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T his chapter provides an overview of institutional and
organizational issues surrounding the development of op-
erational environmental satellite remote sensing pro-
grams. In particular, the chapter examines issues related

to the development of a multiagency weather and environmental
monitoring satellite system and its place in a national strategic
plan for environmental satellite remote sensing programs.

Three themes emerge from the discussion in this chapter. First,
the United States does not have an institutional mechanism
for identifying national environmental remote sensing inter-
ests, ordering them by priority, and fashioning a coordinated
approach to managing them. In May 1994, the Clinton Admin-
istration announced its proposal to coordinate several existing en-
vironmental satellite remote sensing programs by consolidating
(“converging”) the National Oceanic and Atmospheric Adminis-
tration’s (NOAA’s) and the Department of Defense’s (DOD’s) po-
lar-orbiting operational meteorological programs and capitaliz-
ing on the National Aeronautics and Space Administration’s
(NASA’s) experimental remote sensing programs.2 However,
with its focus on just three federal agencies and only weather and

] Operu(ionul  programs are distinguished from experimental programs by having
long-term stability in funding and management, a conservative philosophy toward the
introduction of new technology, stable data-reduction algorithms, and, most  importantly,
an established community of data uwm who are dependent on a steady  flow of data prod-
ucts

2 The operational programs are NOAA’\ Polar-orbiting Operational Environmental
Satellite Program (POES) and DOD’S Defense  Meteorological Satellite Program (DMSP).
The NASA program mo~t  relefant to the convergence effort is the Earth Observing Sys- 157
tern (EOS).
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climate monitoring, this proposal is not intended
to serve as a comprehensive approach to satellite-
based environmental remote sensing.

Second, the proposed consolidation of
NOAA’s and DOD’s polar-orbiting meteoro-
logical programs raises both “cultural” and
technical issues. The technical issues center on
developing an affordable and reliable spacecraft
and sensor suite that will meet the different re-
quirements of the two agencies. This challenge is
exacerbated—perhaps even dominated—by prob-
lems inherent in combining programs that origi-
nate in agencies that serve different user commu-
nities. NOAA’s and DOD’s meteorological
programs have different priorities, different per-
spectives, and different protocols for acquisition
and operations. These differences developed in
over two decades of independent operation and
have manifested themselves in numerous ways—
most visibly in the different instruments that cur-
rently make up satellite sensor suites.

Third, the principal challenge to NOAA,
DOD, and NASA in implementing a joint-
agency satellite system to monitor Earth’s
weather and climate will be to develop organ-
izational mechanisms that ensure stable, mul-
tiyear funding and stable management. Histor-
ically, executive branch agencies and their
congressional authorization and appropriation com-
mittees have provided long-term stability in the
management and funding of operational programs.
Joint-agency operational programs would require
similar continuity in management and funding.
However, the involvement of multiple budget ex-
aminers within the Office of Management and
Budget (OMB) and the involvement of multiple
authorization and appropriation committees with-
in Congress (all operating on an annual budget
cycle) create new risks of program disruption.

The Clinton Administration’s proposal to con-
solidate the nation’s current and planned weather
and climate satellite remote sensing programs had
its origins in a desire to reduce costs. However, the

Office of Technology Assessment (OTA) found
that converging programs could have several
benefits even if there were no cost savings. These
include the institutionalization of efficient mecha-
nisms to develop research instruments and man-
age their transition to operational use, the institu-
tionalization of long-term (decadal-time-scale)
environmental monitoring programs, and a
strengthening of international partnerships that
would facilitate new cooperative remote sensing
programs.

A NATIONAL STRATEGIC PLAN FOR
ENVIRONMENTAL SATELLITE REMOTE
SENSING SYSTEMS
In an era of fiscal austerity, designing programs to
perform space activities more efficiently and with
greater return on investment has emerged as a key
element of national space policy. Greater program
integration, both domestically and international-
ly, has the potential to reduce costs and redundan-
cy. However, it can also add such risks as program
delays, increased costs, and the possibility that
program goals will be compromised. In the past,
the development of new or improved sensors and
spacecraft has proceeded according to the specific
needs of the funding agency. The nation is now en-
gaged in a reexamination of this model as it con-
siders the risks and benefits of multiagency pro-
grams and the emerging possibilities of engaging
the private sector in providing satellite services.

In an earlier report, 3 OTA observed that the
need to maximize the return on investments in re-
mote sensing was spurring calls for the creation of
a single, flexible, national strategic plan for re-
mote sensing. The elements of such a plan, OTA
suggested, should include mechanisms to:

= guarantee the routine collection of high-quality
measurements of weather, climate, and Earth’s
surface over decades;

■ develop a balanced, integrated, long-term pro-
gram to gather data on global change that in-

3 U,S, congre~~, Offlce of Technology Assess~nt,  The  Future ofRemole Sensingflom Space: Civilian Sateliile SYstems an~APplications*

OTA-ISC-558  (Washington, DC: U.S. Government Printing Office, July 1993).
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eludes scientifically critical observations from
ground-, aircraft-, and space-based platforms;

■ develop appropriate mechanisms for archiving,
integrating, and distributing data from many
different sources for research and other pur-
poses; and

■ ensure cost savings by incorporating new
technologies in system design developed in ei-
ther the private or the public sector.

A coherent plan for future environmental
remote sensing systems can help guide the
near-term decisions that are necessary to en-
sure that the data needs of users in the early
part of the 21st century will be satisfied. A par-
ticular challenge in the development of a national
strategic plan would be to address the needs of an
expanding and diverse “user community.” Several
attendees of an OTA workshop5 stressed the im-
portance of the early involvement of frequent us-
ers of remotely sensed data for research, opera-
tions, and applications to inform the process that
would set national policy and establish a strategy
for developing national remote sensing capabili-
ties (see chapter 2).

Users of environmental remotely sensed data
are not just agencies of the federal government;
they also include academic researchers, busi-
nesses, and state and local governments. Increas-
ingly, the user community for remotely sensed
data also includes foreign governments. The di-
versity of users reflects the varied applications of
environmental remotely sensed data, which range
from investigations of the physical and chemical
processes responsible for ozone depletion and
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other “global change” phenomena to resource
management and urban planning.

Meeting the data needs of the next century is
likely to require new remote sensing spacecraft
and sensors in addition to upgraded versions of
current systems. The first priority of future envi-
ronmental satellite remote sensing missions will
be to continue the present collection of operation-
al meteorological data for weather prediction and
monitoring. However, to support state-of-the-art
numerical weather prediction models, as well as
other applications, these systems will need ex-
panded capabilities, including sensors with higher
spatial, spectral, and radiometric resolution.6 In
addition, the environmental remote sensing sys-
tems of the 21st century are likely to have to meet
new observational needs for data over the oceans
and land surface. These include:

■ Monitoring of the oceans—for example,
ocean productivity, ice cover and motion, sea-
surface winds and waves, ocean currents and
circulation, and ocean-surface temperature.
NOAA’s and DOD’s monitoring systems cur-
rently gather data related to several of these
variables; however, the data are not sufficient
to support such high-priority scientific con-
cerns as understanding the phenomena respon-
sible for the onset of ENSO (El Niño and the
Southern Oscillation) events.7 Improved ocean
monitoring data would also have commercial
value, especially to the fishing and shipping in-
dustries. More generally, an expanded set of
observations over the oceans is necessary to

4 U.S. Congress, Office of Technology Assessment, Global Change Research and NASA’s Earth Obxer\’ing  S.vstem,  OTA-BP-l  SC- 122
(Washington, DC: U.S. Government Printing Office, November 1993).

5 A ,Vatl{)nul  Srrafeg\,jor Cib,lllan ,$pace-Ba.~ed  Remote  Sensing,  OTA workshop, Office of Technology Assessment. Washington, DC, Feb.

I 0, 1994.

6 De\lgners of remote sensing  systems are forced to make compromises and tradeoffs among several p~ameters  tia[  characterize \~\tem

performance. These parameters include spatial resolution, spectral resolution (the capability of a sensor to categorize e!ec(romagnctic  \igntils
by their wavelength), radiometric resolution (the accuracy with which intensities of signals can be recorded), and the number of \pectral bands
(a spectral band is a narrow wavelength interval). (See box 2- 1.)

7 For example, by monitoring sea-surface levels in the Pacific Ocean, a satellite altimeter can detect the equatorial waves that tend to precede
the onset of El Niilo.  See D.J. Baker, Planet Earrh: The View’jiwn Space (Cambridge, MA: Harvard University Press, 1990), pp. 70-71.
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improve understanding of the role of oceans in
the global carbon, biogeochemical, and hydro-
logic cycles, and in regulating and modulating
Earth’s climate.

■ Monitoring of the land surface with new op-
erational sensors such as a synthetic aperture
radar (SAR)8 and with follow-ons and addi-
tions to the Landsat series. Future visible and
infrared imaging systems are likely to feature
higher spatial resolution, improved radiomet-
ric sensitivity, stereo imaging, and a larger
number of spectral bands than does the current
Landsat. Such systems would support opera-
tional needs to manage nonrenewable and re-
newable resources. The systems would also
support applications such as mapping and land-
use planning.

■ Monitoring of key indices of global change,
especially changes in climate, through pro-
grams designed to measure ozone concentra-
tion and distribution, Earth’s “radiation
budget," and the atmosphere’s aerosol con-
tent and characteristics. Meeting these needs
will require the development of affordable
spacecraft and finely calibrated instrumenta-
tion that can be flown in a continuous series for
periods measured in decades. Future systems
will also have to support detailed “process
studies” to improve scientific understanding of
the complex physical and chemical ocean-land-
atmosphere processes responsible for global
change. This will require a mix of both satellite
and in situ measurement systems.9

By linking different government envi-
ronmental remote sensing programs, as well as

private-sector developments, a national strate-
gic plan for environmental satellite remote
sensing might assist in the creation of an inte-
grated remote sensing system that is less sus-
ceptible than current systems to single-point
failure or changing priorities—a more “robust
and resilient” system for Earth observations.
For example, NASA has designed the Earth Ob-
serving System (EOS) program with the assump-
tion that it will be complemented by Landsat.
However, the failure of Landsat 6 and recent bud-
getary problems have demonstrated that Landsat
has not acquired the characteristics of an opera-
tional program, which include relatively stable
budgets, spacecraft and launcher backups, and a
“launch-on-failure” capability to ensure continu-
ity of operation. Similarly, programs such as the
Navy Geosat follow-on are vulnerable to budget
cuts in a time of rapidly changing security require-
ments.

A national strategic plan might also assist in the
development of new sensors and advanced
technologies. In some cases, government and pri-
vate-sector partnerships are needed to develop
specific systems.

10 In others, such as the develop-
ment of an affordable multifrequency SAR, these
partnerships may have to be extended internatio-
nally. More generally, there is an urgent need to
coordinate efforts among researchers in gover-
nment laboratories, academia, and the private sec-
tor to reduce the size, weight, and resultant cost of
satellite remote sensing systems. To lower costs,
future systems should accommodate demonstra-
tions of advanced technologies. However, the ten-
sion between continuing past observations and in-

8 A SAR would Provide a unique  all-wea~er,  day-and-night capability to make high-spatial-resolution global measurements of Earth’s

surface. As discussed below, it would complement visible and infrared sensors.

9 U.S. Congress, Office of Technology Assessment, Global Change Research and NASA’s Earth Obsert’ing  System, op. cit., pp. 3, 13.

lo For example, Unpi]o[ed  air vehicles. Govemmen(  and private-sector partnerships might also assist in the development Of new technolo-

gies for Earth observation, which are described in appendix B of U.S. Congress, Office of Technology Assessment, The Fuwre ofRemote  Sens-
ingfiom  Space: Ci\i/ian Satellite Sysrerns  and Applications, op. cit. NASA is pursuing technology demonstration as part of its Landsat 3 pro-
gram and through its Office of Advanced Concepts and Technology. On June 8, 1994, NASA announced contract awards for two new Smallsat
Earth observation satellites that will demonstrate advanced sensor technologies. NASA expects them to cost less than 950 million each and be
developed, launched, and delivered on orbit in 24 months or less on a Pegasus launch vehicle.
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fusing new technology continues to be among the
most challenging aspects of planning future re-
mote sensing programs.

A national strategic plan would recognize ex-
plicitly that Earth observations cross agency
boundaries. For example, NOAA’s operational
environmental satellites currently focus primarily
on measurements of atmospheric variables. How-
ever, the study of Earth as a system will require
complete coverage of both Earth’s surface and the
atmosphere, with instruments tailored in mea-
surement frequency and duration to the particular
local, regional, or global phenomena under study.
For example. meeting the objectives of the U.S.
Global Change Research Program (USGCRP)l1

will require integrating satellite data and in situ
data with validated models to derive global data
products that may be compared over periods rang-
ing from seasons to centuries.

A comprehensive plan for environmental
satellite remote sensing would help ensure that
program and instrument choices were driven
by truly national needs instead of the some-
times parochial interests of individual federal
agencies. Currently, the United States does not
have an adequate system for allocating funds to
programs that serve data users who are outside the
normal program bounds of the operating agency,
nor does it have a reliable system for allocating
funds to programs that cut across agency bound-
aries. Under the existing system for appropriating
federal program funds, the agency responsible for
a program must defend that program to the office
of Management and Budget and to congressional
committees. Programs compete for funding and
attention both within and outside agency bound-
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aries. As a result, programs that cut across agency
boundaries or are perceived as peripheral to the
agency's central mission are vulnerable regardless

of how important they may be to the federal gov-
ernment as a whole (see discussion of Landsat be-
low).

A national strategic plan should also strive to
achieve an appropriate balance between “hard-
ware” and “software” development. Sensors col-
lect data, but models and algorithms are necessary
to translate these data into useful information.
Several participants at an OTA workshop 12 noted
the tendency to meet new requirements for envi-
ronmental remote sensing systems by “pushing
the technology” and neglecting (by comparison)
less costly software solutions. Meeting new re-
quirements for environmental remote sensing
systems in the most cost-effective manner will
require an examination of the “end-to-end”
process that turns data into information.

NOAA has historically been the lead agency in
managing civil operational satellite programs.
However, NOAA has lacked the budget authority
and the in-house capability to develop and flight-
test instruments for new operational programs.
The majority of NOAA’s funding is currently di-
rected at meeting its principal mission, which is to
provide reliable short-term weather forecasting
and weather warning. Without new budget author-
ity, NOAA might have difficulty funding expen-
ditures for new climate and ocean monitoring
instruments and spacecraft, or even for such im-
provements as upgrading the calibration and num-
ber of spectral channels of the Advanced Very
High Resolution Radiometer (AVHRR) sensor to
make it better suited for land remote sensing

I 1 For ~ ~e~crlptlon  of the U’jG~’Rp, \ec us Congress.  office of Techn~l~g} Asse\\ment,  G/~b~l/  C/lufl,qe Re.\earch  and ,VASA’.S Eur/}z

Ob\cr\  in~ .$)s(cm, op. cit.,  and references therein.
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(box 3-1) or for being better able to determine frequently the factor that limits the extent of these
cloud type. 13 applications. For example, better calibration

Higher stability and better calibration of satel- might allow climate trends to be discerned from
lite sensors will also be required by global change an analysis of sea-surface temperatures, which are
researchers attempting to distinguish real changes derived from weather satellite data.14 A national
from instrument-induced effects. In addition, ex- strategic plan for environmental remote sensing
perience has shown that satellite data can be ap- may be useful in reaching a consensus on how best
plied to a host of applications for which they were to fund and develop improvements such as better
not originally intended; instrument calibration is calibration of satellite sensors.

