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ABSTRACT

In September 1982 the Secretary of Commerce was authorized (by Title Il of
H.R. 5890 of the 97th Congress) to plan and provide for the management and
operation of the civil iand remote sensing satellite system, to crovide for user fees,
and to plan for the transfer of the ownership and operation of future cijvil
operational land remote sensing satellite systems to the private sector. As part of
the planning for transfer, a number of approaches were to be compared including
wholly private ownership and operation of the system by an entity competitively
selected, mixed government/private ownership and operation, and a legislatively—
chartered privately--owned corporation.

This repvrt presents the results of an analysis and comparison of a limited
number of financial and organizational approaches for either transfer of the
ownership and operation of the civil operational land remote sensing program to
the private sector or government retention. The following basic approaches were
considered.

° Continued ownership and operation by the federal government (planned
phase-out)
° Continued ownership and operation by the federal government (es*ak-

lishment of necessary budget line items to continue provision of the
data services)

° Wholly private ownership and operation of an entity competitively
selected
° Phased private ownership (government ownership and operation w.th

private sector marketing)
) Legislatively-chartered, privately-owned corporation.

Each of these scenarios was developed based upon the same demand forecasts and
the same schedule of events. Government net cash flows were developed in all
cases. For the private sector scenarios, financially viable business ventures were
developed based upon achieving return on capital and other financial measures
deemead necessary to achieve financing. The required rates of return were obtained
through the use of government subsidies. For each scenario a complete set of
financial plans was developed. Nonfinancial issues were identified in general and
specifically related to each scenario.
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l. INTRODUCTION

For more than a decade, and at a cost estimated to be in excess of
$1.5 billion, the U.S. government has conducted research, development and demon-
stration of land remote sensing technology. These programs have now progressed
to the point where data is being obtained ori a continuous basis from a land
, observation satellite (LANDSAT D) and .nformation products are provided to and
utilized by government, industry and foreign organizations. During the past few
years attention has increasingly focused on the operational nature of the LANDSAT
system which includes a space data collection segment and a yround processing and
information dissemination segment. The federal government, realizing the opera-
tional nature of the system designated, in November 1979 the National Oceanv-
graphic and Atmospheric Administration (NOAA) to manage the LANDSAT system.
NOAA was selected as the operating agency because of its experience in mana,.ng
and operating ‘- .* National Environmental Satellite System which has involved 24
environmental satellites since 1966 [1].

As the land observation satellite system continued to evolve, attention ras
focused on the appropriate public sector and private sector roles [2-20]. In
keeping with this, in September 1982 the Secretary of Cominerce was authorized to
plan and provide for the management and operation of tnhe civil land remote sensing
satellite system, including the LANDSAT D and D' satellites and associated ground
system equipment transferred from [NASA; to provide for user fees; and to plan for
the transfer of the ownership and operation of future civil operaticnal lard remote
sensing satellite systems by the private sector, when in the national interest ([ i0Q].
As part of this planning for the transfer of the ownership and operation of civil
operational land remote sensing satellite systems to the private sector, the
Secretary was requested to:

A. Conduct a study to define the needs of the government for land remote
sensing data

B. Determine and describe the equipment, software and data inventory
susceptible to transfer to the private sector

C. Compare various feasible financial and organizational approaches for
¢ such a transition.

Criteria for the comparison was to include consideraticns such as: maintenance of
data continuity; maintenance of U.S. leadership; national security; international
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obligations; potential for market growth; cost to the government; independence of
subs.: y or financial guarantee from the government; potential of financlal return
to the government and price of data to users. The following approaches were to be
compared: 1) Wholi; private ownership and operation of the system by an entity
compatitively selected; 2) mixed government/private ownership and operation; and
3) a legisiatively~chartered, privately-owned corporation.

In addition to the above studies and cornparisons, the Secretary was asked to
fund at least two parallel studies outside the government so as to independently
conduct the comparisons called for above., ECON, Inc. was selected early in
January 1983 as one of the contractors to perform these studies. The results of
this work are reported herein.

The specific objective of the study was to provide an analysis and comparison
ot a limited number of financial and organizational apnroaches for either transfer
of the ownership and operation of the civil operational land remote sensing
program to the private sector or government retention. The following basic
approaches for commercialization or reétention were considered:

) Continued ownership and operation by the federal government (planned
phase-out)

. Continued ownership and operation by the federal government (estdab-
lishment of necessary budget line items to continue provision of the
data services)

° Wholly private ownership and operation of an entity competitively
selected

° Phased private ownership (government ownership and operation with
private sector marketing)

° Legisiatively-chartered, privately-owned corporation.

We have taken the position that in order to evaluate the alternatives ir is
necessary to plan potential business ventures and evaiuate their financial rnerit,
the likeliood of their financing and their impact on government cash flows. We
have tried to play the role of an entrepreneur, putting together business plans for
the pur rose of obtaining financing. The business plans are based upon a perceived
technology base and a market forecast. The market forecasts are felt to be
reasonably conservative because of the selected role (as entrepreneur). It is
obvious that many business scenarios may be daveloped, ranging from flying an
instrument in the Space Shuttle and selling resulting images, to the Communica-
tions Satellite Corporation's proposal to acquire and operate a combined land
observation and meteorological satellite systemn. Due to the very finite nature of
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this study, a specific business system was defined (Section 3) and used as the
common basis for analyzing the various approaches for commercialization or
retention of the land remote sensing system. It must be emphasized that this
system has not been optimized either from the poirt of view of private sector
profit maximization or public sector benefit maximization. It appears to be a
reasonatle possibility with its main virtue being the introduction of commonality
which facilitates comparison between all of the approaches analyzed.

It should be noted that the selected business system does not include "value
added" functions. It was not possible within the scope of the current effort to
obtain sufficient information to allow the planning of value added business
ventures.

Flgure 1.1 presents an overview of the study approach. The first step was the
development of the financial and organizational options of interest. In order to
compare these options or scenarios, a common business scenario was defined. This
included a schedule of events, data {lows and other .mportant features. This is
described in Section 3, The Business Scenaric. Section 2 presents, as general
background, a description of the current land observation system upon which the
business system builds. A demand forecast was made based upon a review of the
published literature and discussions with current and potential user groups and
competitive suppliers of information products. The dernand forecasts and pro-
jected revenues are described in Section 4, The Marketplace. These forecasts and
projections were held constant across all scenarios. Cost estimates were based
upon detailed data obtained from the current operating entities and are described,
as appropriate, in Section 6.1 through 6.4, Detailed schedules in support of the
specific cost items are presented in appendices.

The demand forecasts and the cost estimates together with other information
such as recoupment, leasing and subsidy policies and desired return on capital
served as input to the financial analyses. The financial analyse: developed the pro
forma income statements, cash flow statements and balance shents for a ten-year
planning period. The financial analyses were performed for each of the scenarios
of interest. The specific scenarios are described in Section 5 and the financial
analyses are described in Section 6. The financial analyses were used as input to a
government cash flow analysis—this is also discussed in Section 6.

The results of the financial analyses were reviewed by a group of individuais
with expertise in the capital markets. The review established financial criteria
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that must be met in order to have a viable business venture—j.e., attract
investment funds from capital markets. These criteria are described in Section 6
as well as the general procedure used in the financial analyses.

In paralle! with, and at times providing guidance to the financia! analyses, an
assessment of nonfinancial issues was performed. These included political,
institutional, legal/regulatory, international, national security and policy issues.
These «-¢ discussed in Section 7 with emphasis placed on differences in their
effects upon the different scenarios. The objective of considering these issues was
to establish policy, legislative and organizational requirements that are deemed
necessary for each of the scenarios to be viable.

General and specific observations and conclusions are presented in Section 3
and recornmendations are presented in Section 9.

The data utilized in this study was obtained from the indicated referenced
documents and from discussions with individuals in government agencies and
commercial organizations. These included the National Oceanographic & Atmos-
pheric Administration; National Aeronautics & Space Administration; U.S. Depart-
ment of Agriculture, both the Foreign Agriculture Service and the Statistical
Reporting Service; the Central Intelligence Agency; the Department of Interior,
incluging the Bureau of Land Management, the U.S. Geological Survey and the
Earth Resources Observation System Data Center; U.S. Foreign Service; Communi-
caticns Satellite Corp.; Spot Image; RCA; General Electric; American Science and
Technology Corp.; GeoSat; Metrics; Lockheed; Hughes and Terra-Mar. Due to time
constraints this data could rot be independently validated or estimataed. The fact
that this data is used in the study reported herein should not be interpreted to

mean that these estimates are considered o be valid.
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2. THE CURRENT LAND OBSERVATION SYSTEM

Remote sensing implies the detection of the nature or condition of an object
without touching it. The advent of first the photographic camera and later the
airplane represented major advances in remote sensing. Space remote sensing was
first tried experimentally when cameras were used on manned orbital {lights to
take multispectral photographs of the Earth. Later, in 1973, Skylab was outfitted
with sensors designed to the specifications of the Departments of the Interior and
Agriculture, which used the data in programs that tested possible applications in
planning, management and resource conservation [21].

The LANDSAT program began in July 1972 when the first LANDSAT satellite
(the Earth Resources Technology Satellite-1) was launched by NASA. The program
began as a research and development effort to determine the usefulness of satellite
multispectral information, provided as synoptic views of the Earth's surface [22].
In the ten years that followed three more LANDSAT satellites were launched so
that a continuous flow of information about the earth's surface was transmitted
over an extended period of time. LANDSAT data has been used regularly in a wide
range of applications from crop forecasting to mapping, to land use planning and
resource management. “he program has developed into & valuable source of
:nformation for agricuitural and urban planning, geologic exploration, land manage-
ment studies, snow meit and flood runoff analysis, crop stress location and other
tasks requiring large-scale views of the Earth's surface areas.

LANDSAT D (LANDSAT 4) was launched July 16, 1982 into a polar orbit at an
altitude of 705 kilometers. It zircles the Earth every 98.9 minutes and images the
same |85 kilometer swath of the Earth's surface every 16 days. A follow-on
sateilite, LANDSAT D, is available to repiace or supplement LANDSAT D.

The LANDSAT data collection system consists of the LANDSAT D satellite in
orbit, the LANDSAT D' satellite currently in storage, a comma@nications satellite
system, ground receiving stations, a ground data processing and satellite control
facility, and a data distributi- n center.

2.1 LANDSAT D and D' S cellites

LANDSAT D (and D) illustrated in Figure 2.1, consists of the Standard Multi-

Mission Modular Spacecraft and a mission unique instrument module. The space-

craft, which is cornpatible with Space Shuttle launch and retrieval, contains the
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attitude control, communications, data nandling and power subsystems. Included in
the instrument module are the Multi-Spectral Scanner (MSS), Thematic Magpper
(TM), a wideband communications subsystem, high-gain and other antennas, and a
solar array that can generate two kilowatts of power. The MSS is a radiometer, an
instrument that collects and measures energy reflected or ermnitted in discrete
intervals of the electromagnetic spectrum. !t has four spectral tands in the visibie
and near infrared portions of the spectrum and has an 80 meter spatial resolution.
The TM works like the MSS but is a seven band rnultispectral, high resolution
scanner with 30 meter spatial resolution [ 20].
2.2 Communications System

Until the launch of NASA's Tracking Data Relay Satellite System (TDRSS),
data coming directly from LANDSAT D will be received by ground receiving

stations located in the U.S. and !l foreign countries. Coverage is limitad by
receiving station line-of-signt, since LANDSAT D has no on-board recording

capability. The U.S. has arranged to receive foreign scenes by mail from these




stations albeit sometimes with long delays. Once TDRSS is in operation it will
recejve data from LANDSAT and transmit it to a ground receiving station at White
Sands, New Mexico. This location was selected to minimize propagation effects on
the TDRSS down-link. The positioning of the satellites in the TDRS system (one at
41°W and one at 171°W longitude) will allow for data acquisition from nearly all of
the earth's surface. Foreign ground stations will continue to collect data for their
own use directly from the satellite and can obtain other scenes from the U.S.
facility at Sioux Falls.

Data received ar White Sands is demodulawed, separated and recorded on
separate wideband data recorders. Compacted raw data tapes are prepared and
transmitted via a domestic ccmmunications satellite (hereinafter referred to as
DOMSAT) from White Sands to the processing facilities located at Goddard Space
Flight Center in Greenbeit, Maryland with, under normal conditions, a data delay
of no more than eight hours from sensor observation to availability for processing
at GSFC. In the case of a DOMSAT failure: of greater than two days, the raw data
tapes will be maiied from White Sands to GSFC [23]. Once MSS data is processed
at GSFC it is sent through DOMSAT to the EROS Data Center (EDC) at Sioux
Falls, South Dakota.

The TDRSS and DOMSAT communications satellite systems will substantially
reduce time delays that have been encountered in shipping data from foreign
ground stations to the U.S. and from LANDSAT ground receiving stations to
Goddard Space Flight Center, and subsequently to EDC.

2.3 Ground Segment

Raw data is received at GSFC, is stored on high density tapes (HDTR) and
sent to the Image Generation Facility for preprocessing, framing, radiometric
correction and computation of geometric correction matrices, to produce a high
density archival tape (HDTA), in the case of MSS data. TM data is processed
further, into computer compatible tapes a.'d film [24]. Separate (computer)
processing strings exist for MSS and TM processing.

User requests for data acquisition over specitic land areas are input into the
system through a mission management facility which sends such requests to the
Control and Simulation Facility for spacecraft orbital operation planning and
scheduling [24]. A basic data set is routinely acquired, but a user may make a
request for "special acquisition data" (for which there is a fee). The mission
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management facility also provides image data production management, manage-
ment reporting, database management, control point library generation, inventory
control and ground segment management.

Control and monitoring of the spacecraft, coordination of the ground
schedules with the spacecraft, pertormance analysis and mission planning are
handled by the Control and Simulation Facility [ 23].

Evaluation of the image data, with emphasis on assessing systerns handling
TM data, is conducted by the LANDSAT Assessment System (23], Figure 2.2
illustrates the flow of information in the ground segment.

2.4 Data Distribution Center (ENC)

MSS data on high density archival tapes are relayed from GSFZT through
COMSAT ‘o the EROS data Center (EDC) located in Sioux Falls, South Dakota. At
EDC the incoming data is recorded on high density tape, which is sent through the

-

EROS Digital Image Processing System to ascertain readability, correct geometry
and generate black and white 241 mm latent {iilm. The film is processed into a fiim
master and the HDT and f{ilm master are archived. When scenes are ordered,
digital products will be generated from the HDT and film products from the film
master { 25].

Goddard-produced TM f{ilm will be inspected for quality and cloud cover and a
working master generated and stored in the archives. TM digital data (on CCTs)
will be inspected for physical defects [25]. Products will be produced from the
film master or CCT to {ill customer's orders.

The Center's computer complex controls a database of over six million
images and photographs of the Earth's surface features [ 20].

