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In Eos, September 29, p. 770, Editor in
Chief A. F. Spilhaus, Jr., invited readers to
respond to the Forum piece Space Station?
by L. H. Meredith. Meredith observed that
most space station discussion has been about
its design and cost, arguing that abjectives
and use also merit discussion. He asserted
“that the only basis on which the Space Sta-
tion can be justified is that of reasserting LS.
pre-eminence in space by creating a perma-
nent manned presence and of providing a re-
quired step toward the manned exploration
of the Solar System.” Letters in this Forum
are replies to Meredith's opinions.

Space Station, Yes
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After 3 years of service on a National
Aeronautics and Space Administration

(NASA) Advisory Committee devoted to
studying the U.5./International Space Station
in the context of scientific uses, | have come
to the following conclusions that may be of
interest to the geophysics research communi-
ty:

® The currently planned manned space sta-
tion modules will provide important re-
sources to the pursuit of science in and from
space. These include the possibility of rela-
tively frequent transportation of experiments
1o and from space, the availability of substan-
tial electrical power, extensive areas on the
external portions of the facility for attached
payloads, and the possibility of human serv-
ices, including some level of interactive oper-
ations, maintenance, and repair. [n addition,
there is clear acceptance of the concept of
telescience, which supports distributed, re-
mote access Lo SPHCE stauon expenmen(s
from a variety of investigator ground loca-
tions. Each of these resources can be found
in various unmanned satellites, but the totali-

tv of such resources is a unique feature of the
core space station.

® The large platforms identified as an inte-
gral part of the Space Station Program are
important to scientific research and especially
to those individuals concerned with Earth ab-
servations and selar-lerrestrial research.

o Scientific research is only one of a num-
ber of activities supported by the planned
space station. Other direct and indirect pur-
poses are to enhance national prestige. to re-
juvenate NASA and bring the civil space pro-
gram into better balance relative to the mas-
sive military space pruogram, to support
manned exploration of the Solar System, Lo
support advanced technology development,
and to investigate the possibility of space-
based commercial enterprises.

® The planned space station is an interna-
tional undertaking that can support a variety
of activities, each of which 1s inadequate to
justify such an undertaking on its own merits
or needs. International scientific perusal of



space station possibilities has been underway
for more than 2 years. There is general
agreement about the various types of pro-
grams that are best suited to the space station
and an appreciation of the serious technical
problems that must be overcome to make the
planned space station a valuable research cen-
ter.

@ There is a clear recognition by the inter-
national space funding agencies that the
space station won't be the dominant or re-
stricted platform for conducting space re-
search. The specter of such a terrible situa-
tion was mentioned by L. H. Meredith in Fo-
rum several weeks ago, but | doubt its
validity. In this context. we must think of the
space station as a lamb in wolf's clothing.
Some scientific disciplines will have a greater
stake in the space station than others. In par-
ticular. research making use of the long-dura-
tion microgravity environment of the space
station will certainly benefit greatly, while dis-
ciplines content with relauvelv small remote
sensing instruments will most certainly opt
for other unmanned platforms. After the
experience of science aboard the space shut-
tle. I am confident that the decision whether
o1 not 10 use space station resources will be
made on rational grounds: namely, scientfic
merit, cost, funds available, and suitability of
the platform.

® There is increasing appreciation that
large, singular space projects must be bal-
anced by large numbers of smaller investiga-
tions. One important value of the space sta-
tion for all scientific disciplines can be its use
as a testbed facility for new instruments. All
disciplines. including Earth remote sensing,
solar-lerrestrial physics, astronomy, planetary
and solar observations, and so forth, can ben-
efit from this capability. With proper pian-
ning, it is even possible that rapid wrn-
around projects can be accomplished. Free-
man Dyson sees this situation in terms of
“quick is beautiful.” Many of the current gen-
eration of space researchers who have be-
come accustomed to 10-vear projects can only
hope that NASA and the international part-
ners will strongly support this concept. Of
course, our experience with the space shutile
is 10 the contrary and must serve as the coun-
terpoint in arguing for more rapid access to
space.

