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VINCENT J. SCHAEFER

NE WINTRY MORNING an indignant
lady telephoned Washington’s most
popular TV weather forecaster with
this frigid blast:

“I wish you’d come out here and scoop this
six inches of ‘partly cloudy’ off my driveway!”
Information at the disposal of the weather-
man the evening before had not seemed to
justify a snow forecast. Then, during the
night, the essential ingredients of weather—
temperature, humidity, atmospheric pressure,
and winds—had changed enough to produce
a snowfall. As far as the irate householder was
concerned, the weatherman had goofed.
Ask the man in the street if weather re-
ports are reliable, and he may think of all the
times he has been caught without an um-
brella. The truth is, however, that weather
forecasting has become remarkably good.
Moreover, it is going to get even better.
Behind these optimistic statements lies an
exciting story of scientific developments, in
some of which I have been privileged to play
a role—of satellites whose unblinking eyes
watch the birth of every storm around the
globe; of new sensing devices that easily
pierce darkness to take the temperatures of
clouds; of fantastic computers that digest
billions of bits of information and in minutes
draw complete weather maps; and of a global
study of the weather that is harnessing inter-
national effort on an unprecedented scale.
It’s a story also of tragedy and violence.
But the tragedy is increasingly being averted

Cloud of his own creation hovers over a
scientist after he threw a can of hot water
skyward in Yellowstone National Park. The
numbing winter air—45° F. below zero—
enables him to observe clouds as they might
behave in earth’s frigid upper atmosphere.

National Geographic editors spent five
years searching for photographs that would
best portray the power and fury of the
weather and how man attempts to under-
stand and even control it.
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by swift warnings. And the day is coming
when the violence of giant storms may yield
to the strategies scientists are now devising.

There’s a strong wind blowing in weather
science these days, and it will do a lot of peo-
ple alotof good. Weather hazards by conse
ative estimates, cost the United
lives and 11 billion dollars in pr
age annually.

In those days, people depended a g
deal on weatﬁer lore. For clues tha} bad
weather was coming, they P"‘.‘d_amm.lmhl.‘,‘
the twinges in the rheumatic joints ol' 0 '-fi
folk, or watched the erratic beha\-l‘;"rR‘.I;
rv- sts and birds. In such rhymes a5

ates 1,200  skies in the morning, sailor take \\':11'111'_“"".,?.:';
operty dam-  skies at night, sailor’s delight,” they distiiet
the experience of generations. ) e

They may not have known, incideni

As a boy in Massachusetts, | would often
go down on gray mornings to the dock at

1ly,

lore

Cuttyhunk Island and watch Capt. Frank
Veeder head his stubby swordfishing boat
out tosea. I would wonder what kind of weath-
er lay ahead of him on the open Atlan
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how venerable that particular bit of
really is. Read Matthew 16:2,3:
“When it is evening, ye say, It “"”7 -
weather: for the sky is red. And in tht“mthl,
ing, It will be foul weather to day: 1f

be fair




Driving the sea before it,
e Betsy batters
The 1965 storm
lives and caused
ge estimated at 1.4
lion dollars,
The swirling anatomy
of Hurricane Camille, the
69 killer that snuffed out
re than 320 lives, is ex-
ed (right) at the Na-
1al Hurricane Center in
mi. Color added to a
tellite photograph charts
€ storm’s moisture con-
L vhitest areas indicate
‘reest downpours,




skv is red and lowring. O ye hypocrites, ye
can discern the face of the sky; but can ye
not discern the signs of the times?”

Today’s mariners—and farmers, and resort
owners,'and construction men, and all the rest
of us who watch the weather each day—sel-
dom need depend on folklore. The National
Weather Service (formerly the Weather Bu-
reau) provides detailed forecasts covering
two and three days ahead. Since February 9,
1970 (the 100th birthday of the Weather Ser-
vice), less detailed five-day forecasts have
been available daily. And for $3.50 a year the
Weather Service will send you 30-day tem-
perature and precipitation outlooks by mail
twice a month.

Today’s Forecasts: Bolder and Better

How accurate are today’s two- and three-
day predictions? Let the weathermen tell you.

Allen D. Pearson, Director of the National
Severe Storms Forecast Center in Kansas
City, points out that “forecasts are now much
more precise than they used to be. They are
couched in less cautious language.”

Arthur Gustafson, who is in charge of San
Francisco’s forecast center, says, “Now we do
better on two-day forecasts than we did for
one day in the early ’60’s. And a decade ago,
who would have dared tell you anything
about Sunday’s weather on Wednesday?”

Dr. George Cressman, Director of the
National Weather Service, puts it explicitly:
“The national average verifications show that
we can forecast today’s or tonight’s tempera-
ture to within about 3', degrees, and tomor-
row’s to within about 4!, degrees. If you
count a forecast of over 50 percent chance of
rain as meaning it will rain, and under 50 per-
cent as meaning no rain, our national aver-
ages show about 87 percent hits for today,
and about 80 percent hits for tomorrow.”

To this Al Pearson adds a caution:

“Weather forecasts are made for wide
areas, not for pinpointed spots. Suppose the
prediction is for 10 percent chance of rain,
vet rain falls in one corner of that area. The
man who is getting drenched screams, ‘Ten
percent! Don’t those guys see what's up
there?” He may not realize that most of the
forecast area is as dry as can be.

“ b}

3 *nt chance of rain does not
guarantee no rain. In fact, if we predict 10
percent chance of rain on 10 different days,

by all the laws of probability it should rain
on one of those days!”

522

So fast is weather science improving thy
Dr. Joseph Smagorinsky, one of today's g
respected meteorologists, foresees that we ¢4
expect increased accuracy of forecasts gyer
periods of up to several weeks, sufficient tg b
useful for economic planning and for weather-
hazard warning.

Whether two- to three-week forecasts can
ever be made with the same accuracy we noy
enjoy for two or three days is a matter of
vigorous controversy. The answer depends
on feverish research now going on with com-
puters, mathematics, techniques of observa-
tion, and satellites. And of these, perhaps most
fascinating is the weather eye in space.

Last summer as I worked on this article, 2
stubby object known as NOAA 1* was circling
in earth orbit, passing northward over Cali-
fornia. It resembled an oblong packing crate
with three purplish blue wings attached at
one end (page 525). The wings, covered with
solar cells to produce electricity for the satel-
lite, always faced the sun, and the spacecraft
itself kept one side turned toward earth.

Within the next hour and 55 minutes,
NOAA 1 made a complete circuit of the globe,
passing near the North Pole and then sweep-
ing south over Arabia and the Indian Ocean
to Antarctica and back north again.

Multiple eyes in the spacecraft scanned
the swift-moving panorama 900 miles below.
Two TV camera systems caught the glint of
oceans and ice fields, the white expanse of
clouds, the familiar outlines of continents
and islands. More important, instrumenis
known as radiometers detected heat and light
radiation from earth, cloud, and sea.

