NATIONAL SCIENCE FOUNDATION
WASHINGTON, D.C. 20550

November 15, 1890

QFFICE OF THE
ASSISTANT DIRECTOR
FOR GEOSCIENCES

Dr. Dallas L. Peck, Chairman

Committee on Earth and
Environmental Sciences

U.S. Geological Survey

101 HNational Center

Reston, Virginia 22082

Dear Dallas:

I am pleased to submit the report entitled "The Value of Landsat
to the U.S. Global Change Research Program: A Report by the
Committee on Earth and Envirconmental Sciences.” This report was
prepared at your request by an ad hog¢ task group of individuals
from member agencies of the Committee on Earth and Environmental
Sciences (CEES). A list of the individuals and their participating
agency on the Task Group is enclosed. The agency representatives
on the Task Force concur with the contents of this report, and it
is transmitted tc you with their concurrence.

The report addresses the issues you requested in your letter dated
June 4, 1990, namely the availability, accessibility, and
maintenance of past and current Landsat data for use in global
change research, and identification of future requirements for land
remote sensing specifically in support of the U.S. Global Change
Research Program (USGCRP). The report points out that existing
Landsat data and a continuing Landsat program throughout the
lifetime of the Earth Observing System (EOS) missions are essential
to the USGCRP. It also points out that commercialization of
Landsat is currently impeding the use of large quantities of
Landsat data necessary for global change research because of the
high commercial costs. The report encourages efforts directed at
preserving and improving the utilization of existing Landsat data
and accelerating data conversion to ensure the availability of
older Landsat data for global change research.

Finally, the report urges the Federal Govermment to (1} determine
the approach to meeting the Nation‘s needs for Landsat-type
capabilities that provides the maximum net benefits, including cost
effectiveness, (2) investigate all options for providing Landsat
data to the user community at prices scaled tc recover the
recurring costs of reproduction and dissemination, and without



trade secret or other use restrictions, (3) resolve as soon as
pessible the management, policy, and technical issues concerning
the follow-on satellite systems after Landsat 6 so as to avoid data
gaps, and (4) identify funding for acquisition and archiving of
Landsat-6 data for the USGCRP.

I would be pleased to discuss the report with you at your
convenience.

erely;

‘Ro W. Corell
Chairman
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THE VALUE OF LANDSAT TO ‘

THE U.S. GLOBAL CHANGE
RESEARCH PROGRAM

A Report by the Committes on Earth and Enviroomantal Sciences
00—
THE GLOBAL CHANGE RESEARCH PROGRAM

The fundamental goals of the U.S. Global Change Research Program (USGCRP) are
to reduce key scientific uncertainties concerning global environmental change
and to develop more reliable scientific predictions to guide the development
of sound policy and response strategies. This can only be accomplished by
obtaining a scientific understanding of the Barth system on a global scale,
which will lead to improved predictive models of the processes of interaction
ameng its atmospheric, ocean, and land components.

Developing this scientific understanding will require comprehensive
interdisciplinary research efforts supported by conaistent, long-term,
repetitive measurements and observations of the mechanisms and processes
associated with global change. Earth-orbiting satellites such as Landsat are
an eagsential source of these data.

This report examines (1) the value of Landsat data to the U.5. Global Change
Research Program, (2) alternatives for obtaining the Landsat-type data
necessary for global change research, and (3) issues that need to be resolved
to facilitate the full use of Landsat data for gleobal c¢hange research.

THE NEED FOR LANDSAT DATA

Global monitoring of the Earth’'s land surfaces and shallow seas was made
possible for the first time in 1972 with the launch of the Earth Resources
Technology Satellite (ERTS-1), now known as Landsat-1. For more than a
decade, the multispectral scanner (MS8S$) on Landsats 1, 2, and 3 was the
principal sensor employed for this purpose. The MSS was augmented by the
launch of the thematic mapper (TM) on Landsat 4 in 1982. An enhanced TH is

being developed and will be placed on Landsat & whkich ias scheduled for launch
in 1992.