Figure 2.3 illustrates the flow of information in the totai LANDSAT system.
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3. THE BUSINESS SCENARIO

Underlying the analysis and comparison of the financial and organizational
approaches for either transfer of the ownership and operation of the civil land
remote sensing program to the private sector or government retention is a basic
commonality. This commonality is with respect to the level of service provided in
the marketplace and hence product sales. Thus a point of departure is a set of
products having the same attributes (including price, resolution, timeliness, etc.)
over time for each of the scenarios. The result is a demand forecast that is
independent of scenario, a timeline or schedule of events that is independent of
scenario, and a basic business concept that is independent of scenario. With these
factors constant from scenario to scenario, attention can be focused on the
relative attractiveness of 3cenarios, their affect on government cash flowsi, the
impact of recoupment policies and other factors.

The anticipated schedule of events that is a major factor driving the costs of
all the business scenarios is illustrated in Figure 3.1. For reasons to be discussec
subsequently, it is assumed that commercial operation will commence at the star:
of fiscal year 1985, If this date is delayed, continuity of service will te
jeopardized unless ti, > federal government initiates procurement of another backup
satellite (in addition to D'). A number of specific events and their timing (fiscal
year) is shown. LANDSAT D was launched in FY82. It has already run into
problems which have necessitated operations on backup subsystems. It is assnmed
that the multi-spectral scanner (MSS), having 80 meter resolution, will fail at the
end of FY85 and the thematic mapper \TM), having 30 meter resolution, will fail at
the end of FYR&&4. It should be noted that specific failure dates have heen assumed
for events that are basically random in nature. It is assumed that the MSS is the
primary sensor and that LANDSAT D' will be launched during FYS35 in anticipation
of an MSS failure. It is felt that this (launch on anticipation) is important to
demonstrate the intention of continuity of cservice to potential users of the
information products. LANDSAT D' also has an MSS and a TM. It is assumed that
this TM will fail after approximately two years of service and that the MSS is
placed into an in-orbit spare status at about the same time.

Immediately upon commercialization it is assumed that two LANDSAT Es
will be procured. LANDSAT E will consist of the same "bus" used in LANDSAT D
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and LANDSAT D' (the Multi-Mission Spacecraft), plus a solid state version of the
M3S—a multi-linear array having a stereo capability. The stereo capability allows o
the observation of scenes at different angles from the nominal ground track. This
procurement must proceed with haste since in the absence of LANDSAT E there is
no spare for the MSS on LANDSAT D' and continuity of service is in jeopardy.
Continuity of service is deemed extremely important since, as will be discussed,

the large part of the demand for information products is associated with renewable
resources which require up-to-date information. Two spacecraft are procured in
order to have a reasonable chance for the desired continuity of service. The 80
meter resolution MLA s indicated because time is of the essence, and the

55 - il

development of a 30 meter resojution MLA would require an extendeda development
schedule. It is anticipated that the two LANDSAT E spacecraft together with the
LANDSAT D' MSS on-orbit spare will provide service through FY92.”

During FY91 LANDSAT F, having a solid state version {(multi-linear array) of

the TM with 30 meter resolution, will be launched. It is assumed that the decision
to develop LANDSAT F will be based upon a market analysis and that two
spacecraft will be procured. These will last through the remainder of the planning
horizon. Since it is likely that additional spacecraft will be required in the latter
part of the 1990s, expenditures for their development and procurement
(LANDSAT G) will be required during the pianning horizon.

As will be discussed in Section 4, there is a need for hoth 8U meter and 30 q
meter resolution information products. LANDSATF will have a 30 meter i
resolution capability. To satisfy both the 30 and 80 meter product needs, the 30 '
meter data will be degraded to produce 30 meter products as necessary. This will
allow attribute pricing policies to continue and to provide the lower priced
products required by the renewable resource community.

The basic concept of the land remote sensing business system is shown in
Figure 3.2. It is assumed that the government will coriinue to perform R&D

|
{

related to the development of sensors and associated technologies and new
information extraction techniques. The results of this R&D will be available to the
land observation venture. The land observation venture will utilize the tracking
data relay satellite (TDRSS) and domestic communication satellite (DOMSAT)

*The question of number of spacecraft to be procured is addressed in
Appendix A ana is based upon the use of a stochastic mission and life cycle
cost simulation model, SATIL.
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services, The venture will also utilize launch services provided oy either
government or nongovernment operations,' It is assumed that initially the venture
will utilize services (archiving and sales—not marketing) provided by the EROS
Data Center which will be reimpursed for all costs incurred. The venture will, in
essence, take over the Goddard Space Flignt Center Data Processing Facility and
the White Sands Ground Station. At an appropriate point in time, all data
processing and sales facilities will be consolidated at White Sands (White Sands
must remain since it was selected in order to minimize communication problems
with the TDRSS).

*Launch services are a potential problem. The LANDSAT series is designed to
be launched on a Dgj:a vehicle. At present, NASA does not plan 0 have
Delta vehicles avaudable after the launch of LANDSAT D'. There are no
definitive plans for commercialization of the Delta, although this is a
possibility. In the absence of the Delta, there appear to be cther possi-
bilities-——a West Coast Shuttle launch or the use of Ariane. Because
LANDSAT series spacecraft are not optimized for Shuttle launch and the
limited number of payloads to be launched from the West Coast, it is likely
that the LANDSAT launch would be charged for a dedicated Shuttle flight.
This would impose a significant penalty on the LANDSAT observation
business venture. A new spacecraft could also be developed to reduce launch
costs but development cost would be incurred. In the financial analysis
considerations i Section 6 the cost of a Delta launch ($35 million--FY839%)
has been assumed.
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It is assumed that the foreign ground stations will be franchised, each having
a region within which it is the sole supplier of information products. The foreign
ground stations will continue to be able to obtain direct readout from the satellites
when they are observabie. Annual fees will be paid for this., Scenes so obtainea
can be distributed within the franchise area without restrictions, The foreign
ground station will be responsible for sales in its region of Information products
that cannot be obtained by direct readout. Revenue from sales so obtained wiij be
split with a portion maintained by the ground station and the remainder paid to the
U.S. venture which will provide the necessary inforrmation products. The goal is to
establish a foreign rnarketing organization using the existing ground staticns as the
starting point. Franchises may also be established without having a ground station.

Figure 3.3 illustrates the staged operations of the business system and the
flow of information. Stage [ utilizes the system configuration which will he in
place in FY35. Stage Il consolidates all functions at White Sands. During Stage |
LANDSAT observation satellite data is transmitted via TDRSS to the tracking and
readout facility at White Sands which ¢c mmunicates this data via DOMSAT to the
system management and processing center at Goddard Space Flight Center (GSF(C).
Data is processed into information products at GSFC which then communictes the
bulk of these products to EDC via DOMSAT. The foreign ground stations receive
direct readout from the land observation satellite and also receive requested
scenes from EDC.

During the second stage the data processing, archiving, sales and tracking,
and control facilities are consolidated at White Sands. This allows the elimination
of duplication of facilities and eliminates the need for DOMSAT cor"munications.

The previously defined events schedule and business concepts serve as the
common basis for evaluating the alternative financial and organizational scenarios.
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4. THE MARKETPLACE

4.1 Products

LANDSAT D provides data from two sensors, the Multi-Spectral Scanner
(MSS) and the Thematic Mapper (TM), which is processed into photographic images
and computer digital tapes. Each LANDSAT scene covers an area whose
dimensions are 185 kilometers on each side. Data is provided from the MSS in four
spectral bands with a spatial resolution ot approximateiy 80 meters. The TM
cbtains data In seven spectral bands with a spatial resolution of approximately 30
meters, Customers for resulting information products may order photographic
images in film and paper, positive and negative format, in black and white and
color, and in sizes from 70 mm to 4u inches.” Digital products rnay be ordered in
pa-tially or fully corrected formats.

The basic collected data and resulting processed information products have
value only to the extent that they can be interpreted and applied in decision
making and planning. In the years since the Multi-Spectral Scanner has been
available, techniques have been . :veloped to utilize the information products in a
wide range of applications. Information acquired through analyses of LANDSAT
data has demonstrated salue in crop assessments and yield forecasts, forest and
range inventory and monitoring, soil analysis. sutiace water delineation, land cover
classifications, mapping, urban planning, location of oil and mineral resources and
the understanding of the composition of the Earth's surface.

The Foreign Agric' 'tural Service, for exampie, uses LANDSAT data In
providing information to aid U.S. farmers and traders to adjust to changes in world
demand for U.S. agricultural pruducts [2]. Maps produced with the aid of
LANDSAT data are being used by the Bureau of Land Management in their
management of federal land, by the Corps of Cngineers in conducting dam
inspections, and by several states in urban land-use delineation and hydrologic land
use planning [1]. Many oil and gas companies have developed in-house computer
processing cafabilities for LANDSAT data interpretation to assist in their world-
wide exploration activities. This .atter application has probably been the largest
nonfederal user of LANDSAT tapes and iinagery products.

’ . v . ° .
A distinction is made between data products, the raw data prior to processing
and information products, the processed data made available for sale in the
form of imagery or d ital tapes.
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The increased resolution, new spectral bands, in addition to narrower bands in
green, red and near infrared of the Thematic Mapper ofier advantages beyond
those of thz Muiti-Spectral Scanner and, consequently, increased value in applica-
tions. However, TM data is costlier than MSS data ($2,300 for a TM scene in tape
tormat versus 3650 for an MSS scene in tape format), and for some uses the
increased content of a TV scene may not justify the higher costs.

New spectral bands will enable diffcrentiation among a wider variety oi
crops, vegetation, rock and soil types than was possible with the MSS. Measure-
ment ot surface temperature will allow identitication of plant health anc improve
identification of individual plant type, ard may be used in identifying and mapping
surface composition for geological studies.

Increased spatial resolution will permit more effective use of data in land use
mapping and planning, storm water management and geologic mapping because
features are more distinct in TM observations.

4.2 Customers

Users oi information products from a land remote sensing system have
wiferent reeds (based upon applications) for specific product attridbutes such as
spatial resolution, number and !vuation of spectral bands, frequency of observation,
timeliness of delivery of information, and area of coverage. The users of the
information products, depending upon applications, require information products
that are packaged in different forms ranging from film to high density digital
tapes. Some users requite a large number of scenes on a repetitive basis (the
renewable resource applications) while others require a small number of scenes on
a aonrepetitive basis (the nonrenewable resource applications). The former
applicauons generaily have relatively low value per scene whereas the latter
appiications have relatively high value per scene.

The majoi user of LANDSAT data has been the federal governmant, although
its share of total U.S. distributions of information products has declined to about
33 percent [20]. It is estimated that in [FY8&3, $7 to S8 million will be allocated
among federal agencies for LANDSAT data. Within the federal government, the
largest user is the Department of Argiculture with a budget estimated to be
slightly in excess of $3.5 million in FY83 for data acquired over foreign areas and
$150,000 on domestic data. For the Foreign Agricuitural Service, LANDSAT is the
only way to obtain global crop information. In domestic crop monitoring,
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alternative means do exist for collecting data. Aerial photography, district rangers,
county agents and extension workers are used regularly, especially during the
growing seasons. Because of anticipted budget constraints coupled with the
agencies use of large quantities of LANDSAT data, 1t is not likely to shift to the
use of the more expensive TM data on a significant scale. Timeliness of delivery
and frequent observations are critical to the value of the data. Based upon
previous benefit estimates [26-29] i+ appears that USDA budgets* for information
products bear little or no relationship to the potential benefits.

Among the other federal government users are the CIA, Department of
Interior, DOD and NASA. It is estimated that their combined FY33 expenditures
for information products will be of the same order as the USDA's. The information
products wiil be used for both renewable and nonrenewable resource management
applications. n

Lile

State and local government users constitute a small segment of the market;
about 5 percent of the non{ederal market [ 20]). They are low volume users. Many
states have developed internal data analysis capabilities [7]. The largest number
of state applications have been in environmental management, torest/rangeland
management, and water resources planning and management [12]. Higher resolu-

tion images over urban and suburban areas are valuable to urban planners

concerned with changing land use patterns [ 30].
Academic institutions use LANDSAT data in research or teaching. Some

purchase data to perform value added services for state and local government

TR

organizations or other clients [ 12].

The industrial sector is the second largest market category and is dominated

- ¥ Al

by the resource exploration industries—particularly oil, natural gas and mineral
exploration companies [31]. Frequent coverage and timely delivery are not as
vital as in the renewable resources area. Usually seasonal coverage and delivery -
within the month is adequate. During the past few years firms that have been
actively using LANDSAT data have developed in-house processing facilities and
have established databases with scenes acquired during each of the four seasons. It
is possible that this part of the mark2t may approach saturation in the near-term.
However, new firms are beginning to employ LANDSAT data, and so the market
rmay be driven more by expanded number of users than by increased demand among

k3 .
Not including USDA information processing costs.
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existing users [20]. Counterb .lancing this trend is the worldwide petroleum glut,
which has reduced speculative searches for new sources of petroleum.

The industrial market is characterized by relatively low data volumes but an
ability to pay, which bears more of a relationship to vaiue than the other market
segments. Data, once acquired, has value for years afterwards. The new and
narrower spectral bands of the Thematic Manper data will be valuable in mineral
anc petroleum exploration, and a strong initial demand for T\ data on the part of
these users is anticipatea. The industrial sector has expressed a desire to acquire
stereo data which is not available frorn LANDSAT D and D' but will be available
from the French SPOT System.

There has been iimited operational use of multi-spectral data in the forestry
industries. St. Regis Paper Company is now using MSS data in a forest resource
information system [l]. Agribusinesses, although aware of the LANDSAT pro-
gram, have been reluctant to actively use the data [31]. A recent market study
identifiec potential private users with requirements which LANDSAT now has the
potentiai to fill, including utilities, construction companies, agribusinesses, or
whicn tugher resofution MLA svstems will f'xll, inciuding mining engineering, bridge,
tunnel and elevated highway construction contractors [ 311,

Foreign users have made up about one-third of total EDC data sales. The
composition of the foreign sector is believed to be similar to the U.S. groups
(federal, industrial, academic, and state and local governments) and will have
similar requirements [ 20]. The developing countries and some developed countries
(such as Canada, Australia to a certain degree, Brazil and South Africa, which have
substantial areas. smal! but well trained scientific populations and economies which
can support investments in rerote censing; place high value on the LAMNDSAT
system (12). For many developing countries thers are no alternatives to
LANDSAT's reliable, inexpensive provision of data on natural resources. Small
countries, cloudy countries and countries with finely segmented landscapes do not
have much interest in the present system, but look to future spacecraft imaging
radars to overcome the cloud cover problem, and to SPOT and ™™ for high
resolution and multi-spectral daa {12].
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4.3 Competition
Starting in 1984 LANDSAT will face competition if, as is currently scheduled,

France launches its developmental satellite earth observation program, SFOT. The
SPOT satellite will contain two identical high resolution visible (HRV) range
instruments. These instruments will have a resolution of 20 meters in three
spectral bands (in the visible and near infrared portions of the spectrum) and 10
meters in black and white. During ground processing, 20 and 10 meter resolution
images can be combined into a product appearing to have an enhanced resoluticn
beyond the multispectral image. A unique feature of the SPOT imaging system is
the off-nadir viewing capability made possible through the use of multi-linear
arrays (MLA) of solid state detectors. This allows revisit coverage at intervals
from one to several days, and the ability to record stereoscopic pairs of images of
a particular area. SPOT has a 26-day repeat cycle [ 32, 33].