Unwinking Eye Scans the Entire Globe

As Canada passed beneath, a radio com-
mand came up from an 85-foot antenna near
Fairbanks, Alaska, operated by the National
Environmental Satellite Service.

“Give us your pictures,” it signaled.

Like an obedient child, Noaa 1 turned 00
magnetic tape recorders that had stored
pictures from one of its TV cameras. Ele
tronic impulses that encode patterns of Irfzh_i
and dark went by radio from the spacecra’
to the ground station, from which they were
relayed to weather stations all over the F’mted
States. In hours, forecasters had the pict®

on their desks, showing storm patterns tha-l
ational Oceanc

*NOAA takes its name from the new Nations' © S
udes

and Atmospheric Administration, which inc enta
lfa’atlona] Weather Service, the National EI‘"‘FC_'"?I. ihe
Satellite Service, and several other agence

Department of Commerce.




affect you and me the following day:.
yosa 1 made such a picture every 260

cconds. Each cov ered a square some 2,000

< on a side, an area of four million square

e Cloud patterns as small as two miles
ross could be distinguished.

\s the spacecraft made its orbit, the earth
otated nearly 29 degrees to the east. Thus
.ch successive orbit, and each successive
arip of photographs, was displaced west-
ward. Since the strips overlapped, NoAa 1
atured a progressive portrait of the globe.
It scanned every spot on earth at least twice

yould

¢ach day.
Cloud Pictures Free for the Taking

v0aA 1's second camera system, known as
i1 (Automatic Picture Transmission), did
of store its pictures. Instead, the electronic
donals were continuously broadcast to earth,
iree for anyone who wanted to pick them up.
Some 550 weather stations all over the
world, in 94 countries and territories, have
eir own APT receivers for picking up these
signals and converting them to pictures. Even

s advanced nations can afford them. In
fact, they are so simple that in Montgomery
County, Maryland, high school students put
logether a receiver.

.I always find it impressive to watch APT
pictures come in. As a wide sheet of paper
dides slowly from the machine, an electric
needle moves rapidly back and forth, burn-
ing a pattern of light and dark. The needle
makes 600 passes in two and a half minutes

:"In(?in_‘:. to a scan made by the TV camera.
the individual lines blend to form a con-
imious picture, just as on a TV screen.
The original Noaa was launched December
11,1970, and unexpectedly went dead last
y. Another is scheduled to be put in orbit
time this spring. In the interval, other
f}“h‘r satellites of an earlier generation
Ve taken over NOAA 1s tasks.
0 dozen older weathercraft—most of
.‘é!‘nal!cr and less elaborate—keep the
"”fm NOAA 1 company as they circle
I space. Most are also dead; only five
[,\.,llllt.:nd )ifk }chtures.
" dlower orbit, c ies S
h excited the u.(:)rrl?l-\ Z\};.rll]t];]li’l]izlil:‘ilﬁggtdi
o ma‘;(jntturcs from space in April 1960
: urated a revolution in weather
sting. More than a million and a half

tellite
at time Pictures have flooded to earth since
.

.

ROBERT W. MADDEN
The world is his weather station:
Dr. Walter Orr Roberts spurs a global
meteorological study as President of
the University Corporation for Atmo-
spheric Research in Boulder, Colo-
rado. The corporation, supported by
the National Science Foundation,
manages a laboratory in which some
600 scientists and technicians investi-
gate the atmosphere.

An astronomer, Dr. Roberts was
elected president of the American
Association for the Advancement of
Science for 1968. Here he holds the
instrument package of a ten- foot
GHOST balloon (background) used for
charting air movements.




Far above NoaA 1, two quite different
spacecraft hang like silver spiders over the
Equator. Known as ATs (Applications Tech-
nology Satellites) 1 and 3, they do not orbit
the earth. Or, more properly speaking, they
move just fast enough to keep up with earth’s
rotation. Thus each always hangs above the
same spot on earth, and for this reason they
are called geosynchronous or geostationary.

Although the ATs satellites belong to NASA,
the Weather Service makes extensive use of
their remarkable photographs. From the lofty
vantage point of 22,300 miles, ATS cameras
can see almost one entire side of earth. This
means that at frequent intervals we can take
a fresh look at cloud patterns over the United
States and over the spawning grounds where
much of our weather is born.

Heat Pictures Add Vital Data

Spectacular though they may be, TV pic-
tures from space may prove less valuable in
the years ahead than information from scan-
ning radiometers. These instruments are
already carried by the NoAA satellites. They
detect and measure radiation not only in the
form of light, but also in the form of heat—
the energy of long-wave infrared radiation.
Since heat is what drives the great engines
of the ocean and atmosphere to produce our
weather, that information can be of great
value to weather scientists.

But we will not be deprived of pictures
from space. Radiometer scannings can be
converted to images similar to those made by
TV cameras. And since the radiometers work
with both infrared and visible light, they
produce excellent pictures on the night side
of earth as well as the daylit side, making
24-hour global coverage possible.

David S. Johnson, Director of the National
Environmental Satellite Service at Suitland,
Maryland, explains the remarkable things
weathermen can learn from infrared:

“In addition to images, infrared sensing
from satellites gives us the temperatures of
earth, sea, and clouds, to an accuracy within
3° F. It helps us estimate how high the cloud
tops are, and therefore what kind of clouds
we are seeing. Moreover, we can interpret
the readings to give us a profile of tempera-
tures at various levels in the atmosphere.
This information is absolutely essential for
making longer-range forecasts than those
now possible.®

“Finally, some of the new devices will even
measure water vapor at different heights, and
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others may report on the total levels of such
pollutants as dust, carbon dioxide, nitrous
oxide, and sulfur dioxide.

“These infrared sensors represent a truly
great leap ahead for the 1970’s.”

In the latter part of this year a brand-new
weather satellite called GOES (Geostationary
Operational Environmental Satellite) is
scheduled to join the ATS spacecraft 22,300
miles above the Equator. Stationed at 100°
west longitude, over the Pacific Ocean 1,350
miles south of Mexico City, it will be the
first of a new series of earth-synchronous
weather eves.

Weathermen refer to GOES and ATS space-
craft as “natural-disaster satellites,” because
they are so useful in early detection of severe
storms. After a polar-orbiting NOAA spots a
potential storm, 12 hours must elapse before
its spiraling path around the globe brings it
back for another look. But GOES, from its
steady vantage point, will take a new look
every 20 minutes. If a thunderstorm develop-
ing from cumulus clouds seems likely to pro-
duce tornadoes, GOES may be able to give
warning in time.

Satellite Asks Questions of Earth

GOEs will do something else NOAA is not
equipped to do: It will collect weather infor-
mation from remote stations anywhere in its
field of view. Rain and river gauges, drifting
buoys, ships, and perhaps balloons and air-
craft will, on command from the spacecraft,
radio their findings directly to GOES, which
will relay them to the computers in satellite
headquarters at Suitland, Maryland.