Environmental "inventcry™ data from the Landsat series of satellites are
particularly suited to the long-term estimation and monitoring of standing
vegetation bjomasa, biological productivity, land cover type, snow and ica
cover, rate of deforestation, desertification, and changes in fragile
ecosystem borders. At present, about 1 percent of the Earth’s land surface is
covered by urban development, while ice, bare ground, and cropland each
account for about 10 percent of the total. The remaining 70 percent of the
land area is covered by forests, woodland, grasslands, shrublands, tundra, and
other vegetation types which vary markedly in properties such as reflectance
and absorbtivity, water content, surface roughness, carbon storage, and
chemical compogition. Each of these properties responds in different ways to
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anthropogenic pressures and to the processes of global change. Changes in
vegetative cover and other land surface/land cover changes are intrinsically
linked to global climate change, both as an early indicator of climate change
and as a contributor to changes in the chemical composition of the atmosphere.
Repetitive data from Earth-orbiting satellites like Landsat provide a -
capability to observe changes in land surface/land cover that are not obvious
from other apace~ or even ground-hased measyrements.

Thirty~ and S0-meter ground resclution Landsat data can be acquired every 16
days, depending on atmospheric conditions such ag cloud cover. These data can
be combined, using multi-stage sampling methodologies, with l-km to 4-~km
ground resolution data acquired daily from sensors on meteorological
satellites (e.g., the Natiocnal Ocsanic and Atmecepheric Administration‘s (NOAAR)
Advanced Very High Resolution Radiometsr (AVHRR)) and with ground-based
obgervations to provide the basjic land characterization data neaded to improve
many predictive global change modeis. AVHRR data are complementary to, but
not a substitute for, the data provided by Landsat.

Moreover, Landsat data, c¢onsistent in characteristics and data format, have
been collected without interruption during the last 18 years. By the launch
of the first National Aerconautics and Space Administration (NASA) Earth
Obgerving System (EOS) polar platform in 1997, Landsat data will have provided
a 2Sw-year head stazt on the repetitive leong—-term monitoring of the Earth's
land surface and ahallow seas from space. Existing Landsat data will provide
a unique baselinea of land conditions existing in the 70°'s, 80'a, and 90's that
will not be available from any other existing data source. A disruption in
the flow of Landsat data will impeds our ability to monitor changes in land
surface conditicons that are occurring in response to climate and other en-
vironmental change.

Tablie 1 provides a ranking of the value of Landsat data to the seven science
elements and research pricrities under the science elements in the USGCRP.
Landsat data are cunsidered easential for three of the seven gcience elements
and important to two others. Moreover, Landsat data are considered important
to some research priorities within cone of the two remaining elements.

GEES believes that 3 continuing Landsat program ig essential to the USGCRP and
ghould be a ant co nent af ¢ inte on *Migsion to Planet Eayth"

Program designed to orovide the long-term cobservaticons necessaary to undergtand
giobal change pr sges and to edict the magnitude and timing of future
changes,

QTHER DATA SOURCES: TWO COMPLEMENTARY PROGRAMS

Two other Earth-observing gatellite systems (EOS and SPOT) offer data that are
complementary to, but nct substitutes for, the data provided by Landsat,
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THE EQS PROGRAM: Landsat data are complementary to data to be returned from
the NASA EOS polar platform sensors. The primary EOS land-~observing sensors
are the pointable High Resolution Imaging Spectrometer {HIRIS), the
Intermediate and Tharmal Infrared Radiometer {ITIR}, and the Moderate Reso—
lution Imaging Spectrometers (MODIS~N and «T)}. HIRIS and ITIR will acquire
relatively narrow field of view, hyperspectral, high spatial resolution data,
and MODIS will acquire moderate spatial resolution, wide field of view data.
No EOS sensors will return data similar in characteristics to Landsat, i.e.,
high spatial resolution, broad spectral bands, and wide-area coverage.
Landsat data will also be needed to develop, test, and validate EOS data
processing algorithms prior to and after the launch of EOS.

The EOS was conceived and designed assuming the continuation of Landsat-type
data. Landsat makes its chservations in the morning at a time when cloud
cover is at a minimum. EOS is intended to fly in the early afterncon to
observe terrestrial vegetation near the time of maximum thermal and hydrologic
stresda, thereby revealing the potantial for ecosystem change due to such
stress. ‘The BIRIS and its Japanese-provided companion instrument, ITIR, have
been designed for EOS as highly flaxible research tools to study local
processes at specific sites arcund the globe, while the Landsat TM serves as a
gurvey inatrument for global monitoring.

