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THE SPACE PROGRAM

AND THE NATIONAL INTEREST
By Robert Jastrow and Homer E. Nerwellb

W N 1900 the population of scientists and engineers in the
United States numbered one in 2,000. Today the ratio is one
in 120 and the figure is still mounting. Current federal ex-

penditures for research and development are $15.7 billion. Dur-

ing the postwar era these appropriations built the American
research establishment to a level of strength beyond that of any
other nation. Throughout the 1950s and most of the 1960s the
build-up continued without opposition. Recently the taxpayer
has begun to regard the House of Science with a degree of con-
cern, because the costs of technological programs have become
staggering in the last few years. Painful choices are being forced
on the Congress. Shall program A or program B be funded?
Each is so expensive that it seems impossible to fund both. Which
will advance the national interest more? The general value of
research is also being subjected to a closer examination. At what
level of support does science make its maximum contribution
to society? If the science we have purchased so far has been
beneficial, will twice as much science be twice as beneficial?
The space program is a case in point. On January g, Presi-
dent Nixon announced that “the United States should proceed
with the development of an entirely new space transport system
- . . the space shuttle which gives us routine access to space by

sharply reducing costs in dollars.” The decision to proceed with

the shuttle was based in part on the dollars-and-cents savings it
would yield, which are estimated to run to more than $12 billion
in the first decade of shuttie operations against shuttle costs of
$8 billion for development and hardware. But a bargain in
bananas only represents a savings if the customer needs bananas.
Why does America need a space program? Why does she need a
man-in-space capability? What is the relation of space to the
national interest?

To some, space is, or should be, pure science; to others, it is
prestige and the American image; to still others, space means
national security. Most often space is identified with science; but
when a comparison is made with funding levels in other branches
of scientific research, it becomes clear that support given to the
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program involves other factors besides the public interest in pure
science. ,

11

itially. there was no doubt regarding the motivation for
brlIx?gl::)a; ¥I’13 National Aeronautics and Space Adnnmstra._txog
(NASA) into being. The American space effort was cor}ce1ycf
in 2 mood of national insecurity. It grew out of the paroxysm o
humiliation and self-doubt experiencefd by the United St?ttis in
the fall of 1957, when the first Sputnik went into succ‘gss ul 01;
bit while shortly after, as the world Wa.tched, the first Hmtz'll.caes
Vanguard rocket collapsed on the Pad in a sea of fire. ;23. in :
shouted “Kaputnik” and “Flopnik.” With t.hc launching o
Sputnik, the Soviet Union had entered a.domam of the environ-
ment that seemed to be denied to the United States. In the yea}is
following, the Soviets rapidly expgnded th.eu' control 0;761‘ f: i
ncw region. Their efforts were cl1rna3:ed in 1.961 b}; tg 'trsd
orbital flight of a Russian cosmonaut. The position of .Ele ni fea
States as a world power seemed thr.eaten.ed by this evidence c; 2
major Soviet technical capability in being. World commen o
the time suggested that on both sides of the Iron Curtain

two systems of government were being reévaluated on the basis -

iet achievement. o
o 1?22? \1;;5 two years old at the time of the Gagarin flight, ar}ii
the space budget had reached the substantial l.evel of $901<)3 (rim ;
lion. In retrospect, it is clear now that a bll!mn-dollar udge
was merely the entry fee into the race the Russians were ruénil.ngd.
On that budget, the United States was no longer falhn% iunas
the Russians, but neither '»gas Iit ca’:ichmg up. An all-out effort w
d the moon beckoned. _

nexsizgﬁﬁg on the moon seemed to have all the needed ele-
ments. It was a clearly defined goal and g.rlpped the 1magm§~
tion; its achievement would recreate the image of U.S..liiic -
nological leadership; it involved minimum .dan%cr of a ransl atry
confrontation; and it would automatically give the United States

a first-class man-in-space capability. At the same time, the lunar

landing was so far beyond the abilities of either the United States

or the Soviet Union in 1961 that the early lead taken by Russia in
manned flight would not predetermine the outcome. The lunar

landing project provided America with a chance to overtake the -

Saviet Union and brighten its tarnished image with a major first
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In space. All in all, a greatly strengthened man-in-space effort
scemed the most efficient way of redressing the strategic imbal-
ance created by Soviet mastery of the new technology.