So capable is GOEs, in fact, that it could
interrogate as many as 40,000 remote stations
every six hours, and send back to earth pic-
tures containing a maximum of a hundred
billion bits of information each 24 hours.
Handling the mathematics involved in digest-
ing such a torrent of information challenges
even the fastest modern computers.

If all this seems like a great surplus of
information, listen to the late John von Neu-
mann, the celebrated mathematician who
nearly a quarter of a century ago pioneered
the idea of computers for analyzing weather:

“The hydrodynamics of meteorology.” said
von Neumann, “presents without doubt the
most complicated series of interrelated prob-
lems not only that we know of but that we
can imagine.”

*See “Remote Sensing: New Eyes to See the World,"
by Kenneth F. Weaver, GEOGRAPHIC, January 1969.
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s ~ High-spying weather eye, a
oleaming satellite scheduled for
launch this spring carries a bat-
tery of sophisticated detection
devices. Named for the National
Oceanic and Atmospheric Ad-
ministration, NoAA 2 will orbit
every 115 minutes (small dia-
gram), sending back overlapping
views of the globe’s changing
weather from 900 miles in space.

Catching nature at one of her
tricks, a satellite infrared image
reveals massive eddies along the
western edge of the Gulf Stream.
The swirls occur, some ocean-
ographers theorize, when a storm
drives wedges of inshore water
into the stream.

Here most of the Gulf Stream
_ recorded as nearly black be-
cause it is markedly warmer than
surrounding water—hides be-
neath cool clouds that show as

mottled white.

525




Three million volts of man-
made lightning strike a model
of the Concorde (above), the
British-French  supersonic
transport. The fiery encounter
shows where protective devices
will be needed to channel light-
ning bolts harmlessly back into
the atmosphere. Airliners are
struck an average of once every
10,000 flying hours.

Forked tongue of fire jabs at
a hillside near Lugano, Switzer-
land. Photographed through a
diffraction grating, the bolt
forms a spectrum; atmospheric

s radiate characteristic
colors under enormous electri-
cal potentials and temperatures
five times hotter than the sur-
face of the sun.
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To understand this assessment, you must
realize how fiendishly complex is earth’s
atmosphere and its weather systems. The
20-mile-deep blanket holding the world’s
weather contains 5.6 million billion tons of
air, approximately one and a half million tons
for every person on earth. A gigantic witches’
brew, four billion cubic miles in volume, it
churns and flows in constant turmoil.

Heated by that great atomic-powered fur-
nace the sun, the air rises in vast updrafts,
especially in the tropics, sucking up the
incredible quantity of more than 1,000 billion
tons of sea water a day. The gigantic updrafts
arc poleward, deflected to the east by the
earth’s rotation, then sink to earth at about
30° latitude to move back toward the Equator
(diagram, pages 532-3).

At higher latitudes, where most people live,
the wind circulations are even more complex,
characterized by migrating cyclonic cells,
thunderstorms, jet streams, and high-pressure
areas a thousand miles wide—all modified by
every mountain, every plateau, every body of
water, every lowland.

If you think about how much heat it takes
to boil away a kettle of water, you begin to
get an idea of the tremendous amount of
energy taken up by daily evaporation from
the seas. The energy involved corresponds to
100,000 times the total electric generating
capacity of the United States in 1970.

One Storm Equals a Hydrogen Bomb

Every bit of this energy—this heat of
evaporation—Ilies stored in the vapor-laden
air. When the vapor condenses again, either
as cloud droplets or as falling rain, the same
fantastic amount of energy is given back to
the atmosphere as heat. Meanwhile, the
energy may have been transported thousands
of miles by the circulation of the winds.
Wherever it turns up, it will markedly affect
the weather.

A single thunderstorm can release to the
atmosphere energy equivalent to a megaton
hydrogen bomb. And since some fifty thou-
sand thunderstorms break forth on earth
every day, the daily energy released to the
atmosphere equals billions of tons of TNT.,

Small wonder that such energy can express
itself with explosive violence, and that the
large-scale movements of the atmosphere are
so complex. And small wonder that science
is forced to stretch itself to the utmost to

describe and predict the total workings of this
monstrous machine we call weather,

Prospects for success would seem dim in-
deed except for a great worldwide effort now
under way. The United States and more than
a hundred other nations have banded to-
gether, under the aegis of the World Meteoro-
logical Organization and the International
Council of Scientific Unions, to develop in the
1970’s a new understanding of global weather
processes. It is called the Global Atmospheric
Research Program (GARP). A related program,
the World Weather Watch, seeks to develop
an adequate worldwide observation and
forecasting system.

Success will depend on three very difficult
achievements:

1. Electronic computers that can efficiently
perform hundreds of millions of mathematical
operations per second. Best estimates in-
dicate that these computers must have a hun-
dred times the capacity of today's finest
machines. Technology is moving so fast that
we can confidently expect such capacity
within a few years.

2. A fully realistic theory, or mathematical
model, of the workings of the intricate proc-
esses that generate our weather. This model
must include all the physical forces affecting
the atmosphere. For the entire globe it must
describe in numbers and in equations the
oceans, landmasses, and mountains; the
changes of temperature, reflectivity, and
moisture; the distribution of the nuclei around
which moisture condenses or freezes; the
cloud patterns; the wind velocities; the tem-
perature, pressure, humidity, and density of
the atmosphere at thousands of points and at
many levels. In some models it takes half a
million pieces of data just to describe the
atmosphere at a single instant.

The model must put all these things to-
gether in terms of numbers so the giant com-
puter can calculate how the winds will flow,
the temperatures change, and the rains come
down. Such numerical models, on a promis-
ing scale, are already being used by the
Weather Service in its forecasting.

3. A truly global network of stations to
make weather measurements at least daily.

Already more than 10,000 people in the
United States are engaged in professional
weather research and forecasting, plus 13,000
volunteer observers. Around the world some
25,000 surface weather observations are made
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We're Doing Something About the Weather!

- day—and coded for global radio and
" hic exchange. Ten thousand land
nmore than 130 countries! as well as
. ships, have weather-measuring equip-
.+ In addition, more than 1,200 daily mea-
_nts of winds and temperatures in the
.+ air are made from balloons.

| s this amount of information may
is desperately incomplete. No more
. 1 percent of the globe is adequately
+ed by weather observations. We know
_little about what is happening over the
and the ocean-dominated Southern
here is politely termed a “data-
rea.”

t enough to measure the winds near
. qrface. Air movements at much higher
«J—in the stratosphere—influence world
ther enormously.

The stratosphere air that sweeps across the
airal United States today may, a mere two
chree days ago, have been somewhere over
¢ mid-Pacific and quite out of range of de-
ied measurements. It is not unusual for a
aeel of air to circumnavigate the globe in
idlatitudes in only ten to twelve days. So

o

U obvious that longer-range weather fore-

uts will require observing the air parcels in
s complete circuit of the earth.