Specifically, Landsat has a 185-km swath width, fixed nadir viewing, six
spectral bands for reflected sunlight and cne band for thermal emission, and
can image the Earth’s surface every 16 days, limited only by atmospheric
conditions such as ¢loud cover. HIRIS will have a 24~km awath, both along-
track and cross—-track pointing, and 192 spectral bands for reflected sunlight.
These characteristics will permit detection of small shifts in ecosystem
boundaries, detailed study of inland lakes and estuaries, and the examination
of processes in vegetation. ITIR provides complementary capabilities for
thermal emiasion measurements with five spectral bands.

On ECS, the frequent glebal survey of covarse-resolution vegetation conditions
will be provided by the MODIS which will provide global coverage every 1 to 2
days at SQ0-1000 m resolution. As with the data from NOAA‘s AVHRR flying

today, MODIS will enable the observation of the phenclogy of land vegetation
at finer temporal resolution than TM but lacks the ability to distinguish the

spatial aand spectral detail asscciated with ecosystem change and agricultural
practices.

CEES believes that Landsgat and EOS are complementary systems and, to be fullv

success he internati "Misai o Planet Earth® Program and NASA‘'s EOS
Program wi re the availabilit exigrtin andaat data and continuin
the 3 gition o ndgat-like da hroughout the etime of the EQS
missiong,

THE SPOT PROGRAM: The French SPOT sgystem also provides data that are
complementary to Landsat data. SPOT data have higher spatial resoclutien than
Landsat; SPOT panchromatic data have l0-meter spatial resolution; and SPOT
multispectral data have 20-meter spatial resclution. Repeat coverage of the
Earth is possible with both Landsat {every 16 days) and SPOT (every 26 days)
because the ground tracks of the satellite orbit repeat periodicaliy. The
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5POT offenadir viewing capability also permits coverage of gpecific targeted
sites at least twice a week, but with variable wviewing and sun illumination
angles. The $POT system also uses its off-nadir peointing capability to acquire
gtereoscopic coverage, while Landsat can only acgquire sterec coverage in the
overlap area between adjacent paths.

However, the Landsat TM has mid=infrared and thermal-infrared gpectral bands
not available from SPOYT that provide important information about vegetation
and other Barth-surface conditions. Moreover, Landsat provides a longer~term
set of key observations (since 1972) than SPOT, which has only been operating
aince 1986. Further, Landsat THM data cover a 185-km ground swath; a SPOT
scene covers an Area measuring &0 by 60 km. Since it takes 9 SPOT scenas to
cover the area of one Landsat TM scene, substantial additicnal cost and effort
is required to acquire and process S5POT data for large areas. In general,
SPOT data are used more effectively for site—-specific studies, and Landsat
data are more appropriate for larger area studies and studies where the unique
T™™ spectral bands are needed.

ES beljeves that lLa I3 m menta gygtems, with Landsat
having gsiognificant additional gspectral capabilitries and cost advantages for

large area coverage,

ISSUES TC BE RESQOLVED

The CEES believes that full utilization of Landsat data to support global
change research requires the resclution of three distinct issues:

A) Immediate development of plans and policy for gontinuation of the Landsat
program beyond Landsat 6.

B) Assurance of the availability and accessibility of Landsat data for use in
scientific astudies of global change.

im ved uti atjion of exiatin andsat data, including
the conversion of the existing data to a more permanent, manageable, and
retrievable archive medium.

A. DATA CONTINUITY

The National Space Council is acting on the President’'s commitment to
ensure the continuity of Landaat-type remotely sensed data after Landsat-
8, which is scheduled for launch in 1992 with an expected S$-year life
span. Varicus Federal agencies have made recommendations to the National
Space Council about the technical specifications for a Landsat-6 follow=-
on gsystem, including higher spatial rescluticn and stereoscopic imaging
capability for developing digital terrain models.

In recent Senate testimony, a senior policy-level administrateor from the
National Oceanic and Atmospheric Administration atated that “Our
experience with the Landsat program, and the results of studies for us,
have led us to the conclusion that commercializarvien of Landsat, aa had
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originally been enviaioned, is not possible.* The cost of building,
launching, and operating Landsat-type satellites is in the range of §$120-
$150 million a year, while current annual revenue from data gales and
foreign station access fees is $15-520 million. There is no evidence
that the revenuye from the sale of Landsat products is growing at a rate
that will support continuation of a commercial program into the future
without heavy government subsidies. The large gap between costs and
revenue indicates that the Fedaral Government will have to provide most,
if not all, of the hardware and launch costs for any follow-on satellite
systems after Landsat-6.

h 3 eg at the Federa vea determin he approach that
a ma ne enafits ogt o ctivenenn
meeting the nation’s needs for Landsat-like capabjilities after Landsat-6,

ich a determination should include consideration o a_Federal
v nt —aggumin na e n_gatellit stems

[ -£ , h s £ he i management, and
chnica ;] e -0 ite tems ter Landsat & bhe

salved so0n _as agible to i hy data gaps.