These factors created Apolio. Its goal was not the landing on
the moon per se, but the development of a U.S. capability to
operate and maneuver in space with man, and to maintain our
presence there in the face of vigorous activity on the part of
another great power. | '

:I‘l}roughout the 1960s the Soviet Union remained the main
driving force behind NASA, but with the landing on the moon
in 1969.the original Soviet threat seemed to fade. American in-
terest diminished, and 2 phase-out of manned flight operations
commenced. According to current congressional authorizations
the manned flight program comes to an end in 1973, after the
second Skylab flight scheduled for that year. ’

The projected termination of manned flight in 1973 posed a
major pohs:y issue for the United States. A parallel can be drawn
with the situation that faced the government in 1961. At that
time, the United States was confronted with a major Soviet /
achlevemc'nt—the first manned orbital flight—while its own pro- /
gram continued to lag far behind. In 1971 the United States Was‘/
facg:d with the termination of its manned activities in spacc/
\V}:llle Russia gave every indication of driving ahead forcefully in?
this area. The Soviet Union launched twice as many satellites as
thc.Urfxted States in 1971, put up the first space platform, and,
while it suffered a serious reverse in the deaths of the Soy’uz II’
cosmonauts, shcwed no signs of a slackening interest in manned
space flight,

The presidential action must be viewed in this context. Con-
cern with the gencral strategic posture of the United States
would appear to have been the overriding consideration in the
recent decision to proceed to the next stage in the development
of manned space flight,

Once that decision was made, the space shuttle had to follow.
for the shuttle represents the most economical means of continu-
ing manned flight operations. It is a reusable rocket—in effect a
ro'ckf:?-planc—which can be flown again and again, carrvi;lg
scientists, engineers and satellites up into orbit and back down to
2 conventional jet landing—all at a substantial reduction in cost.
The Saturn launches cost $55 million each, and the launch of
the more advanced Titan 3C costs $24 rnillion, whereas a shuttle
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flight will cost $8 million and deliver considerably more payload
for the money. It makes no sense to continue to rely on the rocket
technology of the 196os, when the experience gained in the
Saturn-Apollo project and other U.S. space programs has shown
the way to a much more efficient and lower-priced generation of
space vehicles. -

K 111

According to this analysis, a major force behind the space
program as a whole is a concern for national security, and with
the fact as well as the image of American technical and sci-
entific strength vis-a-vis the Soviets. However, space is not the
only government program important to the security and the

- technological strength of the United States. Can America afford
the financial drain of matching the Soviet Union in every field
of science and technology? Many Americans believe that this
cannot be done without weakening other essential programs, such
as urban reconstruction and education.

The question is one of values and priorities. From this point of
view, is space a good place for the United States to put its

" money? What is the dollar return from the space program, rela-

tive to the potential return from the same amount of money in-
vested in another sector of American society?

. This question opens up an important avenue for discussion.
Starting with the development of the Early Bird communica-
tions satellite in 1965, space technology has entered into the
mainstream of the American economy with surprising rapidity.
Today many observers predict that the U.S. investment in space
will be repaid many times over. The list of promising space ap-
plications includes better weather forecasts, prospecting for min-
erals from space, better communications, satellites that monitor
the atmosphere and lakes and rivers of the United States for
pollution and are the only economically feasible means of doing
so, and satellites that guide ships and planes to their destinations
and provide traffic control over crowded air terminals,

Iv
Better weather forecasting could yield several billion dollars a
year as a result of increased productivity, mainly in the agricul-

tural, transport and construction industries. Weather forecasting
depends on the measurement of such atmospheric properties as

PRCIR PV WSV N S
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pressure, temperature and the strength and direction of the winds
throughout a large region. Currently this information is usually
obtained by launching into the atmosphere small balloons con-
taining weather instruments plus a radio to transmit results of
the measurements to weather stations on the ground. In the future
satellites will join the balloon network and expand weather cov-
erage to a global scale. : ,

At this point the reader may well register doubt. How can a
satellite hurtling through space far above the atmosphere carry
out measurements of such properties of the atmosphere as pres-
sures and winds? Isn’t it necessary to do the equivalent of raising
a wet finger in the air itself to secure that information? Can the
data really be acquired from a distance?