® For all of its current publicity, the space
station will provide little direct benefit to
space researchers for almost a decade. While
it might have been better to start with a
smaller space station and evolve to a large fa-
cility on the basis of demonstrated experi-
ence, the decision has been made bv Con-
gress. the Administration, and the interna-
tional partners 1o go ahead with an ambitious
facility that. it is hoped, will be in full opera-
uon sometime after 1995 Thus in the near
term there is little opportunity for productive
work related to the space statton for most sci-
entists and certainly the vounger generation
secking important inspiration. Nevertheless,
senior scientists must continue to argue for
the best possible accommodations, services,
access, experiments, instruments, and facili-
ues in hopes that the next generation of
space researchers will have superior opporiu-
nities with a broader range of science plat-
forms than are now available,

® The costs of the space station, while large
in a cumulative sense, don't relate directly to
the funds available for space research. The
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essential problem facing all space agencies is
how to spread already thin research funds
over a constituency that will be broadened by
space station opportunities. Real growth in
budgets is needed to maintain research pro-
grams already underway. While this growth
was an early promise to NASA, its reality
must be judged by current and planned bud-
gets. In this regard, the U.S. space research
communily must present its needs to Con-
gress and to NASA in clear terms. This mes-
sage has already been sent by many groups
over the past vear. It must be repeated clear-
Iy to have effect.

® There has been a call for a simple vote by
AGLU members aboul the merits of the space
station. Clearly. the issues involved span a
complex range of politcal and scientific is-
sues. In this situation the meaning of any re-
sult is open to considerable debate and confu-
sion.

In summary, the U.5./International Space
Station is an important event in the future of
space research. Positive and negative aspects
abound and the advice and recommendations
of the science disciplines involved are essen-
tial if the final product 1s to be of value to sci-
ence and technology. Skepticism is valuable,
and enthusiasm must be tempered, but un-
reasoned rejection of what is already under-
way can lead 1o missing a unique opportunity
to shape the new resources to the needs of
many different research undertakings.

Peter M. Banks
Department of Electrnical Engpineening,
Stanford University, Stanford, Calif.

Space Station?
We Need Two
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First, the point must be made that this na-
tion desperately needs a space station if it is
to maintain any legitimate claim to being a
spacefaring nation. Unfortunately, the type
space station that the National Aeronautics
and Space Administration (NASA) will ulti-
mately put up will probably not be the one
best suited to our needs, and it most definite-
ly will not be the most cost-effective one. 1
disagree with L. H. Meredith's assertion
(statement letter in Eos, September 29, 1987)
that there is no role in the space station for
microgravity research and manufacturing.
However, he hit the nail on the head by say-
ing that its main justification would be in pro-
viding “a required step toward the manned
exploration of the Solar System.” However, it
seems that the current configuration of the
station is not really suited for serving as a
spaceport.

Sen. Spark Matsunaga (D-Hawaii) had a
good idea last vear when he proposed that we
should really have two space stations. The
first would be an expanded version of Space
Industries, Inc.’s Industrial Space Facility
(ISF). 811 (now allied with Westinghouse) is
designing their man-tended 1SF for launch in
the early 1990s. An upgraded version of that
facility could probably handle this nation’s
microgravity research and manufacturing
needs for the 1990s. In addition to the ISF,
the United States needs the type of low Earth
orbit space port referred 1o in the National
Commission on Space report of last year.
Such a facility would be capable of servicing

reusable orbital transfer vehicles (OTVs) that
could take commercial payloads to Clarke
{geosynchronous) orbits or boost scientific
(robotic and manned) missions 1o the Moon
and beyond. Human crews will be brought
up to these stations by the space shuttle, but
1o lift the stations themselves, it would make
much more sense to use a heavy lift launch
vehicle.

Realistically, it is difficult to envision NASA
changing the current configuration of the
space station. Nonetheless, AGU should do
all that it can to ensure that we get a space
station that can serve as a spaceport. It is
equally important that this nation develop a
heavy lift launch vehicle as soon as possible.
If station elements are lifted by the shutde, it
will take many missions that could otherwise
be devoted 10 scientific purposes.

William Farrand
Long Valley, N J.

Way Station
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I agree with Les Meredith's statement of
valid and nonvalid objectives for the space
station. The problem with the space station
that NASA is propasing is that it is designed
10 a nonvalid objective, specifically microgra-
vity experimentation. 1 would support a space
station that addressed the valid objective of a
way station, but I cannot support NASA's
current design.

Meredith states that the space station can
only be justified as a political action by the
United States to reassert its preeminence in
space. Meredith lists a valid objective of creat-
ing a permanent manned presence 1o provide
a “way station” for future Earth orbital activi-
ties and Solar System exploration. Meredith
further argues that two other classes of space
station objectives, namely a microgravity re-
search and manufacturing facility and an
Earth and astronomical remote sensing plat-
form, are not valid because those activities
can be better carried out by non-space station
means.

