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Preface

WITHIN the next decade, there will be a revolution in the science of
weather prediction, for within five to ten years it should be possible to
make accurate 10- to 14-day weather forecasts. This amounis to a
quantum jump beyond the current forecasting ability, and its benefits
will involve saving millions of dollars and hundreds of lives which are
lost each year in unexpected floods and storms, and will have far-reaching
consequences for large segments of the world's population. Hence, a book
about this revolution, written by some of the men who make it possible,
may be of interest to a wide range of readers.

This book grew out of a series of some 30 lectures given over a
period of four months in 1966 to a graduate Space Systems Engineering
course at Stanford University. The goal of the class, which consisted of
some 50 engineers, lawyers, businessmen, economists, and one philoso-
pher, was to design a global weather satellite system. Since a knowledge
of meteorology was not a prerequisite for the course, the aim of the lectures
was to provide an extensive introduction into the many aspects of a
global weather prediction system. The members of the class then pro-
ceeded with their own research. The final weather satellite system design
has been published by Stanford in a volume entitled SPINMAP, sections
of which are included in this book.

Among the lecturers were many of the leading meteorologists, physicists,
businessmen, and statesmen involved in the field of weather prediction.
Among the many topics they dealt with were the history and future of
meteorology, the costs and benefits of improved weather forecasts, the
TIROS and Nimbus satellite systems, numerical models for the atmosphere,
and the use of the laser for atmospheric observations. This book came
about as a result of the excitement generated by the individual concepts
and by the overall possibilities for the next decade which grew out of
these lectures.

Many people with a diversity of backgrounds enjoyed these lectures,
and they have been edited into the articles of this book for readers who
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vi Preface

are interested in the concepts of weather prediction in the 1970's. The
major portion of the book has been written for readers with a general
engineering or scientific background. However, a substantial part of the
first five parts should be intelligible to any man of letters, while parts
of Part 6, on numerical models, require a reasonable mathematical
competency.

The articles of the book fall naturally into two unequal sections. The
first, consisting of Parts 1 to 3, provides a general introduction to the
concepts, problems, cost, and benefits of weather prediction, while the
second, Parts 4 to 7, describes the technology, the satellite data systems,
and the models which will enable man to comprehend the motions and
properties of the atmosphere on a global basis well enough to begin to
make the long-term forecasts.

The problem of measuring such simple variables as temperature, pres-
sure, and water vapor content at a certain point in the atmosphere re-
motely from an orbiting satellite has yet to be completely solved. Part 7
contains a discussion of problems of this nature together with a descrip-
tion of the French EOLE weather satellite system by Professor Pierre Morel
of the University of Paris.

The 18 articles in this book cover a wide range of topics and represent
the thinking and research of the individual authors. This book is not a
text in meteorology, nor is it a comprehensive design of a weather fore-
casting system, but rather its aim is to present an overall view of the
exciting possibilities as well as the technical and political problems in-
volved in bringing about the revolution in weather prediction.

The editors wish to thank the 16 authors who gave the initial lectures
and who gave freely of their time and interest to the sometimes difficult
job of transforming the spoken word of a lecture to the written word of
an article for a book. We are also grateful to the Department of Engi-
neering of Stanford University for their generous support of the Space
Systems Engineering course within which this book had its beginnings and
grew to maturity. We also wish to thank Wendy Meara, Jan Jeffery,
Betty Griffiths, Mary Beard, and Sally Burns for their advice and interest
in the typing and preparation of the manuscript.

Bruce Lusignan
John Kiely
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THE weather affects all aspects of man’s life. It determines when farmers
plant and harvest their crops; it affects the price a housewife pays for
fruits and vegetables; it determines what route an ocean liner or an air-
plane should take between cities; it influences the timing of a manned
space shot from Cape Kennedy; it determines whether we take an umbrella
or an overcoat to work. Fuel companies must decide whether a coming
winter will be harsh or mild to estimate the size of their coal and fuel-oil
reserves. Construction companies, picnickers, field generals, farmers cut-
ting hay, and brides-to-be would all very much like to know whether
it will rain next Tuesday or two weeks from today.

Hence, for thousands of years man has been trying with every means
at his disposal to predict, change, and cajole the moving masses of air
and moisture which make up the atmosphere. But for all these years
the movement of storms and thc large-scale energy sources and sinks
of the atmosphere have remained a mystery.

Today, however, we are on the threshold of a new era when global
satellite and balloon data systems together with sophisticated atmospheric
models and high-speed computers will enable man to begin to understand
the complex motions and energies of the atmosphere and hence to begin
to make accurate long-range weather predictions. Within a decade it should
be possible to make 10-to-14-day weather forecasts with an accuracy
greater than that of the 2-to-3-day forecasts we now receive. The following
articles attempt to describe various facets of this new era.

The word “meteorology” will come up frequently in this book. Meteo-
rology as we use the term is concerned with the physics, chemistry, and
dynamics of the atmosphere and with its effects on the oceans, the earth’s
surface, and life in general. It assumes a physical understanding of the
atmosphere, and it strives toward accurate prediction and eventual control
of the atmospheric environment.

In this book meteorology is viewed primarily from the standpoint of
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4  Introduction

weather prediction and its supporting research programs. Bounded by
the ocecan and solid carth below and by the ionosphere above, the “meteo-
rological atmosphere” considered here extends to about 50 miles above
the earth’s surface.