B. DATA AVAILABILITY AND ACCESSIBILITY

Existing commercialization pelicy has resulted in higher data prices that
gseriously inhibit the use of Landsat data for important global
environmental monitoring and earth science studies requiring large gquan~-
tities of data. Researchers at universities and other scientific
organizations cannot afford to buy large gquantities of Landsat data at
commercial prices. In 1983, prior toc the S— and 1l0-fold price increases
in Landsat data, the academic community purchased and used approximately
11,000 Landsat image and digital data producta. In 1989 this number had
dropped to fewer than €00 products.

Commercialization policies related to both prieing and data acguisition
strateqgy also restrict the amount of data potentially available from
Landgat 6 for global change atudies., Because the government will not own
the data from Landsat 6, these data must be purchased for the government
archive from EOSAT, the commercial operator. Moreover, EOSAT has stated
that periodic worldwide data will not be acquired unless orders are
placed for acquigition. Currently no funds are identified to assure the
acgquisition of Landsat~& data for the government archive.

CEES has adopted as a fundamental policy *"full and copen sharing of the
full suite of global data sets for all global change researchers.” Other
policies adopted are that "data should be provided at the lowest possible
cost to global change researchers in the interest of full and cpen access
to data” and that "This cost should, as a firat principle, be no more
than the cost of reproduction and distribution.® Access to Landsat data
should be consistent with these policies.

In order to enable more effective uge of large quantitieg of Landsat data

needed fo lebal change research, the ¥Yederal Government should

investigate 21) options for providing Landsat data to the user gcommunity
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ces g od + cove ecurri o] Q du on_an

agemination, and wi ecret or othe @ re ions .
Re nizi the constrain of atandi egislation and
On ctu arrangements S believes that this w equire
modification or repeal of the commercializarion aspects of the Land
Remote—Sengsing Commerwialization Act of 1984. To avoid data gaps, funds
should be jdentified in. future budget gubmissions te ensu the
couia on and archivin dgat~6 data for the USGCRP.

C. DATA PRESERVATION AND IMPROVED UTILIZATION

Respenaibility for the long-term maintenance of existing Landsat data is
in the prucess of being legislatively transferred from the Department of
Commerce £o the Dapartment of the Interior. Approximately 1 million
scenes of Landsat MSS and TH data acquired over the past 18 years at a
cost to the Federal CGovernment of over $1.5 billion exist in seaveral
different formats, in different locations, and can only be processed on
one-of-a~kind hardware/software systems. More importantly, the early
data are becoming unreadable due to magnetic tape degradation or
processing system obsolescence. At the current level of asupport, one-
feurth of the early Landsat data will be loat in the next few years. An
accelerated data conversion program will minimize data loss due to tape
degradation.

In July 1994, approximately 665,000 scenes of Landsat data, acquired
between 1972 to 1985, will revert to the public domain and bhe available
at significantly less than commercial Landsat data prices. Enhanced
capability for MSS and TM data production and dissemination, ccupled with
the development of improved data calibration procedures, will he
necessary to respond effectively to the anticipated increased Landsat
data demand of the global change research community when Landsat data
become available at substantially lower cost.

The CEES supports efforts to preserve and improve utilizaticn of existing

Landsat data, accelerate data conversion, and ensure data availability
for global chande research.

SUMMARY

Existing Landsat data and a continuing Landsat program throughout the lifetime
of the EOS missions are essential to the USGCRP and to the international
"Mission to Planet Earth" Program. CEES bellieves that the commercializatiocn
of the Landsat program is currently impeding the use of Landsat data for
giaobal change research because of the high commercial cost of large Landsat
data sets needed for global studies. CEES recommends that the Federal
Government investigate all opticns to ensure the availability of Landsat data
for gleobal change research and endorses a policy that would provide Landsat
data to the global change research community at prices scaled to the recurring
cost of reproduction and dissemination, and without trade secret or other use
restrictions. Recognizing the constraints of standing legislation and current
contractual arrangements, CEES believes that the Land Remote-Sensing
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Commercialization Act of 1984 will likely require modification or repeal in
order to enable more effactive use of Landsat data for global change research.