The problem with the space station being
sold by NASA is that it appears to best ad-
dress the objective of microgravity research
and manufacturing, one of the nonvalid ob-
jectives. NASA's present design does not in-
clude facilities to allow the space station to be
used as a way station. so it cannot satisfy the
one valid objective.

1t makes good technical, economic, and po-
liical sense for the United States (o be active
in space. | would gladly urge Congress 1o
fund a space station that addresses valid ob-
Jjectives. Unfortunately, the present design
does not, and it should not be funded.

Jeffrev L. Warner
Chevron Qil Frelds Research Company,
La Habra. Calif.

Space Station:
Microgravity
Design

Is Best First Step
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Les Meredith's recent siatement in Eos
(September 29, p. 770) on objectives and uses



of NASA's proposed space station argues that
microgravity research, manufacturing, space
physics, astrophysics, and Earth abservations
are not good justifications far the present
zero-gravity design of the station. In my view,
he is correct for the general issues of remote
sensing, whether it is toward Earth or the
planets and beyond. Such observations are in-
deed better carried out by automated plat-
forms.

But in the case of microgravity and space
biomedicine, his arguments lose force. Sci-
ence in the microgravity environment is a
field of basic research ranging from materials
science to studies of structure of large organ-
ic molecules. Today, and for the foreseeable
future, the fundamental experiments to be
done in the microgravity environment re-
quire close interaction with human experi-
menters, as in a ground-based laboratory.
The space station, with its microgravity envi-
ronment and open access to astronauts, pro-
vides an environment consistent with the
needs of that field of basic research. As we
move to manufacturing, the needs for human
interaction may become less, but that is prob-
ably decades away.

Space biomedicine provides another strik-
ing example. One of the key aspects of astro-
nauts in space is the need for space walks.
Deployment of arrays, repair and refurbish-
ment, and construction will all require astro-
naut activity in zero g. Could they go easily
from a station with artificial gravity to a zero-
g environment to work? The evidence sug-
gests otherwise, that a significant fraction of
astronauts experience severe motion sickness
when going from a 1.g environment to a
zero-g environment. Thus, if we are to have a
station where work outside is to be done, and
this is one of the continuing justifications for
a station. it must be the current microgravity
design.

There is no question that a long-term zero-
g environment is debilitating. We know, from
Soviet experience in space and from our own
ground-based studies, that long periods of
weightlessness can cause severe bone mineral
loss. It is not clear whether this loss is revers-
ible in a 1-g environment. This is a subject
that will require much study as the space sia-
tion and its successors are built and used.

The fact is that one space station cannot do
everything. We need to have an initial focus
that is workable and affordable, and we need
to ensure that those observations and activi-
ties that can be operated from automated
platforms are carried out that way. Eventually
we may have a space station that can have
variable gravity and that can serve many pur-
poses at once. For now, however, the present
design appears to be the best first step.

D. James Baker
Washington, D.C.

On the Future of
the United States in
Space
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It is no news that the space programs of
the United States, both civil and military,
have been acutely disabled since the Challeng-
er accident in January 1986. Billions of dol-
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lars’ worth of high-priority commercial, scien-
tific, and military spacecraft are backing up
in the launching queue, but within the civil
sector, no effective effort has yet been made
to remedy this disgraceful situation. In fact,
the present inflexible policy runs in the oppo-
site direction — that is, to worsen the situa-
tion.

The likelihood of such a national disability
was foreseen in testimony before a subcom-
mittee of the Senate appropriations commit-
tee on June 29, 1971, by then-Senator Walter
Mondale, Thomas Gold. Brian O'Leary, and
myself. At that ime, advocates of the devel-
opment of a fleet of manned space shuttles
promised the Congress that each of the pro-
posed shuttles would deliver 50,000 pounds
of payload into low Earth orbit at a launching
cost of $100 per pound; that each shuttle
would have a useful lifetime of 100 missions;
that by the early 1980s the United States
would be conducting 50 shurttle flights per
year (i.e., about one per week) for civil pur-
poses alone; and that all expendable launch
vehicles would thereby be rendered obsolete.

The outrageous optimism of those prom-
ises was described in the above-cited 1971 tes-
umony; it is now evident to everyone. In con-
trast, the unmanned elements of our space
program have consistenty delivered on their
promises and have usually gone far beyond
them.

The burden of my statement is an assault
on prevailing national policy for the conduct
of our avil space program — a policy that ig-
nores the lessons of experience, emphasizes
things that do not work, and neglects the
things that do work. [ make this criticism in
the spirit of the “loyal opposition,” as that
term is used in British politics. There t5 no one
who wshes the continued success of our cvdd space
program more than [ do.

