atellite systems supply information about Earth that as-

sists federal, state, and local agencies with their legisla-

tively mandated programs and that offers numerous addi-

tional benefits to commerce, science, and the public
welfare. To provide these benefits, the U.S. government current] y
operates or plans to develop five mgjor civilian Earth sensing sys-
tems (table 1-1).

Three agencies—the National Oceanic and Atmospheric Ad-
ministration (NOAA), the National Aeronautics and Space Ad-
ministration (NASA), and the Department of Defense
(DOD)-currently operate remote sensing systems that collect
unclassified data’about Earth.*These and other U.S. agencies
make extensive use of the remotely sensed data that these systems
generate. In addition, foreign countries and regional agencies
have satellite programs that generate remotely sensed Earth data
for national and global use (appendix B).

Existing remote sensing satellite programs are characterized
by having overlapping requirements and redundant instruments
and spacecraft. This is the natural outgrowth of the way the
United States divides responsibilities within the federal gover-
nment and an authorization and appropriations process that has en-
couraged agencies to develop and acquire space-based remote

"This report is not concerned with any satellite system built exclusively for national
security purposes, except for the Defense Meteorological Satellite Program (DMSP),
whose data are available to civilians.

*Department of Energy (DOE) laboratories also develop sensors that are incorporated
into operational and research satellites,

3 Canada expects to join this group in 1995 with the launch of Radarsat, now under
development.

Findings
and
Policy
Options
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TABLE 1-1: U.S Civilian Satellite Remote Sens.ig Systems?

Existing systems Operator Primary objective status
Geostationary  Operational NOAA Weather monitoring, severe- Two operational (one bor-
Environmental Satellite System storm warning, and environ- rowed from Eumetsat);
(GOES) mental data relay. GOES-8 (GOES-Next)

launched in April 1994; opera-
tional in October 1994.
Polar-orbiting  Operational NOAA Weather, climate observa- Two partially operational; two

Environmental Satellite

System (POES)

Defense Meteorological
Satellite Program (DMSP)

Air Force, for
DOD

tions; land, ocean observa-
tions; emergency rescue,

Weather, climate observa-
tions.

Mapping, charting, geode-
sy; global change, environ-
mental monitoring,

Research on upper-atmo-
sphere chemical and dy-
namical processes,

Research on ocean topogra-

fully operational, launch as
needed.

One partially operational; two
fully operational; launch as
needed,

Landsat 4 and 5 operational;
Landsat 7 under develop-
ment—-planned launch date
1998.

Launched September 15,
1991; still operating.

Launched in August 1992; still

phy and circulation.

Landsat EOSAT, NASA,
NOAA, USGS’
Mission to Planet Earth NASA
Upper Atmosphere NASA
Research Satellite (UARS)
TOPEX/Poseidon NASA/CNES®
Earth Observing System NASA
(EOS)
Earth Probes (focused NASA

process studies)

Global change research,

Global change research,

operating,

EOS AM platform in advanced
planning; launch in 1998; EOS
PM in early planning; launch
in 2000, CHEM in early plan-
ning, launch in 2002.

TOMS planned for launch in
1994; TRMM planned for
launch in 1997; others being
planned.

*The five major Earth sensing systems are GOES, POES, DMSP, Landsat, and EOS The United States also collects and archives Earth data for

non-U S satellites

"EQSAT, a private corporation, operates Landsats 4 and 5 for the government Landsat 6, launched in September 1993, failed to achieve orbit
when launched NASA, NOAA, and the U S Geological Survey will develop and operate a future Landsat 7.

‘TOPEX/Poseidon Is a joint project between NASA and the French Space Agency, Centre National of dEEtudes Spatiales (CNES)

SOURCE U S Congress, Off Ice of Technology Assessment, 1994.

sensing systems uniquely suited to their particular
needs. NOAA's two environmental satellite sys-
tems serve the needs of the National Weather Ser-
vice and the general public. NOAA's data are also
distributed free of charge to the larger internatio-
nal community. DOD’s Defense Meteorological
Satellite Program (DMSP) is designed to provide
similar weather data to support the surveillance,
war-fighting, and peacekeeping operations of
U.S. military forces. As part of its Mission to
Planet Earth program, NASA plansto build a se-
ries of satellites, including its Earth Observing

System (EOS), to gather data in support of re-
search to understand and predict the effects of hu-
man activities on the globa environment. The
Landsat system, developed by NASA and now
operated by the private corporation EOSAT under
contract to NOAA, provides multispectral data
about Earth’'s surface for a wide variety of research
and applied uses. Other countries and organiza-
tions have developed similar satellites with dis-
tinct, but often overlapping, capabilities.

The United States now spends about $1.5 bil-
lion per year to collect and archive remotely
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BOX 1-1: What Is Sateliite Remote Sensing?

Earth receives, and is heated by, energy in the form of electromagnetic radiation from the sun. Some
incoming radiation Is reflected by the atmosphere; most penetrates the atmosphere and is subsequent-
ly reradiated by atmospheric gas molecules, clouds, and the surface of Earth itself (including, for exam-

Q nta nb nroane iro chopta N nirbhanizod arnacg)
S, mountains, oceans, ice sneets, ana uroanized alcac]

Remote sensors may be divided into passive sensors that observe reflected solar radiation and ac-
tive sensors that provide their own illumination of the sensed object. Both types of sensors may provide
images or simply collect the total amount of energy in the field of view.

Passive sensors collect reflected or emitted radiation. Types of passnv sensors include:

isvvmriram rasdiAmataro

s "”dyllly 1audiviiicicr o, WIIILII pelvil belw) vxa|uc i 1
generate a picture of the object, and

= aimospheric sounders, which coiiect energy emitied by atmospheric constitutents such as water
vapor or carbon dioxide at infrared or microwave wavelengths and which are used to infer tempera-
tures and humidity throughout the atmosphere

Active sensors include:

 imaging radar, which emits pulses of microwave radiation from a radar transmitter and collects the
scattered radiation to generate a picture,

» scatterometers, which emit microwave radiation and sense the amount of energy scattered back
from the surface over a wide field of view and which can then be used to measure surface wind speeds
and direction and to determine cloud content;

« radar altimeters, which emit a narrow pulse of microwave energy toward the surface and time the
return puise reflected from the surface; and

« lidar altimeters, which emit a narrow pulse of laser light toward the surface and time the return pulse
reflected from the surface

SOURCE Off Ice of Technology Assessment, 1994

sensed data. To maximize the nation return on its  gramsthat serve national data needs, not just

investment in remote sensing technologies (box
I-I; figure I-1), to meet the needs of data users
more effectively, and to take full advantage of the
capabilities of other nations, Congress may wish
to initiate the development of along-term, com-
prehensive strategic plan for civilian satellite re-
mote sensing.’A national strategy for the devel-
opment and operation of future remote sensing
systems could help guide near-term decisions
to ensure that future data needs will be satis-
fied. By harmonizing agency priorities with
overall national priorities, a strategic plan
would help ensure that agencies carry out pro-

the narrower interests of individual agencies.
As envisioned in this report, a strategic plan for
remote sensing would provide a general frame-
work for meeting U.S. data needs for a diverse set
of data usersin the public and private sectors. A
comprehensive strategic plan should remain flex-
ible enough to respond effectively to changesin
remote sensing technologies and institutional
structures, and to improvements in scientific
knowledge. However, developing such a plan car-
ries certain risks. Without careful attention to the
hazards that have jeopardized previous efforts to
coordinate programs that affect many participants,

4U g Congress, Office of Technology Assessment, The Future of Remote Sensing from Space: Civilian Satellite Systems and Applications,
OTA-ISC-558 (Washington, DC: U.S. Government Printing Office, July 1993); U.S. Congress, Office of Technology Assessment, Global
Change Research and NASA's Earth Observing System, OTA-BP-ISC- 122 (Washington, DC: U.S. Government Printing Office, November

1993).
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FIGURE 1-1: Existing Earth Observation Satellites
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SOURCE Off Ice of Technology Assessment, 1994

a comprehensive plan could result in a cumbersome
management structure that is overly bureaucratic,
rigid, and vulnerable to failure. It could also un-
dermine existing operational programs that have
met the needs of individual agencies.
Thisreport, the last in a series of Office of
Technology Assessment (OTA) reports and
background papers about civilian Earth re-
mote sensing systems (box 1-2), examines ele-
ments of a comprehensive long-term plan for
U.S. satellite-based remote sensing. The assess-
ment was requested by the House Committee on
Science, Space, and Technology; the Senate Com-
mittee on Commerce, Science, and Transporta-

tion; the House and Senate Appropriations Sub-
committees on Veterans Affairs, Housing and
Urban Development, and Independent Agencies;
and the House Permanent Select Committee on
Intelligence.

This chapter outlines the elements that any stra-
tegic plan for satellite remote sensing must ad-
dress and considers how the United States can best
position itself to achieve its short-term and long-
term goals for space-based remote sensing. It
summarizes the assessment and analyzes policy
options for congressional consideration.

Remotely sensed data provide the basis for
unique kinds of information (box 1-3). Such ap-
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BOX 1-2: OTA Publications on Satellite Remote Sensing

Reports
+ The Future of Remote Sensing from Space: Civilian Satellite Systems and Applications, OTA-ISC-558
(Washington, DC: U S. Government Printing Office, July 1993).
+ Remotely Sensed Data: Technology, Management, and Markets, OTA-1SS-604 (Washington, DC: U S.
Government Printing Office, September 1994)

+ Civilian Satellite Remote Sensing: A Strategic Approach, OTA-ISS-607 (Washington, DC: U.S. Govern-
ment Printing Office, September 1994)

Background Papers

= Remotely Sensed Data from Space: Distribution, Pricing, and Applications (Washington, DC: Interna-
tional Secunty and Space Program, Office of Technology Assessment, July 1992)

» Data Format Standards for Civilian Remote Sensing Satellites (Washington, DC: International Security
and Space Program, Office of Technology Assessment, April 1993)

» The U.S. Global Change Research Program and NASA's Earth Observing System, OTA-BP-ISC-122
(Washington, DC: U.S. Government Printing Office, November 1993).

SOURCE: Office of Technology Assessment, 1994 ’

BOX 1-3: The Utility of Satellite Remote Sensing

Remote sensing from space provides scientific, industrial, military, and individual users with the ca-
pacity to gather data for a variety of useful tasks, including:

1. simultaneously observing key elements cof an interactive Earth system;
maonitoring clouds, atmospheric temperature, rainfall, wind speed, and direction;

monitoring ocean surface temperature and ocean currents

tracking anthropogenic and natural changes to the environment and climate;

viewing remacte or difficult-to-access terrain;

o o~ W N

providing synoptic views of large portions of Earth's surface without being hindered by political bound-
aries;

7 allowing repetitive coverage over comparable viewing conditions;
8 identifying unigue surface features; and
9 performing terrain analysis and measuring moisture levels in scil and plants.