13 Cloud ty~ is determ~ed from analysis of mul[ispectra]-image  data from instruments on OWratiOna]  meteorological satellites. CUITently,

the number of spectral channels available and the calibration is insufficient for unambiguous determination of some clouds (for example, polar
clouds). Several proposed EOS instruments may help in cloud classification. See Committee on Earth Obser~’ution  Satellites (CEOS) 1993 Dos-
sier—Volume C: The Relevance of Satellite Missions to Global En\’ironmental  Programs (September 1993), p. C-34.

1A R*H. ~omas,  Po/ar  Researchflom Sate//ites  (Washington, DC: Joint Oceanographic Institute, February 1 ~ 1).
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WEATHER AND CLIMATE

B NOAA’s Polar-orbiting Operational
Environmental Satellite Program15

In 1960, the United States launched the world’s
first weather satellite, TIROS-1 .16 TIROS pro-
vided systematic cloud-cover photography and
observations of Earth with broad-band visible and
infrared imagery. Images obtained in visible
wavelengths gave researchers global views of the
structure of weather systems and weather move-
ment. Infrared sensors allowed these views to be
extended into hours of darkness. Combining both
types of imagery allowed a determination of cloud
type and the relative altitudes of the uppermost
cloud layers. Although considered experimental,
the success of TIROS- 1 led to operational uses of
the data, which the U.S. Weather Bureau pursued
simultaneously with NASA’s research and devel-
opment satellite-improvement program.

As noted in chapter 2, NOAA operates its cur-
rent satellite programs primarily to support the
data needs of the National Weather Service for
weather warning (the geostationary satellites) and
global forecasting (the polar satellite program). To
support its Polar-orbiting Operational Environ-
mental Satellite Program (POES), NOAA oper-
ates two Advanced TIROS-N (ATN) 1 7 spacecraft
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in complementary, circular, sun-synchronous po-
lar orbits, with morning and afternoon equator
crossings that designate the spacecraft as AM and
PM (box 3-2). Since its inception, NOAA has op-
erated its meteorological satellites to serve the
public good. This has resulted in continuity of
weather observations and public availability of
weather warnings (figure 3-1 ).

The POES system primarily provides daily
global observations of weather patterns and envi-
ronmental conditions in the form of quantitative
data that can be used for numerical weather analy-
sis and prediction. As a result, NOAA’s principal
requirements for POES are high-quality imaging,
primarily at optical wavelengths, and high-resolu-
tion temperature and humidity “soundings.”18

U.S. weather models are initialized with satellite
temperature and humidity measurements immedi-
ately to the west of the United States in the eastern
Pacific Ocean at times corresponding to the re-
lease of weather monitoring balloons (00 Green-
wich mean time (GMT) and 12 GMT). Therefore,
NOAA has a particular need for afternoon (PM)
temperature and humidity measurements over the
eastern Pacific. For similar reasons, European
weather organizations need morning data ac-
quired over the Atlantic Ocean.

The key instruments and services available
from the two operational POES satellites have

IS For ~ Ovewiew  of NC)AA and DOD pro~rarns, see D.J. Baker, Planer  Earlh: The Vie~from  Space, op. cit. A detailed description of
sensors and spacecraft design appears in National Oceanic and Atmospheric Administration, ENVIROSAT-2000  Repor[:  Comparison of De-
fense Meteorological Sarellite  Program (DMSP) and the NOAA Polar-orbltin.g  Opera ~ional Environmental Salellite (POES) Program (Wash-
ington, DC: U.S. Department of Commerce, October 1985).

lb T/ROS is tie  acronym for Television and Jnfrared  Observing Satellite. In this chapter, the term T/ROS salellite  is used interchangeably
with the term (NOAA ) POE-S sarellire,  T] ROS was the culmination of a project begun under the Department of the Army, which was then trans-
ferred to a newly created NASA and completed by NASA’s Goddard Space Flight Center.

17 TIROS-N,  ]aunched in 1978, was tie prototype for the modem NOAA polar-orbiting environmental satellite. The ATN, which dates to

1984, is an enhanced version of TIROS-N. lts increased capacity allowed the addition of the Solar Backscatter  Ultraviolet (SBUV  ) instrument,
the Earth Radiation Budget Experiment (ERBE) instrument~,  and the search and rescue system, SARSAT.

18 Data on tie tem~rature  and humidi(y  \tmcture of the atmosphere are necessary to understand the stability of the weather patterns and to
forecast short- and long-term changes. Satellite instruments used to remotel  y probe the temperature and moisture structure of the atmosphere
are generally refereed to as sounding instruments. To determine the temperature of the surface of Earth, infrared or microwave observations are
made at wavelengths at which the atmosphere is transparent. To determine the temperature structure of the atmosphere, observations are made
at wavelengths where there is absorption and emission by a uniformly mixed  gas. Atmospheric moisture distributions may be monitored by
sensors that detect emissions from water \apor. See National Oceanic Atmospheric Administration and National Aeronautics and Space Ad-
ministration, Space-Based Rcmo/e Sensing of Ihe Ear/h: A Report to /he Con,<res.s  (Washington, DC: U.S. Government Printing Office, Septem-
ber 1987).
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changed only slightly since the launch of TI- ers (HIRS—High-Resolution Infrared Sounder,
ROS-N in October 1978. The principal instru- SSU—Stratospheric Sounding Unit, and MSU-
ments on recent POES satellites are an optical sur- Microwave Sounding Unit (box 2-4)). 19

face and cloud imager (i.e., AVHRR) and infrared NOAA’s current POES satellites are built with
and microwave temperature and humidity sound- a design life of 2 years, which has usually been ex-

19 HIRS measures  scene radiance in 20 spectral bands, permitting the ciildatbn of the vertical temperature profile from Earth’s surface [o

about 40 km altitude. SSU is used to measure the temperature distribution in the upper stratosphere between 25 and 50 km. MSU gives NOAA an
all-weather (i.e., cloudy or clear condition) capability for temperature and moisture measurements. NOAA is developing a completely new
Advanced Microwave Sounding Unit (AMSU) for POES to improve the quality of temperature and humidity sounding. Ibid., pp. 60-68.
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ceeded.20 To ensure continuous availability of
weather data, NOAA attempts to procure these
satellites at intervals that would allow launch
within 120 days of “call-up.” The NOAA-J space-
craft and the enhanced NOAA-K, -L, and -M are
in production or test. The launch vehicle for future
POES satellites (and for DOD’s Defense Meteoro-
logical Satellite Program (DMSP)) is the Titan
11,2 The cost of the K, L, M series is approximate-
ly $100 million per satellite.

Before the Clinton Administration’s conver-
gence proposal was announced, agreement in
principle had been reached between Europe, rep-
resented by the European Space Agency (ESA)
and the European Organisation for the Exploita-
tion of Meteorological Satellites (Eumetsat), and
the United States, represented by NOAA, to trans-
fer responsibility for the morning (AM) segment
of NOAA’s polar-orbiting constellation in approx-
imately the year 2000.22 The United States en-
tered this arrangement to reduce costs and to gain
the benefits of shared data, mutual backup, and
some simplification in operations. The Adminis-
tration’s convergence proposal has not altered the
U.S. desire to enter into an arrangement with Eu-
rope to provide the morning meteorological satel-
lite; however, it has prompted the parties involved
to start renegotiating the terms of the agreement.
At the time this report was written, several issues
relating to implementation of the agreement had
not been resolved. In particular, issues regarding
U.S. control of real-time data from U.S. instru-
ments on board the European METOP23 satellite
had not been fully settled (see below).

The proposed convergence of NOAA and DOD
weather satellites has also not altered either
agency’s plans to implement major upgrades
(block changes) in next-generation systems. For
example, NOAA had planned to use the extra ca-
pacity of satellites O, P, and Q to fly an upgraded
complement of its current instruments while test-
ing new instruments that would be candidates for
future operational use. At one time, the O, P, Q se-
ries had been scheduled for launch starting in

~o For example, NOAA’S primaV  PM and AM mission spacecraft, NOAA-1 1 and NOAA- 12, are still operational after launch in September

1988 and May 1991, respectively. However, the next satellite in this series, NOAA- 13, which was launched into a PM orbit cm Augu\t 9.1993,
failed on August 21, 1993, because of a power system failure.

21 Titan II rep]aces  the Atlas-E.

22 The first launch of an operational  European spacecraft, METOP- 1, is scheduled for December 2000. plms cdl for ,METOP  ~o Caq ~ U.S.
operational instrument package in addition to European-supplied instruments. Europe has also agreed to \upply a high-latitude ground station.
Thi\ arrangement will eliminate blind orbits—that is, orbits where data transmission is not possible because the satellite is not in the line of sight
of a ground \tation.

23 A term derived from metrological @rational Mission.
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2000. However, when the series was delayed until
2005, NOAA developed plans to launch “gap-fill-
ers,” designated as NOAA-N and -N’, to ensure
continuity between K, L, M and the block up-
grade. It now appears that satellites N and N’ will
serve as gap-fillers between J-M and a converged
system (table 3-1).

NOAA satellite Projected launch date/status
J (PM) September 1994/under contract
K (AM) September 1995/under contract
L (PM) September 1997/under contract
M (AM) September 1998/under contract
N (PM) September 2000/under contract

anticipated
N’ (PM) September 2003/under contract

anticipated
O (PM) September 2005/old baselinea

P (PM) September 2008/old baseline
Q (PM) September 201 l/old baseline.—
a Schedule before the Clinton Administration’s convergence
proposal was completed, If the convergence plan I S

executed, NOAA will terminate the planned launch of satel-
lites O, P, and Q and instead incorporate features of this
block change into the proposed NOAA-DOD-NASA national
polar-orbiting environmental satellites

Source National Oceanic and Atmospheric Administration,
1994

DOD’s Operational
Program-

Meteorological

Like NOAA, DOD has an operational require-
ment for meteorological data. As executive agent
for a joint-service program to provide global
weather data, the U.S. Air Force operates a series
of meteorological satellites under its DMSP. The

first satellite in the DMSP series was launched in
1976. The current system includes satellites and
sensors; ground command and control (distinct
from NOAA’s); Air Force, Army, Marine Corps,
and Navy fixed and mobile tactical ground termi-
nals; and Navy shipboard terminals .24 Operation-
al users of DMSP products obtain data via a
centralized system (AFGWC, for Air Force Glob-
al Weather Central); direct links to DMSP are also
possible.

DMSP satellites support the needs of classified
surveillance programs and the tactical needs of the
fighting forces for information about the weather.
Data from DMSP are used by the military to:
■

■

●

■

●

✘

●

detect and forecast the absence or presence of
clouds,
determine wind speed over the open ocean,
provide precipitation data to determine cross-
country mobility of armor forces,
optimize performance of electro-optical sen-
sors,
provide data for artillery and missile targeting,
provide input data for weather forecasts over
data-denied or enemy territory, and
provide space environmental data to support
space systems operations.25

The DMSP space segment normally consists of
two satellites in 833-km, circular, sun-synchro-
nous polar orbits that are similar to the POES sat-
ellites, but with different equator crossing
times.26 Unlike NOAA, DOD has designed its
satellites to be flexible in orbit crossing times to
support changing mission requirements.27 DMSP
carries payloads that are specific to DOD require-
ments for data encryption, survivability, launch
responsiveness, flexibility in orbit selection,

24 Most DMSP terminals can also receive NOAA satellite data directly.

25 G.R.  Schneiter, Director, Strategic and Space Systems, Office of the Under Secretary of Defense (Acquisition), U.S. Department of De-
fense, testimony before the Subcommittee on Space of the Committee on Sc ience. Space, and Technology, House of Representatives, U.S. Con-
gress, Nov. 9, 1993.

26 The most  recent  DMSP launches had local equator crossing times of 0530 ~d 0730.

27 NOAA’s principal requirement for gathering data for its numerical weather forecasts does not require flexible orbit crossing times (in fact,
NOAA weather models are designed to be initialized at the same time of day).
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low-light imagery, and constant-resolution cloud
imagery for automated data processing (box
2-5). 28

The primary sensor carried on every DMSP sat-
ellite is a visible and infrared imager known as the
Operational Linescan System (OLS), which was
first flown in 1976 on Block 5D spacecraft. OLS
imagery is used to depict cloud types and cloud
distribution and to locate cloud-free areas. OLS
data are also used to identify the location, extent,
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and development of significant weather systems;
the location of jet streams, troughs, and ridges;
and areas of potential turbulence and icing. DMSP
satellites also carry an advanced passive millime-
ter-wavelength microwave imager, the Special
Sensor Microwave/Imager (SSM/I), that provides
information concerning sea states and ocean
winds, polar ice development, precipitation, and
soil moisture estimates, data that are of great inter-
est to a wide variety of users (box 3-3). SSM/I is

1~ See ~pa~ment of Defense  comments in U.S. General Accounting OffIce,  Wearher Sarel/ires:  Economies A~’uilable  b}’ Con\’ ergin.~ Go~-

ermnenf  ,t~elec~rcjl~~,ql(tll  Sa/ei/I/c\, GAO NSIAD-87-  107 (Washington, DC: U.S. Government Printing Office, 1987), p. 51.
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also used for hurricane and typhoon characteriza-
tion.29 DMSP carries two passive microwave
sounding instruments—SSM/T-l and SSM/
T-2—that provide data that allow derivation of
vertical temperature and tropospheric water vapor
profiles of the atmosphere, respectively.

Historically, to support tactical operations and
other missions, one of the two operational DMSP
spacecraft has had an equator crossing at dawn and
the other has been operated at varying crossing
times later in the morning (for example, 0830).
These satellites meet DOD’s particular needs for
imagery at a time when clouds are less likely to
obscure the ground. DOD also uses data from the
DMSP satellites and from NOAA’s PM satellites
as inputs to numerical forecast models. Together,
DMSP and POES weather satellites meet DOD’s
requirements for 4-hour refresh rates for cloud-
imagery data and DOD-NOAA requirements for
6-hour refresh rates for sounding data.

Four DMSP satellites are in storage and five are
under construction: S 11, S 13, S14, and S15-S20.
S11, S13, and S14 are Block 5D-2 design;
S 15-S20 are Block 5D-3.30 The recurring cost of
each 5D-3 satellite is approximately $134 mil-
lion. 31 DOD expects the DMSP spacecraft to
achieve 4 years of operation on-orbit for the space-
craft in storage and 5 years for the spacecraft being

constructed .32 Assuming that the historic reliabil-
ity of DMSP spacecraft continues, the last DMSP
under construction could be launched in 2006 or
later.

I Comparing NOAA’s and DOD’s
Polar-Orbiting Operational
Meteorological Programs

Differences between NOAA’s and DOD’s meteo-
rological programs in part reflect the comparative-
ly greater importance DOD attaches to cloud
imagery (to support tactical operations) than to
sounding measurements of atmospheric tempera-
ture and moisture. Although NOAA shares
DOD’s requirement for cloud imagery, it has a
particular need for high-accuracy temperature and
moisture profiles of the atmosphere. These data
initialize NOAA’s twice-daily global numerical
weather forecasts.

The differences between NOAA’s and DOD’s
requirements are reflected in the instrument suite
on board DMSP and POES satellites. For exam--
ple, POES satellites use high-resolution infrared
soundings complemented by microwave sound-
ings for their weather models, whereas DMSP sat-
ellites use only the lower-resolution microwave
soundings.