But I am not inclined to suggest that every-
thing can be fixed by an additional few bil-
lion dollars per year. On the contrary, [ con-
sider that the federal budget tor civilian
space activities is already at a reasonable level
and that the primary fault is one of policy
and not one of appropriations.

On January 25, 1984, I listened very care-
fully to President Reagan's State of the Union
address and later got a transcript of 1t from
the Congressional Record. He singled out space
exploration as the second of his four great
goals for America. That was very pleasant to
hear, but I was appalled by his emphasis as
represented by the following verbatim ex-
cerpt from his address:

We can follow our dreams to distant stars, liv-
ing and working in space for peaceful. economic
and scientific gain. Tonight. [ am directing
NASA 10 develop a permanently manned space
station and to do it within a decade

A space stauon will permit quantum leaps in
our research in science. communications, and in
metals and life-saving medicines which can be
manufactured only in space.

He continued with remarks on the enormous
potential for commerce in space.

A year later the President reiterated his en-
thusiasm for space as the “next frontier” and
emphasized the bright prospects for manu-
facturing exotic medicinals for curing disease
and extraordinary crystals for revolutionizing
electronics — all in a permanently manned
space station. These statements were so hy-
perbolic and so ill-founded as to leave an in-

formed person gasping for breath. Indeed,
they resembled science fiction much more
closely than they did sound national policy.

In refutation of the President’s declaration
of space policy. [ submit that the principal el-
ements of our 40 vears of experience in space
are as follows:

First, despite much speculation, only one
truly commercial application of space tech-
nology has emerged thus far. That is repre-
sented by our great global network of com-
munication satellites and the associated indus-
try. including manufacture of the necessary
launch vehicles. In addition, private compa-
nies have, of course, the central role in selling
space equipment and services to the federal
government. But these latter functions do not
qualify for the usual understanding of the
term commercialization, which means provid-
ing products and/or services that pay their
own way in the nongovernmental market-
place.

Second, there are many other important
utilitarian applications of space technology:
weather observation and forecasting; remote
sensing of Earth's surface resources; marine
and aircraft navigation; the applied sciences
of the Sun and of Earth's ionosphere, magne-
tosphere, atmosphere, and oceans; and mili-
tary reconnaissance, surveillance, and other
applications that are technically similar to
those for civilian purposes. But all of these
applications remain wholly or principally in
the area of governmental services.

Third, nearly all of the above-mentioned
applications of space technology and nearly
all of the spectacular advances in the space
sciences, including planetary exploration and
space astronomy, have been, are being, and
will continue to be accomplished by un-
manned, automated, commandable space-
craft. Moreover, most such spacecraft have
been and can be launched bv expendable
launch vehicles and at less cost than by the
shuttle — despite the grossly optimistic prom-
ises to the contrary in the early 1970s — and
with minimal risk to human life.

Fourth, materials processing in space is still
an embryonic science. It has significant re-
search interest but, as of the present date, its
demonstrated commercial potential is wildly
incommensurate with the cost of a space sta-
tion that has materials processing as one of its
principal declared purposes.

A massive 2-vear study entitled “Space Sci-
ence in the Twenty-First Centurv: Impera-
tives for Two Decades, 1995-2015." under
the auspices of the National Academy of Sci-
ences has been completed recentlv. Apart
from biomedical research on human subjects.
this study has again found few first-order sci-
entific objectives that require human crews in
space, much less a permanently manned
space station, during the adopted ume frame.

The cosvbenehit ratio of secondary pur-
poses such as repair, refurbishment. refuel-
ing, and replacement of equipment in Earth
orbit is, I think, greatly underestimated by
advocates of the space station. [ndeed. it 15
much more cost-effective to improve the reli-
ability and versatility of space equipment by
preflight development and test work and, if
necessary, (o service it by remotely controlled,
unmanned spacecraft. The true “heavy-hit-
ters” in space science and applications have
been long-lived satellites and spacecraft based
on intrinsically good design. good engineer-
ing, and rigorous preflight testing.



There has been a truly astonishing differ-
ence in the responses to the present national
emergency in space by the Department of
Defense and by the National Aeronautics and
Space Administration. Soon after the Chal-
lenger accident, Secretary of the Air Force Ed-
ward Aldridge made the forthright public
statement: “We made a great mistake in plan-
ning exclusive reliance on the shuttle for the
dehvery of military satellites into space. Be-
lieve me, we will not make that mistake
again.” True 1o his word, he placed the Van-
denburg shuttle launch facility in caretaker
status and immediately resumed the procure-
ment of expendable launch vehicles for de-
fense purposes. The same position has been
taken by the National Oceanic and Atmo-
spheric Adminstration.