Weathermen Turn to GHOSTS for Help

The cost of covering the entire globe with
s and other conventional weather sta-
i would be prohibitive. So we will depend
wily on satellite soundings with infrared
IS0, In addition, other novel techniques
“ being considered, including the GHOST
“loons (page 523) pioneered by Vincent E.
v and his colleagues in Boulder, Colo-

4.4 the National Center for Atmospheric

th (NCAR), where I have my offices.
HOST balloons (the word stands for glo-
“orizontal sounding technique) are un-
‘i that they do not continue to rise
“2h the atmosphere until they burst, as
‘nary weather balloons. Rather, they
I and drift with the wind at a pre-
_‘Mined altitude in the stratosphere.
% a very thin, tough plastic almost
~110Us to helium, enables the balloons
“lain pressure for many months. Just
."}‘n&!lum is put in so the balloon will
* ('1-\"“1)%(1 at approximately its in-
I';{Illlu(le, When the density of the
“illed balloon system balances the

—4—
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density pf the outside air, the balloon floats at
that altitude, rising and falling only a hun-
dred feet or so as temperatures vary.
Simple instruments carried by the balloon
measure temperature and humidity. A tiny |
sun-powered radio broadcasts the data and :
the balloon’s positions, from which wind 5
velocity can be determined. The payloads !
are so fragile that jet engines in ground tests ‘
have gobbled them up with no problems. The
balloons, we believe, represent about one
“sparrow power” of threat to a plane.
Since March 1966, NCAR has launched |
some 350 balloons from New Zealand and
other Southern Hemisphere sites. Stations
in many nations have helped us track them.
Success has been sensational. One GHOST |
flew for 467 days, steadily radioing back i
useful data. !
For the worldwide weather program, we
(Continued on page 534)

PR ——

NATIONAL CENTER FOR ATMOSPHER C RESEARCH ]
is theoretical ‘
Drawn by a computer, this oFEbES I
. is based on previously c© i

weather map is base ’
lected real-life data. By compa
with what actually
refine a mathematical mode

i ster computers now =
sphere. Faste I range forecasts

ring the map

happened, scientists
| of the atmo-
in the making

promise more accurate long-







JAMES A. SUGAR (ABOVE AND LEFT); DONALD L. VEAL (LOWER LEFT); ATMOSPHERICS INCORPORATED

Rainmakers to the rescue:
To wringout reluctant clouds,
Homer F. Berry stokes a bra-
zier of flaming charcoal im-
pregnated with silver iodide.
As he drives about the coun-
tryside trailing sparks, the
fire’s updraft carries smoke
aloft, where its billions of
minute silver iodide particles
may cause the air's moisture
to condense as raindrops.
Farmers of parched west
Texas had offered Mr. Berry,
a retired Air Force officer,
$10,000 to generate five
inches of rain in 30 days. But

the clouds were not suitable;
less than three-fourths of an
inch of rain fell.

Under more favorable con-
ditions, a downpour to glad-
den farmers’ hearts cascades
from clouds over the Dakotas
(left). It fell after scientists
flew through the clouds with
silver iodide flares burning
on the wing struts of their
plane (above).
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Fanth's awesome
weathen machine

TS FUEL is the sun’s prodigious energy, striking
earth with 240 trillion horsepower. Its throttle is
the planet’s movement—the spinning and tilting
that sets the cadence of days and seasons. Its
mighty engine is the atmosphere itself, a vast
enveloping sea of air.

In this simplified model of earth’s weather
machine, prepared in close cooperation with Dr.
Chester Newton of the National Center for Atmo-
spheric Research, the sun beats directly on the
“quator (lower circle). Toward the Poles, the rays
pierce a greater amount of atmosphere and fall
obliquely across a larger area of earth. This great-
ly reduces their power and creates the heat im-
balance that drives the churning atmosphere.

Two huge belts of moving air, the North and
South Hadley Cells, girdle earth at the Equator.
In the Northern Hemisphere, heated air rises near
the Equator and drifts northward (red arrows).
Its momentum from earth’s rotation deflects it to
the east—a phenomenon known as the Coriolis
effect, which also influences the flight of airliners,
rockets, and migrating birds.

As the high cool air approaches the latitude of
Florida, some of it races on east in the subtropical
jet stream. But most of it slows and descends in
the horse latitudes and follows the Hadley system
back southward to replace rising equatorial air. As
it returns, earth’s rotation deflects it westward
(pink arrows)—the steady trade winds sought by
ships of sail. Another part of the descending air
turns northward. Earth’s rotation veers this wind
right to become the westerlies that prevail over
middle latitudes, including the United States.

At its northern edge the Hadley Cell merges
with the Polar Cell that sits atop earth like a cap.
Here the circulation takes the form of huge sur-
face eddies—the familiar high- and low-pressure
cells of the weather map. In the painting a high
of cool heavy air, driven clockwise by earth’s rota-
tion, swirls over New England, and another lies
over the Rockies. Between them a low rotates
counterclockwise over the Great Plains. Where
the air currents collide, these cells breed turbulent
weather, such as often roils across the U. S.

Sweeping around the planet from west to east,
the powerful rivers of air known as jet streams
vary in altitude from 30,000 to 40,000 feet and
meander north or south. The streams reach veloc-
ities of 100 to 300 miles an hour, often speeding
eastbound jetliners across the North Atlantic in
an hour less time than westbound flights.

STAFF ARTIST ROBERT W, NICHOLSON
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HENRY LANSFORD, NCAR

Wispy wake of the jet era, a contrail created
by an airliner’s exhaust grows into a cirrus
cloud over the Colorado Rockies. Meteo-
rologists fear such man-induced effects may
disturb the earth’s weather system.

may need many of these balloons, especially
in the tropics, and hundreds of new buoys
scattered in remote parts of the ocean. And
we will need several more geostationary sat-
ellites spaced strategically around the Equa-
tor. Japan and France are both considering
launching such spacecraft.

Dr. Robert M. White, head of the National
Oceanic and Atmospheric Administration,
estimates that this expanded weather obser-
vation system will save our nation more than
a billion dollars a year. I believe Dr. White’s
estimates are conservative. I have seen
quite genuine optimism for success among
the scientists with whom I have worked for
eight years in GARP’s planning meetings.

While scientists in many countries seek to
understand and predict the weather, others
search for ways to tame, or at least alter, the
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severe weather conditions—the storms an(
droughts—that plague mankind.

In western Texas last spring a group of
farmers sorely beset with drought offered a
private rainmaker $10,000 if he could pro-
duce five inches of rain within 30 days. Day
by day the rainmaker chased clouds across
Stonewall County in an old pickup truck
with a pot of charcoal and chemicals glow-
ing and smoking in the back (pages 530-31)

At the end of the month: failure. Less than
three-fourths of an inch of rain had fallen
In ancient times the unsuccessful rainmaker
might have lost his head; in this case he lost
only his contract.