SOURCE U S Congress. Office of Technology Assessment, The Future of Remote Sensing from Space: Civilian Satellite Systemns
and Apphcations. OTA-1ISC-558 (Washington, DC: U S. Government Printing Office, July 1993), p 9
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placations of remotely sensed data are mirrored
around the world. Chapter 2: National Remote
Sensing Needs and Capabilities introduces ap-
plications of remotely sensed data and summa-
rizes the primary characteristics of the satellite
systems that provide them. It also discusses the
process for determining what data are needed by
the federal government and other data users, and
considers the potential role of the private sector in
meeting data needs.

Chapter 3: Planning for Future Remote
Sensing Systems provides an overview of institu-
tional and organizational issues surrounding the
development of operational environmental satel-
lite remote sensing programs. In addition, the
chapter discusses the potential for creating a strong-
er partnership than now exists between NASA as
the developer of satellite research instruments and
NOAA as the operationa user. The chapter further
explores the present and future status of the Land-
sat program, the involvement of the private sector
in remote sensing, and the potential for operation-
al ocean sensing.

Because Earth remote sensing aready has a
strong international component, a strategic plan
must consider the role of international partners
and competitors. Chapter 4. International
Cooperation and Competition examines the
part played by non-U.S. agencies and companies
in gathering and applying remotely sensed data. It
identifies the most important benefits and draw-
backs of increased cooperation, including their
impact on national security and the competitive
position of the U.S. remote sensing industry. Fi-
nally, it analyzes a range of options for strengthen-
ing international cooperation in remote sensing,
including a possible international agency or con-
sortium for remote sensing.

NEED FOR A STRATEGIC PLAN

Several factors underscore the importance of im-
proving the U.S. approach to its remote sensing
efforts:

1. The expanding need for more and better data
about Earth. The experimental remote sensing
work of NASA, NOAA, and DOD in the 1960s
and 1970s demonstrated that gathering envi-
ronmental and other Earth data from space was
both feasible and desirable (figure 1-2).
NOAA’s and DOD'’s experience with collecting
data on an operational basis has led to ever
more capable remote sensing systems and the
development of a broad base of data users who
need reliable and accurate data for a varied set
of applications. Future long-term operational
data needs include:

.Monitoring of weather and climate for accu-
rate weather forecasting, which will contin-
ue to be important to the U.S. economy and
national security. In addition, the United
States has a developing interest in monitor-
ing the globa climate.

= Monitoring of the land surface to assist in
globa change research: management of nat-
ural resources; exploration for oil, gas, and
minerals, mapping; detection of changes;
urban planning; and national security activi-
ties.

= Monitoring of the oceans to determine such
properties as ocean productivity, extent of
ice cover, sea-surface winds and waves,
ocean currents and circulation, and ocean-
surface temperatures. Ocean data have par-
ticular value to the fishing and shipping in-
dustries, as well asto the U.S. Coast Guard
and Navy.

*Operational programs have an established community of data users who depend on a steady or continuous flow of data products, long-
term stability in funding and management, a conservative philosophy toward the introduction of new technology, and stable data-reduction

agorithms.
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2. The increasing concern over regional and

FIGURE 1-2: GOES Image of Earth

global environmental changes. The U.S.
Global Change Research Program (USGCRP)
and related international efforts grew out of a
growing interest among scientists and the pub-
lic over the potentially harmful effects of hu-
man-induced regional and global environmen-
tal change. Satellite data, combined with data
gathered in situ, could provide the basis for a
deeper understanding of the underlying proc-
esses of regional and global change, leading to
useful predictions for the policy debate.
Today, scientists understand too little about
Earth’s physical and chemical systems to make
confident predictions about the effects of glob-
al change, particularly the effects on regional
environments. Data from NOAA’s and DOD’s
satellites systems will continue to be very useful
to global change scientists, yet these data are
not of sufficient breadth or quality to discern
subtle changes in climate or other components
of Earth’s environment. Asits contribution to
the USGCRP, NASA has developed the EOS
satellite program, which will provide more de-
tailed, calibrated data about Earth over a
15-year period (appendix A). NASA designed
the EOS program to improve scientists' under-
standing of the processes of global change by
complementary airborne and ground-based
measurements.
. A growing consensus within the scientific
community on the need for long-term, cali-
brated monitoring of the global environment.
Although EOS is not structured to collect envi-
ronmental data over the decadal time scales sci-
entists believe are needed to monitor the health
of the global environment, it would provide the
basis for designing an observationa satellite
program capable of long-term, calibrated envi-
ronmental observations. A long-term global
monitoring program will also require a coordi-
nated program of measurements taken by air-

craft and ground-based facilities,"and the
cooperation and involvement of other nations,
both to collect critical environmental data and
to share program costs.

. The increasing pressures, in the United States

and abroad, to improve the cost-effectiveness
of space systems. Congress and the Clinton
Administration have reached consensus that to
control so-called discretionary spending in the
federal budget, funding for space systems must
remain steady or decrease. As noted in an earli-
er OTA report, a declining NASA budget is
likely to force the Administration and Congress
to make difficult decisions about NASA's Mis-
sion to Planet Earth program, which competes
for funding with other NASA programs such as
the Space Station or the Shuttle’NASA’s

6U.S. Congress, Office of Technology Assessment, Global Change Research and NASA's Earth Observing System, op. cit., PP. 4.13

U.S. Congress, Office of Technology Assessment, The Future of Remote Sensing from Space, op. cit., pp. 18-23.



FY 1995 proposed budget for Mission to Planet
Earth is $1,238 million, compared with its
FY 1994 budget of $1,024 million, an increase
of 20 percent.

NOAA'’s funding for satellite programs is
projected to remain between $410 million and
$460 million (in current dollars) until the end
of the decade. NOAA'’s budget is constrained
by potential conflict with other agency pro-
grams, such as NEXRAD,’and by planned
budget increases in other Department of Com-
merce programs, such as the National Institute
of Standards and Technology (NIST). These
pressures and declining defense budgets have
led Congress and the Clinton Administration
to propose consolidating the Polar-orbiting
Operational Environmental Satellite System
(POES) and the DM SP system as away to re-
duce the costs of the nation’s meteorological
programs. The data gathered by DOD’s DMSP
and NOAA’s POES are similar, and the United
States faces the challenge of making these
programs mor e efficient without losing im-
portant capabilities that now exist or that
are being developed.

5. The increasing internationalization of civil-

ian operational and experimental remote
sensing programs. Budget pressures within
most countries and the desire to improve the
scope of national remote sensing programs
have led to increased international interest in
sharing satellite systems and data. This interest
has increased U.S. opportunities to exploit for-
eign sources of satellite data and to develop
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new institutional arrangements. Non-U.S.
instruments now fly on U.S. satellites, while
European and Japanese satellites fly U.S.
instruments. This pattern will continue in the
future. In particular. NASA’s Mission to Planet
Earth, including its EOS program, has a major
international component.’Participating coun-
tries share the data to support scientific re-
search. NOAA has long pursued cooperative
activities as a way to increase its capabilities of
supplying environmental data. It is currently
negotiating an agreement with Eumetsat to
supply an operational polar-orbiter (ME-
TOP- 1) in the year 2000 that would allow
NOAA to operate one satellite, rather than
two. * Opportunities for further expansion of
cooperative activities could increase as other
countries gain experience in remote sensing
and confidence in international cooperation.

6. The introduction of privately operated remote

sensing systems to collect remotely sensed
data on a commercial basis. Private firms have
played a mgjor role in the development of the
remote sensing industry. They serve both as
contractors for government-devel opeds systems
and as service providers that process raw satel-
lite data, turning them into useful information
(i.e., the so-called value-added industry). First
EOSAT and then SPOT Image have operated
remote sensing systems developed by govern-
ments and have marketed the data worldwide.

Recently, U.S. firms have received govern-
ment approval to operate privately financed
satellite systems® and to market geospatial

8 The Next Generation Weather Radar, a network of advanced Doppler radar stations for measuring winds responsible for severe weather, It
is ajoint program funded by NOAA, the Federal Aviation Administration, and DOD.

9For example, the firstmajor EQS satellite. the so-called AM platform, will carry the Japanese Advanced Spaceborne Thermal Emissicn and
Reflection Radiometer (ASTER). Instruments built by NASA and the French space agency, Centre National d’ Etudes Spatiales (CNES), will fly
on the Japanese Advanced Earth Observing System (ADEOS) satellite, developed by Japan’s National Space Development Agency (NASDA )
and its Ministry of International Trade and Industry (MITI),

10 Eumetsat's Meteorological Operational Satellite (METOP) w ould fly in a so-called morning orbit, crossing the equator at about 9:30 a.m.
NOAA's POES satellite would fly in the afternoon orbit. The Clinton Administration's convergence plan assumes completion of this agreement.

11U S Congress, Office of Technology Assessment. Remotely Sensed Data: Technology, Munagement,and Markets. OTA-1SS-604 (Walh-
ington, DC: U.S. Government Printing Office, September 1994), ch. 4.



data“to government and industry customers
around the world. If successful, they will
change profoundly the international market-
place for remotely sensed data. Even now, in-
ternational commerce in remotely sensed data
shows signs of rapid change as foreign compa-
nies also begin to explore the potential for de-
veloping commercial remote sensing sys-
tems.

7. The end of the Cold War era, which has forced
reexamination of the role of space technolo-
gies in promoting national security and U.S.
technological prowess. Much of the existing
structure of U.S. space efforts grew out of the
Cold War tensions between the United States
and the former Soviet Union. The breakup of
the Soviet Union has resulted in new opportu-
nities for cooperation instead of competition
with the former Soviet republics. The United
States has now brought Russia into its partner-
ship with Canada, Europe, and Japan in build-
ing an international space station. Other coop-
erative projects, including Earth observations,
are likely to follow as well. ‘4

NASA was developed as an independent, ci-
vilian agency to separate civilian and military
interests in the development of science and
technology. Among other things, this separa-
tion allowed the military and intelligence agen-
cies to pursue their space agendas largely out of
the public view. As aresult, NASA and DOD
often developed similar technologies indepen-
dent y. With the end of the Cold War and other
changes in the political makeup of the world,
the United States has eased many of its earlier
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restrictions on the civilian development and
use of remote sensing technologies. As noted
above, the United States has also undertaken
the consolidation of DOD’s DMSP system
with NOAA’s POES; similar efforts fell short
in the past, in part as aresult of national securi-
ty considerations during the Cold War. 15

STRUCTURAL ELEMENTS
OF A STRATEGIC PLAN

The existing collection of satellite remote sensing
systems, both nationally and internationally, has
evolved in response to a variety of independent
needs for data about Earth. Consequently, system
capabilities may overlap, as they do in the polar-
orbiting environmental satellites operated by
DOD and NOAA. Some capabilities are also com-
plementary. For example, both Europe and Japan
operate synthetic aperture radar (SAR) satellites,
but the United States has no civilian SAR system
in operation. Hence, for its SAR data, the United
States now largely relies on Europe's and Japan's
satellites.