33 
NOAA plans to introduce an ad-

29 SSWI is p~icular]y  Usefi]  in monitoring the pacific ocean,  where it has replaced more costly aerial reconnaissance as a way to track

typhoons. Although sometimes characterized as a “Navy” sensor, SSM/I is used by many federal agencies and serves a diverse user community.
Workshop participants at a joint DOD-NOAA conference on DMSP retrieval products were, in fact, primarily civilian and international users.
See R.G. Isaacs,  E. Kalnay,  G. Ohring, and R. McClatchney, “Summary of the NMC/NESDIS/DOD  Conference on DMSP Retrieval Products,”
Bulletin of the American Meteorology Society 74(1):87-91,  1993.

los. 12 is already  in orbit.  S-15 is designated as a 5D-3 design because It uses the 5D-3 spacecraft bus. However, its instrument package is

identical to that found on 5D-2 satellites.

3 I 1992  dollws. 5D-2 satellites cost approxima[e\y  $120 million in 1992 dollars. T’hese figures refer only to recurring costs  of the spacecraft

and sensors. They do not include one-time initial startup costs such as RDT&E (for research, development, test, and evaluation), nor do they
include costs associated with the ground segment, such as the costs of ground terminals and of the satellite command, control, and commun ica-
tions network.

~z me ~ES satelll[es have an on-orbit design life of 2 years, but they generally last  longer.

~~ Microwave sounders complement  infrared sounders because they can penetrate clouds. For example, recent POES satellites have COm-

bined data from infrared sounders HIRS/2 and SSU, with MSU, a four-channel radiometer (sounder) that makes passive microwave measure-
ments in the 5.5-mm oxygen band. DOD, having less need forhigh-resolution soundings and being most interested in an “all-weather” capabili-
ty, has pioneered the development of microwave sounders (for example, the SSM/1). T’he infrared and microwave instruments on POES  satel-
lites are capable of resolving temperature differences in the vertical structure of the atmosphere of approximately 1.5 to 2 degrees kelvin {K),
even in the presence of clouds. DMSP instruments can resolve approximately 3 K. Note that the all-weather capability of DMSP does not refer to
seeing through precipitation. The millimeter wave instruments carried by DMSP will operate through clouds, but not rain. In fact, this property
can be used to estimate rainfall.
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vanced microwave sounder, AMSU, which will
have a higher resolution than DOD microwave
instruments. DMSP and POES satellites are also
built differently for at least three other reasons:

1.

2.

3-.

The DMSP system must meet DOD’s specifi-
cation that it provide global visible and infrared
cloud data through all levels of conflict. There-
fore, components in DMSP must meet require-
ments for hardening and survivability that are
not present in POES.
DMSP satellites are built to military specifica-
tions (“mil-spec’’).34

DMSP satellites contain specialized electron-
ics, such as those needed to implement encryp-
tion schemes that support DOD’s requirement
to control real-time access to data.

This last difference affects NOAA’s and DOD’s at-
titudes toward international data exchanges. In
contrast to DOD’s approach, the Department of
Commerce’s weather forecasting (through
NOAA) relies on international partnerships to
fulfill its data needs and those of other U.S.
agencies, including DOD. Indeed, these partner-
ships, which have their historical basis in U.S. de-
cisions to treat meteorological data as a public
good, have been part of U.S. foreign policy since
the Kennedy Administration.
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As noted above, the primary sensor carried on
every DMSP satellite is the Operational Linescan
System (OLS). OLS provides day and night cloud
imagery from two sensors, which operate in the
visible and longwave-infrared regions .35 OLS has
several features that distinguish it from the
AVHRR on NOAA’s POES satellites. First, OLS
has a photomultiplier that allows DOD to generate
visible imagery from scenes illuminated at low
light levels (as 1ittle as the light from a one-quarter
moon). 36 Second, OLS is the only operational

imager capable of nearly constant spatial resolu-
tion across its data swath width (box 3-4).37

Constant resolution and other unique features of
OLS result in expedited delivery of images direct-
ly to the field and reduced time for weather fore-
casts. 38 Third, the sensor cooler on OLS is de-
signed to operate at a range of sun angles,
allowing operation at different equator crossing
times and, therefore, at different sun angles with
respect to the spacecraft as needed. Thus, OLS is
somewhat more flexible than AVHRR with re-
spect to the orbits it can support.

The current series of DMSP and the POES TI-
ROS-N satellites are built with a similar space-
craft “bus”39 and several subsystems (an excep-
tion is the command and data-handling subsystem).

34 DMSp,,  ~I~o built [() Iast longer  than pOES, but this added cost ma) be balanced by the need for fewer satellites during the cour~e  of the

progrum. For a dctalled comparison of POES and DMSP,  see National Oceanic and Atmospheric Administration, E,VV/ROSAT-2000°  Reporr:
Compur[  i(m t~[~ql~n.~e Ve[corologi(’ul  Sutellite Progrum (DMSP)  und the NOAA Polar-orbiting  Operurionul .En\ironmentul  Sutellite (POES)
Pro,qrumt  op. cit.

75 OL\  is used L(l pr[)~lde  cloud i[nagcrl,,  cloud-top  temwrature,  sea-surface temperature, and auroral image~f.  OLS ‘f visible-near-infrared

\en\or  operate\ in the 0.4-1. I -pm band; the infrared sensor operates in the 10 13-Lnl band. Three spectral band~ are chosen to enhance the
ability to distinguish among clouds, ground, and water. The extension of the vijible band to near-infrared wavelengths is chosen  to enhance the
ability to distingui~h  tropical \ cgeta(ion from water.

~@lJS ]Ow.light capabi] it} is n. ]Onger considered advanced technology. In fact, it is a feature of the recently launched NOAA  GOES-8.

HOW e~ er, design ~tudics  w ]11 be-needed to determine whether this feature can eaiily be incorporated into an instrument that replaces AVHRR
and 01.S on a conk erged  NOAA and DOD satellite.

?7 ~1 s ij ~Wrated 1. Pr{)duce  a near]}  ‘.onjtant ().6-km \patia] rejo]u[ion acro~s  it~ approximate) 3,000-km data SW ah. Direct readout data.
at fine (0.6-knl  ) and “wnoothcd ” (2.8-km) resolution can be received at tactical terminal~;  data can also be recorded on board the spacecrtift  at
both fine and Smoothed resolution for transmission to central receiving stations. I.OW  -light-level nighttime v isible data are at 2.8-km resolution.

78 ~:or ~xanlp]e  constant resolution \inlp] ifiej the ground processing that would otherwise be needed, es~ciall~ if a user recei~ Cd imWW’

data al the edge  of the field of VICW of the OLS (see di$cu$sion  and figure in bm 3-4).
3Y The ~pacecraft  bu~ carri~~ the pavload and inc]udej  s} ~tenl~ ~nd subs~itenls  that provide \e\eral  “housekeeping” functions.  ‘ncludill~

.
propul~ion:  electrical power  generation, conditioning, and distribution; communications (tracking, telemetry, and command): attitude deter-
mintition  and control: thermul control; and command and data handling. See E. Reeves, “Spacecraft Design  and Sizing.” Space Al[.sslon An(Jl>I-
\I.\ und I)es[,qn.  V’.J,  Larwm and JR. Wertz  (eds.  ) (Torrance, CA: Microco\nl,  Inc., 1992).
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Before the Clinton Administration’s convergence
proposal was announced, the Air Force had been
planning a block change for DOD’s meteorologi-
cal satellites. Like NOAA, DOD planned to initi-
ate this upgrade after the satellites in storage and
under construction had been exhausted. Although
recent DMSP and POES satellites have increased
their use of common systems and subsystems, the
follow-ons that DOD and NOAA had planned
would have resulted in systems with less in com-
mon than the current series. For example, Block 6
DMSP and NOAA-O, -P, -Q satellites would like-
ly have been built with different buses and would
have had a greater number of different compo-
nents and subsystems. These differences are note-
worthy because they suggest that before the Ad-
ministration’s convergence proposal was made,
the two agencies had been on a course that would
have resulted in distinctive meteorological satel-
lites and perhaps fewer opportunities for program
savings through economies of scale.

1 NASA’s Weather- and Climate-Related
Programs

The Administration has involved NASA in pro-
posals to converge operational meteorology pro-
grams for three reasons. First, NASA is funding
and developing the Earth Observing System of
satellites, which carry instruments that may later
be modified for use on operational weather satel-
lites. Second, NASA currently develops the
POES satellites for NOAA. Third, NASA has
historically been the agency that funds, develops,
and demonstrates prototype advanced remote
sensing technologies for civil applications. Once

proven, these technologies are candidates
NOAA’s operational missions.

I 71

for

The principal spacecraft in the EOS program
are comparatively large, multi-instrument plat-
forms designated AM, PM, and CHEM. Plans call
for the 5-year lifetime AM, PM, and CHEM
spacecraft to be flown successively three times.
Under the current schedule, the first flight of AM
would occur in 1998 (figure 3-2), the first flight of
PM would occur in 2000, and the first flight of
CHEM spacecraft would be in approximately
2002.40 Instruments on AM are intended primari-
ly for Earth surface observation (characterization
of the terrestrial and oceanic surfaces; clouds,
radiation, and aerosols; and radiative balance);
instruments on PM are intended primarily for
study of global climate (clouds, precipitation, and
radiative balance; terrestrial snow and sea ice; sea-
surface temperature; terrestrial and oceanic pro-
ductivity; and atmospheric temperature); and
instruments on CHEM are intended primarily for
study of atmospheric dynamics and chemistry
(ocean-surface stress and atmospheric chemical
species and their transformations) .41

EOS program officials have stated that they ex-
pect some research instruments to evolve into the
next generation of instruments for routine and
long-term data collection. In particular, the EOS
PM series, scheduled for launch beginning in
2000, 42 will fly instruments that have potential
application for operational weather and climate
data collection.43 (However, as discussed below,
NOAA officials express concern about the high
cost of flying EOS instruments as part of a system
for long-term, routine data collection.) Consider-
ation of converging EOS PM satellites with

40 Re\coplng the EOS Program has pa~lcular]y  affected the CHEM mission. See G. Asrar  and D.J.  Dokken  (eds. ), EO.$Reference  Handb~~~~~

(Washington, DC: NASA Earth Science Support Office, i993).

~IFor ~ description of EOS \pacecraft  and ins[mmen[s,  see G. Asrar and D.J.  Dokken (eds.), EOS Reference Hand~oo~. ibi~.

42 However,  [igh[ EOS budgetj  may force NASA to delay PM-1 by at least 9 montis.

43 pM c] i mate monitoring in~tmments  include  ~ atmospheric infrared sounder to measure Earth ‘S outgoing radiation (AIRS);  an advanced

microwave radiometer to provide atmospheric temperature measurements from the surface to some 40 km (AMSU); and a microwa}  e radiome-
ter to provide a(moipheric  water \ apor  profiles (MHS). AMSU, which is actually three modules, will replace the Microwave Sounding Unit
(MSU ) and the Stratospheric Sounding Unit (SSU ) on POES satellites, starting with NOAA-K. MHS is a European instrument that will be flown
on the European morning polar weather \atellite, METOP.
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NOAA and DOD operational satellites might oc-
cur starting with PM-2 or PM-3, which are sched-
uled for launch in approximately 2005 and 2010,
respectively. This plan would allow PM- 1 to serve
as a demonstrate ion platform for subsequent opera-
tional instruments. The year 2005 also lies within
the approximate period when DOD and NOAA
had been considering block changes in their cur-
rent programs. In principle, PM-1 could be de-
signed to meet both the needs of the research com-
munity and the needs of NOAA and DOD for
operational weather data: however, NASA,
NOAA, and DOD have concluded that employing
unproven research instruments in operational uses
is too risky.

NASA is also sponsoring competitive “Phase
B“ studies aimed at developing a common space-
craft for EOS PM-1, CHEM- 1, and AM-2,3.
These studies are examining the possibility of
launching EOS payloads on either an intermedi-
ate-class expendable launch vehicle (IELV), such
as the Atlas IIAS planned for AM-1, or a smaller
medium-class expendable launch vehicle
(MELV), such as the Delta II. Although these
studies are independent of convergence studies,
they are driven by a similar necessity to accommo-
date constrained budgets. As discussed below, an
EOS PM series adapted for launch on an MELV
might allow for a common spacecraft bus to be de-
veloped for EOS PM and a converged NOAA-
DOD meteorological satellite.

9 Efforts To Converge NOAA’s and DOD’s
Polar Weather Satellite Programs44

The United States has conducted Earth environ-
mental remote sensing satellite programs for over
30 years: for most of this period, the programs
have been under the auspices of NOAA, DOD,

JJ Thl~  \cc[lon  draw J on material prepared for OTA by R. Koffler.
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and NASA. These agencies have generally
succeeded in providing a workable mix of capabil-
ities to meet their own needs: DOD has managed
the operational and research and development
(R&D) programs dedicated to national security
purposes; NASA has undertaken the sometimes
risky development of the enabling technologies
for new remote sensing programs; and NOAA has
used the technical services of both NASA and
DOD to develop and operate the civil operational
environmental satellite system. On occasion,
NOAA and DOD have provided backup capabili-
ties in support of each other’s programs.

Management and operation of the nation’s civil
operational weather satellite system has histori-
cally been vested in NOAA.45 In general, the
technologies that NOAA needs to conduct its sat-
ellite operations are the products of the R&D work
already completed by NASA and DOD. NOAA
also depends on the resources of NASA and DOD
to procure and launch its spacecraft. For example,
NASA administers the contracts for NOAA’s sat-
ellites, and Air Force crews launch NOAA’s polar-
orbiting satellites from Vandenberg Air Force
Base.

NOAA reimburses NASA and DOD for the
personnel and other costs they incur when helping
NOAA meet its space mission. Overall and specif-
ic agreements between NOAA and NASA and be-
tween NASA and DOD (launch agreements are
between NASA and DOD) govern the responsibi-
lities and costs of the support provided to NOAA.
NOAA is responsible for determining the require-
ments of users of its satellite services, specifying
the performance of the systems needed to satisfy
requirements, and obtaining the necessary funds
to build and operate both the space and ground
segment of its systems. These arrangements are an

4.5 me ,$ ~rjd,~ fir~t ~) Pratlona]  ~,ea(her  satellite,  E7J,SA.  1 ( for Environmental Sciences Semices  Administration- I ; ESSA was the predeces-

wr to Nt3~\A ), was launched on Februa~ 3, 1966. The system was brought to full operational capability with the launch of ESSA-2 on Februarj
ZX, 1 ~~~, The owra[lonal”  }ttu[h[,r satel]ite  prOgram has ken in continuous existence since these Iaunche\: however, as its capabilities v’cre

upgraded, II wa~ referred to as the operational enlrronmenful  satellite program. NOAA’S policy to allow unrestricted collection of weather in-
formation by any grtmnd  station in the line of sight of its satellites dates to policies enunciated by President John F. Kennedy.
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outgrowth of agreements first reached by the three
agencies in the 1960s.