Downpour Follows Airborne Seeding

A few weeks later Government scientists
sought to ease a severe drought in southern
Florida. Flying into the tops of clouds with
a four-engine research plane, they dropped
scores of burning flares that spewed out tril-
lions of microscopic crystals of silver iodide.

In the six hours after this seeding, five
inches of rain poured on the grateful citizens
of the Miami and Everglades areas.® The
drought, while not broken, had been sub-
stantially reduced.

These two examples characterize the his-
tory of rainmaking—a story of frequent fail-
ure and occasional resounding success that
may or may not have been related to the
deliberate interventions of man.

One early failure came in the 1890’s, when
Congress provided $9,000 for tests of rain-
making by sending explosives aloft with kites
and balloons and by firing cannons. Perhaps
the legislators had read the Greek writer Plu-
tarch, who had noted 18 centuries before that
“extraordinary rains pretty generally fall after
great battles.” But the experiments in 1891
and 1892 produced more smoke than rain

Since that time a more scientific approach
has been developed. We know that if air con-
taining a good deal of water vapor is ver)
clean, it will often drop in temperature below
the level at which condensation normally
takes place, yet without producing clouds
Such air is called supersaturated. Similarly,
water droplets in nature are often “super-
cooled” well below freezing without turning
to ice, if there is an absence of nuclei.

A cloud droplet cannot form without &
condensation nucleus. A mote of dust, a salt

*South Florida’s water problems were described o
“The Imperiled Everglades,” by Fred Ward, NATIONAL
GEOGRAPHIC, January 1972.




| gora tiny chemical droplet will do.
{ ;Jf ¢ small that 300,000 of them C(.)Ulld
g within one inch work very well. Simi-
. heformation of snOW crystals can some-
-"e;be Jimulated by some kinds o‘f nuclei.
| quarter of a century ago, Dr.. Vincent J.
cyatler of the General Electric Research
d sonatories Was experimenting with super-
_.‘gd douds. He found that a bit of dry ice
_en carbon dioxide) dropped into super-
il fog in a chest-type home freezer im-
dately filled the air with glittering ice
~als Later, from an airplane, Schaefer
4 2 supercooled cloud with several
s of crushed dry ice. Throughout sev-
. miles of cloud, fine water droplets turned
bae streamers of snow.

Surlly thereafter, Dr. Bernard Vonnegut,
jo then at G.E., found that microscopic
sides of lead iodide and silver iodide
Jd trigger rainfall in supersaturated
s The science of cloud seeding was born.
[l recently, however, scientists were
wious about claims. Often cloud seeding
i ot produce rain, and when it did there
o gawing doubts about whether it might
L rained without the seeding.

But recent work by Dr. Joanne Simpson,
. litor of NoAA's Experimental Meteorol-
o Laboratory at Miami, Florida, has de-
dped a new approach and banished much
{the doubt about whether rain can be
wreased from tropical cumulus clouds. Dr.
“mpson has used a computer to determine
dich clouds will respond to seeding. In re-
gzed tests, using silver iodide smoke from
A5, the rainfall has been increased by an
aige of 140 percent, with a probability of

Aud the experiments pay off. Dr. Simpson

Sebles that in the seeding trials in south-
“VF_]"Flrla last year benefits exceeded costs
dlactor of thirty to one.

( ) :
Jne Man’s Rain, Another Man’s Pain

1*jd*1fJKiFall)', not everyone approves of
@ seeding, One economic interest may
" lom increased precipitation, but
"may suffer. Some farmers or ranchers
;-_._f"f_‘llieused‘ but how about the resort
"r“:ﬂi \h\-'hat if there are floods? Al-

. “Wsuits have resulted from weather-

~‘@lion efforts, and rainmaking planes

R shot at by farmers “for interfering
L ’\Wl s weather,”

ugus
Ust 1969 the space-borne cameras

CHARLES M

Like smoke from a celestial fire, clouds
linger in an evening sky after a tornado
struck northern Wisconsin. The unusual for-
mation, called mamma, often portends the
approach of a hailstorm or twister.

of weather satellites revealed the embryo ol
a storm in the Atlantic Ocean. Succeeding
satellite pictures showed the disturbance to
have the whirling cloud vortex of a tropic al
cyclone. Since it was the season for hurrn“mu-m
the men of the National Hurricane ‘vam'
(part of the Weather Service) in l\I.iam] kept a
careful watch on the storm’s erratic path a it
swept across the Caribbean and into the Gull
of Mexico. _
Additional information came from shij
sea, from hurricane reconnaissance 5qn;?clrnnf
of the U.S. Navy and Air Force, and from &
weather radar fence that runs from ]v,\'.h
to Maine. Soon it became clear that th_h stor ;1;
would reach hurricane force, and thatit wou .<!
be a killer. Hurricane warnings_wf:r(: ﬂuf-llui
to Gulf Coast communities in Mississipp! an
(Contz'mred on page 541)

)s al




HEN BLIZZARDS HOWL across

Long Feach Wthc Colorado Rockies, this

fon the
weathen
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gaudy 12-by-20-foot kite car-
ries instruments nearly 20,000
feet aloft. Thus man monitors one
of his most successful efforts to
change the weather: the seeding
of snowstorms whose melt feeds

the Colorado River—life stream
of the arid Southwest.

After seeding snow clouds from
silver-iodide generators atop the
peaks, scientists send the kite up
carrying a replicator (lower left).
It exposes coated film that records
the imprints of snow crystals (be-
low). These have shown that nu-
clei may increase snowfall by
more than 50 percent.

Silver iodide particles excel as
cloud-seeding nuclei because
their crystalline structure closely
resembles that of ice.
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uf the stratosphere,
* take on helium at Pales-

B Small pilot balloons

low-level winds that
the launch.

o for hours in the
A5-land 80,000 to 135.000

; EDWIN WOLFF, NCAR (ABO

feet up—too high for aircraft and
too low for satellites—the bal-
loons’ instruments, parachuted to
earth, yvield data on the chemistry
of the stratosphere. Thus scien-
tists extend their reach ever
farther into earth’s ocean of air.




Coordinated by the
World Meteorological
Organization, national
weather offices (white
dots) collect data

from a vast network of
stations and dispense ever
more reliable forecasts.

Commercial and military
aircraft around the
world make some 2,500
reports a day using an
international shorthand
code understood by
weather computers.

More than 1,000

U.S. surface stations
daily record barometric
pressures, winds,
ten}ueratures.

and humidity.

Crisscrossing lonely
ocean areas, where
much of the world's
weather originates,
ships radio at least
2,500 reports a day.

Released twice a day
from U. S. weather
stations, balloon-borne
radiosondes record and
transmit atmospheric
conditions as high as
100,000 feet.

Two ATS satellites
hover stationary over
the Atlantic and
Pacific, reporting
global cloud

movements,

Pouring into the
National Meteorological
Center at Suitland,
Maryland, torrents

of weather data

in many forms feed
into three computers
for storage.

il ol

Every 12 hours other
Suitland computers
print out forecast
maps of Northern
Hemisphere weather.