A market for SPOT data is expected to be found among those involved in oil
and mineral exploration, topographic and land use mapping, crop and environmental
monitoring, coastal zone studies and general research activities. SPOT Image, the
privately-owned company that will market SPOT, plans to establish agreements
with ground stations, giving the stations exclusive rights to market SPOT within
their own countries [ 33]. The payment fees to these stations are structured so as
to be essentially proportional to the amount of data received by them. SPOT Image
has tentatively priced their product (high density tape) at about $1,000 per scene.
A SPOT scene is approximately one-fcurth the area of a TM scene (currently priced
at $2,800) and has three spectral bands. as compared to the TM's seven. The
implications on the market can only be guessed, but it is likely that those
applications that do not have need for full TM scenes will find SPOT somewhat less
expensive.

4.4 Market Forecast
The past decade has seen many major developments in the state of the art of

land remote sensing. A space hardware and a ground data processing technoiogy
base have been developed. An enormous amount of data have been coilected from
the LANDSAT satellites and have been processed into film and tape information
products. These information products, having applicaticn in both renewable and
nonrenewable resource management areas, have been available to and used by both
taderal and nonfederal customers. Considerable progress has been made toward
the development of a good technology foundation upon which estimates and
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projections can be made with respect to the cost and capability of data collection
and processing. During this same time, however, little progress has been made
with respect to understanding the market dynamics for resulting information
products, although a number of market studies have been undertaken [ 31, 34, 35,
36]. Little information is available that relates potential sales of information
products to the multiple attributes such as resolution, number of spectral bands,
price and competition. Because of the brief period >f performance ot this reported
study, it was not possible to develop new data-—that is, it was not possible to
perform an in-depth market study, nor was it possible to make independent cost
and performance estimites. Since assessments and projections ‘were necessary,
they were made based upon review of previous work, the establishment of
historical costs, performance and sales databases, and interviews with both users
and suppliers of data products.

A summary of historical data is presented in Figure 4.1 and indicates
thousands of MSS scenes (imagery plus tape) delivered as a function of time. Also
indicated are the Department of Commerce estimates of MSS scenes that will be
delivered in FY 1933 and 198¢ [2G]. It should be noted that there have been
significant changes in pricing policy over the period of time shown, culminating
with a large price increase (approximately two to three times) in October
1982 [30]. Also, TM scenes have recently become available and will cause a
gradual switch by some users from MSS (80 meter) to TM (30 meter) information
products.

The following paragraphs summarize the market forecasts that have been
used in the financial analyses which are presented in Section 6 of this report,
Because we have tried within the scope of the current effort to piay tre role of an
entrepreneur formulating a business plan. the maiket forecasts are felt to be
conservative—'"blue sky" applications have not been included. Thus, there is likely
to be considerable upside potential with but limited downside risk. Aiso, no
consideration has been given to major changes in markets that may result from
technology changes (for example, the impact of low cost processing on demand has
not been considered) or from market development.

The market rorecasts are based upon a market segmentation 2s indicated in
Figure 4.2, The market forecasts are segmented by user (federa!l, industrial,
state/local government/academia and foreign), product type (tape and imagery) and
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resclution (30 and 80 meters). Thus forecasts have been made for 30 and 80 meter
resolution tape and 30 and 80 meter film products to four market segments, It
should again be noted that the information products have many attributes including
medium (film or tape), resolution, number and location of spectral bands, timeli-
ness of delivery, frequency of observation, proprietariness and dimensions of scene
(partial scenes). It should be noted that many of these attributes have noc¢ been
explicitly considered in this analysis primarily because of lack of data upon which
to base forecasts. It should however be pointed out that pricing by product
attribute (other than resolution and medium that have been explicitly considered
herein) may prove to have great impact upoh projected revenues. This is discussed
in following paragraphs.

Figures 4.3 and 4.4 illustrate the revenue forecast and are based upon a
review of previous studies as well as discussions with users, agencies and suppliers.
Considerable judgment has been used in arriving at these figures, the rationale for
which follows. Figure 4.3 presents the revenue forecast in constant 1983 dollars
and Figure 4.4 presents the forecast in current dollars based upon a continuing
6 pecrcent inflation rate. Since commercial ventures are being evaluated, current
dollars are used in the financial analyses. The revenue forecast is based upon the
specific timing of events as illustrated in Figure 3.1 (most important is the
assumed TM failure in FY 1987 and re-establishment of a 30 meter capability in FY
1991), pricing policy and price elasticity estimates, market share estimates
(assuming competition from SPOT and perhaps other sources), user transitions from
&0 to 30 meter information products and nominal demand estimates.

The rationaie behird the forecast is as follows:

Federal Government Murket

The federal sector is characterized by relatively stable budgets which are
likety to grow slightly (in real terms) with time, This growth will be primarily the
result of price increases of the information products as price adjustments are made
towards the maximization of revenue of the Lusiness entity. Information products
will be acquired principally for renewable resource applications and there is some
but little interest or need for stereo data (this data becomes available in FY 1987).
The basic attitude of the federal rmarket is to "buy American." This implies a very
high market share for a U.S. commercial corporation independent of competition
from foreign entities. Because of the large quantity of data required cn a

continuing basis for monitoring the renewable resources, it is important to acquire

EcSlp

L he gt

o

Rl S

o f.




A WAL B SR O

25

30
T
-
L GROUND
STATION
} FEES )
4 ”
. |
+* ’f
SALES & FEES ’
($ MILLIONS) T
20 ""/
¢ FORETGN
i STATE/LCL/
ACHD. ) 30M
3
T e INCUSTRIAL
- ‘p"’a:ﬂ
1o
7
L s -
- FEDERAL
”/\
o - FORELGH ™ - /
S P — T;"IL'v'-‘ '~ N~ —'W
...... INDUSTRIAL -
------- — \_—;/ +
......... g - -—- I
80M
FEDERAL > 0
COMMERCIAL
| - LCL = LCCAL
GPERATIONS ACAD = ACADEMIA
+— } ¥ : + T : $ :J
‘84 ‘86 ‘88 90 ‘92 94
YEAR
FIGURE 4.3 REVENUE FORECAST BY MARKET SEGMENT AND PRODUCT CLASS

(CONSTANT 1982 DOLLARS)

R,

R biad



26

60 4 /
[ /
+
9
50 &
|
N
{
T
40 4
SALES & Fees |
(S MILLICNS)
4 > 30M
t GROUND
STATION ey
30 Ae FEES STAT E/ .CL
! ’;1
a l’
!,’
L 3 "'
204 INDUSTRIAL
+ w - ™\
) oL i _— ~"FOREIGN _—
i / FEDERAL 1%3‘1,.‘: =
[ o 1!3-’ “ a—
et l T i —_—
]0 —— .// ———"
oo me - R ,,.-;/ e egu
--1:'—"-‘."P——_ — -
- ——
| FEDCRAL
‘ COMIERCTAL l J
[~ OPERATICNS
4~‘ & ' ¢ * - t - + +
"84 ‘86 ‘88 ‘90 ‘g2 '94
YEAR

FIGURE 4.4 REVENUE FORECAST BY MARKET SEGMINT AND PROLUCT CLASS
(CURRENT DOLLARS - 6% ANNUAL INFLATION RATE)

EeSn



(.

Uz ]

27

low price information products. This is the primary reason for assuming continued
reliance upon 30 meter information.

It is ass''med that the demand for 80 meter information products will remain
relatively constant with time. The demand is basically related to renewable
resources. Of particular importance are information products concerning foreign
agricultural products. Although 30 meter resolution may be desirable, it is
anticipated that the corbination of large volume required and high price will, to a
large extent preclude its use for renewable resource applications. It is assumed
that the demand for these products will continue well into the futurc and wiil be
independent of the availability of higher reso/ution information products. It is also
assumed that USDA's domestic agricultural reporting services will not rely upon
remotely-sensed data. If this changes, then the demand (together with budgets)
will increase, possibly by several thousand scenes per year. This would necessitate
a budget growth and is probably the only major growth area in the federal sector.

With respect to 30 meter data there is little or no historical data upon which
to base forecasts because 30 meter data has not been available until recently. It is
assumed that 30 meter information products will be used primarily for experi-
mentation and for nonrenewable resource applications. For these applications,
because of the relatively small volume of data required, higher prices can be
afforded and 30 meter information is more attractive than 80 meter information.
When the LANDSAT D' thematic mapper fails, it is assumed that data purchases
will continue (but at a decreasing rate) from archived data. When an operational
thematic mapper or its 30 meter equivalent is reintroduced, 30 meter information
product sales will pick up and prices wil. be increased as adjustments are made
towards the maximization of revenue. Again, the basic attitude of the federal
market is to "buy American." Because of the nonrenewable resource applications,
there will be some increase in demand due to the availability of stareo data.

Industrial Market

It is assumed that during the decade of interest (the ten year span of the
financial analysis) the resource exploration industry will continue to be the primary
source of demand for information products. The market to date has been
dominated by the resource exploration companies which currently are likely to
continue to do their own data analysis. This implies that the cost of the data is but
a small fraction of the total cost. The value of data products significantly exceeds
the price paid for the products. Therefore, prices can be increased significantly
without reducing the revenue.
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It is anticipated that this market will be s.;gnificantly irnpacted by the
availability of 30 meter data. Therefore the demand for 80 meter products will
fall off when 30 meter data becomes available from the thematic mapper. When
stereo (80 meter) data is available, demand will increase until 30 meter stereo data
is available. Since the market can stand significantly higher prices, attribute
pricing may be used (rondiscriminatory) to further increase revenue by charging
nigher prices. If price is related to quentity purchased with significant price
breaks for large quartities, prices may be kept low to federal users and high o
industrial users. High prices would then also be charged o foreign and .taie/local
users). Another alternative would be to charge by spectral bands—this is likely to
separate by renewable and nonrenewable resources. The effect of this type of
pricing, though not used in the financial analysis, is discussed in following
paragraphs.

Industrial demand will continue to increase at a constant annual level.
Market share will however decrease over time because of product availability from
other jources, i.e.; competition from SPOT and other systems. Market share for 30
meter prouucts will stabilize at about 70 percent because of a basic "desire to buy
American."

Market share for 30 meter products will be more directly affected by SPOT
and the unavailability of new 30 meter data because of the assumed demise of
LANDSAT D'. Thus, market share will erode to a low of 30 percent in 1990 before
again increasing and stabilizing at about 60 percent.

State/Local Government/Academia

This industry segment is characterized by relatively small budgets for the

acquisition of information products. It is anticipated that budgets will increase
slowly with time as the value »f the infcrmation products becomes an accepted
fact. Information products will be used primarily for nonrenewable resource
applications and for research. Because of the large area covered by a scene and
slow changes being observed, a relatively small dermand is forecast. It is
anticipated that 30 meter products will be desired but that due to the relatively
high price and fixed budgets, a reiatively large quantity of 80 meter products will
be acquired. It is anticipated that the buik of the information products will be
purchased from a U.S. source.
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Foreign Market
The foreign market consists of franchising foreign ground stations and

receiving annual user fees and the sale of information products through these
ground stations. It is assumed that the number of franchised ground stations will
remain relatively constant over the next decade. It is assumed that maintaining and
demonstrating continuity of data will be important in maintaining an active
franchise operation.

It is assumed that the foreign ground stations will sell information products
that they cannot receive by direct readout. These information products will be
obtained from the U.S. organization. It is assumed that 25 percent of the revenue
obtained from these sales by the foreign ground stations will be kept by the ground
stations and 75 percent of the revenue will be paid to the U.S. organization for the
information products.

It is assumed that the foreign demand for 80 meter information products will
continue to grow for several years and wi!l then stabilize. [f foreign countries
decide to acquire worldwide renewable resource data (such as USDA's Foreign
Agriculture Service does) this demand could increase significantly. It is assumed
that competitive systems will make significant inrcads with respect to market
share.

Similar forecasts apply for 30 meter information products. Very significant
growth is forecast in this area. However, market share will be significantly eroded
by competition and the lack of new 30 meter data resulting from the gap caused by
failure of LANDSAT D' and the launching of LANDSAT F.

In summary, it is anticipated that revenue fron 80 meter information
products will remain relatively constant over the next decade, This is the result of
a combination of many factors including a slow growth in basic demand ior
renewable resource applications, the availability of 80 meter stereo data, competi-
tion from other systems and the availability of 30 meter information products. It
should be noted that the use of satellite data by the USDA domestic reporting
services could change this forecast substantially. Also, the use of worldwide crop
information on a continuous basis by other nations could also substantially increase
the forecast. It is anticipated that revenue from 30 meter information products
will increase substantially over the next decade. The growth will be significantly
affected by an anticipated gap in the availability of new 30 meter information
products (this is the primary reason for the dip (1988-1990) in 30 meter revenue)
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and competition from other satellite systems. It has been assumed that there will
be only one U.S. organization providing information products. More will be said
about this in Section 8.

The revenue forecast s based upon the detailed data presented in Figures 4.5
and 4.6 (all in constant 1983 dollars) for 80 meter and 30 meter information
products, respectively, and the price elasticity estimates presentea in Figures 4.7
and 4.8. Price elasticity was established by estimating the quantity whicih 'ould he
sold at three different price levels. Two straight lines are passed through the three
points as illustrated in Figure 4.7 thus establishing the price-quantity relationship.
The specitic estimates utilized are presented in Figure 4.7 and illustrated zraphi-
cally In Figure 4.8.