CEES also endorses efforts to preserve and improve utilization of existing
Landsat data, accelerate data conversion, and ensure data availability for
global change research. To avoid data gaps, funds should be identifiaed in
future budget submissiona to. ensure the acquisition and archiving of Landsat-6
data for the USGCRP.

In examining alternatives for meeting the nation’s needa for Landaat-type
capabilities after Landsat 6, the CEES urges that the Federal Government
determine the approach that provides the maximum net benefits, including cost
effectiveness. The CEES believes that such a determination should include
consideration of re-assuming management of any follow-on Landsat systeme after
Landsat 6. The CEES urges that the policy, management, and tachnical aspect
of follew-on systems after Landsat-6 be resolved as socon as possible to avoid
lengthy data gaps.

These recommendations will promote the use of Landsat data by the global
change research community and by a broad segment of the public and private
gector, and will continue to demonstrate U.S5. leadership in land remote
sensing from space.



Table 1. Value of Landsat data to the science elements and research priorities within these elements of the U.S, Global
Change Rescarch Program.

Priority ranking scale:
E = Landsar dats essential
I = Landsat data imporuans
N = Landsat data net currenty used or not applicable

. Ranking of
Sciance selemeants and priorities* tandsat

importanca

CLIMATE & HYDROLOGIC SYSTEMS H
Role of Clouds................ -
Ocean Circulation & Heat FIuX .o veeee e e vnanann
Land/AmyOcean Water & Energy Flux
Coupled Climate System & Qunuitative Links .....ociviviiiecineans
Ocean, Amosphere, Cryosphere Interaetions ....ooiiiiiiiinnn,

BIOGEQCHEMICAL DYNAMICS
Bio/Atm/QOcean Fluxes of Trace Species
Armospheric Processing of Trace Species .. ermmascrsmainesansn
Surface/Deesp Water Biogeochemisay of Carbon & Numriens.....
Terrestrial Biosphere Nuwrient & Carbon Cyclintg...ocecnnecn.
Terrestrial Inputs to Marine SyStems .......ccvieemmcenccrcrirnsanen

ECOLOGICAL SYSTEMS & DYNAMICS
Long-term Measurements of Structure & Function ...
Response 10 Climate & Other Sesses ..o veeveecncnvarmenenens
Intevactions Between Physical & Biological Processes...

Models of Interactions, Feedbacks, & Responses. .. ..o,
Productivity/Resource Models ... travammmrmasassaneraasannnnnnn

EARTH SYSTEM HISTORY ..ot ittt niacsns et noarsennsacnnnenen
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Paleoecology ..oovviirnannnann Areeerrrterertiseatatanteeeseneareorssasiannt
Atmiospheric CompPOosition ..o coceeiiasieceescenasassnacnen evaneane
Ocean Circulation & Composition.......... arevbbareatrenn e nanents
Ocean Productivity ..oe.ocrermrccvnsinnesssncinsinn rianaraamasranasannnran
Sea lavel changs ...eviiiiiiiannn, ieabiatesnsesasrnsresasnarnrranbannns
Paleohydrology i iciiinrncirarrecnrce e s renas aase s arans
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Data Base Development ....vuiusiiveienimirmssiiseiiiis it cooecaennas
Models linking:
Population Growth/Distribution,
Energy Demands ....oovnomiirci e ccininsmanssnenerrnceaenas
Changes in Land Use..ocooirririeiiens e vmneenesmeens

mmomim

m

...........................

.............................

Permarrost & Marine Gas Hydrates...... nnvsasheestarseseanenenaneenas
Ocean/Seafloor Heat & Energy FIOxeS . .ouvevvervierrasececeeceonnn.
Surficial Processes.....cumrrersnssssssnesn s stasnntn
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EUV/UV Monitoring....... iersmtnrasiaaeaneeesarennann
Atm/Solar Energy Coupling......ccccevmnennnns
Irradiance {measure/model) i simresersecmmcnnererassesmessans
Climase/Solar Record ........ reetemmenrrtas i et e bt et e et smraaans
Proxy Measurments and Long-Term Data Bage

e thlvdiinteh

zZ

Z2EZZALEL

* Science elements and research priorities from Owr Changing Planet: The FY 1990 Research Plan, The U 5. Clobai C hange
Research Plan. A Report by the Committee on Earth Sciences, July, 1989,



