinary approach involving meteorology, geophysics, chemistry, and biology. This realization has
culminated in the International Geosphere-Biosphere
Program: A Study of Global Change (IGBP), which
focuses on cross-disciplinary studies related to changes
in the global environment. I anticipate that the concept of the IGBP will dominate atmospheric research
for the remainder of this century.
Clouds play a significant role in global change. For
example, a few percent increase in low-level global
cloud cover, or their optical properties, could offset
the warming of the earth due to a doubling in C0 2 .
A recent theory proposes that a relatively small change
in DMS emissions from phytoplankton in the oceans
could affect the optical properties of marine clouds.
Studies of the Antarctic ozone hole point to the crucial role played by polar stratospheric clouds. Cloud
chemistry and precipitation scavenging contribute
significantly to acid deposition. Clouds affect the vertical distribution of trace species. The effects of clouds
are being incorporated into numerical forecasting
models. Tropical clouds play a key role in the general
circulation of the atmosphere. The list could go on,
but the message is clear: cloud studies should form
an integral component of the IGBP.
What can we do to meet the challenge of the future? First, we must look outward from our discipline.
To be sure, we must continue to work on unsolved
core problems; we must better integrate observational, theoretical and modeling studies and, in par-
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ticular, we must work on the scale-interaction problem.
However, we must give increasing attention to tilling
the fertile fields that border our discipline. This latter
task will require a broad educational base. Cloud
physics evolved as much from classical physics as it
did from meteorology, but in the past twenty years it
has shifted firmly into the center stage of meteorology. In the next twenty years it will need to expand
even further, to include overlapping areas with chemistry, biology, and geophysics. A goal for future researchers might be to have, in addition to a core
discipline, at least one interdisciplinary interface.
Predictions are fraught with danger. Perhaps, in the
year 2000, the president of the ICCP will amuse the
thirteenth conference by recalling my crystal-ball
gazing.
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announcements
Help Needed With Historical Document

Gary Grice of the National Weather Service and Ken
Howard of the Environmental Research Laboratory are
working on a document describing the history of the
National Weather Service. Although several publications
exist which describe this subject, these authors are attempting to approach the history from a more personal standpoint.
The authors are interested in any information regarding the
National Weather Service (Weather Bureau) from 1850
through today, but are particularly interested in talking with
those individuals who served in the "old" Weather Bureau
during the 1920s, 1930s, and 1940s. Should you have
personal knowledge, experience, or documentation you
would like to share with the authors, please contact Gary
K. Grice, National Weather Service, Southern Region Headquarters, W/SR1x1, 819 Taylor Street, Room 10A26, Fort
Worth, Texas 76102 or phone (817) 334-2654. Contributors will be referenced in the document.

Fifteenth Annual Naval Weather Service
Association Convention

The 15th annual NWSA Convention, hosted by the Monterey
Chapter of the NWSA, will be held 21-24 June 1989 in
Carmel, California. All past or present members of Navy
Aerology, Naval Weather Service Command, or Naval
Oceanography Command, and their comrades, associates,
and friends are cordially invited to attend this event on the

Notice of registration deadlines for meetings, workshops, and
seminars, deadlines for submission of abstracts or papers to be
presented at meetings, and deadlines for grants, proposals,
awards, nominations, and fellowships must be received at least
three months before deadline dates.—News Ed.

Monterey Peninsula. For additional information contact
Sam Houston, NWSA 15th Reunion, P.O. Box 8662 NPS,
Monterey, CA 93943 or telephone (408) 649-0109.

Private Grants for Field Research

The Center for Field Research has identified meteorological
field reseach as a priority for Earthwatch support and invites
proposals for funding consideration.
Over $5 million will be awarded in 1988 and 1989 to
200 projects in the sciences and humanities throughout the
world; grants range from $7,500 to $100,000. All funds
are derived from the contributions of participating volunteers selected from the Earthwatch membership (40,000);
all projects supported must therefore need both funds and
direct field assistance to be eligible.
To apply send a preliminary proposal 18 months before
intended project date; exceptions will be made in some
cases. Upon favorable review, a full proposal will be
promptly invited. Decisions for funding are made on a
monthly basis.
For further information contact Dede Robbins, Associate
Director, Center for Field Research, 680 Mount Auburn
Street, P.O. Box 403, Watertown, MA 02272 or telephone
(617) 926-8200.

International Symposium on Measurement of
Toxic and Related
Air Pollutants

The EPA/AWMA International Symposium on Measurement
of Toxic and Related Pollutants will be held 2-5 May 1989
at the Quality Inn, Mission Valley, Raleigh, North Carolina.
(continued on page 325)
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