ATS satellite pictures
help meteorologists
anaJ{ze cloud cover

(left) or a swirling
hurricane whose image
has been color
enhanced by 2
densitometer.




Data stored on magnetic tape permit a
variety of research, such as weather’s role

in recent plane and ship accidents.

As an aid to local forecasters, a computer
turns out numerical maps of wind speeds
and facsimiles of satellite pictures.

Utilizing data from radar and satellites, a
Weather Service meteorologist checks

and refines the 24-hour and 5-day
national weather forecasts.

Prepared both in written and
map forms, th
forecasts flash from Suitland to f:lcal' b
weather stations and then to other users,

as newspapers and TV stations.

Radar at weath i
er stations aids local
r:;’:ca;l;rs, whose observations are
yed for the national forecast.

The miracles
behind youn daily
weathen map

wear your raincoat to school,”

admonishes a Pittsburgh mother
after reading her morning paper. Her
faith in the weatherman is justified; he
predicts today’s weather with more
than 80 percent accuracy, thanks to a
worldwide network gathering raw data
(far left column), compiling and
analyzing it (middle column), and
producing detailed forecasts for fast
dissemination (right). Benefits are
incalculable, from airline storm
warnings to frost alerts for citrus
growers. Evacuation broadcasts before
Hurricane Camille saved an estimated
S0,000 lives. STAFF ARTIST ROBERT C. MAGIS

H'I'HEY’RE calling for showers; better
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Stuccoed with rime, Mount Washington
Observatory in New Hampshire sp: kles
in rare December sunshine. A meteorolo-
gist clears ice from instruments atop the
6,288-foot peak. Beyond the trestle of a
cog railway, chains moored in bedrock
secure a building against winds that have
been clocked at 231 miles an hour—
strongest ever measured on earth’ urface.

Space Age will-o'-the-wisp,
barium vapor glows 100 miles
above Alaska. Ejected from 2
rocket-borne cannister, the cloud
turns from red to green as atoms
fluoresce under solar ultraviolet
The experiment enables scient
to measure ionospheric ¥
and other phenomena affe
the lower atmosphere.

To observe such experiments
in winter’s cold, University of
Alaska scientists take refuge
heated viewing bubbles (lower
left) atop the university obser
tory near Fairbanks.




iana that Jay in the path _of the storm.
sight of August 17 Hurricane C.amllle
od ashore. Winds exceeding 200 miles an
. 1 tides surging 24 feet above mean sea
sshed and leveled whole towns on

w5 the most intense storm to hit North

\nerica in modern times. Property damage

_hed 142 billion dollars—a record for a

whtively speaking, the loss of life was
singly small. The dead and missing
o4 320, of whom more than a hundred
» foods in Virginia, where the hurri-
ropped 27 inches of rain in eight hours.

Had it not been for prompt warnings from
the Weather Service, the death toll might
have been staggering. Because of the warn-
ings, more than 75,000 persons fled to safety.
Some 50,000 of those might have died, accord-
ing to Government estimates, if they had not
been warned in time.

The awesome power of rampaging weather
was revealed again on November 12, 1970,
when a tropical cyclone swept in from the
Bay of Bengal to strike East Pakistan and
leave between a quarter and a half million
people dead. It was the greatest natural ca-
tastrophe of this century. Satellite pictures,
received by APT stations in Pakistan, gave
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warning of the storm. But the crowded popu-
lations of the coastal islands did not get the
word, and they were overwhelmed by mam-
moth tidal surges.

Debbie Yields to Stormfury

The Weather Service may properly be
proud of its effective storm-warning system,
which annually saves many times the total
cost of the Government’s weather program.
But Dr. Robert H. Simpson, Director of the
National Hurricane Center, believes that it
may be possible to do more, that eventuallv
we can learn how to weaken the fury of
a hurricane.

A decade ago Dr. Simpson suggested that
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wn

hurricanes might be altered by cloud s
If nuclei could be introduced into thrr rain
clouds near the eye of the storm, transiorm-
ing water droplets to ice crystals ;mfll
releasing heat, the balance of forces It
hurricane might be upset, he reasoned.
Project Stormfury, set up in COOPEI
with the Department of Defense to test U=
theory, has seeded four hurricanes, collecti g
fairly convincing evidence in one Casé. 0
August 18, and again on August 20, 1%
aircraft seeded Hurricane Debbie. Five ime
during two eight-hour periods, P
equipped U. S. Navy planes flew rhm‘u:l. ‘
eyewall of the hurricane, where the \y]m
strongest (opposite, upper), and Jaid dow

ne

dpanning
With a
Umicane




WIRLING MAELSTROM, Hur-

ricane Gladys spins over
) the Gulf of Mexico in 1968.
Seen by Apollo 7 from 111 miles
up, the cyclonic storm heads
toward Florida.

Even as Gladys flared with
90-mile-an-hour winds, instru-
ment-laden aircraft plunged in-
to the seething air mass. The
[?lanes fed data to Project
Stormfury, a national effort to
study these weather tantrums
and learn how to tame them.

Stormfury sometimes at-
tempts to turn a hurricane
against itself. Flying through a
storm’s eye (upper), an airplane

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION (LEFT); STAFF ARTIST WILLI

i

AM H, BOND

seeds the turbulent eyewall
clouds. The nuclei greatly in-
crease freezing, which causes
the release of tremendous
amounts of heat. The heat dis-
rupts the evewall, causing it to
rebuild outward (lower). This
extending of the wall slows the
leviathan's winds, just as @
spinning skater slows himself
by thrusting out his arms.

Stormfury’s weather warriors
shy away from claims of even
partial victory, but statistics
show that after their most suc-
cessful assault—on Hurricane
Debbie in 1969—winds slowed
as much as 31 percent.
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ilver iodide particles 16 to 23
d more than 15,000 feet deep.
1o research aircraft flew across the
suring the winds. On August 18,
urs after seeding, wind velocity
om 98 knots to 68 knots. On
with no seeding, the storm re-
"On August 20, again after seed-
fell off 15 percent.

il Gentry, Director of Project
cautious about these results. “It
just happened,” he admits. “How-
we analyze other storms, we con-
wind changes this great have not
in any of 50 hurricanes that we
ed but not seeded.”

answer may not be far off; Project
is continuing its experiments each

on.

all this might seem, tampering
es could also produce undesir-
ults. Many parts of the world
vily on moisture received from
storms. Hurricane Inez in 1966,
lt, threatened the U. S. Gulf Coast
& property damage—which for-
did not materialize. But rains
‘the same hurricane filled the reser-
rge portions of the Mexican alti-
sufficient water to assure favorable
it least a season.

gind Poses Different Problems

lddo—most violent of atmospheric
@ and the most destructive over a
#is not so easy to detect in ad-
e hurricane. Space cameras can-
does; at best, all they can make
bes of thunderstorms most likely
these intense, brief, and unpre-
irlwinds,

'mings are essential. During
tperiod from 1960 through 1970,
' were reported in the United
. 'lled more than a thousand
L might have killed many more
M€ efficient warning system. Not
46 has been spared the lash of

We're Doing Something About the Weather!