The distinction between NOAA operational
satellites and NASA research satellites dates to
1963, when NOAA rejected NASA’s NIMBUS
satellite as the basis for an operational program
because of delays in its development and because
it was judged too complex and expensive.
Throughout the 1960s, DOD was developing
weather satellites specific to its needs. By 1972,
the DMSP weather satellite system, which for the
first time included atmospheric sounders in addi-
tion to cloud imagers, was supporting centralized
and field ground stations. At the same time,
NOAA was launching the first of a series of se-
cond-generation operational satellites (denoted as
the Improved TIROS Operational Satellite
(ITOS)).46 Development of a third-generation se-
ries of operational satellites was also under way—
an atmospheric-sounder instrument array, in part
provided by the United Kingdom, was under de-
velopment; an upgraded visible-infrared imager
was being designed; and plans called for the use of
a data-collection system that would be provided
by France.

In 1973, a national space policy study led by the
Office of Management and Budget and the Na-
tional Security Council examined the fiscal and
policy implications of conducting separate DOD
and NOAA operational weather satellite pro-
grams. Before the study, some officials had antici-
pated that a merged system could meet both agen-
cies’ requirements (because each had a similar
requirement to acquire imagery of clouds) while
providing an overall savings to the government.
As noted above, however, NOAA and DOD

weather systems acquire different kinds of data at
different times of day to support different users.

The 1973 study based assessments of the tech-
nical feasibility and costs of a converged system
on NOAA, NASA, and DOD analyses. The study
concluded that no option could maintain current
performance levels while providing significant
cost reductions. In addition, policy concerns ar-
gued for the two programs to remain separate.47

The 1973 review did, however, result in the Nixon
Administration directing NOAA to use the DMSP
Block SD spacecraft bus, then under development
by the Air Force, as the basis for the next-genera-
tion series of polar-orbiting satellites. In addition,
NOAA and DOD were instructed to coordinate
the management of the separate programs more
closely.

On eight occasions since 1972, the Depart-
ments of Commerce and Defense have studied
convergence and implemented recommendations
designed to increase coordination and avoid un-
necessary duplication in their respective polar-or-
biting environmental programs. The 1973 study
and subsequent studies have resulted in programs
that have similar spacecraft with numerous com-
mon subsystems and components. In addition,
both programs now use a common launch vehicle
and share responsibility for creating products
derived from the data. The two programs also
work together closely on R&D efforts and provide
complement environmental information. How-
ever, until now, foreign policy and national securi-
ty concerns have precluded full convergence.48

The latest proposal to consolidate NOAA’s and
DOD’s meteorological programs is more likely to

46 In 1972, ITOS/NOAA.2  became the first operational  polar-orbiting satellite to convert from the use of a television camera to a scanning

radiometer, permitting day and night imaging and quantitative sea-surface and cloud-top temperature measurements.

47 DMSpdata were not shared wi~ o~er  nations.  However, the United States had pledged to maintain an open CIVll weather Satellite system.

Additionally, the NOAA system was a visible demonstration of the U.S. “cysen  skies” policy, and it satisfied long-standing U.S. obligations to
exchange Earth data with the meteorological agencies and scientific organizations of other nations.

~ D.J. Baker, Under  Secretaw  for oceans  and Atmosphere, National Oceanic and Atmospheric Administration, U.S. Department of Com-

merce, testimony before the Subcommittee on Space of the Committee on Science, Space, and Technology, House of Representatives, U.S.
Congress, Nov. 9, 1993.
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succeed than past attempts because of the conflu-
ence of several factors, including:
m

■

■

■

Extremely tight agency budgets in an era of
fiscal austerity. Officials from NOAA, NASA,
and DOD agree that this is the most important
factor spurring convergence.
Calls from members of Congress and the
President to streamline government and ef-
fect cost savings. Satellite environmental re-
mote sensing programs were among the pro-
grams targeted for cost savings in the
President’s National Performance Review.49

Plans to make substantial upgrades (“block
changes”) in both the DMSP and POES pro-
grams during approximately the same period
after the turn of the century.
A changed international security environ-
ment. The importance of this factor is uncer-
tain. DOD requirements for meteorological
data have not changed in the post-Cold War era.
Nevertheless, some analysts believe the
changed security environment has encouraged
DOD to moderate its historical objection to
shared military-civil systems.

Two other factors influencing the current conver-
gence effort are: 1) the involvement of NASA, es-
pecially through the potential use of its EOS PM
instruments, and 2) the involvement of foreign
governments .  especial ly  through the planned u s e
of Europe’s METOP satellite.

1 Issues and Options for Convergence50

Satellite environmental remote sensing systems
consist of both a ground and a space segment;
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therefore, consolidation of separate programs
(convergence) could involve a range of options.
For example, convergence could occur at the level
of data processing and dissemination if common
data requirements, standards, and distribution
systems were established. Convergence might
also occur at the instrument level if common re-
quirements and designs for the acquisition of
instruments were mandated. At a still higher level,
convergence could involve the merging of opera-
tional programs under the direction of a single
agency or a single new organizational entity. Fi-
nally, a fully converged system would do all of the
above and use common spacecraft and instru-
ments to satisfy what are now separate operational
and research needs.

There are two principal scenarios for consoli-
dating meteorological programs. The first would,
in effect, involve combining plans for DOD
DMSP Block 6 with NOAA-O, -P, and -Q meteo-
rological satellites. The principal technical chal-
lenge in this convergence scenario would be meet-
ing DOD’s requirement for constant-resolution
imaging and NOAA’s requirement for calibrated
imaging and atmospheric sounding. For example,
DOD and NOAA have both studied concepts that
would improve their respective imagers; conver-
gence would require a new study to determine
whether a single imager could be developed to
meet both agencies’ needs at an acceptable cost, or
whether to fly two separate imagers would be
more practical.

The second scenario would involve developing
a common satellite and spacecraft bus and modi-
fied EOS sensors that would satisfy NOAA’s and

“) A. (;or-e,  “From Red Tape to Results: Creating a Government That Works Better and Costs Less,” report of the National Performance
Rc\ ICW ( W’mhington,  DC: Office of the Vice president, Sept. 7, 1993). See also National Performance Review, OffIce  of the Vice President,
.\’atIonal Aer<)nuufIc.\  und Space Administration: Accompunylrrg  Reporl  of the National Performance Re\ie\*v (Washington, DC: Office of the
\“Icc Pre\ldent, September 1993).

$( )Thl\  \ccti[)n draw, on intern iew~ and briefings from NOAA, NASA, DOD, and industry officials. It also draWS on briefing papers pro-

~ lded by attendeei of an OTA Workshop, A National Sfralegy for Cit’ilian  Space-Bared Remote Sensing, held Feb. 10, 1994. For a review of
technlca]  und policy iisues specifically related to the Clinton Adminiswation’s  convergence plan, see D. Blersch, DMSP/POES:  A Posr Cold
khr ,45 icj ttnent (A Re-Examination  of Tradi!lonal Concerns In a Changing En~’ironment)  (Washington, DC: ANSER Corp., June 1993); and
H. Kottler.  J.R. Llfslt~,  J.J. Egan, and N.D. Hulkower,  Perspective.\ on Convergence, Project Report NOAA- 10 (Lexington, MA: Massachusetts
In\tltutc of Technology Lincoln Laboratory, Feb. 8, 1994). See also U.S. Department of Commerce, Office of the Inspector General, Nu/iona/
.5’tru/c,q\ /f~r RemoIe Serning 1.s Needed, AIS-0003-O-0006  (Washington, DC: U.S. Department of Commerce, Februa~ 1991 ).
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DOD’s operational requirements and NASA’s sci-
ence research missions. Attention has focused on
NASA’s planned PM series of satellites because
these satellites will carry instruments that have
previously been identified as candidates for future
NOAA weather and climate monitoring needs.
NASA is studying the practicality of reconfigur-
ing EOS payloads into smaller MELV Delta II-
class expendable launch vehicles. This “three-
way” convergence scenario would offer greater
savings to the government than NOAA-DOD con-
vergence because it would use a common bus and
might use EOS instruments to satisfy both opera-
tional and research objectives. Several economies
of scale would also result if a converged Delta II-
class spacecraft and bus were suitable for all three
agencies.

The Clinton Administration’s convergence
proposal combines the two scenarios outlined
above. It seeks to consolidate NOAA’s and DOD’s
meteorological programs while capitalizing on
NASA’s EOS technologies. Any convergence
plan—whether the Administration’s or one of its
many permutations-has several generic ele-
ments that raise a common set of issues. The fol-
lowing section provides an overview of these is-
sues, giving particular attention to questions
about program synchronization, program imple-
mentation, and the effect of combining U.S. civil
and military programs with European civil pro-
grams. The future of Landsat, options for converg-
ing future land remote sensing programs with the
EOS AM series, and potential ocean monitoring
systems are not part of the Administration’s pro-
posal. They are discussed in this report because, as
noted earlier, land and ocean monitoring systems

would be an essential part of any comprehensive
long-term plan for U.S. satellite-based environ-
mental remote sensing.

National Security Considerations and the
Role of International Partners
Historically, meteorological programs at NOAA
and DOD have differed in their reliance on coop-
erative international ventures and in their policies
toward sharing data. NOAA has a long record of
international cooperation in its environmental re-
mote sensing programs. Indeed, international
cooperation has proved essential to NOAA in its
geostationary operational environmental satellite
system (GOES). By an agreement signed in July
1993, ESA and Eumetsat are making METEO-
SAT-3 available to replace the failed NOAA geo-
stationary satellite, GOES-6.51  Similarly, by in-
ternational agreement, meteorological data from
NOAA’s POES satellites are provided to the U.S.
National Weather Service and to foreign weather
services. As noted ealier, convergence has not al-
tered the U.S. intent to use European METOP sat-
ellites to satisfy a requirement for an AM polar or-
biter. Plans call for METOP to carry
U.S.-supplied sounders and imagers as well as Eu-
ropean payloads.52

In addition to the foreign policy benefits usual-
ly associated with successful international ven-
tures, foreign cooperation in meteorological and
climate monitoring programs may benefit the
United States by reducing expenditures for opera-
tional programs (e.g., METOP replaces NOAA
AM satellites) and by increasing opportunities to
flight-test advanced technologies (on METOP-1

51 Cument]y, five geostationaw Satellites orbi( Earth; two are operated by Europe, and the United States, Japan, and India each operate OIW. If

GOES-6 had not failed, the United States would be operating two satellites to monitor regions of Earth of interest to NOAA weather forecasters.

52 Europe Originally p]anned  to launch  a polar-orbiting  Earth observation satellite, denoted as POEM. METOP, whose primary mission is

operational meteorology, and ENVISAT, which is primarily an atmospheric chemistry mission, resulted when the POEM platform was di~ ided
into two smaller platforms. Before the Administration’s convergence proposal was announced, the United States had planned to fly the follow-
ing instruments on METOP- 1: AVHRR/3 (Advanced Very High Resolution Radiometer); AMSU-A (Advanced Microwave Sounding Unit-A, a
U.S. instrument that will be flown on NOAA POES satellites beginning with NOAA-K in 1996 andon EOS PM- 1 in 2000);” and HIRSf3 (High-
Resolution Infrared Sounder). VIRSR  (Visible and Infrared Scanning Radiometer), an upgraded version of AVHRR/3,  had been scheduled for
inclusion on METOP-2. It could be replaced by anew sensor to match the needs  of both NOAA and its pwtner in convergence, DOD. However,
partly to achieve economies of scale, ESA may wish to make METOP-2, in effect, a clone of METOP-I.
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and its successors). European, Japanese, and Ca-
nadian cooperation is also essential if the long-
term objectives of NASA’s Mission to Planet
Earth and the U.S. Global Change Research Pro-
gram are to be fulfilled (chapter 4).53

Plans to use European satellites for NOAA’s
AM mission—in effect, an international “conver-
gence’’—were in place well before the Adminis-
tration initiated its convergence studies. It is not
known yet whether a convergence plan that com-
bines NOAA’s and DOD’s meteorological pro-
grams with European programs will require
changes in the U.S.-supplied portion of METOP’s
payload. In particular, the question of whether
successors in the METOP series would carry an
instrument combining the functions now per-
formed by NOAA’s AVHRR and DOD’s OLS re-
mains unresolved. This issue is independent of the
more general question of whether Eumetsat will
agree to U.S. conditions regarding control of data
from U.S. instruments on board METOP.54

Maintaining international cooperative rela-
tionships in environmental remote sensing is
an important consideration in any conver-
gence proposal. Therefore, any convergence pro-
posal must address the following questions:

■ What contingency plans are needed if delays
arise from the U.S. development of a combined
payload-spacecraft for NOAA, DOD, and, per-
haps, EOS PM?

■ Does the plan reconcile European desires for
self-sufficiency in sensors and spacecraft with
U.S. needs for data consistent among space-
craft? Although the United States and Eumetsat
plan to fly three U.S. sensors on METOP-1 and
METOP-2, Europe plans to develop its own
sensors for future METOP spacecraft. To main-
tain consistent data, U.S. officials will have to
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53 scc G,  A\r~r ~n~ D.J.  Dokken (eds.  ), EOS Reference Handbook, op. cit.

coordinate closely with Eumetsat and ESA of-
ficials concerning the technical characteristics
of new sensors. Issues related to technology
transfer may also arise, especially if the United
States concludes that meeting NOAA’s and
DOD’s requirements in a converged program
will require that METOP carry a new advanced
visible and infrared imager.
Does the plan address European concerns about
data access while satisfying DOD needs for
data protection during times when U.S. nation-
al security interests would be threatened by
open access? Who decides when such times ex-
ist? What happens if an agreement cannot be
reached?
What contingency plans are needed should de-
lays occur in the launch of METOP- 1, and what
contingency plans are needed to maintain ser-
vice should a launch or on-orbit failure occur?
In particular, when should METOP-2 be avail-
able to ensure continuity with METOP- 1, and
what are the European plans beyond ME-
TOP-2?

The Administration’s convergence proposal
answers many of these questions. However, one
issue in particular remains unresolved: DOD’s ap-
proval of European involvement in the converged
program is subject to Europe’s acceptance of sev-
eral conditions relating to data access and control.

Program Synchronization
The last satellite in the current NOAA POES se-
ries is scheduled for launch near the end of 2005.
Similarly, the last of the current series of DOD
DMSP satellites under development or contract
(S11-S20) may be launched around this time or
later. This schedule focuses attention on the possi-
bility of redesigning NOAA-N and -N as merged

54 Mo\[ ]ike]y, 1( is ~]ready too ]a[e  [0  develop new  ins(mmen(s  for inclu~ion  on METOP- 1, ~hl~h is Under d~\ c] OpnlClll, ~ Itll a ~~ll~~ulcd

launch in 2(XK). Whether Eumetsat  would agree to a new instrument in METOP-2 was unknown at the time thii report waj completed (July
1994). METOP-2  is also under development; its scheduled launch is 2005, How ever, if DOD and NOAA merge  thclr  weather  progranl\.  the

United State\ may ask that METOP-2  be available sooner to ensure continuity of \cn  ice }$ ith MET OF- 1. This  M ould rcducc the IInlr ay al Iahle  to
make change~  in METOP. In addition, for reasons noted above, European space offlcia]  \ ma) bc reluctunt to charrgc N1 ETO1>- 2.
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NOAA and DOD meteorological satellites.55 It
also raises such issues as whether it would be cost-
effective to redesign DMSP satellites for joint
missions,56 whether a new spacecraft should be

developed, and whether instruments on NASA’s
PM satellites could be adapted to satisfy NOAA’s
and DOD’s operational requirements. PM-2 is
scheduled for launch in approximately 2005;
therefore, it and PM-3 would be the most likely
candidates for inclusion in a combined research-
operational satellite program. An added com-
plication in these issues is the possibility that
NOAA’s and DOD’s satellites will exceed their
expected lifetimes.