Referring to Figure 4.8, the dotted curves Indicate unit elasticities or
constant annual budgets (l.e., price x quantity = annual budget). When the solid
curves are above the dotted curves it is implied that budgets will be increased to
accommodate price increases. It is thus evident that the federal users have been
assumed ta be budget constrained within a year (it is assumed that budgets <an
vary fram year to year as incicated by the nominal prices and quantities in
Figures 4.5 and 4.6, However, as prices are varied from their nominal values,
quantities are adjusted according to the assumed elasticities). As prices increase,
quantities demanded decrease by approximately the same amount. This i5 n
contrast to the industrial sector where it is assumed that significant price
increases will have but little effect on demand. The state/local govern-
ment/academia segment is also assumed to be budget constrained but to a slightly
lesser degree (because of diversity) than the federal sector. The foreign sector,
assumed to be a composite of the three other sectors, is assumed to have some
tudget flexsbility but less than that of tne industrial sector,

A few cornments must be made with respect to optirnum pricing, that is,
pricing to maximize revenue. The optimum price iz established by finding the point
of tangency of the chn-tant budget (by varying the budget level) curve with the
price elasticity curv resentec in Figure 4.3, Assuming that nondiscriminatory
attribute pricing cui1 be achieved so that the optimum price can be charged in each
market segment, then the price and revenue as indicated in Table 4.1 can be
achieved. Table 4.l indicates optimal price to the federal sector is 2.5 times the
nominal price used in the analysis with a resulting revenue of [.25 times that
assumed. The net effect of such optimum pricing (across all market segments)

-
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TABLE 4.1 OPTIMUM PRICE & RESULTING REVENUE (RELATIVE)
IMAGERY TAPE
MARKET SECTOR

PRICE REVENUE PRICE REVENUE
FEDERAL 2.5x 1.25x 2.5x 1.25x
INDUSTRIAL 3.7x* 2.5x* 4.2x 2.6x
STATE/LOCAL/ACAD. 2.2x 1.4x 2.2x 1.4x
FOREIGN 2.5x 1.9x Il 3.0x 1.8x

*A PRICE INCREASE RELATIVE TO THE NOMINAL PRICE OF 3.7 TIMES RE-
SULTS IN A REVENUE INCREASE OF 2.5 TIMES.

would be to approximately double the estimated total revenue.

very tempting there are problems:

down as will lack of knowledge of the true price-elasticity curves. Therefore, the
conservative pricing policy indicated in Figures 4.5 and 4.6, and modified by
inflationary increases, was assumed with the gradual increase in prices assumed to
seek out the optimum while countering competition and minimizing budgetary

process problems particularly among federal, state and local government users.

While this looks
competition will generally drive these prices
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5. FINANCIAL/ORGANIZATIONAL SCENARIOS (GENERAL)

As stated previously, the ECON eftorts were concerned with the analysis and
comparison of a limited number of financial and organizational approaches for
either transfer of the ownership and operation of the civil operational land remote
sensing program to the private sector or government retention. The following
basic approaches for commercialization or retentjion were considered:

l.  Continued ownership and operation by the federal government (planned
phase-out)

2. Continued ownership and operation by the federal government (estab-
lishment of the necessary hudgetary line items)

3. Wholly privately-owned and operated by an entity competitively se-
lected

4.  Phased private ownership (government ownership and operation with
private sector marketing)

5. Legislatively-chartered, privately-owned corporation.

Each of these scenarios is described in the following paragraphs. Each of the
scenarios is based upon the schedule of events as indicated in Figure 3.1 and the
market and revenue forecasts as described in Section 4.

One of the most controversial issues surrounding commercialization is that of
subsidies. Subsidies can take a variety of forms: direct cash subsidy payments;
federal loans or loan guarantees; guaranteed federal purchases of information
products at a unit price significantly higher than charged to other users; provision
of free services such as sateilite launches; special tax incentives; or other. The
Administration has indicated its opposition te subsidization for commercial civil
remote sensing on several grounds inciuding [8]:

° Any form of subsidization (whether increasing cash outflow or reducing
revenues) is opposed on the basis of budgetary impact cn the efforts to
balance the budget

° Subsidization in this area would set undesirable precedents in other
areas

[ If a commercialization initiative cannot stand the test of the market-
place, it should not be established at all.

This analysis of the various commercialization alternatives was jointly
concerned with government cash flows as well as with the financial viability of the
commercial endeavors (the feasibility of obtaining funding as well as continuing
profitable operations). Because of the anticipated limited market for land remote
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sensing information products, combined with the possible competition from remote
sensing systems owned by or subsidized Ly foreign governments and the capital
intensive nature of the business, it is shown in Section 6 that viable commercializa-
tion endeavors are not likely to be established without significant federal partici-
pation, either in the form of subsidies or major ownership/operations roles.

Again it is not possible to consider all subsidization forms or all levels oif
government ownership/operation. The specific subsidization forms considered
include direct cash subsidy payments, equipment transfer values and recoupment
policies, and government equity participation. The method of determining the need
for subsidies and the specific form of the subsidies are described in Section 6.
Three different levels of government participation were considered, namely: a) no
participation except for possibly R&D and other support services, b)owner-
ship/operation of the ground and space segments, excluding the marketing and sales
functions, and c) ownership/operation of the ground and space segments including
the marketing and sales functions.

5.1 Continued Ownership and Operation by the Federal Government (Planned
£hase-Out)

Shortly after President Reagan entered office it was announced that the
Administration would terminate the commitment to land remote sensing satellite
data continuity through the 1980s on the basis that

It is the Administration's judgment that the present NASA investment
in LANDSAT is sufficient to permit evaluation of operational uses of
LANDSAT data, and if these uses are cost-effective to attract a
private sector owner/operator.

NASA's program to develop, launch and test the two additional satel-
lites already manufactured (LANDSAT D and D') will continue as
previously planned. Expansion and extension of the U.S. civii land
remote sensing programn beyond that already funded by MNASA is
inconsistent with the need for across the board fiscal restraints....

The two additional satellites, frequently referred to as LANDSAT D" AND D",
then were deleted from the budget [8].

The implication of the above is that the federal government would continue
to fund the ground and space segments and the related sales activities associated
with remote sensing until the demise of LANDSAT D' or shortly thereafter (i.e.,
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sales will most likely continue for the short-term). The annual cost associated with
this planned phase-out scenario can be stated in general as’

Annual Fed. Gov't, Cost(l) = Operating Cost(l) + Storage Cost of D'(I)
+ Launch Cost of D'(I) + R&D Cost(])
+ Gov't. Purchases from Other Sources(l)
- Gov't. Revenue from Nongov't. Sources(l)
+ Interest on Debt(l) - Tax Revenue(l).

This is restated in Table 5.1 together with the government cost computations
resulting from the other considered commercialization and retention scenarios.
The tax revenue results from taxation of private sector profits resulting from the
government expenditures in the private sector. The interest on debt is the interest
that must be paid by the federal government on borrowings made to cover the
outlays made for the system. It can be shown that to a first order approximation,
considering the magnitude of all of the other cost elements, the interest on debt
and the generated tax revenue, which tend to offset one another, may be
neglected."

As per the schedule of events indicated in Figure 3.1, it is anticipated that
LANDSAT D' will fail in the late 1980s (FY87 or FY88). Therefore, government
operating costs associated with the operations of the land remote sensing system
would be reduced to zero during this time period. However, government costs will
not reduce to zero after the demise of LANDSAT D'. The reason for this is that
government agencies will most likely continue to purchase information products
from other sources. It can be argued that these purchases need not be made, and
that federal budgets associated with land remote sensing can be eliminated. The
counter to this argument is that there are benefits associated with the use of the
remotely sensed data. These may be in the form of direct cost savings or other
indirect benefits. These benefits will be foregone if the remotely sensed data is
not used. If it is assumed that the benefits will exceed the cost of the information

* .
[ represents time, years.

**Tax Revenue = 0.5 x Gov't. Cost x Return on Sales(%)/100
Interest on Debt = Gov't. Cost x Interest Rate(%)/100

Interest on Debt - Tax Revenue = [Interest Rate(%) - 0.5 x Return on Sales(%) ]

x Gov't. Cost/100

=[8% - 0.5x 10%] x Gov't. Cost/100
Therefore, neglecting interest on debt and generated tax revenues may
introduce an error of 3 to 4 percent.
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TABLE £.1 DETERMINATION OF GOVERNMENT COSTS'

SCENARIC COST COMPUTATION™"
1. GOVERNMENT CWNERSHIP AdD OPERATING COST(1) + STORAGE COST OF D'(I)
OPERATION (PLANNED PHASE + LAUNCH COST 0F D' (1) « R&L <OST(I)
QuT) + GOVERNMENT PURCHASE FROM OTHER SOURCES(1)
- GOVERNMENT REVENUE FROM NONGOVERNMENT SOURCES(I)
+ INTEREST ON DEBT(1) - TAX REVENUE(I)
2. GOYERWMENY CWNERSHIP *ND SEACT SEGMENT CCSTI1) + GROUND SEGMENT LOST(1)
OYESATION (CONTINUED OwWh- * INTZPES™ Oft DCET(1) - TAX REVENUE(I)
ERSHIP ANS GEERATION) - INDUSTRIAL SALES!1) - STATE/LOCAL GOVERNMENT/ACAD.
SALES(1) - FUREIGN SALES(!) - USER FEES(1)
+ R&D COST(1)
3. PRIVATE JWNERSHIP AND GOVERNMENT PAYMENT FOP [UFORMATION OROLUCTS(I)
OPERATION v OPERATINNS COSTS(I) - LEASC DAYMENTS(I)
- ASSET RECOUPMENT PAYMENTS(I) - TDRSS
CIST(I) - PROFIT SHARING OR ROYALTY ON
SALES(I) + SUBSIDY PAYMENTS(I)
+ RLD COST(1) + INTEREST ON DEBT(I)
- GENERATED TAX REVENUC(I)
4. PHASED PRIVATE OWNERSHIP GOVERNMENT PAYMENT ©0R INFORMATION PRODUCTS(!)
(PRIVATE SECTCR MARKETING) + OPERATIONS COSTS(1)
- PROFIT SHARING OR ROYALTY ON SALES(1)
- GUARANTEED PAYMENTS(I) + R&D COST(I)
« INTEREST ON OEBT(I) - GENERATED TAX REVENUE(I)
3. UEWISLATIVELY CHARTERED, GOVERNMENT PATMENT FOR INFORMATION PRODUCTS(I)
EPIVETELY OWHED SORPORATION + COERATIONS COSTS (1) - LEASE PAYMENTS(!)
- ASSET RECOUPMENT PAYMENTS(I) - TDRSS
COST(I} - PROFIT SHARING OR ROVALTY ON
SALES(1) + SUBSIDY PAYMENTH(1) + R&D
COST(1) - GENEKATED TAK REVEMUE!1)
+ INTEREST OW DEBT(1) + EQUITY PURCHASE(1)
- DIVIDENDS(])
-
ALL SCENARIOS UTILIZE THE SAME REVENUE FORECAST.
L X 3
{ REPRESENTS TIME PERIODS (I.E.. YEARS).

products (this appears to be a valid assurnption since, if tnis were not the case, any
form of commerciziization would not be seriously considered) then the cost to the
government and/or the general public {(not necessarily in the form of budgetary
iterns) after the demise of LANDSAT D' will equal or exceed the cost of the
forecasted federal government purchases of information products. This is illus-
trated conceptually in Figure 5.1 and quanrtitative results are presented in
Section é.l.

5.2 Continued Owrership and Operation by the Federal Government (Estzblish-

ment of the Necessary Budget Line Items)

It is assumed for this scenario that a government organization is established
for providing land remot2 sensing operations on a continuing basis. It is

(£
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FIGURE 5.1 SCENARIO 1: GOVERNMENT OWNERSHIP & OPERATION (PLANWCD
PHASE-OUT)

assumed that the operations are based upon the event schedule presented in
Figure 3.1. It is assumed tl.at the government organization is similar to that which
would be established by the private sector as per the business venture description
presented in Section 3. This organization will have a market orientation similar to
that of the private sector. The organization will have complete responsibility for
the space segment (including maintaining continuity of service), the ground
processing segment and marketing and sales (including archiving).

It is likely that differences in organizational efficiency and management
objectives will exist between government and private sector operations. These
differences, if they exist, are difficult to quantify. No attempt was made as part
of this study to quantify these differences. An important area where differences
are likely to exist is in marketing and sales. Private sector market orientations
differ significantly from that of the government. For example, the private sector

e
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is used to providing incentives (commissions, bonuses, stock options, etc.) to
encourage higher productivity from a marketing organization—the government is
not. To achieve comparable performance, it is likely that a government organiza-
tion would have to consider similar incentives to those available in the private
sector.

The cost 0. continuing government ownership and operation of a land remote
sensing system may be expressed as follows:

Annual Fed. Gov't. Cost(l) =  Space Segment Cost(l) + Ground Segment
Cost(l) + R&D Cost(l) - Induszrial
Sales(l) - State/Local Gov't./Academic
Sales(l) - Foreign Sales(l) - User Fees(I)
+ Interest on Debt(l) - Tax Revenue(l).

For the reasons previously discussed, the net effect of interest on debt and tax
revenue is assumed small and not quantified. All of the other costs and revenue
items are quantified and are established in Section 6.!.
5.3 Wholly Private Ownership and Operation by an Entity Competitively Selected
The private ownership and operation scenario is based upon providing
centinuous land remote sensing observation and resulting informaticn products on a
continuing basis. Commercialization is assumed to commence at the start of FY&5
with all space, ground processing and marketing and sales being accomplished by or
for the private sector organization. It is assumed that initially existing grzund
processing facilities at Goddard Space Flight Center, and archiving and processing
facilities at EDC will continue to be utilized. These operations will be integrated
into a commeon facilities at White Sands during FY89.

It is assumed that the private sector venture will utilize existing LANDSAT
satellites and will, as indicated in Fijure 3.1, phase mnto the acquisition and
operation of other satellites. It is generslly assurmned ir the financial analyses that
the ground processing facilities at GSFC and EDC (until FY89) are leased bty the
private sector and that the LANDSAT D and D' satellites are acquired on a title
transfer basis. The effect of lease payments and recoupment payments is
investigated by considering the conditions of: a) full repayment (to the govern-
ment) based upon estimated book value at the time of title transfer or lease rate
establishment, and b) no recoupment by the government (i.e., 2 form of subsidy) for
government assets utilized in the private sector operations.

The effect of and the need for annual cash subsidies is also considered.
Annual subsidies are established (for both the full recoupment and no recoupment

.
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cases discussed above) by determining the revenue required in order to achieve
annual returns on capital that would be necessary to attract capital from the
capital market. The difference between forecasted revenuc and required revenue
is then the required annual subsidy.

The general approach for analyzing the private ownership and operation
scenario is illustrated in Figure 5.2. The financial analysis develops pro forma
income statements, cash f{low projections and balance sheets. The inputs to the
analysis (described in detail in Section 6) are the demand or revenue forecast; the
schedule of events; fixed and variable costs associated with processing, archiving
and sales; capital items including value, timing and depreciation lives; tax
structure data and other related information. Also specified are desired return on
assets, desired discounted return on investment, debt equity structure, and the
lease/transfer options. The result of the financial analysis is the deterrn.yation of
financial performance measures such as annual after-tax profit, annual cash flow,

FRES k-t

capital requirements, return on assets, payback period and subsidy requirements.
The parameters are thus those of a business entity which is viable from the point of
view of the financial community —i.e., it is likely that the necessary funding would
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As in the previous cases, government costs are aiso incurred. The annual
government cost associated with the land remote sensing system may be expressed
as follows:

Annual Fed. Gov't. Cost(l) = Gov't. Payment for Information Produrts(l)
+ Operations Costs(l} - Lease Payments(l)
- Asset Recoupment Payments(l
- TODRSS Costil) + R&D Cost(l)
- Profit 5haring or Royeltv on Sales(l)
+ Sunsidy Payments(l) + Interest on
Debt(l) - Generated Tax Revenue(l).