A strategic plan would consider the short-term
and long-term needs of all mgjor data users. As
noted earlier, future data needs are likely to in-
volve:

= collecting atmospheric data to support weath-
er observations and forecasting,

= monitoring the land surface,

= monitoring the oceans,

= collecting data to support research on global
environmental change, and

12 Geospatial data are data that are organized according to their location on Earth.

13p, Seitz, “New Ventures Tempt European Space Firms,“ Space News, May 23-29, 1994, p. 3.

| 4 The United §yates and RUSSIa re currently working together on a modest scale in Earth remote sensing. Russia flew a Total Ozone Map-
ping Spectrometer (TOMS) aboard one of its Meteor polar-orbiting satellites in 199 | and has agreed to do so again.

ISPOD and NOAA have collaborated I.€ight previous convergence studies, most of which contributed to operational improvements and
closer cooperation between DOD and NOAA. However, attempts to meld the systems always failed on grounds that such a move would w caken

U.S. national security without appreciably lowering overall system costs.

16 The United States @S recently flown advanced SAR instruments, the Shuttle Imaging Radar (SIR-A, B.C), on the Space Shuttle, but these
instruments do not provide continuous data collection. In 1978, NASA also orbited the experimental ocean remote sensing satellite. Seasat,

which operated for only 3 months in 1978. See chapter 3.
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» |ong-term monitoring of key indicators of
global change and environmental quality.

Programs for gathering needed data are dis-
cussed in later sections of this chapter. This sec-
tion discusses structural and institutional issues
that would affect the development of a strategic
approach to remote sensing. For example, How
can the United States most effectively identify and
aggregate its data requirements? What role, if any,
should private firms have in supplying data? How
can the United States make the most effective use
of the capabilities of other countries in meeting
important data needs?

Plans for meeting national data needs will be
developed within the context of other national pri-
orities such as reducing the federal budget deficit
by working more efficiently in space, defining the
U.S. role in international cooperative activities,
increasing U.S. competitiveness, improving
scientific understanding of the globa environ-
ment, improving the U.S. technology base, and
maintaining U.S. national security.

I Interagency Coordination
and Collaboration

A strategic plan for Earth observations would
weigh the potentia contributions of every federal
agency. NASA, NOAA, and DOD each fund the
development and operation of satellite remote
sensing systems in response to agency mission re-
quirements for specific types of data. Yet, the data
these systems provide have applications far be-
yond the needs of the agency generating them.
Agencies also have overlapping interests in the
collection and application of data. Further, each
agency has developed certain areas of expertise.
For example, NOAA and DOD have considerable
expertise in providing operational satellite data.
NASA has particular strength in developing new
instrumentation and satellite platforms. To share
their respective strengths, agencies develop
mechanisms for coordinating and cooperating

with each other on subjects of mutual interest. The
collaborative USGCRP demonstrates such an in-
teragency mechanism. Through it, agencies can
tackle much larger problems than could any
agency acting alone. However, such collaboration
requires a certain accommodation to the needs of
other agencies so that facilities and information
can be shared efficiently .17

One of the benefits of developing a strategic
plan for Earth observations is the opportunity to
identify mutual interests and to strengthen coop-
erative relationships by sharing systems and data
more effectively. The Clinton Administration’s
efforts to consolidate NOAA’s and DOD’s polar-
orbiting satellite programs provide an important
example of how one aspect of a strategic plan
might function. By including NASA in the Inte-
grated Program Office that will operate the com-
bined polar-orbiting system, the Administration
has the opportunity to use NASA’s expertise in de-
veloping new sensors and spacecraft to enhance
the collection of useful satellite data. The section
“Monitoring Weather and Climate,” later in this
chapter, examines issues related to convergence of
the polar-orbiting systems in more detail.

The convergence of polar-orbiting satellite
systems is one important aspect of a strategic
plan for U.S. remote sensing. Congress must
also decide the future of U.S. effortsin land and
ocean remote sensing and determine the U.S.
rolein long-term climate monitoring. The sec-
tions on land and ocean remote sensing in this
chapter examine such issues. Congress will also
be interested in NASA’s and NOAA's plans for
cooperating with international organizations and
non-U.S. agencies in sharing costs and capabili-
ties in remote sensing. Finally, Congress will aso
wish to understand what options it might have for
assisting U.S. industry’s efforts to supply remote-
ly sensed data to a global marketplace in the face
of national security concerns over the wide dis-
tribution of high-resolution geospatial data.

17 For the USGCRP, the Subcommittee on Global Change Research of the Committee on Environment and Natural Resources Research of
the National Science and Technology Council in the executive branch has provided oversight to assist collaboration.



I Data Users and the
Requirements Process

As noted earlier, the use of remotely sensed Earth
data extends well beyond the federal government,
to include state and local agencies as well as a vari-
ety of nongovernment users (box 1-4). Each data
user has a range of requirements for satellite
instruments and operations. To develop the
foundation for a strategic plan, specific data needs
will have to be aggregated and considered as part
of a broad-based process.

Mechanisms for improving the process for de-
veloping data requirements process should be a
central element of a national strategy for remote
sensing. The federal government now has no es-
tablished institutional means for considering
overall needs for Earth observations. The current
process for establishing requirements for these
observations occurs mainly within individual
agencies and involves specific groups of users
who are responsible for those agencies’ missions.
This process can lead to inefficient decisions, as
seen in a broad, national context, by limiting the
ability to make tradeoffs between costs and re-
quirements and excluding users outside the agen-
cies. Chapter 2 discusses several options for
strengthening the requirements process:

+ Increasing the interaction among users, de-
signers, and operators to improve the ability
to make tradeoffs between requirements and
costs. This can occur over time with successive
generations of operational programs, but it is
difficult to achieve with new programs.

= Including a broader range of users in discus-
sions of requirements. This could involve es-
tablishing formal channels for seeking outside
input into agency processes or formal inter-
agency reviews of requirements.

« Developing a formal process for revising
agency missionsin response to emerging ca-
pabilities and needs. This could involve estab-
lishing an independent panel of experts to reex-
amine periodically agency capabilities and
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BOX 1-4: Major Elements of the
U.S. Remote Sensing Community

Federal government civilian operators and data
users
= Scientists

= QOperational users (weather forecasters, re-
source managers, planners, geographers)

Military and intelligence users
Private industry
= Value-added companies
= Data suppliers
» Commercial data users

State and iocal governments
Nonprofit sector

» Universities

= Environmental organizations

SOURCE: Office of Technology Assessment, 1994

needs in the context of changing national prior-
ities.

I The Private Sector

The activities and plans of private industry need to
be considered in developing a strategic plan for
Earth observations. The value-added sector of the
remote sensing marketplace, which provides data
processing and interpretation services, is relative-
ly small ($300 million to $400 million per year)
but growing rapidly as federal, state, and local
government agencies and private firms discover
the value of satellite datain a variety of applica-
tions.” U.S. companies developed most of the
geographic information system (GIS) and other
software used for processing geospatial data.
They have been a major force in increasing the ca-
pability and reducing the costs of such software.
U.S. industry, therefore, has a strong foothold in
the development of the value-added industry; it
supplies both software and information to awide
range of government and private customers. In
setting requirements for future remote sensing

18u.s. Congress, Office of Technology Assessment, Remotelv Sensed Data: Technology>, Management and Markets, op. cit., p-107.
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systems, the federal government may wish to take
into account the needs of private data users be-
cause they are an important source of innovative
applications of remotely sensed data.

Private firms could also play a substantia role
in expanding overall U.S. remote sensing capabil -
ities and in supplying data for government needs.
As noted above, private U.S. firms are now devel-
oping land remote sensing systems with new ca-
pabilities. At least three private firms expect to be
able to offer higher-resolution, more timely
stereoscopic data®and to charge much less for
such data than existing systems do. These firms
have targeted international markets now served
primarily by aircraft-imaging firms, especialy in
applications that require digital data for mapping,
urban planning, military planning, and other uses.
If private systems succeed commercially, they
are likely to change the nature and scope of the
data market dramatically.

The United States faces significant opportuni-
ties, challenges, and risks in assisting with the de-
velopment of these systems. The federal govern-
ment has the opportunity to facilitate the
development of arobust U.S. remote sensing in-
dustry, one that provides high-quality, spatia data
and information to customers throughout the
world. If it decides to do so, it faces the challenge
of devising the appropriate technological, finan-
cial, and ingtitutional means to help this fledgling
industry to compete with foreign governments
and companies. Because the data from commer-
cia systems would have significant military util-
ity, however, the United States faces the risk that
unfriendly nations might use the data to the detri-
ment of the United States or its dlies.

Current Administration policy (appendix F) al-
lows for the licensing of U.S. companies to sell
imagery with resolution as fine as 1 meter (m) and

permits the companies to sell data worldwide,
with several restrictions, including the possible
limitation of data collection and/or distribution
during times of crisis.

The policy aso alows for the sale of “turnkey”
systems to the governments of other countries,
which would be able to gather whichever images
they wish. However, Administration policy on
such systems is much more restrictive than it is on
U.S.-owned and -operated systems. The Adminis-
tration will consider export of turnkey systems to
other governments only on a case-by-case basis
and under the terms of a government-to-govem-
ment agreement.

NASA has recently contracted with TRW. Inc.,
and CTA, Inc., to build and operate two remote
sensing systems under its Smallsat Program.”
These represent two very different approaches to
satellite remote sensing. The TRW system will
carry a sensor capable of gathering data of 30-m
resolution in 384 narrow spectral bands from the
visible into the near-infrared. NASA will pay
TRW $59 million for the satellite system, which
will test a variety of new remote sensing technolo-
gies, including new materials, sensors, and space-
craft components. The data from this system will
be of considerable interest to scientists working
on global change research and to many current us-
ers of Landsat data, including farmers, foresters,
and land managers.”

The CTA spacecraft, which will cost $49 mil-
lion, will carry a sensor identical to the World-
View Imaging Corporation sensor now in produc-
tion for a 1995 launch. The CTA system will be
capable of collecting land data of 3-m resolution
(panchromatic). In contracting for these satellite
systems, NASA is attempting to demonstrate its
capacity to encourage the development of innova
tive, lightweight satellite technology, and to do it

19 Stereoscopic data make it possible for data analysts to generate topographic maps of aregion directly from satellite data.

20 L. Tucci. “NASA Awards Smallsat Work,” Space News, JUNE 13-19, 1994, pp. 3,29.

211f successful, the system should, among other things, generate data capable of distinguishing types of plants and trees from space by

comparing responses from different spectral bands.



quickly and efficiently.”NASA officials empha-
size their intent to stimulate the market for re-
motely sensed data.

Several private firms have argued that with re-
gard to the CTA system, the market does not need
such stimulation: private firms have already em-
barked on similar, competing systems. Further,
these firms argue that NASA'’s entry into an en-
deavor so closely connected to ongoing commer-
cial pursuitsis already making it difficult for them
to raise needed capital in the financial markets.
They complain that NASA is, in effect, competing
with them.” NASA counters that the two satel-
lites will test a range of new technologies that
could contribute to the usefulness of remotely
sensed data.