Burt the administration of NASA has stead-
fastly refused 1o recognize the full import of
the existing problem and chooses to devote
the principal part of uts resources to the pur-
suit of vaguely defined objectives of a futuris-
tic nature. Its 1987 and 1988 budgets empha-
size repair of the shuutle svsiem, the procure-
ment of a replacement shuttle. a continuing
primary dependence on manned spacecraft
for all purposes, and the rapid development
of a huge space station.

I grant the political face-saving importance,
perhaps even the political necessity, of resum-
ing shuttle flights with improved safety. But
there is no urgency to building a replacement
shuttle and far less urgency to developing a
space station. The true national urgency, in
my view, is to return to primary dependence
on expendable launch vehicles for both civil
and military purposes. Yet NASA's original

1988 budget made provision for the purchase
of only one ELV,

Three years ago, NASA promised the Con-
gress that it could build a large space station
for $8 billion over a 10-year period. This esti-
mate, as with the shuttle program estimates
in 1971, was so optimistic and so incomplete
as to be deceitful — at least to the unin-
formed. In a paper that I wrote for the Scien-
tific American in the autumn of 1985, 1 esti-
mated the true cost as more like $30 billion.
A special panel of engineers and scientists as-
sembled under the auspices of the National
Research Council recently arrived at a similar
lower limit on cost, but it contributed little 10
the more basic issue of value.

Let me make it clear that [ have no intrin-
sic opposition to manned flight or to a
manned space station if their purposes are
described forthrightly and validated by criti-
cal debate. My own position is that the devel-
opment of a large space station during the
next 10 years is grossly inappropriate to our
national predicament in space and to the
public mandate for financial responsibility by
the federal government.

In short, I submit that the present national
space palicy, if actually pursued as direcied
by the President, will greatly diminish our fu-
ture advances in space applications of direct
human importance and in scientific work of
broad appeal 10 an intelligent citizenrv. As a
resull, our international leadership in space
will continue 10 shrink.

James A. Van Allen

Department of Physies and Astronomy,
Unversity of lowa

lowa Cuty
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Space Station? Yes,
For Biological
Research
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I have. for the past several years, been the
Life Sciences Team Leader on the Task
Force for Scientific Uses of Space Station,
where we have viewed the space station as a
powerful 100l for microgravity research in the
life sciences. The fact that the space station is
indeed Lo be a permanent facility makes it es-
pecially and uniquely of value 10 us. While |
agree with Meredith's contention (Eos, Sep-
tember 29, 1987, p. 770) that the station can
well be justified as a required step toward
manned exploration of the Solar System, [ do
not agree with his apparent feeling thar it has
little uiliny as a research facility.

In the Iife science area. there is a broad
need o study the long-term effects of micro-
gravis on plant. amimal, cellular systems, and
humans. We have no other way of studying
the mechanisms of bone demineralization,
cardiovascular deconditioning, muscle atro-
phy. and other problems presently confront-
ing us in planning for long-term manned ex-
ploration of the Solar System. To assume (as
Meredith does) that artificial gravity automat-
ically solves the problem is unrealistic. How
much artificial gravity> Is the g requirement
the same for all forms of life — plant and an-
imal? Clearly what we need is a research facil-
ity where we can carefully study gravity and
its impact on living systems. Then we need to
look at appropriate countermeasures (for ex-
ample, exercise, drugs, and artificial gravity).
The most appropriate facility being planned
for such work is the space station. In the case
of plants, which will ultimately be required
for planetary exploration as a food source,
we do not vet know the effect of microgravity
on their ability to produce food and oxygen.
Long-term microgravity studies are required.
We cannot simply assume artificial gravity
solves the problem, and we certainly do not
know whart gravitational parameters are opti-
mum.

As we see it, there is a requirement for ba-
sic research on the mechanisms of graviper-
ception at the cellular and organismic level,
as well as a clear-cut determination of the
magnitude of the microgravity problem in
the case of plants, and particularly humans.
If this research indicates a need for artificial
gravity, this facility is needed to determine to
provide variable artificial gravity (centrifuga-
tion) as a research facility that will allow us to
study lunar and Martian g levels and deter-
mine optimum levels of g for space flight. It
must be remembered that the production of
artificial g by means of a spinning spacecrafi
also induces Coriolis forces with consequent
effects on human physiclogy and well-being.