Generated tax revenue consists, in this case, of two ccmponents—the first resulting
from government expenditures in the private sector and the second resulting from
the profitability of the commercial venture established for transfer of the remote
sensing system. For the reasons previously discussed, the net effect of interest on
debt and tax revenue (the first component) is assumed small and not quantified.
All of the other cnsts and revenue items are presented in Section 6.2,

5.4 Phased Private Ownership (Government Ownership and Operation With Pri-
vate Sector Marketing)

The phased private ownership scenario is based upon government ownership
and operacion of the space segment and the ground processing system, with the
private sector venture concerned specifically with the marketing and sales of
information products. This is basically the same as the government ownership and

operation (continued ownership and operation) scenario as described in Section 5.2,
with the exception that the marketing and sales operations are performed by the
private sector. The interface is thus the provision of requested information
products from the government to the marketing and sales organization. The
marketing and sales organization will be granted an exclusive franchise to market
and sell the information products to U.5. government agencies and nongovernment
users. It weculd also market and sell to foreign users and would rmaintain the
association with the foreign ground stations collecting thn ground station fees.

For the provision of information products, the private venture makes
payments to the government. It is assumed that these payments take the form of a
royalty on sales with a minimum guaranteed annual payment made from the private

sector to the government. The magnitude of this guarantee and the royalty
percentage (competitively established) could serve as the basis for a competitively
sclected marketing and sales organization. The royalty payments would be made
for information products having specified and agreed-to attributes. Guarantees
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would have to be made by the government that these products would be available
as agreed. Penaltles would be imposed if the agreed-to information products were
not provided.

From the private venture's point of view the guarantee level could be
established such that the present value of net cash flow, including the guaranree
payments, is equal to zero at a desired return on investment. This concept is
illustrated in Figure 5.3.

This scenario has the apparent advantage of letting the private sector do
what it knows best, i.e., marketing and sales. It requires the government to
continue the ownership and operation of the remainder of the remot~ sensing
system, in particular, those items necessitating .irge expenditures which the
private sector may not be willing to make in any event without large subsidies.

The annual government cost associated with the land remote sensing system
may be expressed as follows:

Annual Fed. Gov't. Cost(l) = Gov't. Payments for Information Products(l)
+ Operations Costs(l) + R&D Cost(l)
- Profit Sharing or Royality on Sales(l)
- Guaranteed Payments(l)
+ Interest on Debt(l) - Generated Tax
Revenue(l).

As discussed in Section 5.3, the general tax revenue consists of two components.
The first resulting from government expenditures in the private sector, and the
second resulting from the profitability of the commercial venture. For the reasons
previously discussed, the net effect of interest on debt and tax revenue (the first
component) is assumed small and not quantified. All of the other cost and revenue
items are quantified and are indicated in Section 6.3.
5.5 Legislatively-Chartered, Privately-Owned Corporation

From the financial analysis point of view the legislatively-chartered, pri-
vately-owned corporation is similar to the private ownership scenario discussed in

Section 5.3. The major difference is concerned with the equity structure of the
corporation. It is assumed that the federal government puschases equity in the
corporation. This is in effect a form of subsidy. Altering the debt equity structure
affects interest rates and the overall cost ot capital. These effects are taken into
account in the {inancial analysis and the results presented in Section 6.4.
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As in the previous cases, government costs are also included. The annual
government cost associated with the land remote sensing system may be expressed
as follows:

Annual Fed. Gov't, Cost(l) = Gov't. Payment for Information Products(l)
+ Operations Costs(l) - Lease Payments(l)
- Asset Recoupment Payments(l)
- TDRSS Cost(l) + R&D Cost(l)
- Profit Sharing or Royalty on Sales(l)
+ Interest on Debt(l) - Generated Tax
Revenue(l) + Subsiay Payments(l)
+ Equity Purchase(l} - Dividends(l).

All of the cost and revenue items are quantified and are irdicated in Section 6.4.
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6. FINANCIAL ISSUES

As stated previously, we have taken the position that in order to evaluate the
approaches for commercialization or retention it is necessary to plan potential
business ventures and evaluate their financial merit, the likelihood of their
financing and their impact on government cas.: {lows. We have tried to play the
role of an entrepreneur, putting together business plans for the purpose of
obtaining financing. The business plans are based upon a perceived technology
base, a market forecast, cost and capital expenditure estimates, ard a specific
business system. The market forecast is based upon a review of previous market
studies and discussions with the user community. The cost and capital expenditure
estim~tes were, in most cases, based upon estimated historical costs. No attempt
was made to verify the accuracy of these cost data nor was an attempt made to
address the issue of government overhead rates. With respect to the business
scenario, from the large array of possibilities a particular scenario (as described in
Section 3) was selected and used as the basis for planning and evaluating each of
the approaches for commercialization or retention. This allows all of the
approaches for commercialization or retention to be evaluated on a common basis
and compared.

The analysis process followed is summarized in Figure 6.1. The first step was
the formulation of the overall business plan which encompassed considerations oi
products, schedules, tachnology availability and nonfinancial issues. Ground
segment costs and space seg'nent costs were estimated. Ground segment costs
were developed for processing, archiving and communications—both fixed and
variable costs were developed. Space segment costs considered both nonrecurring
and recurring costs and the phasing in of different sensors over time. The SATIL
probabilistic life cycle costing model (see Appendix A) was used to verify estimates
of the quantity of satellites required.

Demand and revenue forecasts were made in terms of information product
type and market segment. A pricing policy was postulated and together with price
elasticity estimates (by market segment and product type) were used in a Market
Mode!l to establish demand and revenue forecasts. The revenue forecasts together
with the ground and space segment costs were used in the financial analysis (a
financial analysis model was specifically developed for this purpose) to develop pro
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forma income statements, cash flow projections and balance sheets for the
commercial organizations. These tinancial analyses were iterated upon in order to
establish the need for and the magnitude of government subsidies that would result
in a viable business venture. Viability implies that the tinancial performance
measures such as return on capital, return on assets and net present vajue are of
sufficient magnitude to attract financing in the capital markets. The necessary
financial performance measures were established by individuals with backgrounds
in financing of large capital-iitensive ventures. As a part of this effort alternative
recoupment and leasing scenarios were considered.

Once a financially viable solution for each of the commercialization or
retention scenarios was developed, the impact on government cash flow was
determined. Nonfinancial issues together with the impact on government cash
flows were considered in a comparison and ranking of the considered alternatives,

In the following paragraphs the results of the financial analyses, are
presented and discussed. Detailed backup for the financial analyses (primarily with
respect to the input data used in the analyses) is presented in Appendix B. Prior to
presenting the results of the analyses, a brief discussion is presented with respect
to the relationship and significance of the financial documentation and the criteria
used for assessing financial viability.

6.1 Financial Projections for a Civil Land Remote Sensing System

The purpose of preparing financial projections is to provide the reader with
information for making rational economic decisions with regard to five financiai
and organi-ztional alternatives. Typically, financial staternents are prepared to
satisfy the nveds of various user groups such as potential stockholders, creditors,
government agencies, etc. Financial data provided to such user groups usually
contains a Balance Sheet, Statement of Income and Statement of Changes in
Finan:ial Position. Additional information such as projected cash flows, return on
equity, return on assets, debt to capitalization ratios and net present value of cash
flows are provided as additional measurements used by the financial community to
evaluate an enterprise. [t should be emphasized .hat no single factor deterrnires

\ether an enterprise is attractive or unattractive as an investiment opportunity.

Contained in this section of the report are five separate sets of finanrial
projections. These projections reflect the following financial and organizational
approaches for commercialization or retention of the civil operational land remote
sensing system:

geeq
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l.  Government ownership and operation (planned phase-out)

2.  Government owncership and operation (continued ownership and opera-
tion)

3.  Private ownership and operation

4. Phased private ownership (government ownership and operation with
private sector marketing)

5.  Legislatively-charterad, privately-owned corporaticn (government
equity position).

As a separate and distinct land remote sensing enterprise does not currently exist,
some nistorical data was not available as a basis for the projections. Therefore
portions of the data used as a basis for the financial projections were estimated
based upon the best information avaijlable at this time. The projections reilect, in
our judgment, the single most probable result for each scenario projected. Each
financial projection contains up to six parts as follows:

1.  Data Set (applies with slight modifications to all scenarios)

2. Projected Statement of Income

3.  Projected Balance Sheet

4,  Projected Statement of Changes in Financial Position

b Projected Cash Flow

6. Prcjected U.S. Government Cash Flows.

Part | - "Data Set" (Refer to Financial Exhibit 6.0)

In preparing a financial projection, as in preparing comparative projections, it

is necessary to develop key basic assumptions upon which the projections are
prepared. Although each scenario reflects alternative operating and capital
assumptions, the basic assumptions with regard to costs and revenue are consistent
in order to provide for an effective comparisor. Supporting data to quantities used
in the data set are centained in Appendix B of this report.

Direct costs refiected in the data set are semi-variable and variable costs
attributed to processing, archiving and sales ot remotely sensed data on a per scene
basis. A learning factor and a processing to scenes factor is also applied. Although
certain noncapital operating costs at EDC, Goddard and White Sands facilities are
semi-variable, all costs have been treated as variable for purposes of this

projection.
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R&D and marketing costs are reflected in the data set as both a fixed
minimum cost/year, as well as a percentage of revenue. This results in a semi-
variable cost treatment dependent upon the projected revenue level. Com-
munication costs for both TDRSS and DOMSAT have been treated as variable costs
although certain costs are fixed. Variable and nonvariable ground facilities and
equipment are assumed to be leased from the U.S5. government through 1988 with
alternative facilities and equipment leased from third parties after 1988. Fixed
assets with the exception of LANDSAT D and D' have been depreciated on a four
year straight line basis with full year depreciation taken in the year placed in
service. LANDSAT D and D' are depreciated on a straight line basis over thei:
remaining useful lives (one year and 3 years respectively).

Construction payment schedules for satejlites generally assume a three to
five year construction period with 12 percent of the total payment due four years
before the satellite is delivered, 16 percent due three years before, 24 percent due
two years before, 16 percent due one year before, and 32 percent due at launch.
Construction payments include storage and cost of launch and are capitalized in
the year incurred.

Cash requirements for Balance Sheet operating purposes are predicated upon
an assumed number of days in terms of revenue for operating cash, accounts
receivable and accounts payable. A fixed amount of contributed capital is
reflected over the entire ten year projection with a cost of borrowing at an
estimated |l percent long-term borrowing rate.

Investment tax credits are taken on j3pace segment assets during con-
struction. It is assumed that 60 percent of annual R&D expenditures qualify for
the R&D tax credit (a 60% x 25% R&D tax credit = 15% net credit). Royalties paid
to the U.S. government are based upon a percentage of data sales with a minimum
base royalty.

Part 2 - "Projected Statement of Income"

The Projected Statement of Income provides for the results of operations for
the profit seeking alternative scenarios during a ten year period. The Income
Statement and the derived cash flow may be considered to be the most important
statement for purposes of evaluating the worth of the enterprise from the
standpoint of investment value. Although a clear cut definition of an income
statement is seldom found, one may simplistically describe it as a presentation of
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revenue and cost predicated upon consistent accounting assumptions. The differ-
ence between revenues and costs derive net income which is used as a measure as
to the financial success of the enterprise. A typical (simplified) profit and cash
flow computation procedure is illustrated in Figure 6.2.

The Projected Statements of Income contained in this report were prepared
consistent with the key assumptions reflected and described in the data set and
Appendix B.

The before tax profit on operations is determined by subtracting the
projected costs and expenses from the projected revenues. Federal taxes are
deducted from the before tax profit at a rate of 51 percent. If the before tax
profit is negative (a loss) the federal tax loss carry forward is treated as a benefit
in the current year, reducing the reported loss. Current year investment and R&D
tax credits are treated in the same manner. As this is not a cash inflow,
adjustments are reflected on the cash flow statement.

Part 3 - "Projected Balance Sheet"

The Projected Balance Sheets presented depict the value of the various

enterprises on the basis of projected revenues, costs, borrowings and contributed
capital. Althougn the significance of a Projected Balance Sheet is not as important
as a Projected Income Statement for making investment decisions, it is a valuable
supplement to the information contained in the Statement of Income. More
specifically, the Balance Sheet depicts the value of the enterprise in terms of
assets, at cost, its liabilities and the equity of the shareholders at a given point in
time.

Part 4 - "Projected Statement of Changes in Financial Position"

The Projected Statement of Changes in Working Capital reflects changes in
the working capital of the enterprise from operating year io operating year.
Working capital may be defined as current assets less current liabilities. The
purpose oI tnis statement is to provide an explanation of what provided working
capital during each year and how working capital was applied during each year. In
other words, the statement depicts whether or not sufficient working capital is
provided by operations; if not, it indicates which sources are being utilized to
provide working capital for continued operation of the enterprise.

Part 5 - "Projected Cash Flow"

This statement a) reflects sources of cash (net income, increases in current
liabilities, etc.), b) applications of cash (losses, increases in fixed assets, accounts

Ecsh
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FIGURE 6.2 SIMPLIFIED PROFIT AND CASH FLOW COMPUTATIONAL PROCEDUPRE

receivable, etc.) The difference between the sources and applications is the net
annual cash flow of the enterprise.

This statement is similar in nature to the Projected Statement of Changes in
Financial Position except that operating funds are analyzed in terms of inCreases
or decreases to cash from operations of the enterprise. Nonoperating sources of
cash such as contributed capital and borrowed capital are not included. Nonoperat-
ing applications of cash such as dividend distributions are also excluded.

This statement also reflects adjustments for the noncash nature of the tax
credits and loss carry forwards obtained in the early years of the venture.
Although these credits were reflected on the Income Staiement, Balance Sheet and
Statement of Changes in Financial Position as credits in the year they were earned,
no cash was actually received—credits would actually be carried forward and offset
against future tax liabilities.

The « sh flow stream is discounted at various rates and the present value of
the venture is determined by summing the discounted values. Present value "A" is
the sum of the discounted cash flows for the years 1935-1994, Present value "B" is
the sum of the discounted cash flows from 1995 to infinity, assuming that the
annual cash flow in each of those years is the same as it is projected to be in 1994,
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Three key financial ratios of the venture are also shown. The return on
capitalization is maintained at a value of 17 percent by adjustments to the
"additional federal purchases" line. Capital market experts have indicated that a
“utility” of this type should have the capability of maintaining at least this rate of
return.