Although the two NASA satellites may im-
prove the utility of remotely sensed data over the
long term, in the short term, the CTA system, es-
pecially, could also inhibit the ability of firmsto
develop their own systems. Whether these sys-
tems help or harm markct development will de-
pend in large part on the perceptions the venture
capital market has regarding NASA'’s intentions
and on NASA's plans for making the data avail-
able to customers. For example, if NASA makes
these data available only for experimental pur-
poses for alimited period of afew months, it could
stimulate market interest. If, on the other hand,
NASA makes the data available for longer peri-
ods. it would effectively compete with private ef-
forts. Yet, if NASA limited the distribution of data
from the CTA satellite to a few NASA users, Con-
gress might well consider the $49 million cost of
the satellite too high. For example, DOD would be
alikely major user of data of 3-m resolution.”It is
hard to see how NASA could limit DOD’ s use of
data paid for by taxpayers. Congress may wish to
monitor NASA’s Small sat Program closely to en-
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sure that both taxpayers and private satellite re-
mote sensing firms are well served by its actions.
In the Office of Mission to Planet Earth, NASA
has entered into a different contracting arrange-
ment with Orbital Sciences Corporation (OSC) in
which NASA has agreed to provide funding of
$43.5 million up front in return for 5 years of data
from OSC'’S SeaStar satellite. SeaStar will carry
the Sea-Viewing Wide Field Sensor (SeaWiFS)
ocean-color sensor for gathering multispectral
data about the surface of the ocean. NASA will use
SeaStar datain its studies of global change. OSC
will market data from SeaStar to fisheries and oth-
er ocean users, who will use them to locate the
most productive ocean areas and assist in ship
routing. The NASA-OSC “anchor tenant” agree-
ment has alowed OSC to obtain additional fund-
ing from the financial markets to complete its
project and will, if the satellite proves successful,
deliver data of considerable interest to NASA sci-
entists. Congress may wish to consider encour-
aging NASA and other agencies to use the
mechanism of data purchase to stimulate the
market for data. Such a mechanism has the ad-
vantage of providing the government with
needed data while assisting private firmsin de-
veloping new Earth observation systems.

B international Cooperation
and Competition

An effective strategic plan will also include con-
sideration of how the United States cooperates
and competes with other nations. Over the past
decade, satellite remote sensing has become in-
creasingly international: the European Space
Agency (ES A), the European Organisation for the
Exploitation of Meteorological Satellites (Eumet-
sat), France, India, Japan, and Russia now operate

21K Sawver, “For NASA "Smallsats,” a Commercial Role,” The Washington Post, June 9, 1994. p. A7.

231, Tucci. "NASA Refuses To Sell Clark. Industry Upset with Agency's SmallsatImagery Advantage. ” Space News. June 27- July 3,

1994, pp.3. 21

24 Indeed. DOD s | ikely to be amajor customer of data from WorldView, Space Imaging. Inc., and Eyeglass International. See chapter 3.
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satellite systems; others, such as Australia, Brazil,
Canada, China, Germany, ltaly, South Africa,
Sweden, and the United Kingdom, have devel-
oped considerable expertise in remote sensing
instrumentation and the application of remotely
sensed data but do not currently operate remote
sensing systems.” Countries have become active
in remote sensing to improve control over their in-
formation sources and applications, to obtain data
not otherwise available, to develop capabilities in
advanced information technol ogies, and to assist
their national security forces.

International remote sensing activities have
also become increasingly interactive: countries
cooperate to expand their own access to remote
sensing capabilities; they also compete for com-
mercial advantage or technological prestige. In
this new international environment, the United
States, which once was the only supplier of re-
motely sensed data, no longer dominates the
technology or the data markets. These circum-
stances require greater give-and-take in managing
international cooperation and increased attention
to the opportunities for maintaining and improv-
ing the U.S. competitive stance.

International Cooperation

Because remote sensing satellites pass over large
portions of the Earth without regard to political
boundaries, remote sensing is inherently intern-
ational in scope. Cooper ation among countries
offersthe opportunity to reduce costs and im-
prove the effectiveness of remote sensing pro-
grams. International cooperation can reduce costs
by eliminating unnecessary duplication among
national programs. Cooperation can also improve
the effectiveness of remote sensing by uniting the
complementary strengths of national programs
and eliminating data gaps that might otherwise oc-
cur. However, international cooperation carries
certain risks because it entails some loss of control

over the types and quality of available data. It also
risks the loss of some data by relying on the con-
tributions of other countries and poses additional
burdens of meeting the requirements of other
countries.

Data exchange is essential to international
cooperation in remote sensing. The open ex-
change of datais particularly important for weath-
er forecasting, global change research, ocean
monitoring, and other applications that require
data on a global scale. For this reason, the United
States has had along history of sharing remotely
sensed data with other nations. Because some
governments view data as a val uable commodity
whereas the U.S. government and others treat
them as public goods, the international remote
sensing community faces a challenge in coordi-
nating data access and pricing policies. Failure to
coordinate and reach substantial commonality in
policies on data access and exchange could greatly
complicate access to data and undermine the ef-
fectiveness of remote sensing programs.*Thisis
especially true for global change research, which
requires large quantities of different kinds of
data to develop and verify global environmental
models.

Stronger institutional arrangements could en-
hance the benefits of international cooperation in
remote sensing. Two questions will be critical.
First, can countries share control over cooperative
satellite programs in away that meets their over-
lapping but distinct requirements? Second, can
countries share the costs of these programs in a
way that isfair and alleviates the pressures for cost
recovery that can lead to restrictive data policies?
Options for strengthening the institutions of in-
ternational cooperation in remote sensing include
the following:

.An international information cooperative,
which is a set of ingtitutional arrangements for
the open sharing of data and information and

25 Brazil, however, has an agreement with China to develop a polar -orbiting remote sensing satellite, and Canada will launch its Radarsat

spacecraft in early 1 995.

26 5.8, CONQress, Office of 1€chnology Assessment, Remotely Sensed Data: Technology. Management, and Markets, op. cit., ch. 5.



the voluntary sharing of responsibility for data
management. The prime example isthe World
Meteorological Organization (WMO), which
has developed agreements for the open dis-
tribution of basic meteorological data, whether
they come from satellites, ground stations, or
other sources. The Committee on Earth Ob-
servations Satellites (CEQS) is a more informal
organization, “which has pursued agreements
on common principles for data exchange for
global change research and environmental
monitoring. Building on those agreements,
CEOS could provide the basis for a broad in-
formation cooperative for sharing satellite data
on the atmosphere, land, and oceans.

.A formal international division of labor.

Countries already specialize to some degree in
their remote sensing programs. Japan has de-
voted particular attention to ocean observa-
tions, whereas Europe focused initially on ob-
servations of atmosphere and land surface. In
scaling back its initial plans for the Mission to
Planet Earth, NASA has developed a program
that complements these foreign efforts. A for-
mal division of labor could allow countries to
specialize further in the types of data they
choose to collect without risking a loss of ac-
cess to other types of data that are collected by
other countries.

In the future, such arrangements could be
extended to make efficient use of the special-
ties developed within each country. For exam-
ple, the United States has considerable exper-
tise in weather and climate observations;
Europe and Japan are developing strengths in
ocean sensing and synthetic aperture radar
(SAR) technology; Canada, which will soon
launch its Radarsat, is focusing attention on
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SAR sensing of land and polar ice cover. Divid-
ing up the tasks and labor among many coun-
tries would encourage those countries to make
formal arrangements for sharing data from a
wide variety of instruments in support of in-
ternational monitoring efforts.

- An international remote sensing agency. Sev-
eral experts have suggested that the United
States should take the lead in establishing an in-
ternational remote sensing agency to provide
some global remote sensing needs.” An in-
ternational remote sensing agency might focus
on a narrow set of objectives, such as land re-
mote sensing,” or it could deal with broad
needs for data about the land, ocean, and atmos-
phere. Such an agency would allow countries to
pool resources for a satellite system that meets
their overlapping needs without the unneces-
sary duplication that characterizes current ef-
forts. However, establishing such an agency
would require great ingenuity in devising an ef-
ficient organizational structure that gives each
member country a fair share of control. For the
next several years, experience in working with
CEOS and other international arrangements
should provide insight into the ultimate work-
ability of an international remote sensing
agency.

Russia has a long and wide-ranging tradi-
tion of remote sensing and could be a strong in-
ternational partner. The United States has a two-
decade history of cooperation with the former
Soviet Union, but Cold War tensions limited the
scope of this cooperation. Current U.S.-Russian
space activities involve cooperation in the use of
data for Earth science and planned flights of U.S.
instruments on Russian spacecraft. These activi-

2TNo formal intergovernmental agreements are involved. Government agencies and nongovemment organizations send representatives to
its meetings.

X H. McElroy, “IN TELSAT, INMARSAT, and CEOS: Is ENVIROSAT Next?' In Space Regimes for the Future, G. MacDoald and S. Ride
(eds. iego, . Institute on Glo| onflict and Cooperation, University o ifornia, ; J. McLucasand P.M. Maughan, e Case
San Diego, CA: Insti Global Confli d Cooperation, Uni ity of California, 1993); J P.M I4 “TheC
for En\ irosat,” Space Policy 4(3):229-239,1988.

29 N. Helms and B. Edelson, “An International Organization for Remote Sensing,” unpublished paper presented at the 42nd Annual Mecting
of (he International Astronautical Fe(/eralion, Montreal, October 1991 (IAF-9 1-112.)
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ties could provide the basis for the future integra-
tion of Russia into international remote sensing
programs. Because of the potential benefits to
the United States of cooperating with Russia on
remote sensing programs, Congress may wish
to urge NASA and NOAA to explore the poten-
tial for closer cooperation in operational pro-
grams. In particular, the United States might ex-
plore the potential for including Russia in its
cooperative program with Eumetsat in polar-or-
biting satellites (see below, “Monitoring Weather
and Climate’ ').30 Ongoing cooperative activities
on the international space station and other areas
of space technology have given U.S. officias con-
siderable insight into Russian capabilities and
provide optimism that cooperative efforts would
be highly beneficial for both countries. However,
uncertainties in Russia’s political relationships
and the capacity to sustain its space programs ar-
gue for particular caution in undertaking coopera-
tive programs with Russia. Projects should be
well-defined, the benefits to both sides should be
clearly articulated, and plans to handle contingen-
cies should be developed.

International Competition

Despite the advantages of international coop-
eration noted above, commercial competition
and national security considerations may limit
the scope of intergovernmental cooperation in
remote sensing. For example, commercial activi-
ty in land remote sensing will likely limit the de-
velopment of intergovernmental cooperation. Y et,
commercia firms and government agencies from
various countries will likely cooperate on a vari-
ety of activities, including marketing data and de-
veloping technology and processing algorithms.
The recent marketing agreement between EOSAT
and the National Remote Sensing Agency of India

provides an example of such cooperation.™ Such
strategic commercia aliances are likely to ex-
pand the global market for remotely sensed data.

The U.S. private sector has been a world leader in
the development of sensors and spacecraft and is
likely to maintain its dominant, competitive posi-
tion for some time. However, the development and
operation by other nations of rnultispectral and
SAR satellite systems will give the private sectors
of those countries considerable incentive to build
their own systems and market data from them.