In any case, research is what is required,
and a spacecraft with the capability of the
space station is badly needed.

Richard S. Young
RCA Service Campany,
Satellite Beach, Fla.

EOS: The Earth
Observing System
and Polar
Platforms
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The statement about the Space Station by
L. H. Meredith (Eos, September 29, 1987) did
not mention the Polar Platform component
of the space station. Insofar as the planned
Earth Observing Svstem (EOS) will make ex-
tensive use of the Polar Platform. the follow-
ing description is provided so that more com-
plete infarmation is available 10 the Eos read-
ership in the invited discussion on the space
station. EOS, with participation by the Na-
tional Aeronautics and Space Administration
{NASA), National Oceanic and Atmospheric
Administration (NOAA), European Space
Agency (ESA), and Japan, is the cornersione
of the Mission te Planet Earth initiative. It
will use the Polar Platform for the most mas-
sive undertaking in characierizing the Earth
system and in studving global change that has
ever been attempied. The description here
has been abstracted from a2 NASA report that
will soon be available for public distribution:
“From Pattern to Process: The Strategy of
the Earth Observing System.”

The objectives of EOS are to provide much
of the global data and the supporting infor-
mation system necessary to develop a com-
prehensive understanding of the way Earth
functions as a natural system. This includes
the interactions of the atmosphere, oceans,
cryosphere, biosphere, and solid Earth, par-
ticularly as they are manifesied in the Aow of
energy through the Earth system, the cycling
of water and biogeochemicals, and the recy-
cling of Earth's crust driven by the energy of
the interior of Earth. The comprehensive
global approach to the study of these process-
es in an integrated context has been termed
Earth System Science and has a strong focus
on the development of the capability for ac-
curate prediction of the future evolution of
the Earth system on time scales of a decade 1o
a century. Thus the goal of Earth System Sci-
ence has been enunciated as

To obtain a scientific understanding of the
entire Earth System on a global scale by describ-
ing how its component parts and their interac-
tions have evolved. how they function. and how
they may be expecied to continue to evolve on
all ume scales.

The particular objectives to be delivered by
EQS are

® A comprehensive data and information sys-
tem to provide the Earth science research
community with easy, affordable, and reli-
able access to Earth science data.

® An observing system to provide a fairly
complete set of the global Earth science
data available from low Earth orbit on a
long-term, sustained basis in a manner that
maximizes the scientific utilitv of the data
and simplifies its analysis.

® The study of Earth science today clearly re-
quires that EOS obtain a long-term data re-
cord. Scientists cannot perform controlled



experiments in the laboratory when dealing
with the forces of Earth. They must watch
Earth evolve over significant time periods
to deduce from the patterns of change the
processes that govern Earth’s behavior as a
natural svstem. There are also important
phenomena such as El Nino that only occur
at intervals of several vears and whose oc-
currence has not been predicted sufficient-
Iv in advance to permit mounting specific
observing efforts.

A general list of the required data is as fol-
tows:

® The global distribution of energy input to
and energy output from Earth;

® The structure, state variables, composition,
and dvnamics of the atmosphere from the
ground to the mesopause;

® The phvsical structure, temperature, de-
tailed elevation, chemical or mineral com-
position, and surface moisture content of
the land surface.

® The circulation, surface temperature, wind
stress and sea state, and the biological activ-
ity of the oceans;

® The extent, type, state, health, biological
productivity, and composition of land and
inland water ecosystems;

® The extent. tvpe, state, elevation. rough-
ness, and dynamics of glaciers, ice sheets.
snow, and sea ice and the liquid water
equivalent of snow;

® A sample of the rate and extent of precipi-
tation;

© The dyvnamic motions of Earth as a whole,
including both rotational dvnamics and the
kinematic motions of the tectonic plates.