The answer depends on a little-known instrument called an
infrared radiometer which is becoming a standard item of equip-
ment on weather satellites. It is a well-known fact that satellites
carry cameras to photograph the weather and provide early
warnings of hurricanes and other disturbances. Less well known .
is the fact that the latest satellites also carry a delicate instru- /
ment which measures the intensity of the feeble emanation of!
heat which radiates to space from earth and its atmosphere. The
sensitivity of these instruments is such that they could detect the
heat from a flatiron at a distance of one mile. The heat radiated
to space from the earth contains many different wavelengths, and
each wavelength originates at different depths in the atmosphere
as well as on the ground. By spreading out the measured radia-
tion into its component wavelengths, the scientist on the ground
is able, with the aid of a computer, to calculate the temperature
of the air on the ground and at every level in the atmosphere. -

Once the pattern of temperature variations is known over
the entire globe, the scientist is in a position, again with the aid
of a computer, to calculate the winds and the weather. The con-
nection between temperature and winds is not obvious and re-
quires some explanation. If the temperature of the ground were
uniform all over the earth, there would be no winds and no

weather. Winds arise because the sun’s rays do not heat the
ground uniformly. For example, the equator receives more sun-
light than the poles. Where the ground is warmest, the air ex-
pands, rises and flows away. In this way temperature differences
create winds. The actual situation in nature is considerably more
complicated than this simple description suggests, but the basic
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theory is accurate. dIf tge temperature pattern is known, the
weather can be predicted. '. )

In principle, fhe method can be a'p}?l.ied w1thout.thc aid of
satellites. However, it would be prohibitively expensive to mea-
sure the temperature of the entire globe by ordinary methods.
At present, extensive areas of the world are not covered by
weather observations. Even in the United States the coverage 1s

~ spotty, with only 70 balloon-launching stations for the collection

of weather information. Large areas of the weather map are al-
most blank, including the polar regions and the oceans.

Unfortunately, much of the weather that blesses or;afﬂlcts the
United States often originates in one of these blank regions on the
weather map. The weather experienced !)y the West Coast gen-
erally comes from the Pacific Ocean, while tl}c-weather over the
Midwest and the East Coast usually has originated some days
earlier in central or western Canada. This fact prevents the
meteorologist from making useful forecasts more than a day or
so in advance, and even the one-day forecasts leave much to be
desired. _ )

Observations of the weather in the oceans an.d sparsely inhab-
ited land areas surrounding the United States, impossible before
the advent of weather satellites, should lead to a quantum jump
in the accuracy and range of weather forecasts. Large savings
through improved weather forecasting can be expected in the
weather-sensitive sectors of the U.S. economy, because the volume
of business in these industries is substantial. In agriculture, trans-
portation, construction and roadbuilding, ff)r‘example, th.c total
“annual volume in 1970 was about $270 billion, and e'stl.mated
losses due to weather were in the neighborhpod of $13 billion. A
relatively modest reduction of 20 percent in these losses vyould
correspond to a $2.6 billion savings. These circumstances lie be-
hind the estimate of important gains to the U.S. economy from
this single application of space technology.

v

Muitibillion-dollar annual returns to the Amt;rican ecenomy
from weather satellites may be matched by the yield frox_n satc':l-
lites employed in prospecting for va.lua})le mineral depos1ts.. Tmi
prospector and his burro are essential in the sea_rch for minera
deposits, but aircraft play an important supporting role, and so
should satellite reconnaissance in years to come. In some cases
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geological faults—cracks‘in the earth’s crust which are likely to
be associated with ore deposits—can be seen in photographs
takc‘:n.frqm orbit. In other cases the presence of a buried ore de-
Positis signaled by a particular type of rock on the surface. Ex-
perience shows that an ore deposit is often surrounded by a spe-
cial kmfi of rock, known as the “host rock” for that type of ore.
Sl.ﬂCC different kinds of rock reflect sunlight in different ways
wide-area photographs of the region taken from a satellite can
reveal the telltale host rock that indicates an ore deposit.

FOREIGN AFFAIRS

The stakes are high in this game. One estimate places the \'

yield from potential satelljte discoveries of mineral deposits in
the United States at $2 billion a year in royalties alone. The
total vah.xe of mineral deposits discovered each year by ordinary
prospecting on the ground in the United States, Canada and
Mcxxg:o amounts to roughly $10 billion. It is possible that sey-
eral times this sum could be the global yield from major im-
provements in mineral prospecting. Here we reach the neigh-
borhood.of tens of billions of dollars in direct economic benefits
froxp a single application of satellites. These gains would dwarf
the lnvestment in the underlying space technology.