One of the most troublesome characteristics of storms and high-and
low-pressure areas is that they move over large areas in relatively short
periods of time. A certain mass of air may travel around the globe two,
three, or even four times in a period of two weeks. Now for several
centuries men have been able to measure the basic meteorological variables
of pressure, temperature, and water-vapor content at the surface of the
earth. Such mecasurements have of necessity been taken in the scattered
centers of population. There have been very few measurements taken
in uninhabited areas and over the three quarters of the earth covered
by oceans, and until quite recently none in the important upper levels
of the atmosphere. It has been estimated that less than 20 percent of
the earth’s surface is adequately covered by upper-air observing stations,
and unless this situation is corrected, it is hopeless to expect a substantial
advancement in weather forecasting. Metcorologists have been making
weather forecasts with data which are marginally acceptable for short-
range forecasts but which would be seriously inadequate for longer-range
predictions.

In addition to this lack of data meteorologists have had only an imper-
fect understanding of the physics of the atmosphere. The atmosphere is
basically an initial state problem; that is, if one knew the initial tempera-
ture, pressure, and velocities of the air over all the earth, then by solving
a certain set of differential equations it should be possible to predict the
entire future pattern of air movement. To a certain extent this can now
be done with the atmospheric models available (Part 6). However, there
are an enormous number of complexities (such as the turbulent energy
exchange between large- and small-scale weather systems) which quickly
make the predictions of the model invalid.

The goal of the next decade is to remedy these two obstacles; to set
up a global data-collection system and to perfect our physical understand-
ing of the atmosphere. There are numerous other problems, such as com-
munication links, the optimum form for presenting the data, and rapid
preparation and dissemination of local forecasts to individual users, but
these require wise administrative decisions rather than the more lengthy
development of new techniques.

It is generally accepted that for weather predictions in excess of a
few days, the earth’s atmosphere must be treated as a single dynamic
system. At present, numerical forecasts are prepared routinely for periods
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of three to four days, and for areas covering about one-third of the earth.
To extend forecasts to longer periods or to larger areas requires knowledge
of the initial state of the atmosphere on a global or at least hemispheric
scale. Otherwise, unknown disturbances will migrate into the prediction
areas and contaminate the forecast.

Ultimately it is likely that the global meteorological network will consist
of a system of satellites to gather data throughout the atmosphere remotely,
tracking stations, and one or more large meteorological centers which
will use the atmospheric models and the largest computers available to
analyze the satellite data and to prepare the predictions. Local weather
forecasts for periods ranging from 6 hours to 14 days could then be
sent to the various national or regional distribution centers.

For the immediate future, however, it does not appear feasible to mea-
sure temperature, pressure, wind velocity, or water-vapor content remotely
from satellites. The various technologies have been proposed and widely
discussed, but it will be several years before such systems are operable.
All the systems now being built involve some intermediate network present
in the atmosphere to collect data and transmit it either directly to earth
or to monitoring satellites. The French EOLE system and the United
States GHOST systems both propose the use of light-weight free-floating
constant-level balloons. Part 7 contains descriptions of these systems by
Pierre Morel and Stanley Ruttenberg.

In all the numerical models now in use the atmosphere is divided up
into boxes and data is read in at each of the corners or grid points.
The model uses a numerical integration scheme to advance the variables
at each grid point through one time step. This basic process is repeated
over and over again to predict a future state of the atmosphere. The
choice of the box or mesh size and the time step are two of the most
important parameters of the entire network.

The mesh size determines the size of atmospheric phenomena which
may be dealt with in the model. For instance, with a box of 1000 km
on a side one could not hope to predict the occurrence of any storms
whose dimensions were less than 1000 km because the model receives
data at only one point in every box—every 1000 km. Hence the weather
maps produced by the model might predict a large low-pressure area
or a hurricane but they would never be able to predict a tornado or
a thunderstorm.

From this viewpoint it is desirable to have the smallest possible grid
spacing. Ideally this might be only a few kilometers. However, the amount
of data and the amount of computer time required to advance the variables
through one time step increase rapidly with the number of grid points.
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At present, for a global model, a grid spacing of 300 to 500 km is at
the upper limit of computer capabilities. This figure will of course become
smaller as larger and faster machines are available. The time step for
each integration affects, among other things, the accuracy of the predicted
states. At present, for the computer calculation to run at about 10 times
faster than real time (which is a lower limit if the model is to make
useable predictions) a time step of about 10 minutes is generally used.

Most of the work now going on is devoted to developing hardware,
building systems, and testing systems. The pioneer TIROS and Nimbus
satellite systems, in addition to sending back a wealth of cloud-cover
pictures, have been testing many of the cameras and sensors which will
ultimately be used on the data satellites. The development of the constant-
level balloons and the ultra-lightweight electronic circuitry (to eliminate
the danger of collisions with high flying aircraft) is essentially complete.
However, as mentioned earlier, there is a great deal of work yet to be
done on the remote sensors to measure temperature, pressure, and wind
velocities from orbiting satellites.

The global weather-prediction network is still in its infancy, but it is
a healthy child and growing rapidly. The articles which follow describe
its current appearance and indicate in some detail the directions of its
future development.
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