The EOS space segment will begin to be
deploved in the mid-1990s, with growth in
the number and quality of remote sensing in-
struments un additional platforms for several
more vears. The full svsiem would then oper-
ate for about the next decade to obrain time
series of at least 10 vears’ duration for all of
the observations. Manv of the crucial mea-
surements would be obtained for a period of
at least 15 vears and will build on observa-
tions that are alieady being taken and on
long time series of conventional observations.
By the mid-14990s, these data records will in-
clude the measurements of upper atmospher-
ic chemical species, temperature, and winds,
sea ice and snow extent, ocean color and veg-
etation extent, the total and spectral irradi-
ance of the Sun, the radiative balance of
Earth. and measurements of sea surface char-
acteristics including temperature, elevation,
wind stress, and wave heights.
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NASA, NOAA, ESA, and Japan have con-
sidered several scenarios of instrument devel-
opment and deployment. The instruments in-
clude passive sensors with much greater spec-
tral and spatal resolution than previously
possible, and active radar and lidar instru-
ments. All scenarios considered are subject 10
substantial change by future events. Rather
than endorse o specific scenario as illustrative
of how these decisions should be made. a set
of guiding priorities has been recommended
by the EOS Science Steering Committee. The
top priority for EOS measurements is conti-
nuity in all ongoing satellite data sets that are
essential for understanding the Earth system.
This priority is a direct consequence of the
need for long-term consistent observations.
The second prionity is for instruments that
address the broad multidisciplinary research
questions of Earth system science or that
meet specific measurement requirements in
several Earth science disciplines.

The third priority is for instruments that
enable and advance a specific key area of re-
search in a single Earth science discipline. All
other measurement capabilities may be re-
garded as sharing the fourth priority. These
are the scientific priorities that must be incor-
porated with technological, financial, and
programmatic constraints to arrive at the ac-
tual decisions on which instruments are
placed in orbit as part of the initial and sub-
sequent EOS orbital configurations.

The key to the EOS concept and 1o its ulti-
mate success in meeting the needs of the
Earth science community is the data and in-
formation system. This system must be the
foundation upon which the rest of the mis-
sion is built; it will be the means by which all
EQS results are collected and communicated.
As with all other aspects of the EOS concept,
the essential character of the data and infor-
mation system is dictated by the nature of
Earth science research.

Earth scienusts must often take an eclectic
approach to solving problems and assemble
data of different types from a wide range of
sources. The number of potential sources of
useful data can, in some instances. be quite
large. Thus access to a wide range of data
sources is essential to the producuvity of the
researcher. Another characteristic of the data
15 the fact that different aspects of the same
data set are useful in different investugations.
Dufferent research foci also lead to concern
with different levels of detail in the data. This
requires that the dawa and information svstem
be capable of handhing a wide range of data,
including data with significant variations in
spatial and temporal resolution and averages
of various kinds. This also requires the abilitv
to store and retrieve the results of various re-

search studies for use in other work. The
EOS data and information system must also
function in the more tradituonal sense as a
data system for the EOS mission data. This
function extends from the various instru-
ments and platfurm subsvstems through data
downlink and ground-based distribution and
processing to the storage of this data for the
duration of the mission in a mission data
base. Given the scope of the EOS mission,
this is a formidable challenge.

Therefore, the implementation of EOS will
start with a data and information system that
unites researchers and sources of data. This
system must be able to grow to the capabili-
ties required by the expanded set of remote
sensing devices that can be brought to bear
on the study of Earth in the 1990s.

EOS includes an extensive set of coordinat-
ed observauons and will not have to replicate
the observations being made on an operation-
al basis, since that data will be accessible
through the EOS data systemn. EOS will make
use of the new generation of spacecraft called
space platforms, being developed as part of
the Space Station Program. These platforms
will provide expanded resources for the sup-
port of collocated instruments and more
effective utilizaton of the investments made
in instruments through on-orbit servicing. In-
ternational cooperation in this venture will be
essential to its success.

Coordinated Announcements of Opportu-
nity (AQOs) are planned for issue in early 1988
by NASA, ESA, and Japan. The NASA AO
will solicit instrument investigations, member-
ship and leadership on research facility in-
strument teams, and interdisciplinary science
investigations. Proposals in this last category
of investigation will be used as examples of
the type of research that will be advanced by
the EOS darta and will be particularly valuable
in guiding the development and evolution of
the EOS data and information system. The
detailed AO will be available in January from
the Earth Science and Applications Division
at NASA Headquarters. Information on how
to obtain copies of all three AOs should be
made available (o all Ees readers in late No-
vember or early December 1987.

D. M. Butler
NASA Headquarters,
Washington, D.C.

R. J. Gurnev
NASA/Goddard Space Flight Center.
Greenbelt, Md.

T. L. Miller
NASA/Marshall Space Flight Center,
Huntsuille, Ala.
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The National Research Council (NRC)
Committee on the Space Station has complet-
ed its report to the White House and NASA.
Congress will hold final hearings this fall on
the NASA FY 1987 budget and will decide
whether to go ahead now with this major
program. The NRC report stresses the need
for a national commitment 1o the Space Sta-
tion for it to be successful. Now 1s an appro-
priate ime for the members of AGU to con-
sider the proposed program and to make
their views known by writing to Eos.