To meet NOAA’s and DOD’s requirements, the
Administration’s convergence plan calls for three
polar-orbiting satellites, with local equator cross-
ing times of 0530, 0930, and 1330, to replace the
current constellation of four satellites. Europe’s
METOP satellite is scheduled to assume the
morning NOAA mission beginning in 2000 (as-
suming the successful resolution of ongoing ne-
gotiations). National security and other consider-
ations unique to DOD missions (see above)
effectively foreclose the possibility y of a combined
DMSP-METOP AM mission. Therefore, it is
most likely that convergence would result in a sys-
tem architecture consisting of both U.S. and Euro-
pean AM satellites, with the U.S. satellite de-
signed to satisfy DOD’s imagery needs and the
European AM satellite (carrying U.S. instru-
ments) designed to satisfy NOAA’s and DOD’s
sounding needs. Depending on the results of on-

going studies, the PM satellite could either be a
NOAA-DOD meteorological satellite or a com-
bined NOAA-DOD-NASA satellite that would
satisfy current and anticipated needs for opera-
tional meteorological and climatological data.

Land remote sensing is not part of the current
convergence effort, but it could be part of a future
effort to coordinate polar Earth observation pro-
grams. NASA hopes to launch Landsat 7 by the
end of 1998. Assuming a 5-year satellite lifetime,
a Landsat 8 might follow in approximately 2004.
Given the advanced state of preparations for EOS
AM-1, scheduled for launch in 1998, AM-2,
scheduled for launch in approximately 2003,
would be the first opportunity to converge land re-
mote sensing programs. The many issues
associated with developing follow-ons in the
Landsat series are discussed below.

Impact of NASA’s Redesign of EOS
Originally, NASA planned to launch the largest
EOS satellites—AM-l,2,3; PM-1,2,3; and
CHEM-1,2,3-on intermediate-class expendable
launch vehicles such as the Atlas IIAS. As noted
above, NASA is now determining whether these
missions (except AM- 1, which is too far into de-
velopment) can be launched on a smaller MELV
such as a Delta II. However, the more restrictive
volume and weight constraints of the Delta II
might force NASA to reduce the size, weight, and
capability of instruments such as MODIS and
AIRS.57 Such “descoping” might also prove nec-
essary even if NASA retains IELVS because the

S5 NOAA.N  and -N were  ‘bgap-fil]ers” [ha(  were intended to maintam  continuity between NOAA’s last scheduled PM spacecraft In the

current ATN series and the block change. They are now supposed to serve as gap-fillers before the first launch of a converged satellite. Currently,
NOAA and DOD do not plan to attempt to redesign N or N’ as a converged satellite.

M For example,  according t. a DMSP Offlclal, tie SD-3 bus was not designed to carry the heavier NOAA ins[~ment~.

57 AIRS an inshment designed for determining global  atmospheric temperature and humidity profiles, would effectively be a much more

capable version of NOAA’s HIRS (box 2-4). Its improved capabilities include an increase by a factor of 2 in ground resolution (13 km looking
nadir). These and other improvements would support NOAA’s desire to extend its weather predictions to 7 to 8 days. MODIS is considered a
“keystone” instrument for the EOS program. It is a multispectral instrument for measuring, on a global basis every 1 to 2 days, biological and
physictil  processes on the surface of Earth, in the oceans, and in the lower atmosphere. MODIS may be thought of as a highly advanced, or
next-generation, AVHRR. It is being designed with 36 visible and infrared bands (from 0.41 to 14.4 pm) compared with AVHRR’S five bands
and will incorporate extensive on-board “end-to-end” calibration features. These calibration features, which are not present on AVHRR,  are
designed to give MODIS  unprecedented spatial and radiometric accuracy across its spectral bands. As a result, MODIS should be able to distin-
gui~h  instrument effects from subtle changes in the various processes researchers hope to study. Modifications to the MODIS focal plane and
wunning mode might also allow it to serve as a replacement for DOD’s OLS.
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AIRS and MODIS original y planned for flight by
NASA had capabilities that exceeded NOAA’s
“core” requirements and would have strained
NOAA’s budget. Operational programs typically
require the launch of a series of spacecraft that ac-
quire data over periods measured in decades.58 In
their original configuration, AIRS and MODIS
would likely have been unaffordable. In addition,
they would have strained NOAA’s data-proces-
sing capabilities. These “descoping” options af-
fect convergence proposals because AIRS and
MODIS have long been identified as candidates
for future operational instruments.

Several options would satisfy NASA’s desire to
accommodate its EOS payloads on a smaller, less
expensive launch vehicle and the Administration’s
goal to consolidate polar-orbiting satellite pro-
grams. For example, PM-1 could be developed and
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launched on an IELV as currently planned in 2000,
but that experience could be used to determine the
practicality of modifying EOS research instru-
ments to make them smaller, less expensive, but
highly reliable operational instruments suitable
for converged spacecraft launched on an MELV.
The end result of such an exercise would be to de-
velop versions of PM-2,3 that satisfy the needs of
both research and operational users of environ-
mental data. A critical, as yet unresolved, question
is whether such a payload suite is practical.

Instrument Convergence
A converged meteorological satellite will have to
satisfy DOD’s needs for advanced imagery sen-
sors and NOAA’s requirements for highly cali-
brated operational and affordable sounders (table
3-2).59 Accommodating some of the EOS tech-

Agency and mission Sensor a

—
NOAA

MuItispectral Imagery (cloud, vegetation) AVHRR

Temperature and humidity (initialize numerical T O V S
weather prediction models)

DOD

Visible and infrared cloud imagery (cloud- OLS
detection forecast, tactical imagery dissem-
ination)

Microwave imagery (ocean winds, precipta- SSM/I
tion)

Attributes

Calibrated, multispectral imagery

High spatial resolution, cross-track scanning (PM
equator crossing)

Constant field of view, Iow-light (early AM equator
crossing)

Conical scan

Low spatial resolution, cross-track scanningTemperature and humidity (electro-optical SSM/T- 1
propagation, initialize numerical weather pre- SSMT-2
diction models

a AVHRR = Advanced Very High Resolution Radiometer, TOVS = TIROS Operational Vertical Sounder, OLS = Operational Linescan System SSM/ I =
Special Sensor Microwave/lmager Special Sensor Microwave/T-1 = SSM/Temperature Sounder Special Sensor Microwave T-2 = SSM Water Va-
por Sounder

SOURCE: Office of Technology Assessment 1994

58 version of AIRS now planned for flight on EOS satellites will be supplied by LORAL Infrared and Imaging Systems. AIRS was 
“descoped” in 1992 to reduce its cost; the current design will better match NOAA’s requirements than the original EOS design (the changes
involved a reduction in the spectral coverage, but not the sensitivity}. of the instrument). NASA’s EOS MODIS instrument will be supplied by
Hughes Santa Barbara Research Center. MODIS has not been redesigned; NASA scientists envision flying MODIS to determine how best to
design a version suitable for operational missions.

59 A combined en~ ironmental Satel]i[e would ]ikc]~ also carry instrument~ for search and rescue and space environment nlOnitOrlng. but

these instruments are \mall and do not appear to pre$ent  significant technical challenges.
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nology demonstration and science research pro-
grams in an operational satellite program would
add to this challenge. Issues related to the devel-
opment of an appropriate suite of instruments
for converged environmental satellites cannot
be fully resolved until the technical require-
ments for a joint program are finalized. If con-
vergence efforts were to be integrated into a broad-
er effort to coordinate operational, scientific, and
commercial remote sensing efforts (that is, if con-
vergence was subsumed into a larger national stra-
tegic plan), then the NOAA and DOD search for a
common set of requirements would also require
consultation with the broader scientific communi-
ty and with other users of remotely sensed data
(see chapter 2). However, several reviewers of a
draft of this report expressed concern that broad-
ening the focus of convergence would complicate
the already difficult process of determining joint-
agency operational requirements.

The principal technical challenge in designing
a suite of instruments to meet the current NOAA
and DOD requirements is the imager for supply-
ing data now provided by AVHRR and OLS (box
3-4). Another issue is how to meet DOD’s and
NOAA’s needs for high-resolution wide-area mi-
crowave imaging and high-resolution sounding,
respectively. DOD now uses the SSM/I to meet its
microwave-imaging needs. An upgraded version
of SSM/I, whose features include a wider ground
coverage, is also under development by DOD.60

However, the scanning method used by these
instruments differs from the type of scanning
NOAA sounders use. Because NOAA require-
ments dictate the use of their particular scanning
method, instrument designers would face a prob-
lem designing a common DOD-NOAA micro-
wave imager-sounder.61 Separating NOAA and

DOD instruments on a converged satellite maybe
possible, but not without weight and volume pen-
alties. This scan-method mismatch has its roots in
the instrument heritage and acquisition strategy
peculiar to NOAA and DOD. It maybe viewed as
a manifestation of the cultural differences that
have developed between the two agencies.

Another issue relates to the possible U.S. use of
MIMR (Multi-frequency Imaging Microwave
Radiometer), a more capable version of SSM/I be-
ing developed in Europe for use in both METOP
and, under a Memorandum of Understanding be-
tween NASA and ESA, for use on EOS PM-1.
MIMR uses advanced millimeter-wave technolo-
gy. Millimeter-wave environmental sensing is a
DOD technology that is highly developed in
DMSP spacecraft. Some experts in this technolo-
gy expressed concern about ceding its continuing
development to a foreign partner.

Implementing a combined NOAA-DOD op-
erational program with NASA’s EOS PM science
research program would add both opportunities
and complications to instrument and spacecraft
bus design. A tri-agency converged satellite pro-
gram would present challenges that include the
need to:

8

m

m

■

satisfy operational requirements for data conti-
nuity with comparatively unproved instruments;
accommodate the different production stan-
dards and the different data and communication
protocols that heretofore have distinguished
operational and research instruments;
develop instruments that meet NASA’s re-
search needs but are affordable to NOAA and
DOD;
develop instruments that meet the more limited
space and volume requirements of a medium-
class expendable launch vehicle; and

bf~ SSMIIS ~il] replace SSM/1,  SSMIT. 1, and SSM/T-2  on DMSP 5D-3 spacecraft. It will have improved equatorial coverage, which is partic-

ularly important to the Navy because storms originate in the equatorial legions.

~1 NOAA weather  forecast models require near-simultaneous infrared and microwave sounding measurements through a particular dumn

of air. Because the NOAA infrared sounder on recent POES satellites, HI RS, uses a “cross-track” scan, the NOAA microwave sounder, MSU
(and the AMSU to be flown on NOAA’s K-N series), is also a cross-track scanner. However, DOD’s microwave imager, SSM/1, and its planned
upgrade, SSM, IS, execute a conical scan to generate images.
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■ accommodate technology demonstration and
prototyping on operational spacecraft.

Program Funding and Management
The overriding consideration in the current round
of convergence proposals is reducing program
costs. If implemented successfully, convergence
might also lead to more effective programs as tal-
ent and resources are pooled. Perhaps as important
as cost savings, however, would be the opportuni-
ty to strengthen the relationship between NASA
and NOAA to enable them to develop the technol-
ogy that will be needed for future operational
spacecraft. Historically, NASA funded, devel-
oped, and demonstrated space technology and
flight-worthy instruments and spacecraft that
were then used for operational missions. Current-
ly, NOAA has the lead role in managing opera-
tional programs, but it lacks the funds and in-
house expertise to develop the instruments and
spacecraft it will need to carry out new missions,
such as ocean monitoring and long-term monitor-
ing of Earth’s climate.

Convergence also poses risks, especially the
disruption in operational programs that, by defini-
tion, are designed to provide stable data products
on a routine basis. The principal challenges in
implementing converged operational satellite
remote sensing programs are not technical
(that is, developing an instrument suite and
spacecraft suitable for joint programs). Instead,
the challenges are likely to be centered in pro-
gram management and program funding.

Developing joint program management struc-
tures that will mesh with existing congressional
and executive branch budgeting procedures may
prove particularly challenging. Currently,

NOAA’s, NASA’s, and DOD’s environmental re-
mote sensing programs originate within separate
parts of the Office of Management and Budget and
are submitted yearly for authorization to several
different congressional authorization committees
in the Senate and the House of Representatives.62

Budgets are then authorized by three different ap-
propriations subcommittees in the House of Rep-
resentatives and three different appropriations
subcommittees in the Senate. OMB, NOAA,
NASA, and DOD can develop mechanisms for in-
tegrating budget submissions; however, the con-
gressional authorization and appropriations pro-
cess would still involve multiple subcommittees.

The current authorization and appropriations
process is not designed to formulate a national
weather and environmental satellite system.
There is no congressional organizational struc-
ture parallel to that of the executive branch,
where the Office of Science and Technology
Policy and the Office of Management and
Budget seek to coordinate policy across the dif-
ferent departments and agencies. 63 Currently,
congressional committees long familiar with
NOAA, NASA, and DOD oversee each agency’s
particular needs and problems. Thus, joint man-
agement of satellite programs will add new ele-
ments of uncertainty in the authorization and ap-
propriations process. Disputes between different
committees that result in a shortfall in one
agency’s budget would affect all participating
agencies.

Under the current congressional authorization
and appropriations process, a joint program
would, in effect, be considered in pieces, with
each agency contribution analyzed in the context
of the agency’s overall budget, rather than in the

~J 1n the }+ou~e  ()[ Rcpre\cnta[i\ c~, ~Ycr\ight for R&D activitic~  related to Landsat and NOAA operational satellite programs (pOES  ~d

GOES ) Ilcs In the Houw Committee on Science, Space, and Technology (HSST).  NASA R&D activities are also overseen in the House by
HSST. Howe\ cr. HSST (loc\  not hai c jurisdiction o}’er  basic research conducted by DOD, which is overseen by the House Armed Services
Committee, A slmil~r  ~ltuation ex iit~ on the Senate  ~ide,  with the Cormmittce on Commerce, Science, and Transportation (SCST) playing a role
an:ilogt)u~  to HSST’\  tind the Senate Armed Ser\ice\  Committee playing a role analogous to the House Armed Sen ices Committee’s, See Car-
neg 1~ ~“omm  i~ilon on SC j~n~c, T~chno]og)” . and Government, .Sc[cnctj, Ttchnolo,q>. and Congres  r.. Orgun[:arion  and Procedural Reforms
( Ncw Yorh: Ctirncgic Commi\\ion  on Scicncc, Tcchnologj,  and Government, February 1994),

“3 Ibid.
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context of its contribution to the joint program.
Historically, federal agencies have been reluctant
to fund systems 1) that do not fit completely into
the framework of their missions, 2) that carry a
price tag disproportionately high for the good they
do for the agency, or 3) that commit large sums
over many years to another agency’s control. The
government has few examples of successful
multiagency programs-recent problems with
joint NASA-DOD management of the Landsat
system suggest that proposals to consolidate
operational programs should, at the very least,
be scrutinized with great care.

Before the announcement of the Clinton Ad-
ministration’s convergence proposal, NOAA,
NASA, and DOD officials had stated that a single
agency should lead a joint-agency environmental
satellite program. NOAA’s assignment as the lead
agency was made, in part, to ensure the continua-
tion of successful international partnerships in
operational meteorology programs. The Adminis-

tration’s plan assigns NASA the lead role in
technology transition efforts and DOD the lead
role in system acquisition. This division of re-
sponsibilities represents a significant change from
current practices only with respect to acquisi-
tion-currently, NASA manages satellite acquisi-
tion for NOAA.