Experience with research and practical ap-
plications of data creates a strong synergy be-
tween the creation of a data market and the de-
mand for the development of satellite systems.
Such experience also extends to systems devel-
oped for national security needs. For example,
several countries in Europe are cooperating in de-
veloping and operating the French-led HEL1OS-1
surveillance satellite, which reportedly will be ca-
pable of I-m panchromatic ground resolution.”
This experience will enhance the capabilities of
non-U. S. government laboratories and private
firmsto field highly capable remote sensing sys-
tems and to use the data in a wide variety of civil-
ian applications. If foreign private firms enter the
marketplace with data from privately operated
systems, they are likely to do so with the strong fi-
nancial backing of their governments. If Con-
gresswishesto assist in maintaining U.S. com-
petitiveness in remote sensing systems and
data-management software, it has several op-
tions. It could:

= direct U.S. agencies to purchase from private
industry the multispectral data needed for op-
erational purposes in monitoring the land and
oceans,

.provide oversight to ensure that federal agen-
cies do not compete with private firmsin devel-

30 y.s. Congress, Office of Technology Assessment, The Future of Remote Sensing from Space, 0p-cit. p- 31.

31“EQSAT To Market Indian Data,” EQSAT Notes, fall/winter 1993, pp. 4-5.
32France expects to launch HELIOS-1in1995. Germany has just announced its willingness 10 cooperate in the development of afollow-on
system, HEL10S-2. See “Germany Ready To Take Role in Helios Pro gram,” Space News, May 23-29, 1994, p. 2.



oping software and in providing data process-
ing and other value-added services,

- provide oversight to ensure that federal agen-
cies do not compete with private firmsin devel-
oping remote sensing systems, and

« fund the development of advanced sensors that
would assist government remote sensing pro-
grams and private-sector needs.

LIMITATIONS OF A STRATEGIC PLAN

By linking different government environmental
remote sensing programs, as well as private-sector
developments, a national strategic plan for envi-
ronmental satellite remote sensing might assist in
the creation of an integrated remote sensing sys-
tem that is less susceptible than current systems to
single-point failure or changing priorities—a
more “robust and resilent” system for Earth ob-
servations. If, on the other hand, it resulted in a
large, single system, a comprehensive strategic
plan might make Earth observation plans more
susceptible to failure. NASA’s initial, large EOS
program, for example, was restructured twice to
make it more resilient to technical failure and to
lower funding expectations. The Space Station
program has been cited as an example of the diffi-
culties of funding and managing a large, single
project incorporating several interest groups.*In
addition, by forcing operating agencies to coordi-
nate among themselves and with data users even
more intensively than they now do, the process of
developing and executing a national strategic plan
for remote sensing has the potential to result in an
overly bureaucratic approach to Earth observa-
tions. Furthermore, as noted in chapter 3, the Clin-
ton Administration faces technical and program-
matic risks in merging operational programs such

Chapter 1 Findings and Policy Options 121

as NOAA'’s POES and DOD’s DMSP with re-
search programs such as NASA’s EOS.*

Integration of smaller programs into larger,
comprehensive ones to accommodate research
and development or operations goals tends to in-
hibit adaptation to external challenges because
more groups have to be persuaded of a particular
course of action. Further, although integration
into larger systems tends to deter budget cuts,
when cuts come they can undermine the entire
program. By contrast, cuts in an isolated program
may have few adverse effects beyond the program
cut. Developing and executing a comprehensive
strategic plan would be a mgjor challenge because
the existing institutional structure tends to resist
change and integration into a larger whole. Each
agency has developed a set of priorities for its pro-
grams, which then becomes incorporated into the
work of the authorization and appropriations com-
mittees of the House and Senate. These commit-
tees thus have a stake in the development of new
priorities and, therefore, may resist efforts to make
changes that would reduce their influence over the
agencies for which they are responsible.

Finally, as the experience with the USGCRP
has demonstrated, the development of a well-
coordinated plan within the executive branch does
not necessarily mean that the program will be con-
sidered as a whole when the federal budget reach-
es Congress. Each committee has its own priori-
ties and may either enhance or cut the budget of a
given program, independent of the funding bal-
ance agreed upon by the Clinton Administra-
tion.*In other words, the very structure of the
U.S. government may make the development
and execution of a strategic plan difficult. The

33R.D.Brunner and R, Byerly, Jr., *“The Space Station Programme,” Space Policy 6(2): 131-145, 1990.
34 Op the other hand scientists have noted that data from the Advanced Very High Resolution Radiometer (AVHRR)sensor aboard NOAA'S

POES are extremely useful for certain aspects of global change research and that better calibration of the instrument would enhance their re-
search. Hence, a mechanism for including research interests in operational systems would be beneficial.

35Inthe case of the USGCRP, the programs of some agencies have been sharply cut and others enhanced as the result of congressional

action. Appropriations subcommittees do not necessarily consider the effects of cuts or increases on the overall USGCRP program. See (-1, S.
Congress, Office of Technology Assessment, Global Change Research and NASA's Earth Observing System, op. cit., p. 9.
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USGCRP has succeeded in increasing overall
funding for global change research. It remains to
be seen whether a coordinated plan devoted in part
to increasing efficiency in Earth observations will
function as well.

MONITORING WEATHER AND CLIMATE

NOAA'’s Polar-orbiting Operational Environmen-
tal Satellite (POES) System and DOD's Defense
Meteorological Satellite Program (DMSP) have
distinct but similar capabilities for gathering data
on weather and climate. Since the 1970s, succes-
sive administrations have attempted, with only
partial success, to merge these two systems.

1 Convergence

To reduce federal spending, Congress®and the
Clinton Administration’s National Performance
Review recommended the consolidation of the
“various current and proposed remote sensing
programs.” ¥ The National Performance Review
also recommended that NASA “assist in ongoing
efforts to converge U.S. operational weather satel-
lites, given the benefits of streamlining the collec-
tion of weather data across the government.”*
The Administration released its plan in May 1994
(appendix C). Administration officials will at-
tempt to achieve total savings of up to $300 mil-
lion by the year 2000 and $1 billion over a decade
by consolidating POES and DM SP (figure 1-3).*

The proposals to consolidate the polar-orbiting
programs arose from the desire to achieve cost
savings and greater program efficiencies. Never -
theless, the consolidation of NOAA's, DOD'’s,
and NASA's satellite programs could have sev-
eral benefits even if it achieved no cost savings.
These include the ingtitutionalization of mecha-
nisms to develop research instruments and move
them into operational use, the potential for devel-
opment of long-term (decadal-time-scale) envi-
ronmental monitoring programs, and a potential
strengthening of international partnerships that
could facilitate new cooperative remote sensing
programs.

Consolidation of DOD and NOAA meteor o-
logical programs involves more than merging
programs, spacecraft, and sensors. The Clinton
Administration’s convergence plan calls for
DOD, NOAA, and NASA to cooperate in setting
up an Integrated Program Office (IPO) within
NOAA to operate a converged polar-orbiting sys-
tem. Each agency has different priorities, data re-
guirements, user communities, perspectives, and
protocols with respect to technology develop-
ment, acquisition, and operations-differences
they have developed during more than two de-
cades of cooperative, but independent, operation.
Therefore, consolidating space activities from
DOD, NOAA, and NASA is as much a“cultura”
and ingtitutional challenge as a technical one.

36 In 1993, tw,congressional committees requested a review of the NOAA and DOD polar-orbiting satellite programs to explore possible
cost savings. See G.E. Brown, Chairman of the House Committee on Science, Space, and Technology, letter to D.J. Baker, Administrator of
NOAA, Feb. 22, 1993; J.J. Exon, Chairman of the Senate Subcommittee on Nuclear Deterrence, Arms Control and Defense Intelligence, letter
to R. Brown, Secretary of Commerce, June 2, 1993; OTA also suggested consolidation of the two programs as an option for reducing federal
spending. See U.S. Congress, Office of Technology Assessment, The Future of Remote Sensing from Space, 0p. cit., p. 16.

37A. Gore, From Red Tape to Results: Creating a Government Thar Works Better and Costs Less, report of the National Performance

Review (Washington, DC: Office of the Vice President, September 1993), Department of Commerce Recommendation 12: Establish a Single
Civilian Operational Environmental Polar Satellite Program.

38 of ffice of the Vice President, National Aeronautics and Space Administration, accompanying report of the National performance Review
(Washington, DC: Office of the Viced President, September 1993): “By considering M TPE research activities in context with operational
weather satellite programs, cost savings are possible through convergence of the current operational satellite fleets. Convergence of the Nation-
al Oceanic and Atmospheric Administration (NOAA) Polar Metsat and NASA’'s EOS-PM (Earth Observing SystemAfternoon Crossing [De-
scending] Mission) will eliminate redundancy of measurements, enhance the capability of NOAA's data set and potentially result in cost sav-
ings. "

39 A. Gore, From Red Tapet. Results: Creating a Government That Works Better and Cosrs Less, op. cit.: “TO reduce duplication and save
taxpayers a hillion dollars over the next decade, various current and proposed polar satellite programs should be consolidated under NOAA.”
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FIGURE 1-3a: NOAA's Polar-orbiting Operational Environmental Satellite
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SOURCE: National Oceanic and Atmospheric Administration, 1993.

The principal challenge in converging the FIGURE 1-3b: DOD’s Defense Meteorological
Satellite Program Satellite

polar-orbiting satellite systems is likely to be
the development of organizational and institu-
tional mechanisms to ensure stable funding
and stable management in programsthat now
involve multiple agencies and multiple con-
gressional authorization and appropriation
committees. The government has few examples
of successful long-term, multiagency programs .”
The recent failure of the joint NASA-DOD man-
agement of the Landsat system suggests that pro-
posals to consolidate NOAA, NASA, or DOD
programs should, at the very least, be viewed with
great caution.

Under the 1PO set out in the Clinton Adminis-
tration’s plan (figure 1-4), each agency would take
the lead on one aspect of the operationa sys-
tem—technology development, procurement,
and operations—but each functional office would
include representatives of all agencies. The con-
verged system would be funded by the three

SOURCE: Department of Defense, 1993

S0 NEXRAD. a program funded jointly by NOAA. the Federal Aviation Administration (FAA), and DOD, has functioned relatively well.

However, unlike the converged polar-orbiting system, the components of NEXRAD are relatively severable. If one agency proves unable to
fund its portion. the program can still proceed at areduced level.
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FIGURE 1-4: The Integrated Program Office
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NOTE: The Integrated Program Office set outin the Clinton Administration's convergence plan will be funded by NASA, NOAA,
and DOD. Each agency will take the lead on one aspect of the operational system—technology development (NASA), procure-
ment (DOD), and operations (NOAA)—but each functional office would include representatives of all agencies. This arrange-
ment is designed to institutionalize each agency's incentive to support the overall system.