Mmu}g activities in northern Canada illustrate the economics
of satelht.e prospecting versus ground prospecting. A single rock
outcropping near Kitt Creek in Ontario led to the discovery of
the famous Timmons deposit, one of the world’s largest bodies
of copper, zinc, gold and silver. "This single find is estimated to
have a value in the neighborhood of $10 billion. The find was
made by a lucky fluke when a prospector stumbled across a small
outcrop of ore that give him a clue to the massive treasure-lode
lymg beneath the surface. Geologists believe that many deposits
as rich as the Timmons find may exist in the area because it be-
longs to one of a number of belts of green schist—a type of rock
depos_lt frequently associated with rich ore. The total arca of the
!)elts 1n this region is roughly 100,000 square miles. The terrain
1s too rough for jeeps or burros. Recovery of its mineral wealth
Trequires systematic exploration of the entire region on foot, by
prospectors stopping every hundred yards to collect soil samples
fox: laboratory analysis. “Fens of millions of dollars would be re-
qu1red' to complete a survey of this one region. A complete ex-
p}oratlon on foot is a workable approach in principle, but for-
bidding in practice because of the prohibitive cost,

The same analysis applies a fortiori to the still more difficult

e e —_———
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terrains of Brazil, equatorial Africa and Southeast Asia, in which
a heavy cover of trees and vegetation makes ground exploration
exceedingly difficult and expensive. The available evidence sug-
gests the presence of large deposits of mineral wealth in these
regions. Again it seems incredible that a satellite hurtling
through space hundreds of miles above the surface of the earth

should be able to detect mineral deposits concealed by a heavy .
tree-cover. But an example will indicate how this might work.

Research has shown that trees growing in metal-rich soil absorb
the metallic elements of the soil into the structure of their cells.
As a consequence, the tree leaves reflect sunlight differently from
leaves on the same type of tree growing nearby in ordinary,
metal-poor soil. The rest of the story is clear: Measure the in-
tensity of reflected sunlight over a continental expanse of forested
regions by means of instruments mounted in a satellite, and look
for the critical patterns that betray the presence of mineral de-
posits.

As a test of this method, measurements have been made at
tree-top level at a site near Copper Creek, Arizona. They show
large differences in the reflected sunlight from two neighboring
trees, one located in soil with a high abundance of copper and
molybdenum, and the other growing nearby in ordinary soil. The
tree growing in the metal-rich soil reflects twice as much yellow
light as the tree growing in ordinary soil, but half as much blue
light. This combination is an unmistakable sign of the presence
of the metals. Such measurements obtaincd from a satellite can
be used to guide the prospector to the mineral wealth of millions
of square miles, with a great saving in time and money.

Alrcraft can make the same measurement and are used for this
purpose in surveys of small areas. Satellites acquire their unique

value when a continent-sized area is to be surveyed. It is, of -

course, in these large-scale surveys that the greatest gains can be
realized. The direct operating cost of an aircraft survey of the
interesting areas of the earth, which total approximately 100 mil-
lion square miles, would be about $300 million. The same survey
could be carried out by a single satellite costing no more than $30
million. Additional savings result from the fact that each satellite
photograph or radiation-scan covers thousands of square miles,
revealing significant large-scale variations with unnecessary de-
tails suppressed. For many surveys the satellite detail is adequate,
and consequently data-processing costs are far less than would be

———
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the case with the superfluous detail furnished by aircraft surveys.
Apart from costs, satellites are superior to aircraft because of
fhe large area covered in each photograph or scan. Such an area
1s typically several thousand square miles. Airplanes usually
cover no more than 100 square miles per photograph. Because
many photos are needed to survey a large area, aircraft require
the better part of a day to cover the equivalent of one satellite
photograph. Consequently, different regions are photographed
a.tdiﬁferent times of the day, and under different lighting condi-
tions. If the area is large, and the survey lasts many days, the

condition of the ground will vary from day to day because of

local rain or snow. The intensity of the light reflected from the
ground depends on these lighting conditions and ground condi-
tions to a very great extent. The critical changes in intensity
from place to place, which would indicate the presence of min-
eral deposits, are apt to be masked by the. changes that occur
from hour to hour and day to day during the course of an ex-
tended aircraft survey. Such difficulties do not arise in satellite
prospecting, : '
The ability of the satellite to photograph large areas quickly
and repeatedly makes it a very promising tool in the survey of
other natural resources, such as crops, timberland, water and
snow cover, which frequently vary day by day and from scason
to season. Crops offer a particularly interesting example because