The Administration’s plan is organized with
mutual interdependence and shared interests as
key objectives. Such arrangements are designed to
minimize the chances for a repeat of the break-
down in joint program management that occurred
between NASA and DOD in the development of
Landsat 7 (see box 3-5). Nevertheless, they still
leave open the possibility that in a constrained fis-
cal environment, agencies or appropriations com-
mittees will fully fund only those programs per-
ceived to be of highest priority (“burden shifting”).

In a previous report, OTA described how the
Committee on Earth and Environmental Sciences
(CEES) coordinated the U.S. Global Change Re-
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search Program (USGCRP).64 The CEES mecha-
nism for reducing redundancy and coordinating
disparate efforts among some dozen federal agen-
cies engaged in global change research is general-
ly considered to have “worked,” at least on the
executive branch side. However, agencies partici-
pating in the USGCRP may have supported the
CEES process, despite some loss of control over
the global change portion of their budget, because
CEES delivered increased funding through its
multiagency “cross-cut” budget. In contrast, con-
vergence is an effort to reduce overall government
expenditures. Whether this will affect the success
of the tri-agency management plan remains to be
seen. Administration officials note the success of
aground-based interagency remote sensing effort,
NEXRAD (Next-Generation Weather Radar), as a
model for how convergence might work. In NEX-
RAD, the Departments of Commerce, Transporta-
tion, and Defense cooperate on the purchase and
operation of powerful radar systems. However, a
joint-agency environmental satellite program
would differ from NEXRAD in at least one impor-
tant way: the nation is less dependent on NEX-
RAD radars than it is on its weather satellites. Fur-
thermore, the failure of a single radar or a delay in
the introduction of radar upgrades would affect
the ground radar system to a far less degree than
would a similar problem with the weather satel-
lites.

Establishing Common Requirements
To implement a convergence plan, NOAA and
DOD will have to establish a common set of re-
quirements for converged operational environ-
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mental satellites. However, requirements for sat-
ellite data depend not only on the sensors, but also
on how sensor data are analyzed (the “retrieval”
algorithms used to translate measurements into
useful information) and how data are assimilated

65 Thus, establishing ainto the models by users.
common set of requirements for NOAA’s and
DOD’s meteorological systems will require an ex-
amination of the hardware and software in-
volved—from data acquisition to data analysis—
in both the space and ground segments of the
POES and DMSP systems.

The differences between NOAA and DOD
practices noted earlier-different priorities, dif-
ferent user communities, different perspectives,
and different protocols with respect to acquisition
and operations—will complicate the effort to ar-
rive at a mutually satisfactory set of requirements.
For example, NOAA had planned for its next-gen-
eration POES satellites (O, P, and Q) to provide
improved global atmospheric temperature and hu-
midity profiles to support state-of-the-art numeri-
cal weather prediction models.66 However, DOD
requirements for infrared sounding had been set
only to meet those of the current 5D-3 satellites.67

The resolution of this and similar differences will
directly affect sensor selection and cost. As dis-
cussed below, another complication in setting re-
quirements is determining the role of NASA in a
tri-agency satellite program.

Cost Savings
The Administration expects convergence to
achieve economies by developing and procuring
common space hardware from a single contractor,

6J US,  Congress, Office of Technology Assessment, Global Change Research and NASA Earth Ohsert’irrg  System, op. cit. @ November

23, 1993,  pre~l~cn[ C]hrton announced the establishment  of the National Science and Technolog}  Council. With this announcement, coordina-
tion of the USGCRP  transferred from CEES to the newly formed Committee on Environmental and Natural Resources Research (CENR).

M ~c federal  .Ovemment  o~rate~  ~ree  oWrationa]  numerica] weather prediction centers: NOAA’S National Meteorological Center

(NMC), the Navy Fleet Numerical Oceanographic and Meteorological Center (FNMOC),  and the Air Force Global Weather Center
(A FGW’C  ). The way that satellite data is used by these centers is somewhat different; however, there is a Memorandum of Understanding coor-
dinating a Shared Processing Network among the centers.

66 For ~Aample, tie  ~equlrement~  of tie Atmospheric Infrared Sounder, which  ha~,e  ~en set to meet  NOAA’S  requirements, call for vertical

resolution of I km, temperature accuracy of I K, and ground resolution of 13 km—al]  approximately a factor of 2 better than what is now avail-
able. ThI\ w III ~upport NOAA’s desire to extend its weather prediction models to 7 to 8 days.

~T DOD’S  DMSp B]ock 6 Upgrade emphasized  Cost  savings  and enhanced microwave-imaging capabilities over enhanced sounding capa-
bilities.



84 I Civilian Satellite Remote Sensing: A Strategic Approach

reducing the number of spacecraft (the current to-
tal of four DOD and NOAA operational meteoro-
logical satellites in orbit simultaneously would be
reduced to two), and reducing the cost of launch
services. The Administration also expects savings
to accrue from reductions in the cost of program
and procurement staff, consolidation of ground
control centers, and economies of scale related to
data-receiving and -processing hardware and soft-
ware. Common instruments and data formats
would allow increased production volumes for
data-capture terminals and related equipment that
would service a broader community. However, in
the next several years, convergence would offer
only limited opportunities for savings—for exam-
ple, from the termination of parallel design efforts
for block changes and new spacecraft bus designs
in both the POES and DMSP satellites. A tri-
agency convergence plan would also consolidate
some of NASA’s planning for its PM satellites.

Implementing convergence would also require
funding several new activities. Requirements
studies, instrument-tradeoff studies, the develop-
ment of new instruments, a new spacecraft bus (or
the adaptation of an existing bus), and the possible
adaptation of MELVS

68 to launch converged
spacecraft would be “upfront” costs that would be
incurred before the longer-term savings from con-
vergence could accrue. Moreover, because the ar-
chitecture and instrument complement of con-
verged spacecraft programs are not finalized,69

estimates of the savings expected from reduced
numbers of launches and spacecraft are more un-
certain than are estimates of the additional costs of
implementing convergence. Therefore, Con-
gress may wish to examine estimates for the net
savings of convergence with particular atten-
tion to the question of how these estimates
would change if unexpected problems or de-

lays occurred in the design or adaptation of
sensors, spacecraft buses, and launch vehicles.

Transition from Research to
Operational Satellites
A principal requirement for operational satellite
systems is the unbroken supply of data. Therefore,
operational systems require backup capability in
space and on the ground and a guaranteed supply
of functioning hardware. In turn, these require-
ments translate into maintaining a proven produc-
tion capability when new versions of operational
satellites are introduced. They also require a paral-
lel effort to improve system capability continu-
ously without jeopardizing ongoing operations.
Finally, new technology must be introduced with-
out placing an undue financial burden on the op-
erational system. Historically, the transition from
research instrumentation to operational instru-
mentation has been successful when managed
with a disciplined, conservative approach toward
the introduction of new technology. In addition to
minimizing technical risk, minimizing cost has
been an important factor in the success of opera-
tional programs, especially for NOAA (box 3-6).

During the 1960s and 1970s, the development
of NOAA’s operational weather satellites was as-
sisted by both a vigorous R&D program within
the agency and by strong ties to several NASA
programs, especially OSIP (Operational Satellite
Improvement Program) and NIMBUS. The NIM-
BUS program began in the early 1960s. Initially,
NASA conceived of NIMBUS as an Earth ob-
servation program that would provide global data
about atmospheric structure. In addition, NASA
intended NIMBUS to replace its TIROS satellite
and to develop into an operational series of weath-
er satellites for NOAA. However, NOAA chose to

68 For example,  launchlng a converged  EOS-PWmEs/DMsp satellite  on a Delta II MELV might require redesigning and testing an en-

larged fairing.

~y Even when program details are announced, there will still be uncertainty surrounding the introduction of technology to be demonstrated

by EOS-PM.  Technical studies to resolve issues such as how to meet DOD’s and NOAA’s imaging and sounding requirements can be completed
in less than 1 year; however, the on-orbit record of EOS PM instruments will not be available until 200 I or later.
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develop TIROS as its operational system, in part
to minimize technical risk. Both programs then
went forward, with NASA developing NIMBUS
as a research test bed for observational payloads.
Eventually, NASA launched a total of seven NIM-
BUS satellites with payloads that have matured
into advanced research and operational instru-
ments for current and planned spacecraft includ-
ing POES, DMSP, UARS (Upper Atmosphere
Research Satellite), and EOS.70

Throughout the 1970s and early 1980s, NASA
also assisted with the development of NOAA op-
erational satellites through its funding for OSIP.

For example, NASA built and paid for the launch
of the first two geostationary operational satellites
(called SMS, for synchronous meteorological sat-
ellite) that NOAA operated. TIROS-N, the proto-
type for the modern NOAA POES satellite, also
started out at NASA and was transferred to
NOAA. OSIP ended in 1981 as NASA, faced with
a tightly constrained budget (in part, the result of
Shuttle cost overruns), withdrew from its inter-
agency agreement with NOAA. NASA’s support
for NOAA operational programs continued but
was carried out with NOAA reimbursing NASA.
The end of the NASA-NOAA partnership may

To For example, NIMBUS 7, ]aunched in &tober ] 978 and partially operational 15 years later, carried the Scanning Multi frequency Micro-
wave Radiometer (SMMR) that became the SSM/I on DMSP.  It also earned the Solar Backscatter  Ultraviolet and Total Ozone Mapping
Spectrometer (S BUV/TOMS) and the Coastal Zone Color Scanner (CZCS). SBUV is now carried on TIROS, and CZCS is the predecessor for
the planned SeaWiFS ocean-color-monitoring instrument. Other NIMBUS 7 instruments were  predecessors to instruments now fl} ing on
UARS or planned for EOS. See H.F. Eden, B.P. Elero,  and J.N. Perkins, “Nimbus Satellites: Setting the Stage for Mission to Planet Earth,” Eos,
Trurr.~ucr/on.~,  American Geoph?s{cal  Union 74(26):281 -285, 1993.
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have contributed to the subsequent difficulties
NOAA experienced in the development of
“GOES-Next” (GOES I through M).71 It also
marked a lessening of support within NASA for
the development of operational meteorological
instruments. Instead, as illustrated by the precur-
sor and planned instruments for the EOS series,
NASA became more focused on experimental re-
search instruments designed to support basic
scientific investigations.

Convergence provides an opportunity to re-
store what had been a successful partnership
between NASA and NOAA in the development
of civil operational environmental satellites.
However, even with convergence, tensions will
likely arise in the new relationship. NOAA and
NASA will face difficulties in reconciling the in-
evitable differences in risk and cost between
instruments designed for research and instru-
ments designed for routine, long-term measure-
ments. For example, NASA considers MODIS, a
key EOS instrument, a potential successor to
NOAA’s AVHRR. However, MODIS is unlikely
to fit within NOAA’s budget.

NASA’S NIMBUS program was successful
in facilitating the transition between research
and operational instruments because the
instruments that flew on Nimbus did not re-
quire extensive modification after they were
turned over to NOAA. In contrast, EOS instru-
ments such as MODIS would likely have to be re-
structured to be affordable to NOAA or other op-
erational users. This raises the obvious question of
whether it is more cost-effective to develop a new

instrument designed for NOAA than it is to demo-
nstrate a research instrument and then “de-
scope” its capabilities.72 Unlike NIMBUS,
NASA’s EOS program was not conceived as a
test bed for advanced technology. EOS is pri-
marily a system designed with the research and the
policymaking communities in mind. With or
without convergence, NASA, NOAA, and DOD
will face challenges in adapting EOS programs to
serve both research and operational needs.

As noted in the introduction to this chapter, fu-
ture operational missions are likely to include
monitoring the land surface and monitoring the
oceans. The last two sections of this chapter dis-
cuss several issues related to the development of
these programs, with particular attention to the
Landsat program—a quasi-operational system
that illustrates both the promise and the challenges
of implementing new operational programs.

LAND REMOTE SENSING AND LANDSAT
Land remote sensing from satellites began in the
late 1960s with the development of the Earth Re-
sources Technology Satellite (ERTS). NASA
launched ERTS-1, later renamed Landsat 1, in
1972. Throughout the 1970s, NASA and other
U.S. agencies demonstrated the usefulness of sat-
ellite-based multispectral remote sensing for civil
purposes, using expensive mainframe computers
and complex software to analyze data from Land-
sat multispectral scanner (MS S). NASA also en-
couraged the development of Landsat receiving
stations around the world (figure 3-3), both to col-

71 ~oblems  with the ~ES program  beg~ with the addition of a sounding capability to the visible and infrared spin scan  radiometer

(WSSR), which became the VISSR Atmospheric Sounder (VAS). See U.S. Congress, OffIce  of Technology Assessment, The Future of Remore
Sensingfiom  Space, op. cit., pp. 38-39.

72 Reviewers of ~ eti]y daft of this Chapter raised  two other issues. One stated, “If one accepts the earlier arguments about adding ocemic,
terrestrial, and cloud imaging requirements to the operational satellites, there are two options to fulfill these requirements. First, building three
independent instruments to meet specific requirements of each discipline (i.e., AVHRR,  CSC2YSeaWiFS  and Landsat). Second, build a single
instrument to meet all these requirements (i.e., MODIS). A cost, technology, and requirements analysis should reveal which option is optimum.”
A second reviewer noted, “Until MODIS, or some instrument with similar capabilities, is flown, it will not be possible to define the instrument
that NOAA really needs. Only by using MODIS, with its high spectral resolution, high signal-to-noise ratio (SNR),  and excellent calibration to
acquire an extensive data set, can we establish what spectral bands, what SNRS, and what calibration accuracies are required for what i~pplica-
tions. . . . Atmospheric remote sensing instruments can be designed almost from first principles . . . but the utility of land remote sensing instru-
ments for many applications really cannot be assessed without acquiring the large-scale data sets that only satellites can provide.”
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lect data for U.S. needs and to encourage wide-
spread use of the data.73 For example, NASA and
the U.S. Agency for International Development
collaborated on Landsat demonstration projects
and training in developing countries.74 These ef-
forts made the advantages of satellite data for
mapping, resource exploration, and managing
natural resources well known around the world.

Landsats 1, 2. and 3 carried the MSS. In the
1970s, NASA also developed the Thematic Map-

per (TM), a sensor with more spectral bands and
higher ground resolution (table 3-3).75 Landsats 4
and 5, which were launched in 1982 and 1984, re-
spectively, carried both the MSS and TM sensors.
Until the first French Système pour l’Observation
de la Terre (SPOT-1) satellite was launched in
1987, Landsat satellites provided the only widely
available civil land remote sensing data in the
world. The SPOT satellites introduced an element
of market and technological competition by pro-

73 NASA*~ Lan~sat ~[icpr ~aj ~ (’o]~ W’ar ~(r:iteg;  (0 ~emonstrate the  Superiority of U.S. technology ~d to promote the open sharing of.
remotely sen~ed data.

7J For a discussion of ~everti] Land\a[  projec[i  in dei eloping countrief,  see U.S. Congress, Office Of Technology Asse~~ment,  R~)nI~jfe

Sensing and rhe Pritu[e Sectc)r:  Ijjucijiw  DI\f14t\ic~n,  OTA-TM-ISC-20  (Washington, DC: U.S. Government Printing Office, March 1984),
app. A.