—4—
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the tomad.o, although it is the special scourge
of the Plains States (pages 548-9),

Oddly enough, tornadoes seem to be al-
most a North American specialty: They occur
more often in the United States than anv-
where else in the world. i

In Oklahoma, in the heart of tornado coun-
try, the National Severe Storms Laboratory
seeks to learn what makes tornadoes tick. and
that’s not easy. In Kansas City, the National
Severe Storms Forecast Center maintains a
ceaseless vigil, constantly analyzing atmo-
spheric conditions across the country and
coordinating the reports of hundreds of local
Skywarn networks.

When an area is threatened, a tornado
watch goes out via radio and television. When
one of the terrifying funnels is sighted, or
when radar picks up an echo with the shape
of a hook or a flying eagle, characteristic of a
tornado-producing cloud, every means of
communication is mobilized to warn people
to take shelter immediately.

Tornado Alarm All Too Successful

Allen Pearson, who for years has headed
the forecast center in Kansas City, tells about
an encounter with a lady who was displeased
with the warning system.

“She called me up to protest that the tor-
nado watch had kept her in her basement for
five hours, and nothing happened,” says Al
“I tried to explain that we didn’t want to
alarm her; we just wanted her to be aware.
Unfortunately, the same thing happened
again five months later. She was really angry
that time; we had given a warning but there
was no tornado. ‘

“Two vears later, we had areally big storm.
The lady came up out of her shelter to find
her house blown away. She got me on ,E}.].('
phone and said, ‘Now, that’s more llkC' 1.L' .

If anyone ever figures out how to mitigate
the furv of a tornado, that man may be Dr.
T. Theodore Fujita of the Department U?
Geophysical Sciences at t.he Urfn'er;l‘t_\"fjt
Chicago. His intensive studies during t o ])"L.,
20 vears of the behavior of these devastating

i, a tornado roars across a wheat field near Kingfisher, Oklahoma.

darkens the vortex; streaks within the funnel reveal a seco
fe‘_‘m?e not commonly visible. Each year hundreds of twisters W
tion on “Tornado Alley,” a wide belt across the Great Plains W
S Alr masses frequcntl_v collide.  wavne c. caruson

nd, inner
reak

here







s arned him the sobriquet “Mr.

- Fujita’s laboratory is a fasci-
nce. With the aid of skilled
cent Ankus, he has built a
-nado machine (left). A few min-
ation and the flick of a switch
s your eyes miniature funnels
pin as do their lethal counter-
plains of Texas.
 for the machine comes from an
eries of rotating cups, turning
sutside but more rapidly toward
sp that the suction is greatest in

feet below this apparatus sits a
filled with water. Dr. Fujita adds
dry ice. The water bubbles like a
ldron, with “smoke” from the dry
i and flowing above it.

i Tames a Man-made Twister

turns on the machine. Instantly
hips into a dazzling funnel, danc-

)t Fujita experiments to see what
|l miniature maelstrom. He posi-
ework of electrical wires so that
irough the funnel; nothing hap-
heturns on the current and the
, the funnel seems bewildered
break up. Heat is poison to it.
okes a ruler into the spinning
out flat, there is little effect; if

e sucks up dry-ice vapor
of Chicago. By spinning
£UD5 a5 fast as 20 revolutions

e

Purne(l-on edge, the funnel falters. Similarly
if suction is made uniform over the area :A.l"
wh‘irling motions, the action is damped.

Says Dr. Fujita, “I hope that within ten
years we will learn from experiments like
these how to modify real tornadoes ”

Suction Spots Cause Super Violence

Dr. Fujita shows visitors a picture of a tor
nado aftermath in which one house is totalls
destroyed and the next is virtually undis
turbed. Such variable damage is common.
supposedly because the tornado skips and
jumps. That may not be the answer at all
the scientist believes. Instead, the heaviest
destruction may be caused by areas called
“suction spots” in the funnel wall, which Dr
Fujita was the first to explain.

“A tornado moves across country at an
average speed of about 30 miles an hour,” he
says. “The funnel itself rotates at speeds that
may vary from 50 to 200 miles an hour. But
carried along in the wall are three or four,
sometimes five spots, that have an additional
rotation of as much as 100 miles an hour
They may measure only a twentieth of the
diameter of the funnel, but the suction in
that small area is much greater than within
the tornado as a whole.”

Dr. Fujita discovered this phenomenon
when he noticed in his voluminous file of
photographs of tornado destruction that _Hn
worst damage often appeared along spiral
lines. Each series of loops marked the devas
tating track of a suction spot (below).

ANTHONY A. BOCCACCIO (LEFT): T.

ndiana tornado (above)
e of hidden fangs. Dr.
pattern, common
from small bg:
* that spin

Spiral wake of an I
betrays the presenc
Fujita discovered that the
to many twisters, stems :
incredibly violent “suction spots
within the funnel wall (see tex

t above).




Birth of a twister: Spotting a
suspicious cloud near Salina,
on May 11, 1970, two
highway patrolmen radioed a
warning, then leaped from their
squad cars and started clicking
their cameras. Seven minutes
later they had recorded one of the
most dramatic know quences
of a tornado’s fearsome growth.
Pudgy and harmless at first,
the incipient twister bulges from
the cloud base two miles away.
Already, winds probabl
below, perhaps even reaching
the ground 3,000 feet beneath.
Finally the cloud elongates,
te s, and ta on its dreaded
spin. Its win probably now
reach 200 miles an hour. Happily,
this tornado swept across largely
open land.




HANSAS HIGHWAY PATROL

Three tornadoes in two hours swept Fridley,
Minnesota, on May 6, 1965. Winds estimated at
200 miles an hour caused only two deaths in the
Minneapolis suburb but demolished 425 homes;
1,100 more were severely damaged. Houses intact
amid the ruins illustrate the storm’s fickle wrath.
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A “roll” cloud leads a thunderstorm across Patrick Air Force Base, Florida. Warm currents,

Remarkably enough, this brilliant scientist, storm at Coffeyville, Kansas, in September
who has contributed so much to our knowl- 1970, together with hundreds of other huge
edge of tornadoes, has yet to see one of the stones that crashed through roofs and put

storms in action! enormous dents in automobiles. A local news-
While not as dramatic as tornadoes, hail- paper shipped the chunk to NCAR in an insu-
storms cause even more economic loss. In a  lated box packed with dry ice.
deep-freeze cabinet here at NCAR lie the Fortunately, few thunderstorms produce
pieces of a knobby, grapefruit-size lump of such lethal missiles. Yet much smaller hail-
ice (page 553). It is the largest hailstone ever  stones can do tremendous damage, smashing
known to have fallen in the United States— wheat fields flat and stripping corn to rib-
17'% inches in circumference and 1.67 pounds  bons. Total losses from hail in this country
in weight. It struck the earth during a severe run as high as 300 million dollars annually.
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Aupward as th
as the ¢ = s
ooler storm air advances, shape this usually harmless