Part 6 - "Proiected 1J.S, Government Cash Flgws"

The cash flow described in the preceding section is that experienced by a

commercial venture. Each of the five scenarios will result in a government cash
flow impact. Dependent upon which scenario is examined the nature of tne
government cash flow will contain a subset of the following:

Cash outflows:

° Expenditures for information products, i.e., purchases of tapes and
films

Possible purchases of spacecraft and ground-based facilities

° Costs for operations such as spacecraft !aunches that exceed the actual
reimbursement made to the federal government by the LANDSAT
commercial venture

. Continuing government-funded research and development related to
LANDSAT (assumed to be $10 million per year)

° Direct equity contributions from the U.S. government to the LANDSAT
venture

° Any direct subsidy (also referred to as "additional federal purchases")

ash inflows:

C

° Payments for leases of government facilities

. Any nongovernment data sales and ground station fees
°

"Asset recoupment" means any initic payment made by the new
venture when it takes over the existing LANDSAT assets

Any rovalty fees that ray be paid by the venture o the government

° Tax revenues paid by the LANDSAT venture if it eventually becomes
profitable and exhausts its tax loss carry forward credits

° Any dividends paid to the government if the government has becorne a
stockholder.

6.1.1 Government Ownership and Operation (Planned Phuse-Out) (Refer to
Financial Exhibit 6.1/

Under this scenario revenues and associated costs are reflected through 1988
at which time LANDSAT D' ceases operation. No operating revenue is recognized
beyond that time and all future costs of operating the land remote sensing system
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are terminated. Federal purchases of remotely sensed data are assumed to be
purchases from a third party at a cost consistent with amounts contained in the
data set. As no private sector investment is reflected in this scenario, only
government cash flows are projected.

Costs and revenues generated through termination are consistent with
amounts reflected in the data set with the exception of ground station fees and
government R&D expenditures. These amounts have been reduced as the program
approaches the projected termination date.

6.1.2 Government Ownership and Operation (Continued Ownership and Opera-
tion) (Refer to Financial Exhbit 6.2)

This projection reflects a continued operation of the land remote sensing

system by the U.S. government. Revenues and costs are consistent with those
reflected in the data set. Assets, as well as other costs, have been treated on a
cash basis. A $10 million/year R&D expenditure has been included as an assumed
commitment by the government over the ten year period being projected.

Revenues by the government reflect nongovernment data sales and ground
station fees consistent with amounts assumed in the data set. Interagency transfer
payments for data sold are not included in government receipts.

As this financial projection does not assume private sector operations, the
Projected Statement of Income, Balance Sheets, Statement of Changes in Financial
Position and private sector Projected Cash Flows, have not been inciuded.

6.1.3 Private Ownership and Operation (Refer to Financial Exhibits 6.3.1
through 6.3.5)

This financial projection assumes a divestiture of the land remote sensing

system to a private sector enterprise. It is assumed that LANDSAT D and D' are
purchased from the government by a private enterprise and that existing ground
facilities are leased from the government for a four year period. All costs of
operations are borne by the private entity. It is also assumed that costs of
archiving are borne by the private sector. As the entity cannot derive a satis-
factory rate of return on equity without federal assistance, "additional federal
purchases" have been projected to derive a 17 percent return on equity to the
private investor.

The financial statements are derived from base revenues and cost assurnp-
tions contained in the data set. Tax benefits and costs are reflected on a current
year basis. Although the space segment assets qualify as five year ACRS property
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for depreciation for tax purposes, asset lives of four years were used in the
financial projections. Such timing differences have not been reflected in the
benefit calculations and are not considered to have a material effect.

Variables are reflected in the long-term debt and cumulative dividends
amounts contained in the Projected Balance Sheets. Excess cash "thrown off" by
the venture, in excess of ascumed long-terny debt of 3100 millicn, are treated as
distribution of dividends.

The Projected Cash Flow provides for a discounted rate of return of approx-
imately |2 percent with a return on equity of 17 percent. Return on assets and
debt to capitalization ratios are also provided.

6.1.4 Phased Private Ownership (Private Sector Marketing) (Refer to Finan-
cial Exhibits 6.4.1 through 6.4.3)

The financial projections for phased private ownership reflect a separate
marketing organization established with exclusive rights for sales of U.S.-produced
land remote sensed data produced by the LANDSAT venture. Initially (first ten
years) all costs of operation would be borne by the U.S. government. In return for

such rights, the nrivate sector would pay & minimum royalty fee of 80 percent of
all data sold and ground station fees with a minimum annual royalty payment
(guaranteed) of $33.5 million. Cash generated by the venture in excess of
operating requirements are first used to reduce long-term debt and next used to
provide dividends to the private investor. A rate of return based upon present
value of cash flows tor the first ten years is calculated.at 12 percent to 13 percent.
Other ratios such as return on assets, return on equity and debt to capitalization
are cajculated based upon the present value of cash flow assumption of 12 percent
to 13 percent over the first ten years. Government cash flows reflect the costs of
continued overation reduced by reyalty fees collected and tax revenuzs received
from the private sector enterprise.

6.1.5 Legislatively-Chartered, Privately-Owned Corporation (Refer to Finan-
cial Exhibits 6.5.1 through 6.5.5)

The financial projection for this organizational scenario closely reflects

private ownership (Section 6.1.3) with the addition of an equity participation by the
J.S. government. The government would provide initial equity capital which was
assumed to be a 33 percent participation. Dividend distributions from ‘the
enterprise provided in later years would be paid to the government based upon its
equity participation. No provision has been made in the projection for the

Eesh

government liquidating its cquity position in the venture at any time.
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6.1.6 Comparison of Financial Projections

In comparing projected operating results of the five financial and organiza-
tional scenarios, it is appropriate to evaluate such alternatives from both a public
and private sector vi:wpoint. [t appears that the existing civil remote sensing

system is not a viable commercial enterprise without either a significant guaran-
teed subsidy by the U.S. government or a material reduction in the projected costs
of operation. Government costs for the continuation of the existing land remote
sensing system range from an average annual cost of $68 million (constant FY83$)
per year for government operation to $82 million (constant FY83$) per year under a
private ownership alternative (Figure 6.3). If the private sector alternative is
chosen, a minor reduction in cost to government may be achieved through transfer
of existing LANDSAT program assets to the private sector without recoupment by
the government (Figure 6.4). Assuming continuation of the system is desired,
continued government operation refiects the lowest projected cost. The primary
reason for continued government operation be the most cost effec:ive alternative
is that return on capital costs are not considered in the evaluation of government
costs of operation. To attract private sector investment in an enterprise, a
reasonable rate of return must be achieved. In order for a private sector
alternative to provide a lower cost to the government (subsidy), cost and/or
revenue efficiencies by the private sector would have to improve significantly to
offset required return on capital.

The financial analysis in this report is predicated upon a consistent set of
data with regard to revenues and costs for both private sector operation as well as
continued operatijon by the government. A specific level of service was assumed.
[t should be noted that system configurations which provided other levels of service
were not analyzed. It is possible that such systems may provide a lower cost to the
government but would result in reduced services and benef{its.
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IMBURSEMENTS 254561 27428 27601 26356 25144 23026 25975 299 31541 23 TH
RLD COSTS 10000 10000 10000 10000 10000 16000 10000 16000 10060 16000
EDUITY CONTRIBUTION o c o o o o o o o o
! SUBSIDY o o o o o ° o o o °
TOTAL US GOV’ T EXPENDITURES 113381 132074 179431 94286 122 133378 160995 83191 107541 8rs13
. U.S. GOVERNMENT RECEIFTS:
RECEIFTS FROM LEASE (GRD FAC) o o G o o o o o I’ o
NON-GOVERMENT DATA SALES AND
GROUND STATION FEES 16526 19728 22585 24830 25680 24455 29485 32720 33815 36193
' ASSET KECOUFMENT o o o Y o o o o o o
1DRSS USEAGE FEES o o o o o o o o o o
) ROVALTY FEES o o o o o o o o o o
| TAX REVENUE ' o o o o o o o o °
; DIVIDENDS RECE IVED o o o o o ° o o 0 o
TUTAL US GOV’ T RECEIPTS 16526 19728 22585 24830 25520 24455 29485 3272 33815 6195
S S S — - PSS S ————
NET US GOV’ T EXFENDITUKES 96855 112348 156848 69456 97108 108921 131510 S0a71 73726 s1318
ABEZETIRIT BLAIBIITET EBTEZBW|IE== TEEATNLZLET SLSTATEIS TLETUTTWIS EnBESaEoEE: = - T haZ iBe ==
TOTAL
DISCOUNT PRESENT PRESENT  PRESENT
RATE VALUE "A" VALUE "B" VALUE
0.10 610037 179866 789904 FRESENT VALUE OF "A" IS THE PRESENT VALUE OF THE CASH FLOMWS, YEAR 1| THROUGH 10
0,15 506960 73536 SB0496 FRESENT VALUE OF "B~ IS THE FRESENT VALUE OF THE CASM FLOWS, YEAR 11 AND AFTEK
.20 4z5s11 34534 464045
0.25 369964 17633 387597
0.30 323229 9545 332774
@ FINANCIAL EXHIBIT 6.2 GOVERNMENT OWNERSHIP AND OPERATION (CONTINUED OWNERSHIP AND OPERATION)
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FRIVATE DRNERSHIF AND OFERATION

FFVENE
DATA-FEDERAL
~NON-FEDERAL
FOREIGN STATION FEES
OTHER REVENJE

ADLITIONAL FEDERAL FURCHASLE

T0TAL REVEMUE

DIRECT CO5TS:
FROCESSING
AFCHIVAL
SALES
KO/ALTIES

TOTAw DIRECT COSIS
GROSS HARGIN

CTIER DFERATING (COSTS.

INDIRET)Y COSTS

RESEAKRCH ™ DEVELOWMENT

ADVEKTISING % FROMOY ION

COHMUNICATIONS C0NST:
~TDRSS
~DOMSAT

LEASE TOSTS-6RMUMNND SEGMENT
SFACE SEGMENT

DEFFECIATION-GRGUND SEGMENT
-SFrACE SEGMENT

INTEREST

OTHER EXFENSES

TOTAL INDIRECT EAFENCES

EEFORE TAX FRIF IT-OPERATIONS
INTEREST INCUME

BEVORE TAHX FROFIT-OFERATIONS
FROVISIGN FOh FEDFRAL TRXES
INVESIMENT TAX CREDIY

R:D Thy CRERIT

NET 1HUGHE

AMOUNTS [ 2ZPFRESSTD IN THUUSANDS OF QUWRENT
YEAR DOLLAKS; 6% INFLATION RATE ASSIFRED

LAND REMDIE SFNSING SYSTER
FILCAL YEARS 1905-159%
FINANCIAL FROJECTIOrS

FROJECTED STATEMENT OF I=COME

s
FISCAL YEARS
1985 1986 1962 19+€ 1999 1990 19 1992 199 1994
10180 12170 14750 13170 14700 14240 17650 Pt s 1 24210 2740
7790 9760 11260 12630 12960 10970 1510 1757¢ 17750 19170
8774 9968 11325 | SR 12720 12485 14295 15156 16765 17025

e (1] o AL o o o O o o
LEOGND 142505 16000 1250r s 120000 155003 10000 205000 1757w 155000

185708 175758 216975 193793 227338 26bT00 233122 218575
12482 (31)*!35/! 12450 12328 11520 "7 11520 13299 14545 15482
259¢ ‘37 2913 2914 LAY 24¢9 2068 o 96 218 a4
014 (37 S2°8 S210 S020 4733 4189 4757 S WO S633 SYS
o o 0 (] o o L] o o

21573 187¢1 2157 23393 2
195262 200574 ~a7iaz 209732 197869
S S0 9628 H958 812 &703 105 3352 7984 3483
1088 1714 1473 1558 1599 1552 1Ry <13s 232 e’ ) |
14°7% 164 1842 1948 199y 1940 2387 Js0% 2908 nz;
=275 () 7134 7778 7218 6975 S6LS TAT s.es 103532 11588
357 {(38) 3N 99 395 98 73 178 142 164 184
25100 26100 25100 26100 27120 23120 id e ] 3120 23120 . 27100
o (g o LU [ O o (& o o
o o 0 o 0 o o L o o
150273 " 78533 119387 4850 44850 4878 81225 8125 a81225 ST
185653 15378 14972 15465 13567 15199 1520 153 SS9 1 dmmy
(4] 0 0 o o o o O o o
2 2 135804 17275272 99499 94493 119030 138%20 141458 1276845 11748
-+ 14£9 17831 17735 43458 46765 SeEsie TOOES VWGET27 7887 786260
c O o L] [ o o o o o
- 41887 17821 17735 44458 45765 S8s518 TOGSS 105727 75887 W
71149 -9054 AL M -22473 -27859 -29843 -3I57.8 =57 ~T8702 -Tou7"
35764 9465 13182 S793 8764 10035 12502 4400 L6000 44
150 197 221 4 240 233 et - ] : >2a 49 he ) ]
136063 18199 22094 276840 I 3a94 473 SenTe 44173 149
LA EEABEN AVBLIEIEIVE WBITILITIeaBe TTLEW I8 BT IAS i BITLATJER S AEWITHTIT w8 WlPi o™ WE IV L T4 48 WBBIBE o=

FINAHCIAL EXHIBIT 6.3.1 PRIVATC OWNERSHIP AND GPCRATION

*SEE APPENBIX B.
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FRIVAIL OWNERSHIF AND OFCRATION LAND IFMOTE SENSING SYSTEN ANDINTS CXFRESSED IN THISANDS F CIFGF NT
F1L0Al VEACS 1907 1794 YEAR DOLLARG; &% 1 LATION KAIC ABGARN D
FINANCIAL FROJECTIONS
FROJECTED BALANCE SHEETS

(11
FISCAL YEAKS
198% 1986 1967 19896 1909 1990 197 1992 199 1974
NLSETS e A | —— N ——— | S | A G| S T | S S s ot e
FIXED ASSETS:
GROUND SEGMENT (1] (] o o o o o o o o
SFACE SEGHMENT 357620 as2270 S94100 L2030 739670 840020 F65040 1009040 1075040 1119040
TOTAL FI1XED ASSETS 357620 452270 S94100 &6520T0 7798670 840020 VLS040 1009040 1075040 1119040
LESS: ACCUMILATED DEFRECIATION 150533 228767 48150 39000 479850 494687 S757:2 &57137 738762 795500
NET FIXED ASSETS 20787 223503 245950 262070 309820 34533 J8v178 351903 38678 227440
CURRENT ASSETS 38364 35032 44555 ITen8 32073 e 46713 SsL212 47902 44904
OTHER CURRENT ASSETS ('] o o o L] o o o o (]
TOTAL ASSETS 24573 259536 290505 296718 342693 J8s153 435840 407115 184580 TeaTAY
BEESErTLILE ESESITEZIE® AEITZLIET JTCL SIS SSETITTLAES TIATLCARTS LETTIISILS SESEBISAT I TEXTTEW ATITLESsLsT
CAFITALIZATION AND LIABILITIES
CAFITAL1ZATION:
CONTKRIEUTED CAFITAL THO00 75000 75000 75000 75000 7S000 T7S5000 75000 Tiwr TS
RETAINED EARNINGS 15603 34002 57096 84906 116825 155765 202876 25940 JO3ILIY 4S80
CURRRLATIVE DIVIDENDS FAID o (] o (] [ o o L] =113120 =170305
TOTal CAFITAL TZATION 90603 109002 132098 159908 191825 230765 277a78 334408 285419 250783
LONG-TERM DERY 29803 176121 140587 13719 138460 139277 S0e2s 100000 100000
CURKRENT LIABILITICS 153498 14412 17822 17473 13149 15928 18685 22085 19161 17962
10TAL L IARILITIES 155148 150524 158409 1T6A13 150858 154388 157962 72709 1191861 117962
TOTAL LIAP AND CAFITALTZATION 245751 259578 290505 296718 42597 J85153 475640 407115 384580 68344
BLESESIMEE AESIITITOE FTLLeTHFaf L TS5 TIT STLAITEES TLELISTTISE STTIIT RS LS ITUBILIT BLLEFRLSATE BEsITIEmE

FINANCIAL EXHIBIT 6.3.2 PRIVATE OWNERSHIP AND OPERATION
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FRIVATE CUNERSHIF AND OFERATION LAND KREMOTEF SENSIMNL “VLIEN AMINTS EXFRESSED IN THOUSALS (F GisFi NI

FINOid VEFAKRS 19, 1774 YEAK DINLARS; LY INFLATION RATE ASSueeD

FINARCIAY. FROJECTIONS .