75 users  of MSS data had argued  that nlore \Fc[ra]  bands and higher ground re~olution  ~ou]d ]ead  (CI  wider use of remoteiy  sensed data.
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Sensor Satellite Spectral bands, resolution
Multispectral Scanner (MSS) Landsat 1-5 2 visible, 80 m

1 shortwave Infrared, 80 m

1 Infrared, 80 m

Thematic Mapper (TM) Landsat 4, 5 3 visible, 30 m
1 shortwave Infrared, 30 m
2 Infrared, 30 m
1 thermal, 120 m

Enhanced Thematic Mapper (ETM) Landsat 6 (failed to reach orbit) 3 visible, 30 m
1 shortwave Infrared, 30 m

2 Infrared, 30 m
1 thermal, 120 m

1 panchromatic, 15 m

3 visible, 30 m
1 shortwave Infrared, 30 m
2 Infrared, 30 m
1 thermal 60 m
1 panchromatic, 15 m

Enhanced Thematic Mapper Plus Landsat 7
(ETM+)

High Resolution Multispectral Landsat 7 2 visible, 10 m (stereo)
Stereo Imager (HRMSI) 1 near Infrared, 10 m (stereo)
(proposed but since 1 Infrared, 10 m (stereo)
dropped from the satellite) 1 panchromatic, 5 m (stereo)

SOURCE Off Ice of Technology Assessment, 1994

vialing data users with data of higher resolution
and quasi-stereo capability.76

In the 1980s, the development of powerful
desktop computers and geographic information
systems (GIS) sharply reduced the costs of proc-
essing data and increased the demand by potential
users in government, universities, and private in-
dustry. In the late 1980s, India entered into land re-
mote sensing with its launch of the Indian Remote
Sensing Satellite (IRS)77 and the Soviet Union be-
gan to market data from its photographic remote
sensing systems.78

During the 1990s, continuing improvements in
information technology and the proliferation of
on-line data-distribution systems have increased
dramatically the accessibility of remotely sensed
data and other geospatial data.79 As a result of the
maturation of the market for remotely sensed data
and the development of lower-cost sensors and
spacecraft technology, several U.S. private firms
are now poised to construct and operate their own
remote sensing systems. These firms expect to
market remotely sensed data on a global basis. De-

76 me S~T satel]ltes  are capable  of collecting  data of 10-m resolution (panchromatic) and 20-m resolution in four visible and near-infrared

multispectral bands.

77 Howey.er Untl]  1994,  India had not made data from its system readily available beyond its borders. In fa]l 1993,  Eosat signed ~ agree-

ment with the National Remote Sensing Agency of India to market IRS data worldwide.

T~ Through tie Russian firm Soyuzkarta.

79 U.S. Congress,Office of Technology Assessment, Rernotcl> Sen.redDa[a:  Techrrologj,  Management, andMarket.\,  OTA-1SS-604(Wash-
ington,  DC: U.S. Government Printing OffIce, September 1994), ch. 2.
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spite these technical advances and the steady
growth of the market for data, the United
States still lacks a coherent, long-term plan for
providing land remote sensing data on an op-
erational basis. This section explores the ele-
ments of a long-term plan for U.S. land remote
sensing.

I Future of the Landsat System
After more than two decades of experimentation
with the operation of the Landsat system, during
which the government attempted but failed to
commercialize land remote sensing80 (appendix
E), the Clinton Administration has now decided to
return the development and procurement of Land-
sat to NASA and has assigned NOAA the respon-
sibility of operating the Landsat system. The U.S.
Geological Survey’s Earth Resources Observa-
tion System (EROS) Data Center will distribute
and archive data.81 NASA plans to launch Landsat
7 (figure 3-4) in late 1998.82

Since 1972, Landsat satellites have imaged
most of Earth’s surface in different seasons at res-
olutions of 80 or 30 meters (m).83 Because a
spacecraft in the Landsat series has been in orbit
continuously, the Landsat system now serves an
established user community that has become de-
pendent on the routine, continuous delivery of
data. However, the Landsat system is only qua-
si-operational and has been developed without
the redundancy and backup satellites that
characterize NOAA’s and DOD’s operational
meteorological programs. As currently struc-

tured, the Landsat program is vulnerable to a
launch system or spacecraft failure and to in-
stability in management and funding. Despite
the Administration’s resolve to continue the Land-
sat program, the earlier difficulties in maintaining
the delivery of data from the Landsat system (ap-
pendix E) provide ample warning that the path to a
fully operational land remote sensing system is
full of obstacles.

■ Technical vulnerabilities. As illustrated by the
loss of Landsat 6, the existing Landsat system
is vulnerable to total loss of a spacecraft in the
critical phase of launch and spacecraft deploy-
ment. If historical patterns hold, even the most
successful of expendable launch vehicles will
occasional y suffer catastrophic failure and loss
of payload.84 Furthermore, the failure of
NOAA-1 3 after a successful launch85 demon-
strates the additional risk of spacecraft hard-
ware failure. The failed part was designed in the
1970s and had flown repeatedly without inci-
dent on earlier spacecraft. Despite attempts to
design and build launch vehicles and spacecraft
with a high degree of reliability, operations in
space are inherently risky.

In contrast to the Landsat system, in which
designers planned to fly only a single satellite
at any time86 and did not plan for a backup sat-

ellite, the NOAA POES satellites have suffi-
cient backup that NOAA can replace a failed
satellite within a few months of the failure. The
decision not to provide a backup Landsat satel-
lite was driven by the relatively high costs of

X[) see U.S. Congress,  office of Technology Assessment, The Furure  of Remore Sen.$[ng  from Space,  op. cit., PP. 48-52.

~ I ~csldentla]  Decision Directive NSTC-3, May 5, 1994.

xl ~and~at  7 had ken ~cheduled  for launch  in ]a[e 1997.  The slip in schedule is the reSUlt both Of the recent policy turmoil  and ‘he ‘eed ‘it

Landsat into NASA’S budget for Mission to Planet Earth.

X3 me Ad, ~ced \7ev H,gh Resolution Radiometer sensors that have been orbi(ed on NOAA’S  POES  Sate]litef  ha~ c a]so  prot  ided  multl-

spectral imaging (two \ isible  channels; three infrared channels) but at much lower resolution ( I km and 4 km).

X4 At a rate  of approximately, z ~rcent of (o[a]  launches. See  U.S.  Congress, Office of Technology Assessment, Ac~r.~.\  10 .$PUCC: Ttl~l Fulure

of L’. S, Space  Tran.\porra[/on  ~~}.i[em$,  OTA-ISC-41 5 (Washington, DC: U.S. Government Printing Office, May 1990), p. 22.

X5 NOAA-l j ~ as ]aunche(f on ALIgu\[ 9, 1993.  It suffered a failure on August 21, 1993.

w Land\at 5 ~aj launched  ~n])  ~ ~ear~ after Land\a[ 4 reached orbit because Land\at  4 had experienced a ~ub~} ~tem failure and NOAA ~~ as

unwre how long it would continue to function.
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the Landsat spacecraft compared with the doc- Comparing the experiences of foreign gov-
umented need for the data. Lack of agreement e r n m e n t s  i n  d e v e l o p i n g  s y s t e m s  s i m i l a r  t o

within the U.S. government over the need for Landsat is also instructive. Noting U.S. diffi-
the Landsat system also influenced this deci- culties with Landsat, Centre National d’Études
sion. The mid- 1980s effort to commercialize Spatiales (CNES), the French space agency, de-
Landsat also played a role in the decision to s i g n e d  a  c h e a p e r ,  s i m p l e r  s y s t e m  a n d  C o m -

forego a Landsat  backup. m i t t e d  i n i t i a l l y  t o  b u i l d i n g  t h r e e  s a t e l l i t e s .
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SPOT was a technical success, providing better
resolution than Landsat’s and the ability to
gather quasi-stereo data.87 In part because the
system was designed from the start as a com-
mercial venture, CNES officials also placed a
premium on designing SPOT as an operational
entity, capable of delivering data on a routine

basis. Three SPOT satellites are now in orbit.
SPOT-2 and SPOT-3 are operational. SPOT-1,
which has been in orbit since 1989, can be reac-
tivated to provide data during times of heavy

use of the system, such as the spring growing
season.

■ Institutional vulnerabilities. The TM sensor
aboard Landsats 4 and 5 was designed to gather
data that would be appropriate for many uses.
When combined with other remotely sensed
data, such as the 10-m panchromatic data from
SPOT, higher-resolution aircraft data, or other
geospatial data,88 TM multispectral data
constitute a powerful analytic tool. Indeed, the
data already serve most federal agencies in ap-
plications such as land-use planning; monitor-
ing of changes in forests, range, croplands, and
hydrologic patterns; and mineral resource ex-
ploration (chapter 2), However, the very dif-
fuseness of the customer base for Landsat data
has made the process of developing an opera-
tional system extremely difficult.

DOD has historically been a large Landsat
data user, but DOD officials do not want to be
responsible for funding the entire system. Al-
though NASA developed the Landsat system,

it has not routinely generated and distributed
operational data products to an established
community of data users. Rather, as demon-
strated by its long history of successfully oper-
ating the GOES and POES satellite systems
(developed by NASA), NOAA has the requi-
site operational experience. However, NOAA
has no established constituency of users either
within or beyond the agency to defend its Land-
sat budget in competition with other agency
priorities.

The proposed arrangement for Landsat 7
was arrived at through consultations among
NOAA, NASA, DOD, and the Department of
the Interior, overseen by the Office of Science
and Technology Policy. Although a Presiden-
tial Directive such as the one that President
Clinton signed regarding the development and
operation of Landsat 789 can be a powerful
method for creating new interagency coopera-
tive institutions, such institutions remain vul-
nerable to a change of Administration. As the
experience with providing long-term funding
for the USGCRP demonstrates, interagency
cooperative programs are also vulnerable to
changes in program balance as budgets are al-
tered in congressional committees.90 There-
fore, ensuring the future of the Landsat pro-
gram will require close and continuing
cooperation among NASA, the Department of
Commerce, and the Department of the Interior
and among the three appropriations subcom-
mitties.91 procuring and launching Landsat 7

87 me spfJT Sa[e]]jte  is capable of ~in(ing  off nadir, which enables SPOT ]mage, the operating entity, tO generate  stereo imagc~  on different

passes. However, the SPOT system has the limitation (compared with Landsat)  of having only four spectral bands. It also covers an area of onl)
60-by-60 km per scene, compared with Landsat’s 185-by-170-km coverage.

88 ~ese mlgh[  include data a~u[ soils, terrain elevation, zoning, highway networks, and other geospatial elements.

89 presidential  Decision Directive NSTC-3,  May 5. 1994.

90 u s congress, Office of Technology Assessment, The I’J.S. Global Change Research program and NASA ‘.7 Earth Obser\in~  S)’.YtCm,  Op.. .

cit., p. 9.

91 NASA’S appropfiatlons Ofiginate in the House Appropriations  committee  subcornrni[[ee  on veterans  Administration, Housing and Ur-

ban Development, and Independent Agencies; NOAA’s appropriations originate in the House Appropriations Committee Subcommittee
on Commerce, Justice, State, and the Judiciary; USGS appropriations originate in the House Appropriations Committee Subcommittee on
Interior.
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will cost NASA an estimated $423 million,
spread over 5 years.

92 
NOAA estimates that

constructing the ground system and operating
the satellite through 2000 will cost about $75
million.
The need to improve Landsat program resil-
iency. Because the United States has never
committed to a fully operational land remote
sensing system, its land remote sensing effort
faces the significant risk of losing continuity of
data supply. In the long term, the United States
may wish to develop a fully operational system
that provides for continuous operation and a
backup satellite in the event of system failure.
In the past, high system costs have prevented
the United States from making such a commit-
ment. If system costs can be sharply reduced by
inserting new, more cost-effective technology
or by sharing costs with other entities, it might
be possible to maintain the continuity of Land-
sat-type data delivery.

Options for sharing costs include a partner-
ship with a U.S. private firm, or firms (dis-
cussed below), and/or a partnership with anoth-
er government. The high costs of a truly
operational land remote sensing system have,
from time to time, led observers to suggest the
option of sharing system costs with another
country. 93 However, national prestige and the
prospect of being able to make such a service
commercially viable94 have generally pre-
vented the United States and other countries
from cooperating.
The need to insert new technology into the
Landsat program. The Land Remote-Sensing
Policy Act of 1992 (P.L. 102-555) calls for a
program to develop new technology for the

Landsat series. According to the earlier Land-
sat Program Management Plan, Landsat 8 was
anticipated in approximately 2003. Although
still in the early stages, planners are consider-
ing advanced capabilities, such as greater num-
bers of spectral bands, stereo data, and much
better calibration than the existing Landsat has.
It is not too early to begin planning for the char-
acteristics needed for a follow-on Landsat sat-
ellite.

One option for demonstrating new technolo-
gy will be available on Landsat 7. Landsat 7
was not redesigned after the DOD decision to
withdraw from the program and the subsequent
cancellation of the HRMSI (High-Resolution
Multispectral Stereo Imager) sensor. As a re-
sult, the spacecraft will have the room and the
electrical power needed to incorporate an addi-
tional sensor. NASA is offering to fly an exper-
imental sensor paid for by other federal agen-
cies or by private firms. This represents an
opportunity for testing new technology at rela-
tively low cost. The Department of Energy
(DOE) laboratories have been exploring the de-
velopment of different sensors that might be
candidates. In addition, NASA is exploring the
potential of using small satellites for Earth ob-
servation through its Small Satellite Technolo-
gy Initiative. Recently, NASA awarded two
contracts to teams led by TRW and CTA, both
of whom will demonstrate advanced technolo-
gy and rapid development in low-cost, Small-
sat-based satellite remote sensing. A variety of
technical developments, including increasing
capabilities for on-board processing and the po-
tential to fly small satellites in formation, may,

92 R. Roberts, NASA Landsat  Office, personal communication, August 1994.

93 N, Helms and B. Edelson,  “’An  International Organization for Remote Sensing,” pre$ented  at the 42ndAn)~u<J/  ,llccfln~ of  the lnterna//on-
U1 A.\ fronuu//cul  I“ederunon,  Montreal 1991 (IAF-9 I -1 I 2).

‘)4 However, systems that produce calibrated multi spectral data of moderate resolution-of greatest interest to global change scientists  and
other users who require coverage of large areas—may never be commercially viable. Should this be the case, the United States might find ~e} er-
a] partners to develop a system that would explicitly be designed to serve the public good. These include France, which is operating the SPOT
system; Germuny,  which has developed several sensors but has no satellite system; Japan, which operates JERS - I; and Russia, wh]ch  has a long
history of using photographic remote sensing systems but whose multispectra]  digital systems have ) et to pro\e  themselves.
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in the longer term, allow small satellites to per-

f o r m  s o m e  o f  t h e  m i s s i o n s  n o w  a c c o m p l i s h e d

w i t h  c o m p a r a t i v e l y  l a r g r  a n d  e x p e n s i v e  E a r t h

o b s e r v a t i o n  s a t e l l i t e s .9 5

Other future land sensors that  the United States

may wish to develop and operate include an opera-
tional synthetic aperture radar. The proposed EOS
SAR, based on technology demonstrated in air-
borne and Space Shuttle experiments, was can-
celed in large part because of its high cost. The
EOS SAR would have been capable of making
multiangle, multifrequency, multi polarization
measurements.96 These capabilities allow more
information to be extracted from an analysis of ra-
dar backscatter and have more general application
than do currently operational Japanese and Euro-
pean single-frequency, single-polarization satel-
lite-based SARS. The Canadian Radarsat, planned
for launch in 1995, will also carry a single-fre-
quency, single-polarization SAR. In contrast to
the broad-based capabilities of an EOS SAR,
which would be particularly suited to global
change research. these SARS are designed for spe-
cific applications, such as mapping sea ice and
snow cover.