SOURCE: Presidential Decision Directive NSTC-2, May 5, 1994

agencies. Such an arrangement ensures that each
agency has arole and a stake in ensuring system
success. On the other hand, it suffers from the
weakness of depending on three different sources
of funding to support the system. Within the Of-
fice of Management and Budget (OMB), the
budgets of each agency are handled by different
examiners, who must perform a budget crosscut to
ensure that the total funding for the IPO is ap-
propriate. Within Congress, the programs and
budgets of each agency receive oversight by two
committees in each chamber; three subcommit-
tees of the House and Senate appropriations com-
mittees appropriate funds.

Although the planning for convergence has al-
ready begun, a converged system will not be fully
operational until 2005 or later. Near-term savings
are, therefore, likely to be modest. The Adminis-
tration estimates savings of up to $300 million
from a total projected outlay of about $2.2 billion
between FY 1996 and FY 2000. If implemented
successfully, convergence could eventualy lead
to greater savings. It might also lead to more effec-
tive programs as talent and resources are pool ed.
Perhaps as important as cost savings, however,
would be the opportunity to strengthen the
relationship between NASA and NOAA in de-



veloping the technology that will be needed for
future operational spacecraft. Before the
mid- 1980s, NASA funded the Operational Satel-
lite Improvement Program (OSIP), which devel-
oped technology and flight-worthy instruments
for NOAA'’s operational systems.41 During the
Reagan Administration, NASA sharply reduced
its support for OSIP.”Currently, NOAA has the
lead role in managing operational programs, but it
lacks the funds and in-house expertise to develop
the instruments it will need to carry out potential
new Earth observation programs, such as ocean
monitoring and long-term monitoring of Earth's
climate.

Once the Integrated Program Office is orga-
nized and staffed in October 1994, it will need to
address many technical and programmatic issues,
including program synchronization and the devel-
opment of new sensors and spacecraft.

.Synchronizing programs. To maintain the op-
erational status of their systems, both NOAA
and DOD have satellites in storage and in vari-
ous stages of construction. Before the Clinton
Administration’s convergence proposal was
announced, both systems had been scheduled
for so-called block changes, or major redesigns
of new sensors and satellites, by about 2006.
The Administration now plans to prepare a
single spacecraft design by 2005 or 2006 that
will satisfy the requirements of both NOAA
and DOD. This approach could require the de-
velopment of new sensors and a new space-
craft. The timing of the spacecraft might enable
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the converged system to use sensors and/or the
spacecraft adapted from the NASA EOS-PM
satellite, which NASA is developing to support
its two-decade study of global change (appen-
dix A).*Thefirst satellite in this series, PM-1,
is too far into development for modification to
be cost-effective. The second, PM-2, is sched-
uled for launch in approximately 2005; there-
fore, it and PM-3, which might be launched in
2010, are the most likely candidates for inclu-
sion in a combined research-operational satel-
lite program.

= Sensor and spacecraft convergence. A con-
verged meteorological satellite would have to
satisfy DOD needs for advanced imagery sen-
sors and NOAA's requirements for highly cali-
brated sounders. For example, NOAA and
DOD may find designing an optical imager
suitable for the needs of both agencies particu-
larly difficult technically. Existing NOAA and
DOD optical scanners generate images differ-
ently and differ in their capabilities to operate
at low light levels.” Accommodating NASA's
science research agendain an operational pro-
gram would add further technical and financial
challenges.

. The transition from research to operational
systems. The possibility of implementing a
combined DOD and NOAA operational pro-
gram with NASA’'s EOS-PM science research
program adds both opportunities and complica-
tions to instrument and spacecraft design. A tri -
agency research-operational satellite program

41See u.s. Congress, Office of Technology Assessment, The Future of Remote Sensing from Space, Op. cit., pp- 38-39.

42 Throughout the 1970s, NAsA helped develop NOAA's operational satellites through the NASA OSIP. For example, NASA built and paid
for the launch of the first two geostationary operational satellites, which NOAA operated. OSIP ended in the early 1980s as NASA placed its
emphases elsewhere and may have contributed to the subsequent difficulties NOAA experienced in the development of “GOES-N ext,” an ad-
vanced geostationary satellite that suffered schedule delays and cost overruns. The first GOES-Next was launched in April 1994 and w ill go into
operation in October 1994. See U.S. Congress, Office of Technology Assessment, The Future of Remote Sensing from Space, op. cit., pp. 38-39,

for a discussion of the GOES-Next program.

43E0S-pM carries instruments &Signed to collect data on weather and climate. See chapter 3.

44 The DOD operational Linescan System, for example, generates images with approximately constant resolution across the field of View.

Images from NOAA’s AVHRR degrade in resolution toward the edges of the field of view. Both characteristics are the result of tradeoffs be-
tween achieving data of particular interest to the missions of each agency and added cost and complexity.
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would present challenges that include the need
to:

.satisfy operational needs with relatively un-
proven instruments,

= accommodate the different production stan-
dards and data and communication proto-
cols that, so far, have distinguished opera-
tiona and research instruments,

.develop advanced instruments that meet
NASA'’s research needs but are affordable to
NOAA and DOD,

.develop instruments that meet the more lim-
ited space and volume requirements of the
smaller, cheaper launch vehicles used in op-
erational programs, and

.accommodate demonstrations of new tech-
nology and prototyping of spacecraft that
are being used for operational programs.

Operational systems require a predictable,
steady supply of data. Historically, the transi-
tion from research instrumentation to opera-
tional instrumentation has been successful
when it has been managed with a disciplined,
conservative approach toward the introduc-
tion of new technology. In addition to minimiz-
ing technical risk, minimizing cost has been an
important factor in the success of operationa pro-
grams, especially for NOAA.

Convergence provides an opportunity to re-
store a successful partnership between NASA and
NOAA in the development of operational envi-
ronmental satellites, expanding that partnership to
include DOD operational requirements. However,
even with convergence, tensions could arise, as
both NOAA and NASA face difficulties in recon-
ciling the inevitable differences in risk and cost
between instruments designed for research and
instruments designed for routine, long-term mea-
surements. For example, the Moderate-Resolu-
tion Imaging Spectroradiometer (MODIS), akey
EOS instrument, could eventualy replace
NOAA’'s AVHRR. Yet, as currently designed,

MODIS is unlikely to fit within NOAA’s budget
and would produce data that would tax the proc-
essing capabilities of operational users. NASA
and NOAA would likely have to redesign MODIS
to make its characteristics more compatible with
NOAA’s needs. NASA designed its EOS program
to provide data for the research and policymaking
communities rather than to serve as atest bed for
advanced technology. With or without conver-
gence, NASA, NOAA, and DOD would find
many challenges in adapting EOS instruments to
serve both research and operational needs.

The Clinton Administration’s convergence
plan maintains and could even strengthen U.S.
cooperative relationships with Eumetsat,
which plans to operate the METOP-1 polar-or-
biting meteorological satellite system begin-
ning in 2000. At the same time, the plan in-
creases U.S. dependence on Europe for
meteorological data. Asthe IPO develops its de-
tailed plans for convergence, it will have to ad-
dress certain questions, including the following:

.What arrangements can the United States and
Eumetsat make to prevent its adversaries
from using these meteorological data during
times of crisis? Who determines when such
times exist and how? Previous efforts at con-
vergence failed in part because DOD wished to
control its source and distribution of weather
data, especially in times of crisis. Current plans
call for Eumetsat to include three U.S. sensors
on METOP.*DOD has argued that it needs the
capability to deny useful weather data to adver-
saries in times of crisis. During such times,
DOD proposes to encrypt data from U.S. sen-
sors. It would release the data a few hours later,
when they could no longer be used to assist ad-
versaries war-fighting capabilities.

Even if control over data is achieved, the
growing capabilities of other countries to ac-
guire sophisticated weather data and informa-
tion may reduce the advantage DOD would

45 AVHRR, the High-Resolution Infrared Sounder (HIRS), and the Advanced Microwave Sounding Unit (AMSU).



have in controlling weather data.” Eumetsat is
dubious of such data control because it would
sharply reduce the capability of the METOP
system to supply data to Eumetsat’s contribut-
ing partners, the weather bureaus of each coun-
try. Eumetsat has linked this issue to “the open
issues between NOAA and Eumetsat regarding
data policy for both geostationary and polar
satellites.” “ Before disclosing the plans for
convergence on May 6, 1994, the United States
opposed the encryption of data on either the
geostationary or the polar-orbiting satellites on
grounds that such data should be available to
al users.

.How will the United States reconcile Euro-
pean desires for self-sufficiency in sensors
and spacecraft with U.S. needsfor consisten-
cy of data among spacecraft? Although three
U.S. sensors will fly on METOP-1 and ME-
TOP-2, Europe plans to develop its own sen-
sors for future METOP spacecraft. Data users
require consistency in format and calibration.
To maintain consistent data, | PO officials will
have to coordinate closely with Eumetsat and
European Space Agency officials concerning
the technical characteristics of new sensors.

.What contingency plans are necessary should
delays occur in the launch of METOP or
should it fail at launch or on orbit? As the
U.S. and European experience has demon-
strated, space operations risk occasional delays
and failures. Hence, the United States and Eu-
metsat will have to work out a detailed contin-
gency plan to ensure full operational status.
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Previous NOAA-Eumetsat experience in pro-
viding backup satellites and services for each
other in times of need will provide important
guides for future plans.

In the future, the United States may wish to
consider expanding its international cooperation
on weather satellites. It already cooperates closely
with Japan and with Eumetsat on supplying data
from the geostationary weather satellites. Recent-
ly, officials from both Japan and Russia have in-
quired informally about the possibility of broad-
ening the arrangement for the polar-orbiting
systems. *Japan has a very active remote sensing
program in support of operational applications
and scientific research, cooperating closely with
the United States on global change research.” Ja-
pan does not currently operate polar-orbiting
weather satellites, but it isinterested in the long-
term operation of ocean monitoring satellites. Ja-
pan currently depends on data from the U.S. polar
orbiters. Russia operates the Meteor series of po-
lar-orbiting weather satellites that provide data
similar to the U.S. POES. One of the Meteor satel-
lites now carries a Total Ozone Mapping Spectrom-
eter (TOMS) instrument, provided by NASA. to
assist in monitoring atmospheric concentrations
of ozone. In the next few years, Congress may
wish to explore the opportunities for expanded
international cooperation in the polar-orbiting
program in an effort to improve the gathering
and distribution of Earth observation data.
Other countries could supply sensors, space-
craft, or both.

46 National security restrictions on technical capabi lities of land remote sensi ng systems have relaxed considerably since thel970s. inlarge
part because other countries have gained capabilities once controlled only by the United States and the former Soviet Union. France, for ¢xam -
ple, currently operates the SPOT Image satellite system, w hich collects data of much higher ground resolution than the comparable U.S. Landsat
system. As noted earlier in this chapter, the French HELIOS surveillance satellite reportedly will achieve 1 -m ground resolution. Other coun-

tries are steadily improving their weather monitoring systems as well.

47 J, Morgan Director of Eumetsat, letter to E.F. Hollings, Chairman of the Committee on Commerce, Science, and Transportation. U.S.

Senate, Washington, DC, June 10, 1994.