FROJECIED STATEMENT Y (I WaGES
IN FIMNCIAL FOSTT e
s
FISLAL YEARS
1965 1906 1987 19 1969 1990 1951 1992 19792 19°4

ULES UF WORE ING CAFITAL:

NET 1055 o o o o o o o o o o
ITEHNS MHICH PO NOT FROVIDE
(USE) WORN TG CAFITAL:

DEFFECIATION AND AMURT -150.23 L ~ 80850 -6488 -81235 -€127S -57238
WOR) 116G CAF AFFLIED TD OFER -150233 -308%u - 49850 -64428 -812°S -8122% -8122% -%7278
¢ vNENT OF DIVIDENDS o o o o o o 113120 S716S
ADPDITIONS TO FOUIFMENT IS7620 94550 141870 5790 87540 100350 125070 A94000 SO0 23000
REDICTION IN L.T. DEBT o 17250 o o “ 88653 a o
IKUREASE IN WORE ING CAPITAL S o o 2169 acs S100 o -
27550 =43390 45750 Tes81 47570 56528 9789% 4947
LB IS I BESEAT e == FlediResls TLFSsETATE FESTLCaBEE Bl adBa™ ®m BIVES .-~ BTET et - B BLIABE eBmITTRTaem
SOWCFS OF WOF) ING CAFITAL:
HET TNCGEE 15503 18799 23094 2/810 31919 3894 47113 54578 3417 aci1a9
FFOCEEDS FROM SALE OF C/S TSGR0 a
FROCEEDS FROM L.T. DERT 1390803 o a458 o 14782 741 w7 o avirs o
DECHREASE TN WOR! INb CAFITAL 489 o o o 4 Re 1799

46790 S9s81 47920 L8508 Y7895 LRl 24

TLILTISSE SATTZIEBL SITTTILIE FEITTINTAT LATLSETSDTE ETS cemazE=

CHAMIGES 10 WOR! ING CAFITAL:
JHCREASE (FCKREASE) T0 CUR -

FENT ASSETS T84 -2332 aslz 10847 -8le 6946 o892 [ = ad L0 -2999
INCHREALE (DECFEASE) TO CUR-
RENT LIABILITIES a8 -933 3409 -4347 -328 2779 aTH? 4 -4 =399

INCREASC (DECREASE) IN WORY ING
CAF1TAL 2019 -1399 "% 28 -&6520 ~469 4169 4175 S100 4786 it A

ETEEBIST I TLASLSTIIE STSSTTTIE FITUTSLSATTIL ITTISTILT ETITSTIET CETSSICILSE SETFTRTITE ETLIOLRTIES ST Lnssnsa

FINANCIAL EXHIBIT 6.3.3 PRIVATE OWNERSHIP AND OPERATION
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FRIVATE (MNERSHIF AND OFERATION

(GIVIDEND DISTRIBUTIONS NOT INCLUDED)

LAMD REMUTE SENSING SYSTEM
FISUAL YEARS 19651794
FINANCIAL TROJECTIONS
FROWECTED CASH FLOW

AMOUNTS EXTRESSED IN THOUSANDS OF QuseoNt
YEAK DOLLARS; 6% INFLATION RATE ASSUIRD

.

\J

ses
FISCAL YERRS :
1985 1986 1987 1988 1949 1990 1991 1992 1992 1994 {’a
AFFLICATIONS OF CASH: t
NET LOSS o 0 o o o ° o o o °
1TEMS WHICH DO HOT FROVIDE 4
CASH: ¥
PEFRECIATION 150233 78533 119787 40850 20850 sa68 812 e120n 8120 7.8
ADDITIONS TO FIXED ASSETS -I57620  -S4&50  -141830  -57930 87640 -1003S0  -125020  -44000 - 6bou - A4
INCREASE IN ACCOUNTS REC ~30691 1865 -6818 8893 653 -s559 -5513 -6800 sa48 2798
TAX ADJUSTHENT -57071 -569 -5359 16684 14246 19575 22942 49158 1724 a1
................................................................ e e e iy e ¥
TOTAL AFF1L ICATIONS OF CASH -295149 14820  -33624 8259 -31291  -21496  -26387 79624 soL7 av747 :
SUURCES UF CASH:
NET INCOME 15603 18399 230938 27810 31919 38941 a7113 8528 aa1Ts a2149 '
INCKEASE IN CUKRENT LIAB. 15736 -9z 3409 -a3a7 -326 2779 2757 Ta00 -7924 -1199 !
TAX ADJUSTHENT o o o o o O  -2294z  -49v198 -1758 -I8111
TOTAL SOURCES OF CASH 10948 17485 26503 2463 11592 1720 25928 10730 9458 6678 Py !
CASH FLOW -284201 2647 -8121 723 301 20224 se1 90753 &-rez S6585
EEEILTETSE ErSETSISSS SESTASEST ATSETESSS CTASCEEBEILAAR BERATT LA STABLISGEESS BTV EBILMIEE TITEERTLATE TEenTiamas [
TCTAL
DISCOUNT  FRESENT  FPRESENT  PRESENT |
RATE  VALUE "A" VALUE "B~ VALUE
0.10  -120159 198328 78170 FRESENT VALUE OF “A" IS THE PRESENT VALUE OF THE CASH FLOWS,YEAR 1| THROUGH 10 |
0.15  -144509 81084  -63524 PRESENT VALUE OF "B~ IS THE FRESENT VALUE OF THE CASH FLOWS,VEAR 11 AND AFTER i
0,20  -158457 38079  -120379
: -165719 19443 -146277
168840 10525 -15816 g g
DEET TG CAFITALIZATION RATIO .58 0.72 0.83 1.17 1.27 1.4% 1.78 a0 2.3 2.32 -9
RET! AN ON ASSETS 0.06 ©.07 0.08 0.09 0.09 0.10 0.11 o.18 o.11 o.11 8 >
RETURN ON CAPITALIZATION 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 =
=
O T
= >
" > 0O
FINANCIAL EXHIBIT 6.3.4 PRIVATE OWNERSHIP AND OPERATION Cm
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SCENARIO #
FRIVATE OWNERSHIP AND OFERATION

LARD FEMOI'T SEASING SYCFEn
FISCAL (EARS 19851994

AMDANTS EXFRESSED IN THOUSANDS OF Cused Nt
YEAR DL LARS; wX INFLATION KATE ASSITED

'

1765

L EL L

18UVGD

207850

FINANCIAL FROJECTIONS
PROJECTED .S, GINFRRENT CASH FIOwWS
"
FISCAL. YEARS
1985 19688 1997 1968 1969 1990
U.S5. GOVERMENT FaFENDI TURES:
INCORMATION FRODUCTS 102150 12130 14250 14029 14700 1434C
ASSET FURCHASES - o O o ) )
OFERATIUNS COSTS(NET OF RE-
IMBURSEMENTS o o o o [J [
K*D COSTS 10000 10000 i Oy 1O 0N 10000 10000
tOUITY CINTRIBUT ION < (1) o G < 0
SUBSIDY 160600 147500 180000 12500 126000 1SS000
TGTAL US SOV’ T EXFENOITURES 18018 165630 204250 149120 144300 179340
U.S. GUVERS-NT RECEIFTS:
KRECETIFIS Fhiin LEASE (GRD FAD) 26100 26100 26100 28100 o o
HNON GOVERMENT OATA SALES AND
GROUND STATION FEES L o 0 o o o
ASSET RECOUFMENT 278700 9 O O O [
1DRSS USEAGE FEES S23s 7134 7728 7216 6973 5655
SOYALTY FEES (V] (4] o o o 0
TAX REVENUE o D o D] o o
CIVIDENDS RECEIVED o o o LU o o
TOTAL 'S GOV'T RECEIPTS 311935 33234 33828 a3 1" 6973 S655
NET US GUV'T CAFENDITURES —a308S35 1323 170422 115602 137365 173683
L R 2 e
TOoiAL
DISCOuUMT FRESENT FRESENY FPRESENT
RATE VALUE "A" VALUF "B* VALUE
.19 686777 S13633 1200399
2.15 S19669 209999 729458
0. 20 Ivy9897 us13 a583511
0.25 312099 S0752 3424351
0.0 246421 27256 273477

FRESENT VALUE OF
FPRESENT VALUE OF

“A" 1S THE PRESENT vaL
“B" 1S THE PRESENT VAL

UE
UE

GF
oF

177438

THE
™E

FINANCIAL EXHIBIT 6.3.5 PRIVATE OWNKERSAIP AND OPERATION

FL
FL

OwS, YEAR

1992 1993 1994
20990 2410 2740
(g o L]
o o o
LOoamen 1 000N )
L] o o
SISy 1 735000 2T
4S9 2910 192340
o o o
0 « o
(] o o
7764 10552 11888
o o L]
SYish 1754 a1
o o o
S0 42308 4s7%e
i87sve 167005 1456547

SCISTWITIT FTITTJLETT TLEISSTITTIE SEITT IS STILTTESE SFESCIETSAT EIFITHLETII LATTISLTLES CTINSTTES

THROUGH 10
1 AND &F TEK

e e ——



TN d b FRIVATE el 1Sl 6)
RIVAIE SFCIHIK mata £ TING)

AMRREITS EXITA SAD N NNAr oer. (8 Ciesg N1
VEAR DOLLARS; 6X IN LATION KAIE ASARED

LAND REMOTE SO 10, Svsiem
FISCAL YEARS 1905 1993
FINANCIAL FRODCCT IONS

FROJECTIED STATEMENT OF INCOMD

s
FISEA vines
1785 1986 1987 1988 1989 1990 19 1992 157 1994
REVElaw
Daid Fonnm 1018 v
. 17170 1970 19170 14700 \ -
WM FETa ; = = 18730 2u9ne ce n—
T ?im:un‘:!uu ;:?-6- :‘::‘a. 11060 .l‘:::-: r:";:- 10970 17570 177 i1t
- . a7 -sm - v
OTHER REVENUE O o O (: .3..3 'J.Jg "“\“-J- ki ;
ALDITIMEL. FEIA héd FURCHASE O O o o L (] o O “
TOTAL REVENE . J6815 8950 9980 38795 ST70D Se1ss 67%7S
BIREEY el =~ = 0 T it e — —— i —— W b R
FRUCE G5 ING w(37) o o o G o o o © o
FROMIVL «(37) 0 o o o o o O o o
SAMES o (37) o O 0 V] o o o o o
ROvALTILS TIN00 ITS00 3350w IT%em 3IS00 IS0 37868 42%¢0 440w Rl S
TOTAL DIKECT rDSIS 3To00 s L] ITIO0 1500 IS0 ITS00 7848 4T9e0 L Sl bl U )
GROSS MARGIN -6794 -642 IS 5450 6480 5295 487 HEENE T 11675 12707
OTHER OFERATING LOSTS:
INDIRECY COSIS ) O O O O O o O o o
FESEARCH ¢ DEVEL(Y M NT o O () o 0 ' o o o o
ADVERTISING % FROMOTICN 1425 1647 1842 19489 1999 1940 2387 2685 908 v
COrMUNICATIIING JOST:
= DRSS of i8) O o O o o o o O ©
-DOMSAT 0(”) O] O O 0 O O O w o
LEASE COSTS -GROWUND SEGMENT o o o o o o o o o o
SFACE SEGMENT o O o 0 o O S o o o
DEFRECIATION -CROAMD SEGMENT o O o O o o O o O ©
-SFROF SEGMENT o o o O o o o O o o
INTEREST T&9 385 52 819 42 29 110 o o >
O1HER EXFENSES o 0 o o 0 o o o ) o
TOTAL INDIRECT EXFENSES 1794 2028 2454 23588 249 2233 2477 2 T 177
EFEFORE TAX FROF IT Of ERATIONS -8588 . -J670 881 884 3989 TOed L9990 5s arie 9o
INTEREST INCGME O V) o O o D O " ' O
BEFORE TAX FROF 11 -OFERATIONS - 8584 -2670 881 T804 989 J064 &£990 80y ane Vo o0
FROVISION FOF FEDERNAL TAXES 4380 1382 -449 ~1471 ~20za -15e> -356T -41vn -4447 48e
INVESTMENT Tax CREDIT o (1] O Y © o [ [ ) o
R.D Tax CREDIT o o O 0 0o o [ o © o
NET Tew O -4208 -1%8 42 1L} g 1955 1501 2425 947 @<re 470
BABICSTIE R === InToa= FETafte -t =B onInzam STz amza FITUITWIRI BLesezmars TERMUITZEE &z oo - e
FINANCIAL EXHIBIT 6.4.1 PHASED PRIVATE CHNERSHIP (PRIVATE SECTOR MARKETING)
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FlimSl B FRIVAIE (s Sl
GRTZTE SECION Tt ETITNG)

19685
SLSETS e
FIXED ASGE T':
GOt SeGENT “©
LEALE LG nT O
TOI. FLEFD RSSETS LU
LESS: TN S LED DEFRECTATION o
MY IXED ALSENS w
CURRENT ALSE TS L4aiC
OINCR CUKEE BT ASSETS 3
T ASSETS e
CiF L1l T2ATIME AND LIABILITIES
ol 1TALTZAT TR
CIMTRTMOIED CACTTim L IC
RETAIICD EARNINCS gD
Coeun AliVE DIVIDENDS FaIl O

TOIed Cad TTALIZATION .