Eos will conduct a poll about the Space Sta-
tion in a month. Between now and then, 1
welcome letiers on specific points intended
for publication. I hope your letters will be
succinct, forthright, and represent all sides of
the issue. The following piece, prepared by

this program. Whatever the objecuves are,
they must be clearly defined before a decision
is made on what should be built. The lack of
clear long-term objectives is noted in the re-
cent NRC Space Station report.

2. Broad Usage

In hindsight. a mistake was made with the
shuttle program in forcing its use by essen-
tially all groups needing transportation to
space whether it best met their requirements
or not. The result has been escalated costs,
increased manpower requirements, and ex-
tended schedules in many individual space
programs and, with the Challenger disaster,
the virtual shutting down of the total space
program for an extended period.

The current Space Station program started
with the primary charge by the President to
create a permanent manned presence in
space. A system was then designed that not
only does this but also provides a microgra-
vity environment and support for as many
other users as possible. In view of the large
amount of money and manpower the result-
ing station will require, it will need to pro-
duce significant results. Therefore, it can be
expected that most space users will be forced
to use the station to conduct major parts of
their programs whether it's the most efficient
method or not: The piper must be paid. The
Space Station program thus seems 10 repeat
the same mistake made by the shuttle pro-
gram and could have a similar but even larg-
er effect on most of the U.S. space research
activities of the future, including those that
directly affect geophysical programs

Les Meredith, is intended to stimulate your
thoughts.

Lt 1s important to realize that the Space Sta-
tion is envisaged as a central focus of the U.S.
space program for at least the next 30 years
(a period longer than the total life of NASA).
It will cost tens of billions of dollars, and use
a significam fraction of the advanced techni-
cal capability of the country. Individuals wish-
ing copies of the NRC report can get them by
writing

Committee on the Space Station

National Research Council

2101 Constitution Avenue, N.W.

Washington, DC 20418

A. F. Spilhaus, Jr.
Editor in Chief

Statement

To date much of the Space Station discus-
sion has focused on what it costs, how it will

3. System Studies

The Space Station is the largest space sys-
tem ever planned with major international,
launch vehicle, operations, and user interface
requirements extending over decades. It is
far from being an independent entity and so
must be planned as a total system. To do this
requires not only decisions on launch vehicles
and other elements but decisions on objec-
tives. For example, if the objectives are those
I've proposed above then an assessment is
needed on basic issues as to whether they
could be better met with the present micro-
gravity station or with one having variable ar-
uficial gravitv. This could be a fundamental
change but might decrease the cost, increase
the crew safety, and preclude the perhaps im-
possible requirement of making the human
body adapt to a microgravity environment for
long periods. The assessment, of course,
should also address the issue of the proper
station orbit, particularly if international
cooperation is envisaged for either explora-
1on or crew rescue,

4. Users

One of the lessons learned in the shuttle
program is that while the engineering design
might meet specifications, use of the system
¢an be difficult and expensive due to safety,
procedural, and other requiremenis. Exam-
ples are the review and documentation re-
quirements, special test and training pro-
grams. experiment scheduling lead times,
and number of flight units required. Since
the cost of using the system depends on its
engineering implementation, such user re-

be managed, and its detailed configuration.
There's been relatively litde discussion of the
objectives and requirements it must meet in
spite of the fact that our experience has
shown the criticallity of establishing well-de-
fined objectives prior to initiating the devel-
opment phase of such a program. In this re-
gard, at least the following points need to be
considered:
1. Objectives

I's my opinion that the only basis on which
the Space Station can be justified is that of
reasserting 1'.S. pre-eminence in space by
creating a permanent manned presence and
of providing a required step toward the
manned exploration of the solar system. Oth-
er possible justifications, such as microgravity
research, manufacturing, space physics. astro-
physics, and earth observations, could enher
be accomplished more efficiently by other
means or can provide only tenuous justifica-
tions at best compared to the major scope of

quirements need to be defined prior to sta-
uon development. This is partcularly true
since the station's user and operations costs
will be much greater than its development
costs.

These four points are all directly related to
the question of the objectives of the Space
Station. They need resolution in the study
phase of the program that precedes develop-
ment approval if the station is to realize its
potential and not be counter productive.
Once the development program is started,
the very major investment will almost certain-
ly preclude significant changes.

L. H. Meredith
AGU Headquarters,
Washingtan, D.C.