4 p.J. Baker, Under Secretary of Commerce for Oceans and Atmosphere, National Oceanic and Atmospheric Administration. testimony
presented at hearing son convergence before the Committee on Commerce, Science, and Transportation, U.S. Senate, Washington. DC, June 14,

1994.

49 u.s. Congress, Office of Technology Assessment, The Future of Remote Sensing from Space, Op. cit.,pp. 177-178.
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I Long-Term Options
If the federal government were structuring an
institution to develop and operate environmental
satellites de novo, it would probably not create as
complicated an administrative arrangement as the
Integrated Program Office. However, the Admin-
istration is attempting to bring two satellite sys-
tems, each with its own requirements, objectives,
and procedures, under a single ingtitutional struc-
ture. By including NASA in the structure, it is also
attempting to increase the success of incorporat-
ing instruments from EOS satellites in future po-
lar-orbiting spacecraft. This arrangement could
also benefit NASA’'s EOS program by tying it
more closely to an operational program.
Experience with the Administration’s plan,
which provides near-term direction for conver-
gence, will guide future long-term plans. For ex-
ample, experience with the IPO arrangement may
demonstrate that DOD’ s needs for timely meteo-
rological data can be met with a civilian-operated
system. In addition, the international proliferation
of environmental satellite systems may increase
the sources of high-quality weather data, thereby
reducing the need for a strong DOD presence in
the operational system. Thus, over the long term,
Congress may wish to consider eventually
placing the development, acquisition, and op-
eration of the nation’s polar-orbiting environ-
mental satellite system entirely within a single
civilian agency. Long-term options for this shift
of responsibility include (see box 1-5):

- incorporate the Integrated Program Office
into a NOAA office,

- integrate NOAA'soperational satellite ser-
vices into NASA,

- develop an independent agency focused on
Earth observations, or

- incorporate Earth remote sensing efforts into
a Department of the Environment.

Each of these options would streamline the
congressional authorization and appropriations
process. The last three might lead to greater fund-
ing stability for a global environmental monitor-
ing system. None would undercut efforts to in-
crease international participation in such a
system. As the United States gains experience
with the near-term arrangement as outlined in the
Administration plan, arrangements more suitable
for the long term can be considered. Experience
may also show that none of these optionsis able to
give sufficient attention to DOD’ s needs for data
that support its missions. The Administration’s
near-term plan gives heavy emphasis to DOD’s
data requirements and adopts many elements of
DOD’s process for determining data require-
ments. Decisions about a long-term plan do not
need to be made for several years; in the mean-
time, Congress will have ample opportunity to as-
sess the progress made in bringing these programs
together.

LAND REMOTE SENSING

U.S. government efforts to develop operational,
civilian, space-based land remote sensing systems
have proved technically successful but chaotic in
terms of policy. Since 1972, first NASA, then
NOAA, and now EOSAT have operated the Land-
sat system—the U.S. satellite system for collect-
ing multispectral data (figure 1 -5) about the sur-
face of Earth (appendix D). NASA, NOAA, and
the U.S. Geological Survey (USGS) are now col-
laborating on procuring and operating the newest
Landsat system, Landsat 7. Because Landsat data
constitute the longest continuous record of the
state of the world’s land and coastal areas, they are
extremely important in monitoring regional and
global change. Many federal and state agencies
now depend on Landsat data to carry out their leg-
islatively mandated programs. Hence, maintain-
ing the continuity of data from Landsat should
continue to be a priority for the United
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BOX 1-5: Long-Term Options for a Converged Satellite System

- Incorporate the Integrated Program Office into a NOAA Office. Under this option, the Integrated
Program Office would eventually become solely a NOAA function, and NOAA would assume respon-
sibility for providing data for both civilian and national security needs. Such a transition would require
enhancing NOAA's budget to pay for the personnel required to provide the three office functions of
acquisition, technology transition, and operations. In addition, the new office within NOAA would still
have to maintain close connections with NASA to take advantage of NASA's institutional capabilities
in developing new sensors and spacecraft. it would also have to maintain similar ties with the DOD
laboratories that have developed DMSP instrumentation in order to ensure sufficient attention to DOD
data needs

+ Integrate NOAA'’s operational satellite services into NASA. NASA has the largest civilian budget
for space technology development and operations, and a future operational program could develop
from elements of NASA's Earth Observing System. However, NASA has relatively little experience in
running an operational program. lts institutional culture is more suited to conducting R&D in support
of operational programs than to conducting operational programs. 'In addition, NASA might not be
as attentive to the needs of the National Weather Service or other data users as NOAA is now

« Develop an independent agency focused on Earth observations. Such an agency would incorpo-
rate NASA's Office of Mission to Planet Earth, NOAAs National Environmental Satellite Data and In-
formation Service (NESDIS), and some elements of DOD's DMSP Office. This agency would benefit
from a focus on environmental issues. It would pursue research on the global environment and operate
the nation's environmenta! satellite programs. However, part of NASA's broad expertise with space
systems might be lost. In addition, such an agency would compete with large agencies and might
have difficulty maintaining a budget large enough to provide effective operational service.

« Incorporate Earth remote sensing efforts into a Department of the Environment Inrecent years,
several groups have suggested developing a Department of the Environment to consolidate environ-
mental programs now located in other agencies. A Department of the Environment could include the
Environmental Protection Agency (EPA), NOAA, and parts of the Department of the Interior and the
Department of Energy. It might also include NASA's Office of Mission to Planet Earth, or its successor
Such an agency would have the advantage of bringing together programs and staff with similar inter-
ests in understanding and preserving the national and giobal environment. For environmental remote
sensing, such an institutional arrangement might assist in consolidating data requirements and give
a much firmer base to funding satellite programs. The political cost of reorganization, including the
rearrangement of congressional authority, would impede efforts to establish such an office. Any effort
to consolidate environmental programs under the management of a single agency would be derived
primarily from concerns over giving more focused national attention to environmental issues. Finding
a better institutional setting for the polar-orbiting satellite programs would be one of many such con-
cerns

'U.S Congress, Office of Technoiogy Assessment, Civitian Space Policy and Applications, OTA-ST1-177 (Washington. DC.- U S
Government Printing Office, June 1982), ch. 9

SOURCE: U S Corgress, Offce of Technology, 1994
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FIGURE 1-5: 1993 Landsat Image

of Miami, Florida

SOURCE © 1993 by EOSAT

States.”If the United States is to maintain the fu-
ture continuity of data delivery from Landsat, it
will have to develop an operational system. How-
ever, despite significant advances in remote
sensing technology and the steady growth of a
market for data, the United States lacks a co-
herent, long-term plan for a fully operational
land remote sensing system.

I The Future of the Landsat Program

Ascurrently structured, the Landsat program
isvulnerable to a launch-vehicle or spacecr aft
failure. The Landsat program has also suffered
from instability in management and funding.
Indeed, the Landsat program still bears more re-
semblance to an experimental program than an op-
erational one. As a result of the loss of Landsat 6
and the lack of a backup satellite, the United States
now faces the prospect of losing data continuity
before Landsat 7 can be built and launched in late
1998. In addition, as demonstrated by its policy
history, the Landsat program is highly vulnerable
to the breakdown of institutional relationships.
Responsibility for satellite procurement, opera-
tion, and data distribution is currently split among
three agencies—NASA, NOAA, and USGS.
Thus, the Landsat program could be in jeopardy
should differences of opinion about its value arise
within NASA, the Department of Commerce, or
the Department of the Interior, or within the ap-
propriations subcommittees of the House and
Senate.” Indeed, the report of the Senate Ap-
propriations Committee for NASA's FY 1995 ap-
propriations expresses concern over whether
NOAA will have sufficient funding to support the
operations of Landsat 7.”Ensuring the future of
the Landsat program will require close coopera-
tion among NASA, the Department of Com-
merce, the Department of the Interior, and the six
appropriations subcommittees of the House of
Representatives and the Senate.

The United States has a few short-term op-
tions for improving Landsat program resilien-
cy. As one option, the United States could also

50 The Land Remote Sensing Policy Act of 1992 (P.L.. 102-555, 106 Stat. 4163-41 80; 15 USC 5601, sec. 2. Findings) strongly supports the
“continuous collection and utilization of land remote sensing data from space” in the belief that such data are of “major benefit in studying and
understanding human impacts on the global environment, in managing the Earth natural resources, in carrying out national security functions,
and in planning and conducting many other activities of scientific, economic, and social importance.”

SINASA’sappropriations originate inthe Subcommittee on Appropriations for the Veterans Administration, Housing and Urban Develop-
ment, and Independent Agencies; NOAA's originate in the Subcommittee on Commerce, Justice, State, and the Judiciary; and USGS s originate

in the Subcommittee on Interior and Related Agencies.

52 The Committee recommended removing *$10million from program reserves for Landsat. In the operating plan, NASA should indicate

whether sufficient support exists in NOAA's committees of jurisdiction in the Congress to support NOAA funds for Landsat 7. Without such
assurances, the viability of Landsat 7 as a joint project is questionable.” Report 103-31 | of the Senate Subcommittee on Appropriations for the
Veterans Administration, Housing and Urban Development, and Independent Agencies for FY 1995, p. 126.



rely on non-U. S. sources of data. Land remote
sensing became broadly international in the 1980s
with the development of the French SPOT, the
Russian Resurs-F, and the Indian Remote Sensing
Satellite (IRS) systems. Some data users would be
able to substitute digital data from the French
SPOT system or from the Indian IRS system,
which EOSAT now distributes worldwide. SPOT
data are already in wide use in the remote sensing
community. However, SPOT data do not have the
spectral or spatial range of Landsat. Few users
have experience with IRS data, which nearly du-
plicate the resolution and spectral response of the
first four spectral bands of Landsat TM data. To
determine whether IRS data could serve as backup
to the Landsat system, data users will have to ex-
periment with the data in their specific applica-
tion. NASA, USGS, and other U.S. agencies
could assist such users by carrying out a series of
experiments with the IRS data to determine how
well they would function as backups to Landsat
data.

Alternatively, if the Thematic Mapper (TM)
sensors or the X-band data transmitters aboard
Landsats 4 and 5 fail, before the launch of Landsat
7 in 1998, it will still be possible to collect data
from the low-resolution Multispectral Scanner
(MSS) sensor, which could likely be reacti-
vated.” Such data would still be useful for certain
global change studies and other applications
where fineness of resolution is not a major con-
cern.

In the long term, the United States may wish
to develop a fully operational system that pro-
vides for continuous operation and a backup
satellite in the event of system failure. In the
past, high system costs have prevented the U.S.
government from making such a commitment. If
system costs can be sharply reduced by inserting
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new, more cost-effective technology or by sharing
costs with other entities, the government might be
able to maintain the continuity of delivery of
Landsat-type data.

As noted earlier, severa firms plan to build and
operate commercial remote sensing systems.™
Because these firms focus on providing data of
comparatively high resolution, only a few or no
spectral bands, and limited spatial coverage,
these systems cannot substitute for the Landsat
system, which collects calibrated multispectral
data over alargefield of view. However, these
systems are likely to provide data that would com-
plement data from Landsat and similar systems.
Ultimately, the United States may wish to develop
a new system concept for Landsat, one that incor-
porates both wide-field multispectral observa-
tions and narrow-field, stereo panchromatic ob-
servations.