T . .
of the large losses experienced each year as a result of plant dis-

eases. Infrared photographs taken from satellites can reveal
plant diseases before they can be detected by the farmer on the
ground, because a discased plant or tree radiates a different level
of heat to space, just as a feverish person experiences a change in

body temperature. An estimated $840 million annually can be

savc:d in the United States through the use of satellites for the de-
tection of plant diseases, according to an IBM report.

VI

Communications satellites offer another fruitful field for the
space program, Communications was the first area to be.invaded
!Jy the new technology, and, together with weather forecasting,
1t constitutcs one of the two areas in which satellites have already
become an operational reality. The dollars-and-cents return to
the economy from communications satellites is difficult to mea-
sure, but most experts agree that the gains promise to be enor-

0
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mous, because improvements in communications exert an up-
ward leverage on the entire gross national product (GNP) by
accelerating the tempo of business life. The only question is,
what will be the amount of the increase in productivity? Will it
be as small as one percent? Translated into dollars in the GNP,
that would mean a gain of $10 billion annually. The indirect
financial gains from improved communications may exceed all
other returns from space. :

The relationship between efficient communications and satel-
lites can be clearly seen in the recent history of transatlantic.
telephone charges. The table below shows the monthly rates for
a leased telephone circuit between New York and Paris during
the period 1959 to 1971. The rates remained unchanged for a
number of years, but in 1966—immediately after the first com-
munications satellite went into operation—monthly charges
dropped sharply and have continued to drop since that time.

NEW YORK TO PARIS TELEPHONE RATES: 1959-1971

Year . Dollars per Month
1959 through 1965 $10,000
1966 . ' 8,000
1967 6,500
1968 , 6,000
1969 . : 6,000
1970 4,750
1971 4,625

Although expanded cable service also contributes to the reduc-
tion in transatlantic phone rates, the coincidence of the sharp
decrease with the onset of satellite operations is striking.

Arthur C. Clarke, who invented the concept of the communi-
~cations satellite in 1945, has maintained a high reputation as a

seer of technological developments and their impact on mankind.
His judgment probably can be relied upon when he predicts:
“What we are building now is the nervous system of mankind.
. .. The communications network, of which the satellites will be
modal points, will enable the consciousness of our grandchildren
to flicker like lightning back and forth across the face of this
planet.”

Vil
The three cases of weather forecasting, mineral resources and
communications illustrate the economic value of space. The

space shuttle enters the picture at this point because it affords

i,
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the most economical means of realizing the benefits of the space
program in the economic sphere. The shuttle moves back and
forth between the earth and space environments. It carries a
dual propulsion system—rocket engines and liquid hydrogen
fuel for space flight; jet engines, kerosene and wings for the re-

turn to earth. Space- shuttles can carry passengers and freight

/into orbit and df)wn again at a cost per pound far below today’s
cost for a satellite launching or a manned space flight mission.

"The cargo bay, probably about 1 5 ft.x 6o ft. in dimension, will ac- -

commodate satellites and space platforms weighing up to 65,000
pounds ax}d will provide a low-cost method for placing commer-
cial or scientific satellites in orbit. NASA estimates that in the

first decade of shuttle operations $5 billion will be saved in -

launch costs through its use.

Additional savings are expected to result from the reduced
cost of the satellites themselves. The cargo bay of the shuttle offers
a (.:ons.iderably gentler and less rigorous environment for delicate
scientific instruments than today’s conventional launch rockets.
Much of the cost of building a rugged design into the satellite
can be bypassed as a consequence.