1 Role of the Private Sector
By launching Landsat. NASA created the poten-
tial for a new market in remotely sensed data.
However, as the policy history of the Landsat pro-
gram demonstrates, commercial markets cannot
be developed solely by government policy.
Among other elements, growth in commercial
data markets requires technological innovation
and the ability to tailor production to user needs.
Government policy can either impel or impede the
development of markets that will support new
technologies. 97

Private firms have had an important part to play
throughout the development of land remote sens-
ing technologies. The information industry has
developed powerful computers and software, ca-
pable of handling large remotely sensed data files
quickly and efficiently. Through firms that con-
vert raw data to information (so-called value-add-
ed firms), the information industry has also ex-
panded the utility of remotely sensed data
acquired from spacecraft. Aerospace firms have
also served as contractors for government civil
and classified remote sensing systems. Hence,
they have contributed to the technology base that
now enables private firms to develop their own re-
mote sensing systems. Government laboratories
pursuing related technologies have also assis ted in

the creat ion of  this  technology base.

T h r e e  p r i v a t e l y  f i n a n c e d  l a n d  r e m o t e  s e n s i n g

s y s t e m s  a r e  n o w  u n d e r  d e v e l o p m e n t  ( b o x  S - 7 ) .

These systems focus on providing data of compar-
atively high resolution with only one ‘-panchro-
matic” visible band, or a few multi spectral bands
over relatively narrow fields of view. As a result.
they cannot substitute for the Landsat system,
which collects calibrated multi spectral data over a
large field of view. The privately financed systems
are not intended or designed to supply the repeat.
multi spectral, global coverage that is the mainstay
of Landsat. However, if these systems operate as
planned, they will provide data for many applica-
tions, including those now served primarily by
aircraft imaging firms. These systems especially
target international markets that require digital
data for mapping, urban planning, military plan-
ning, and other uses.98

For one or more of these systems to be success-
ful. they will have to overcome hurdles of market
acceptance. competition with systems from firms
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that supply similar data acquired from aircraft,
and competition among themselves. If they can
deliver data in a timely manner and at low prices,
one or more are likely to be highly successful. Ul-
timately, the U.S. government may wish to move
to a new partnership with the private sector in pro-
viding land remote sensing and other data that
have commercial value. Four broad options are
possible:

Contract with a private firm to operate a gov-
ernment-supplied system. Under this arrange-
ment, the government would procure the satel-
lite system and submit a request for proposal
(RFP) for a private firm to operate the system
and distribute data. Data would be made avail-
able at the cost of reproduction, according to
the direction of OMB Circular A-130. This ar-
rangement is very similar to current plans for
Landsat 7 in which NOAA will operate the sat-
ellite and the EROS Data Center will archive
and distribute the data.99 Proponents of pri-
vate-sector operation contend that such an ar-
rangement would make the operation and dis-
tribution of Landsat data more efficient.
However, when NOAA operated Landsat 4 and
5, much of the actual operation and the distribu-
tion of Landsat data was carried out by private
firms under contract to NOAA and the EROS
Data Center. Hence, some of the potential effi-
ciency of private-sector involvement had al-
ready been realized.
Return to an EOSAT-like arrangement in
which government supplies a subsidy and
specifies the sensor and spacecraft. This ar-
rangement would capture most details of the
existing EOSAT contract in which EOSAT op-
erates Landsats 4 and 5 under contract with the
Department of Commerce and markets data
worldwide. Income from data sales and from

the licensing of foreign Landsat ground sta-
tions pays for satellite operations and provides
EOSAT’S profit. EOSAT is free to charge mar-
ket rates for the data as long as it makes data
available on a nondiscriminatory basis to all
customers, according to U.S. remote sensing
policy. l00

Create data-purchase arrangements. Under
this arrangement, the government would speci-
fy data characteristics and would contract with
industry to provide a stream of data for a speci-
fied period for an agreed-upon price. NASA
has chosen this path in a contract with Orbital
Sciences Corporation to provide data about the
ocean surfaces. OTA has explored this option
in two earlier reports. 101

DOD had expected to use the data from the
HRMSI sensor aboard the earlier version of
Landsat 7 to support its needs for mapping and
other applications. If WorldView is successful
in providing data from its 3-m/l 5-m system,
these data may fit DOD’s needs and be avail-
able 2 years before the HRMSI sensor would
have flown under the previous interagency ar-
rangement. In like manner, DOD may wish to
purchase data with even higher resolution from
either the Lockheed or the Eyeglass system,
should either or both prove successful (box 3-7).
Create government-private partnerships. In
this arrangement, the government and one or
more private firms would enter into a partner-
ship to build, operate, and distribute data from
a land remote sensing satellite. This partner-
ship would have the advantage of enlisting pri-
vate-sector innovation and ability to target ap-
plications markets while supplying the
government’s data needs. It would also have
the advantage of reducing the financial risk of
the private firm. The experience of the French

w ~e~ldentia] ~cision Directive NSTC-3,  MaY 5, 1994.

100 See U.S. Congress, Offlce of Technology Assessment, Remotely Sensed Data from Space: Distribution, Pricing, and Applications

(Washington, DC: Office of Technology Assessment, International Securi[y and Space Program, July 1992).

10I u s Congress,  Office of Technology Assessment, The Furure  ofh’emofe  Sen.\ingfiom  Space,  Op. cit., p. 5; U.S. cOngItSS, Oflce of. .
Technology Assessment, Remotely  Sensed Data:  Techrrolog>’,  Management, and Markets, op. cit., ch. 4.
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SOURCE: Office of Technology Assessment, 1994

space agency, CNES, and SPOT Image (figure
3-5) provides one possible model of such an ar-
rangement. However, U.S. firms that are al-
ready building a remote sensing system would
likely charge that such an arrangement would
be unfair competition (unless the system’s
characteristics guaranteed them a niche in the
data market). For example, NASA’s contract
with TRW to build a small satellite capable of
gathering data of 30-m resolution in many
spectral bands would serve the needs of the
government and probably enhance the private
market for such data. However, as noted in
chapter 1, NASA’s similar arrangement with
CTA could actually impede commercial devel-

opment unless the distribution of data from the
satellite was severely restricted.

OCEAN REMOTE SENSING
The impetus for ocean monitoring comes from us-
ers of remotely sensed data in both the civil and
military communities. As D. James Baker wrote: 102

The large-scale movement of water in the

oceans,  a lso cal led “general  circulat ion,”  i n -
fluences many other processes that affect human
life. It affects climate by transporting heat from
the equatorial regions to the poles. The ocean
also absorbs carbon dioxide from the atmos-
phere, thus delaying potential warming, but how
fast this occurs and how the ocean and atmos-

102 D.J, Baker, Plunet  Eurth: The Vieit’  from SpfJCe,  Op. cit.. p. 66
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phere interact in this process depend on surface
currents, upwelling, and the deep circulation of
the ocean. Fisheries rely on the nutrients that are
carried by ocean movement. Large ships, such
as oil tankers, either use or avoid ocean currents
to make efficient passage. The management of
pollution of all kinds, ranging from radioactive
waste to garbage disposal, depends on a knowl-
edge of ocean currents. And the ocean is both a
hiding place and a hunting ground for subma-
rines.

Scientific, commercial, and government users
of remotely sensed data have long argued for an
operational ocean monitoring system. An ocean
monitoring system would facilitate the routine
measurement of variables related to ocean produc-
tivity, 103 currents, circulation, winds, wave
heights, and temperature. In turn, these measure-
ments would allow scientists to study and charac-
terize a range of phenomena (figure 3-6), includ-
ing those described above by Baker. The
development of an operational system that would
assist in the prediction of the onset of El Niño and
the Southern Oscillation (ENSO) events (box 3-8)
is of particular interest.

The distinction that is sometimes made be-
tween satellite-based “atmosphere,” “ocean,” and
“land” remote sensing instruments is somewhat
arbitrary. 104 U.S. ocean monitoring is currently

carried out on a routine basis by sensors on POES
and DMSP. In addition, ocean data are being pro-
vided by satellite-borne altimeters on board the
TOPEX/Poseidon satellite, SARS that are part of
the instrument suite on the European ERS-1 and
the Japanese JERS-1, and Shuttle-based observa-
t ions using the multi frequency, polarimetric SAR,
SIR-C.105 NOAA is especially interested in sea-
surface temperature imagery, which is acquired by
analyzing AVHRR data. Because its ships travel
through and on the surface of the ocean, the Navy
has a particular interest in DMSP (especially
SSM/I) and altimetry data, which allow mapping
of the ocean’s topography and assist in detecting

los In a process simi]w  IO photosyn~esis  on ]and, phytopkmkton in the ocean convert nutrients into plant  material through an lnteraCtlOn

between sunlight and chlorophyll. Measurements of ocean color provide estimates of chlorophyll in surface waters and, therefore, of ocean
productivity. Ocean-color measurements are also used to help detect ocean-surface features. Satellite ocean-color data have not been available
since the failure of the Coastal Zone Color Scanner (CZCS)  in 1986. NASA has contracted with Orbital Science Corporation (OSC) for the
purchase of data resulting from OSC’S launch of SeaWiFS (Sea-viewing, Wide-Field-of-view Sensor), a follow-on to CZCS.

104 Al~ough in some cases, orbit requirements differentiate one type from another. For example, an EOS rev iew committee recently  con-

cluded that “the science objectives of EOS land-ice altimetry and ocean altimetry dictate that these sensors be on separate spacecraft. Polar
orbits with non-repeating or long-period repetition ground tracks  are requiled for complete ice sheet surface topography, while lower inclina-
tion orbits with reasonable values for mid-latitude and equatorial ground track crossover angles are required to achieve optimal recovery of
ocean surface topography.” B. Moore 111 and J. Dozier, “A Joint Report: The Payload Advisory Panel and the Data and information Sy\tem
Advisory Panel of the Investigators Working Group of the Earth ObservinS System,” Dec. 17, 1993.  This report is available through NASA’s
Office of Mission to Planet Earth.

105 u,s. congress,  Office of Technology Assessment, The F“ulure of Renw/e Sensingfrom  SpuCC.  op. cit., app. B.
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large-scale ocean fronts and eddies, surface ocean for a similar National Oceanic Satellite System
currents, surface wind speed, wave height, and the
edge of sea ice.

106 Radar altimetry data have also

been used to estimate ice-surface elevations in po-
lar regions.

U.S. efforts to develop satellites suitable for
ocean monitoring have lagged behind those for
land-surface monitoring. Seasat,107 a notable suc-
cess during its 3 months of operation, was
followed by a NOAA, DOD, and NASA proposal

(NOSS). NOSS instruments included a SAR, a
scatterometer, an altimeter, a microwave imager,
and a microwave sounder. This effort was can-
celed in 1982, as was a subsequent proposal for a
less costly Navy Remote Ocean Sensing Satellite
(NROSS). 108

As noted above, the only U.S. systems that rou-
tinely monitor the oceans are the weather satel-
lites. Of particular interest for this report is the de-

1(~ DJ,  Baker, P/ane( Earrh:  The View’from Space, Op. cit., pp. TO-T 1.

I(J7 SeaSat, which was designed in pafl  to demonstrate  the feasibility of using radar techniques for global monitoring of oceanographic phe-

nomena, carried an altimeter, a scatterometer, a seaming multichannel microwave radiometer, a SAR, and a visible and infrared radiometer. An
electrical failure caused the satellite to fail prematurely. See D.J.  Baker, Plane/  Earth: The View fiorn Space, op. cit., pp. 66-71.

1~~ NROSS was canceled  in ] 986, reinstated in 1987,  and terminated in 1988. NROSS Would have been less costly than NOSS. primarily

because of the elimination of the SAR.
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velopment of new operational satellite-borne
instruments for ocean monitoring. These include
an altimeter, to continue the TOPEX/Poseidon
mission; a scatterometer, to measure sea-surface
wind vectors; a lidar (laser radar), to measure tro-
pospheric winds; a SAR, for a variety of high-spa-
tial-resolution measurements (meters to tens of
meters) in ice-covered waters; and an ocean-color

sensor, to monitor ocean productivity. Box 3-9
gives an overview of applications of radar altime-
ters and scatterometers for ocean monitoring. Ap-
plications of SAR and lidar are discussed in a pre-
vious OTA report. l09

NOAA currently lacks the budget authority to
undertake major expansion of its operational sat-
ellite program. Early in NASA’s planning for



100 I Civilian Satellite Remote Sensing: A Strategic Approach

EOS, when it was still a broad-based earth science
program, the program appeared to be a vehicle for
developing instruments that would become an op-
erational ocean monitoring program. However,
cutbacks to the EOS program and its subsequent
“rescoping” to emphasize climate change l10 have
resulted in the cancellation, deferral, or depen-
dence on foreign partners of several instruments
with oceanographic application. Rescoping ac-
tions include the cancellation of EOS SAR (less
capable European and Japanese SARS are avail-
able and Canada plans to launch a SAR in 1995);
transfer of the U.S. scatterometer to a Japanese
satellite; and deferral of development of next-gen-
eration microwave-imaging radiometers (the
United States will use European and Japanese
instruments). In addition to scientific losses, sev-
eral reviewers of this and previous OTA reports on
Earth Observing Systems were concerned that al-
lowing the U.S. lead to slip in these technologies
would harm the nation technology base for envi-
ronmental remote sensing.

Observing this situation, the Ocean Studies
Board of the National Research Council wrote:111

A major obstacle for marine science lies in the
difficulty of development and managing space-
borne instruments over the next decades. Histor-
ically, NASA developed meteorological space-
craft that evolved into operational systems
managed by NOAA. However, for marine ob-

servations, apart from the long-standing efforts
in the visible and infrared sea-surface tempera-
ture observations and microwave sea ice mea-
surements (both of interest to short-term fore-
casting), there is no effective mechanism for the
systematic development or transfer of technolo-
gy from research to operations. Some mecha-
nism must be found to routinely collect such ob-
servations that are important to the NOAA
mission. NOAA will need additional funding to
carry out these observations, and a partnership
arrangement will be necessary to identify the es-
sential variables to be observed.

In summary, with respect to ocean monitoring
systems, OTA finds that the development of a na-
tional strategic plan for Earth environmental re-
mote sensing offers an opportunity to:
■

■

■

■

provide coherence, direction, and continuity to
disparate programs that have previously suf-
fered from fits and starts;
assist in the selection and enhance the utiliza-
tion of EOS sensors;
assist in the development of advanced technol-
ogies; and
restore a beneficial relationship between
NASA and NOAA to manage the transition be-
tween research and operational instruments
more effectively (the same benefit noted above
for other environmental remote sensing instru-
ments).

110 U.S. Congress, Offlce of Technology Assessment, Global Change Research and NASA’S Earth Obseri’ing  system, op. cit.

I I I Ocem Resemch Counci] of tie  National  Rese~ch Council, Oceanography in the Next Decade: Building New Partnerships (Washing-
ton, DC: National Academy Press, 1992).