\;?nl:n artea extendi:}g from
Jntﬁfﬁ Sgho‘ western Kansas—
. RN; s hall damz'lge. Here the
et in.\'oalr'(? Experiment, a co-
Sier \fmg NoAA and a num-
% ummzr“ ell as NCAR, will try in
e (:rto_ﬁnd out just what
e prev; ms and whether man

Of prevent them.

e i SO

g (JE{}E:EZQ\'IM Union already in-
it “:]-1_ hmg may be the answer.
ich the Russians operate,

JAMES H. ¥

arcus cloud.

developed by Dr. G. K. Sulakvelidze, suggests
that hailstones grow as they move slowly
through freezing levels, buoyed by strong up-
drafts reaching as much as 65 miles an hour.
When the weight of the ice finally exceeds the
force of the updraft, the stone falls to earth.
From two miles up, if it is no more than
three-quarters of an inch in diameter, it may
totally melt before it reaches the ground.
Guided by this theory, the Russians have
set up batteries of antiaircraft guns and
rockets in the wheat fields of the Caucasus.
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heartbreak: Cornstalks
o to a deluge of ice near Viroqua,
Wisonsin. Hail destroys 200 to 300
| gilfion dollars’ worth of crops and
| operty each year—a greater toll
han that taken by tornadoes.

Fighting back at man’s ancient
suree, Australian farmers aim rock-
ssinto clouds that threaten their vine-
yards with hail (below). The missiles
sl explode at 4,000 feet and spew
doud-seeding chemicals, perhaps
ausing rain to fall instead.
the Soviet Union, scientists claim
< in hail suppression by firing
-als into storms with rockets

| flarvest of

“RAL LIFE ot 5

ERVIC :
:‘(}EFT). DAVID MOORE, BLACK STAR (ABOVE);
TIONAL CENTER FOR ATMOSPHERIC RESEARCH

Record-breaking hailstone, this
knobby giant weighed 1%, pounds
before being sawed into sections
in a cold room at NCAR (top). It and
other grapefruit-size missiles rained
down near Coffeyville, Kansas, in

1970, crashing through buildings and

pounding huge dents into cars.

Gemlike in polarized light,
section of the Coffeyville specimen
(above) exhibits the erystalline struc
ture of hailstones—a pattern that tells
much about their growth. Water
flowing to the top as the stone fell
through supercooled clouds created
the irregular knobs.

a thin

n
n
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When radar pinpoints the position where hail
is beginning to form, salvos of explosive
charges containing silver iodide are fired high
into the storm clouds. The tiny silver iodide
crystals serve as freezing nuclei; they scav-
enge out water vapor and turn it to sleet
before it can become damaging hail. The
Russians say they have reduced hail damage
by 85 percent in some regions, and they now
apologize if hail falls in the seeded areas.

Is a New Ice Age Coming?

I have mentioned several examples of
man’s deliberate efforts at weather modifica-
tion. In the view of some scientists, man may
also be modifying the weather inadvertently
through his pollution of the atmosphere, and
the changes he is bringing about may be of
the utmost concern.

Of course, even without man’s interven-
tion, world climate has varied considerably in
historical times. Between 550 and 500 B.c,,
for example, about the time of Cyrus the
Great of Persia, an abrupt change appears
to have affected the entire Northern Hemi-
sphere. In my opinion, it may have altered
the course of Western history.
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Northern Europe, before that time, had
seen centuries of relatively mild and favorable
weather. Then, about 500 B.c., the change for
the worse seems to have shortened the grow-
ing season in Scandinavia radically. Cold,
stormy weather closed Alpine passes of
central Europe that had been open trade
routes for at least 1,300 years. It may well be
that the legend of the “Twilight of the Gods”
comes from the hardships attendant upon
this climatic disaster. It was nearly a thou-
sand years before northern Europe fully re-
covered from this adverse period.

Later, the major part of the 11th century
A.D. was warm and favorable in northern
Europe, leading to Viking explorations and
Leif Ericson’s voyage to North America. But
the 13th, 14th, and 16th centuries saw periods

of worsening climate in northern Europe,

with disastrous crop failures and famines
Similarly, the early part of the 1800’ had
increasingly bitter weather.

In the late 1880’s a gradual but steady
warming trend set in. In the United States it
continued until about the middle of this
century. Could it have been at least partly
caused by man? Some scientists think so; they

%1 on the enormous increase in the
<l burning of fossil fuels—coal and
Uch pours vast amounts of carbon
“ it the atmosphere. Since carbon
“ permits the sun’s radiation to pass
0 the atmosphere but tends to trap
“aling out from earth, it might be
"4t for the warming.
Were dire predictions that, if the
."Jlilnued. the world might warm up
—‘~-'-‘ iu‘ mel_t the icecaps of Antarctica and
4, raising the seas and inundating
“World's great seaports.
: 7";-'& about 1940 the trend has clearly
"¢ are now in a cooling phase.
"““‘_"Fhe ﬁnEffr may point to man. Some
. e convinced that man’s pollution
_“Ualayer of particles in the atmo-
_“—logether with volcanic dust—
: Tc Elnd'more of the sun’s energy.
‘,q:’r‘?]r;;df ‘DOHUtior’] has doubled
ke emisphere since 1910, from
.. 2d the invisible particles in
“hf’”"“&* And the rate of such
 Tapidly increasing,

& 2 ‘%glgussed “Pollution, Threat to Man’s
¢ Uecember 1970 GEOGRAPHIC.

LOWELL J. GEORGIA (LEFT); SUSAN MCCARTNEY, PHOTO RESEARCHERS

Could this mean a new ice age? The Rus-
sian climatologist M. I. Budyko has suggested
this sobering possibility.

And only last summer a report in the
journal Science, by Dr. S.1. Rasool and Dr
S. H. Schneider, echoed the threat: If the rate
of pollution increases during the next 50 vears
as much as the authors expect it to, the aver-
age surface temperature of earth could well
drop by about 6° F. This decrease may sound
small to the layman, but to scientists it would
be a large and serious change. .

“Syustained over a period of a few years,
says the report, “[it] is believed to be sufficient
to trigger an ice age.” )

Fortunately, the authors hold out one bit
of comfort. Within 50 years, they 51_1;_'5_.'05][j
nuclear power may have replaced f.ossq fue ;
in energy production, and contammgt]‘oln 0
the atmosphere may have bee_n curta{}u‘., A

Mark Twain, years ago, said that “ev Lri'-
body talks about the weather, but n.(,)l.m:,'\[
does anything about it.” The remark “”]L}:-:in
original with him, but no matter. (111’ ]1‘;:;1;1('
were here today, I'm sure he vfroul c i
his mind. Man is doing sor_nethm}_z abou
weather, for good and for ill.