B Options for Reducing the Costs of
Federal Land Remote Sensing

One way to cut costs in land remote sensing would
be to enter into partnership with a U.S. private
firm or firms. Four broad options are possible:

1. Contract with a private firm to operate a sys-
tem, paid for by the federal government, that
distributes the data at the cost of fulfilling user
requests .55

2. Return to an EOSAT-like arrangement in
which government supplies a subsidy and spec-
ifies the sensor and spacecraft but allows the
firm to market the data, setting its own prices
according to market forces.

3. Make a data-purchase arrangement in which
the government purchases data of specified
character and quality from a private-sector sup-
plier.

53 EOSAT has deactivated th,MSS sensor, MsS data could be collected again if the MSS sensor and the S-band transmitter that transmits
MSS data continue to operate properly. EOSAT stopped collecting data from thesesensors in December 1992 because demand for these rela

tively low-resolution data was low.
54 See “The Private Sector” section.

55 In other Words, according to the guidance of OMB Circular A- 130
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4. Create a public-private joint venture in which
the government and one or more private firms
cooperate in developing a land remote sensing
system.

The U.S. government could also enter into part-
nership with one or more foreign governments.”
Interest in enhancing national prestige and the
prospect of being able to make remote sensing a
commercialy viable service have heretofore pre-
vented the United States and other countries from
developing cooperative land remote sensing sys-
tems. Yet, systems such as Landsat that produce
calibrated multispectral data of moderate resolu-
tion may never be commercialy viable,” even
though the data are of great interest to global
change scientists and other users who require cov-
erage of relatively large areas. Hence, cooperation
on systems that primarily serve the public good
may eventually be in the best interests of severa
countries. Possible candidates include Canada,
which is developing Radarsat; France, which is
operating the SPOT system; Germany, which has
developed several sensors but has no satellite sys-
tem; India, which now operates IRS-1; Japan,
which operates Japan Earth Resources Satellite- 1
(JERS-1) and Marine Observation Satellite-2
(MOS-2); and Russia, which has a long history of
using photographic remote sensing systems but
whose multispectral digital systems have yet to
prove themselves. Alternatively, a system might
be provided by a consortium of several countries.

In addition to paying greater attention to im-
proving organizational efficiencies and reducing
costs, the United States may wish to institute a fo-
cused program to develop remote sensing technol -
ogies. If the United States wishes to maintain
and improve its capabilities in remote sensing

56 N. Helms and B. Edelson, Op. cit.

technology as called for in the Land Remote-
Sensing Policy Act of 1992 (P.L. 102-555, Title
[11), it should continue to develop new technol-
ogy for the Landsat program aswell asfor EOS
and other programs.

OCEAN REMOTE SENSING

The oceans cover about 70 percent of Earth's sur-
face and, therefore, make a significant contribu-
tion to Earth’s weather and climate. The oceansin-
teract with the atmosphere, land, and ice packs,
constantly exchanging heat and moisture with
them. Y et Earth’s oceans remain much more of a
mystery than its atmosphere. Scientists know very
little about the details of the oceans' effects on
weather and climate, in part because the oceans
are monitored only coarsely by satellites, ships,
and buoys. Sea ice covers about 13 percent of the
world oceans and has a marked effect on weather
and climate. Measurements of the thickness, ex-
tent, and composition of seaice help scientists un-
derstand and predict global trends in weather and
climate. More detailed geographic coverage and
more timely delivery of ocean and ice data would
significantly enrich scientists’ understanding of
both realms.

Improving the safety of people at sea and man-
aging the seas’ vast natural resources also depend
on receiving better and more timely data on ocean
and sea-ice phenomena. For example, until satel-
lite measurements became available, the difficul-
ties of monitoring characteristics of the ice packs
from ground- or aircraft-based observations were
major impediments to understanding the behavior
of seaice, especially its seasonal and yearly varia-
tions. Table 1-2 summarizes some of the data that
ocean-ice satellite sensors can provide.

57m C Trichel ERIM, has suggested that although Landsat as currently conceived may not be a candidate for commercialization because

of its 16-day revisit period and its 1970s technology, a Landsat replacement using lightweight advanced technology might be commercially
successful (persona communication, 1994). NASA's experience with the data from a hyperspectral smallsat built by TRW may help determine

whether the market would support such a system.
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TABLE 1-2: Ocean and Ice Data

Sensor _ Data Science question Application
Ocean-color sensor Ocean color. Phytoplankton concentration, Fishing productivity,
ocean currents, ship routing, monitoring
ocean surface temperature; coastal pollution.
pollution and sedimentation
Scatterometer Wind speed, Wave structure, Ocean waves;
wind direction currents, wind patterns. ship routing,
currents,
ship, platform safety
Altimeter Altitude of ocean El Nifio onset and structure Wave and current fore-

surface, wave height,

wind speed.
Microwave Imager Surface wind speed,
ice edge,
precipitation
Microwave radiometer Sea-surface
temperature.

Thickness, extent of ice cover;
internal stress of ice; ice growth
and ablation rates

Ocean-air interactions.

casting.

Navigation information,
ship routing, wave and
surf forecasting

Weather forecasting

SOURCE U S Congress Office of Technology Assessment, 1994

B Operational Monitoring

of the Oceans and Ice
The development and operation of NASA's Seasat
system, the first satellite devoted solely to mea-
surements of ocean-ice phenomena, demonstrated
the utility of continuous ocean observations, not
only for scientific use, but also for navigating the
world's oceans and exploiting ocean resources.
Seasat failed after only 3 months. Nevertheless, its
operation convinced many that an operational
ocean remote sensing satellite would provide sig-
nificant benefits.” Although the capabilities of
land and ocean sensing systems are not entirely
separable, * agencies have developed satellite
systems with specialized applications in order to
optimize the sensors and spacecraft.

In the long term, the United States may wish to
provide ocean-ice data on an operational basis.
Not only do NOAA and DOD have applications
for data in an operational mode (i.e., where conti-

nuity of data over time is ensured and the data for-
mats change only slowly), but so also do private
shipping firms and operators of ocean platforms.
Knowledge of currents, wind speeds, wave
heights, and general wave conditions at a variety
of ocean locations is crucial for enhancing the
safety of ocean platforms and ships at sea. Such
data could also decrease costs by allowing ship
owners to predict the shortest, safest sea routes.
Information about ocean biological productivity
would help guide commercial fishing to promis-
ing fishing grounds and assist in maintaining fish-
eries yields.

Despite repeated proposals for operational
ocean satellites, the United States has not yet
made the commitment to ocean monitoring out-
side of meteorological applications.”In the
meantime, other entities, such as ESA, Japan, and
Canada, are emerging as primary sources of ocean
data for research and operational purposes (figure

58D, Montgomery}. “Commercial Applications of Satellite Oceanography,” Oceanus 24(3), 198 I: Joint Oceanographic Institutions,
“Oceanography) from Space: A Research Strategy for the Decade 1985- 1995"" (Washington, DC: Joint Oceanographic Institutions, [984).

59 Most sensors Provide some data about both land and the oceans.

60 The National Oceanographic Satellite System (NOSS), developed in the late 1970s by NASA, NOAA, and the Navy, was canceled jn
1981in part because of its cost. A similar fate befell the Navy Remote Ocean Sensing Satellite (N-ROSS) in 1988.
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FIGURE 1-6: European Space Agency ERS-1
Image of the Bay of Naples

SOURCE: © 1992 by ESA.

1-6). Growing experience with these data for op-
erational uses and for global change research
could increase U.S. interest in ocean monitoring
and could build confidence in relying on these
(and other) foreign services. In addition, growing
experience with land remote sensing has demon-
strated to a wider set of users the utility of remote
sensing for operational purposes.

1 Options for Operational
Ocean Monitoring

If Congress wishes to support a U.S. commitment
to civilian operational ocean monitoring, it could:

.Expand the mandate of the | PO to include an
ocean and ice monitoring capability. Al-
though the POES and DM SP satellites collect

data about the surface of the ice and oceans,
these capabilities could be expanded to include
additional useful data about ocean-surface
wind speeds and currents, and more precise
characterization of the boundaries and thick-
ness of seaice. The IPO could increase its capa-
bilities for collecting such data incrementally
by improving existing instruments and by ad-
ding additional ones as needs arise.

= Develop a comprehensive national ocean ob-
servation system, which would be the most
costly option because it would require the U.S.
government to develop instruments and a
spacecraft that it does not now possess. How-
ever, a national system would allow the greatest
independence in devel oping programs to meet
U.S. national needs. The United States has
started out on this course twice in the past,”
only to step back as the costs mounted.

= Take part in an international ocean monitor-
ing system, which would be much less expen-
sive than creating a national system because the
U.S. government would share the burden of
satellite systems with other countries. For ex-
ample, the United States could deploy satellites
for ocean color, scatterometry, and wave alti-
metry while relying on other countries for SAR
data on seaice. This type of approach would
build on existing mechanisms for international
data exchange to provide data from various
types of sensors to al participants, but it would
require expanding the capacity for data proc-
essing and transmission, both domestically and
internationally.

= Purchase data from commercial satellite op-
grators, which might reduce costs and
strengthen the U.S. private sector. However, to
reduce the risk to potential contractors, this op-
tion would require a long-term commitment
from the government to acquire specified types
and quantities of data. The novel arrangement
between NASA and Orhital Sciences Corpora-

61For example, with [he proposed joint civilian-military NOSS and with the Navy's N-ROSS.



(ion for the development of the SeaStar system
will provide a test of this approach.

.Rely primarily on data exchanges with other
countries, which means that the United States
could also continue to forego any major com-
mitment of resources to satellite ocean moni-
toring beyond existing meteorological pro-
grams. This approach offers the lowest up-front
cost, but it also provides the United States with
the least influence over the future of ocean
monitoring programs and related data-ex-
change policies unless it is tied to other activi-
ties with these same countries. The eventual
cost in limited data access or high data prices
might surpass the initially low costs.

Whichever path Congress chooses for the fu-
ture of U.S. ocean monitoring activities, the
most important question is whether the
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United States will make a long-term commit-
ment to ocean monitoring. Cost has been a criti-
cal factor in the inability to maintain past pro-
posed programs, which may have been overly
ambitious. The emergence of satellite ocean ob-
servation programs in other countries presents
the opportunity to develop a less expensive strat-
egy for ocean monitoring. Experience with data
from the European Remote-Sensing Satellite-1
(ERS-1), JERS-1, MOS, and Radarsat, as well as
from the U.S. SIR-C synthetic aperture radar
flown on the Space Shuttle,”will provide addi-
tional information regarding the desirability of
an operational system. That information, when
considered in light of overall U.S. goals for Earth
observations, could provide the basis for decid-
ing whether or not to pursue an operational
ocean-ice monitoring program.

62 SIR-C flew for the firsttime on the Space Shuttle in April 1994. 1(s second flight is scheduled for December 1994.