A space transport system based on the shuttle also provides
a means for repairing satellites in orbit, thus increasing their
Iffetlmes, again at large savings. The new commercial satel-
lftes are expensive, and becoming more so as their capabili-
ties expand. The first communications satellite placed in opera-
tion over the Atlantic—the Early Bird—contained 240 voice
circuits and cost $8.2 million. The recently launched Intelsat IV
supplies up to 9,000 circuits and costs $26 millicn. The advanced
communications satellites proposed for a U.S. domestic system
will cost about $50 million each. It secems extravagant to con-
template throwing away one of these expensive devices after a
failure, when it can be brought back to earth in the cargo bay of
the shuttle for overhaul, or even repaired in orbit by a technical
team transported to the scene. Round-trip airfare for the over-
haul is estimated to be about $$ million, but for this price the
crew can salvage a $50 million satellite. The total savings result-
ing from the repair operations, plus the reduction in the .cost of
the satellites, is estimated to be $7 billion.

Some 20 U.S. satellites, each worth $30 to $50 million, will
probably be in orbit in the 1980s, and each will play a critical
role in some sector of American business and personal life. The
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list will probably include eight to ten Comsats dedicated to
domestic and international uses, four or more satellites dedicated
to worldwide marine and air navigation and traffic control, two
or more satellites devoted to surveillance of the earth’s face for
mineral resources, water, timber resources, forest and grazing
lands, fishing, farmlands, and the monitoring of air and water
pollution, and several satellites devoted to astronomy, geophysics,
and other branches of pure science. Experience will tell whether
to divide these functions among numerous separate satellites as
they are today, or to combine them in a smaller number of large
electronic complexes. In either case, a low-cost space transport
system will be required to maintain and repair these satellites in
orbit. :

Repldcement costs are not the only problem in satellite main-
tenance. When a space platform is responsible for air traffic con-
trol or for the communications traffic of a continent, it will not
be possible to permit one of these critically important devices
to go out of service for a day, an hour, or even a minute because
a transistor has malfunctioned. If air traflic control over Ken-
nedy, O'Hare and other major airports depends on satellites hov-
ering overhead, interruption of service would require reverting
for a time to the less efficient modes of control which even today
are becoming inadequate, and which in tomorrow’s world would
be extremely expensive. In the 1980s it is likely that the- U.S.
satellite network will be constructed on the principle of a 100-
percent guarantee of uninterrupted service.

Continuity of service could be ensured without manned flights
by building spare circuits into each satellite, ready to take over
when a failure occurs. The backup equipment might consist of
duplicate electronics for all the parts of the satellite or it could
consist of one or more duplicate satellites launched with the main
satellite and available for service at any time. But when circuit
A became defective and circuit B took over, it would still be
necessary to repair circuit A promptly; otherwise the failure of
the satellite would only be postponed. Of course, a three-fold or
four-fold redundancy could be built-in, but that soorr becomes a
very expensive way of obtaining protection from interruption in_
service. The space shuttle system is likely to prove the cheapest
way of keeping critical satellites in continuous operation.

Financial returns are not the principal criterion for judging
the usefulness of the shuttle, for its prime importance lies in the
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fact that space is an arena in which several nations are, or soon
will be, engaged. The United States must maintain a presence in
that arena through a manned flight program to preserve its posi-
tion as a world power. But the extensive use of space is becoming
an economic necessity for every technologically advanced nation.
‘The United States probably could not maintain a competitive
position with other major powers in international commerce
unless it made full use of the most advanced technologies avail-
able, including those of space—commerce-oriented satellites and

the economics of the shuttle—in the conduct of its domestic and
foreign affairs.

VIII

Some students of the space program have expressed the view
that its impact will be felt in other respects than the cost-account-
ing of economic productivity versus technological investment.
There has been much discussion of the influence of space explora-
tion on the mind and spirit of man, as an extension of the revolu-
tion in thought that was initiated by Copernicus and continued
by Newton and Darwin. A study of the history and pre-history
of man suggests that the human drive is expressed through just
such tentative movements out of the world of tried experience
into a new world of untested promise.

Sputnik and the moon landing signaled the opening of a new
frontier across which man can now travel into the endless reaches
of outer space. The new frontier of space will not be closed
quickly, for astronomical knowledge shows that billions of stars,
some undoubtedly accompanied by earthlike planets, surround us
in the galaxy. Space exploration has brought home to more
people than ever before the reality of this vast complex of stars
and planets. “Out there” is really there, a place that one can get
to. Never again can we make the mistake of identifying our
speck of planetary matter as the universe. :