LN -TEKM DEKY
CURGENT LIkl TIIES
Wid LIaENLTTIES

10TAL 1L TAlr AND LRFTTAL T ZATION

L AND RENOTE

FILLAL VEOES 1505 194
FINGICI/E HinJioi s
FROJECTED Fed oI “IGFTS

LR 2]
Flsiia YERKL
1904 1°87 175
O o O
o o “
o o L
O “© “©
o o o
6752 769 Do
o O o
6752 7569 800~
ESHITTRET ZSTTIRTIE T —wEILTEm
Q0 Qoo {30
SSie - 08 ~3672
o o o
i L Y 0
pt 3474
T8 i 1] |
| Lo Tall
6752 756% [T
S ar=mE= = > o= T

SENSING Lt ien

FUARITS FATWES_ED 10 1HNr QWS (n (aeiend
YEGR DIALARSE 64 ML ATIIN BATE o 2dv b

1789 1990 19 1997 179 1974

“ O o " LE] o

o o " O - o

o O " o o “

O o - o o “

O “w o .- o

[ 7972 97 11942 I e S

o o < O “

8715 »2 UL 11624 11y4C 7
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FINANCIAL EXHIBIT 6.4.2 PHASED PRIVATE OWNERSHIP (PRIVATE SECTOR MARKETING)
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FIWCA D TRIvaIl (s w5008
AHIVOTE SEE TG Mo | 1 ENG)

USES OF WOR! ING CAFITAL:
NET LOSS
ITENS WHICH DD NOT FROWIDE
(USE) WORE ING CAFTTALS
DEFRECIATION AND AMORT

WOR ING CAFP AFFLIED TO OFER
FAYMENT OF DIVIDFNDS
ADDITIONG TO ECUIFMENT
REDUCTION IN L.V, DEBT
INCREASE IN WOR ING CAFITAL

SURCES OF WORY ING CAPITAL:
MET INRCOME
FROCEFDS FROM SéwE OF C/S
FROCELDS FROM . T. DEBT
LECHENSE IN WOR) ING CAPITAL

CHANGES TO WORY ING CAPTTAL:
INCREASE (DECREASE) 10 CuR-
KENT ASSETS
TINCREASE (DECREASE) 10 CUR-
FENT LIAKILITIES

INCREASE (DECREASE) IN WORY ING
CaFlTAL

1965

208

7500

1A B ML e,
FISUN YEARS 19U, 1999
FINAIE I F1ON CTIONS

LYHien

FROJECTED STAIEMENT OF CHANGES

IN FINAICTAL FOSTIION

(2]
FISCA. YEARS
198> a7 1968
1208 o o
o O 0
1308 o o
o LU o
O O (]
0 0 1152
758 490 281
2067 190 19z
SESSI=r3czr sEsscoziz ceEsssraas
o 42 141
2067 w9 o
o O o
2067 490 1a:

FEIELTSRT BET el seTi SEERIuEmam

1264 817 435

s 327 174

758 450 2861
ABTLITIAT EFTITLTTLT SISZIITSET

o

o

L]

o
1808
127

1955

Ezass=z==

1955

o
o

1955

e e
212

a5

127

FINANCTAL EXHIBIT 6.4.3 PHASED PRIVATE OWNERSHIP
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1990

&

9506@

15m

o
144

1648

szzm=sas==

-243

9y

——— —————

-148

S e T Y

o

1374

o

998

| L

3425

L = 2 T =

Ta3

o
O

423

szrs=zssss

1735

o2

1053

FETZammas

1992

o

O

o

3162

o

o

ras
547

LRSS & A

ha 2 24

o
o

ha L 24

e

12408

-
e

SEETAToBT

LA
¥ ot 4

o
s 1

«72

Bazs-azza

72

472
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ol
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(PRIVATE SECTOR MARKETING)
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LN REMDTE SENSING SYSiEN
FISLAL YERRS 190 1'rve
FINAKIA. FRODECT IS

FROJECTED Chtul Fliwm

FHSED FRIVATE DWRERSHIF
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AMDUNTS EXFRESSED IN THOUSANDS OF CURRENT
YEAR DOLLAKS; 6% INFLATION RATE ASSUIED

LAND REMOTE SCNSING SYSTER
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7. NONFINANCIAL ISSUES |

A general overview is presented in the following paragraphs of the numerous

nonfinancial issues related to the establishment of an operational land remote
e sensing system. These issues are not new having been discussed for at least the

last half-decade. Many of the issues still being discussed were identified at the

start of the ERTS/LANDSAT program over a decade ago; others that have been

identified in recent years as more det.iied proposals for a permanent operational
e framework have been put forward (2, 6, 8, 12, 13, 19, 37-46].

This section begins with an analysis of the philosophical and practical
dimensions of the land remote sensing debate; it acdresses the question "why has it
been so difficult to develop a permanent framework for using this technology?"

7 Issues are then discussed in terms of four broad categories: international and
foreign policy, national security, legal/regulatory and institutional. Finally, there
is a general summary of the policy requirements which must be met for success in
creating an effective permanent framework for U.S. land remote sensing activities.

K 7.1 Commercialization of Land Remote Sensing: A Persistent Political Question

The experimental U.S. remote sensing program has been underway since the
late 1960s, with the first satellite put in orbit over a decade ago; over $1.5 billion
has been invested in the program to date. Over the past five years, there has been

T —

¢ an extended and complex debate over how best to bring land remote sensing into
operational status. Suggestions have included: creating an international con-
sortium modeled on Intelsat to own and operate the system;' reconfiguring NASA k.
as system operator;" creating a new private corporation for earth observa-
S6% i ' .
F) tions; and, after extensive review during the Carter Administration, assigning

the management role to the National Oceancgraphic and Atmospneric Administra-
tion (NOAA) pending "eventi:a!" transfer to private sector ownership and opera-
tion.“" Now, the current Administration has decided to terminate a direct

. *This suggestion is contained in National Academy of Sciences, op. cit.
"This suggestion is contained in Augenstein, Shapley and Skolnikoff, 95 cit., {
and a bill introduced in 1979 by Senator Adlai Stevenscn (D-IIL), S. 663, 5¢th |
Congress, lst Session. !
. ***This suggestion is contained in a bill introduced in 1979 by Senatcr Harrison

Schmitt (R-N.M.), S. 875, 96th Congress, 1st Session.

L2 2 2
The Carter decision was announced in November 1979; it was contained in

Presidential Directive 54.
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government role in operating the system as soon as possible, with land observation
satellites to be taken over by the private sector, either in combination with
weather satellites or by themselves.” In stark contrast, in their responsas to a
Department of Commerce Request for Information in the fall of 1982, three major
aerospace firms which have been intimately involved in earth observation programs
suggested that the whole discussion of an operational system is prematury, and that
any move to commercialize land remote sensing at this time would undermine the
long-term viability of the enterprise!

The point here is not to analyze these specific proposals in any detzil, but
rather to suggest why there have been so mariy widely different answers to a single
question: "How to assure that U.S. society gets the maximum benefits from its
investment in remote sensing research and development to date?' If it reveals
nothing else, the history of the discussion so far tells us that there is no one "right"
answer to that question.

Why is this so? There are both practical and philosophical reasons. They
includes

° The LANDSAT demonstration program has not been a success, if
success is defiried as developing the information and experience re-
quired to make informed decisions with respect to the desirability of
public vs. private ownership and the form of private ownership

() There is a mismatch between the capabilities provided by land observa-
tion technology and the structure of both public and private sector
organizations which might benefit fromn those capabilities

° Land remote .ensing can provide a wide variety of benefits ranging
from intangible public goods to high doliar value private returns; there
are strong differences in political philosophy and values over which of
these benefits should be given priority in designing a permanent
framework for operating the technology

e In a related way, there are persister;: -i.iterences in perspective about
the respective roles of government aiv: e private sector in providing
varicus services to society and about how best to insure return to the
public from its investments in government research and development
programs

° Finally, land remote sensing has inherently globzl dimensions, if only
because it operates using resources which are recognized as global
"commons"-—outer space and the frequency spectrum. While it may be
possible to design a framework for the technology on a national basis,
there are inescapable international dimensions to the problem.

*Remote sensing policy under the Reagan Administration is reviewed in M.
Mitchell Waldrop, "What Price Privatizing LANDSAT?" Science, February 11,
1983, pp. 752-754.
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It is beyond the scope of this report to discuss any of these general concerns
in depth, yet they provide the context within which the specific issues are
discussed below. The recent discussions of commercizalization, in particular, have
been carried out against the backdrop of an expectation created early in the
LANDSAT program that land remote sensing would create billions of dollars
annually in beneﬁts.’ If indeed the technology, as soon as it was relatively mature,
could have such an impact, and if the benetits could be provided as privite goods,
then clearly rapid commercialization was a plausible objective and petential
operators should be struggling to be first in.line to have an opportunity to profit
from remote sensing.

That is clearly not the case. The market assessment presented in Section 4
indicates the limited size of the current market for LANDSAT products and
suggests only moderate mid-term prospects for growth in procucts for which
specific users would be willing to pay a significant price. There may well be
extremely high benefits to society from employing land remote sensing technoiogy,
but it seems extremely difficult to provide those benefits in terms of private
goods. The breakdown of potential benefits given in Table 7.1 may be useful in
understanding the mixed public good/private good results of the use of this
capability; that understanding is in turn a key to recognizing why it has been so
difiicult to reach agreement on most of the issues under debate.

In the end it is the political questions—the division of roles an.. responsi-
bilities between the public and private sector--which is driving, and complicating,
all of the discussions surrounding the permanent framework for land remecte
sensing. In many ways the current situation may be considered unique in that it
involves a technology developed and demonstroted totally under public sector
auspices and for which the federal government remains a major user, yet which has
still been expected throughaut its development to be eventually transferred to the
private sector, Current patterns of operation, with users both inside and cutside
the government, run the risk of being disrupted by a possible transter of the

*For example, in 1975 the value over a two-year period of information on
wheat crops was estimated at $400 million to the United States and $1.7 bil-
lior: to the rest of the world; benefits of a 1985 operational system (for
information on wheat only) were estimated at $300 million/year for the
United States and $1.5 billion/year for the rest of the world. American
Institute of Aeronautics and Astronautics, Space: A Resource for Earth (New

York, 1977), p. 28.
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TABLE 7.1 U.S. INTERESTS IN CIVIL REMOTE SENSING l

TECHNICAL [NTERESTS

A. BASIC SCISNTIFIC KNCWLEDGE AND UNDERSTANDING OF VARIOUS FEATURES OF THE EARTH

C. ALOBAL CAPACITIns FOR OEALING WITH HATIONAL AND INTERNATIONAL PROBLEMS IM AGRI-
CULTURE, ENERAY, ETV,

€. TECHNOLOGY DEVELOPMENT PROVIDING ADVANCEMENTS IN REMOTE SEMSING AND RELATED

‘ FIELDS

y PUBLIC INTERESTS

.

: A. SPFCIFIC FCDERAL NEEDS AND FUNCTIONS WITHIN VARIOUS AGENCIES AND PROGRAMMATIC
4 R

p

B. PUBLIC INTEREST NEEDS AND BENEFITS FOR STATES, LOCALITIES, UNIVERSITIES AND
GENERAL PuBLIC

: €. SUPPORT FOR U.S. DECISION MAKING BY PROVIDING INFORMATION ON SUCH ITEMS AS :
CROP PRODUCTION IN FOREIGN COUNTRIES
ECONOMIC INTEREST
| A. ECOMOMIC INTERESTS OF U.S. PRIVATE SECTOR IN A VARIETY OF FIELDS, I.E., OIL AND :
g MINERAL EXPLORRTION :
= B, U.S. COMPETITIVE POSITICH N SPACE TECHNOLOGY INCLUDING MANUFACTURING AND SERVIC- ‘
; ING OF EQUIPMENT, DISSEMINATION OF DATA, PROVISION OF TECHNICAL SERVICES AND \
: ) ANALYSIS , ;
: C. REDUCTION IN INFORMATION CO3TS +uR FEDERAL, STATE, LOCAL AND PRIVATE SOURCES ﬁ
L D. CONTRIBUTION TO GENERAL ECONOMIC GROWTH BOTH OF LOCS AND THE WORLD AS A WHOLE
: . RETURN O SPACE INVESTMENT Wi 4 ECONOMIC AND OTHER KINDS OF BENEFITS FOR NOMINAL
. INTERNATIONAL INTERESTS

A, SUPPORT FOREIGHN POLICY THROUGH PROVISION QOF INFORMATION AND RELATED SERVICES i

B. MAINTAIN U.,S. LEADERSHIP WITH THIS TECHNOLOGY AS ILLUSTRATION OF CONTINLED LEADER-
SH1P IN SPACE

C. SUPPORT U.$. POSITION WITH LDCs HONORING COMMITMENTS FOR TECANOLOGY AND BUTTRESSING f;
POSITION IN NORTH/SOUTH DIALOGUES, THE U.N. AND OTHER FORUMS

0. SUPPORT iNTERNATIONAL COOPERATION IN SPACE VIA COMMITMENTS TO FOREIGN GROUND STATIONS
ANJ CTHER INVESTORS FOR DATA CONTINUITY AND EVENTUAL SYSTEMS COMPATIBILITY

EggQOTE NPENNESS THROUGH THE TREATMERT OF GENERAL INFGRMATION AS AN INTERNATIONAL

F. ﬁg#%gﬁg INTERNATIONAL COOPERATION AS MODEL OF EFFECTIVE WORKING RELATIONSHIPS AMONG

o
(&3

™

SOURCE: EARTH IHFORMATION FROM SPACE BY REMOTE SENSING, A REPORT PREPARED FOR 0STP 8Y
BRURO AUGENSTEIN, WILLIS SRAPLEY AND EUGENE B. SKOLNIKOFF, JUNE 2, 1978, PP. 4-7.
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system. Thus both political interests and organizational inertia are involved in this
transfer, making the decision even more difficult.

Successful commercialization depends on whether there are sufficient private
benefits to lead to an eventual sarisfactory return on investment for a private
operator, recognizing the existence of a continuing and substantial government
demand for land remote sensing services. As one of its findings, the Subcommittee
on Space and Applications, of the House Committee on Science and Technology,
concluded that

The greatest negative influence on the evolution of an operational civil
and land remote sensing system has been the inability to fully evaluate
the relationship between LANDSAT and national needs to ,provide a
long-range policy that is continuously reflected in the budget,

All in all, given the economic factors discussed eisewhere in this report, the
past history of the LANDSAT program and the current nonfinancial issues discussed
in this section, the task of designing an appropriate long term framework for the
land remote sensing system s about as challenging as une could ever find. As
mentioned earlier, it is obvious that the issues raised reflect fundamental dif-
ferences in political philosophy which exist in the U.S. society; the. dominant
philosophy at a particular time determines priorities and defines the appropriate
role of government. All of these differences are the topic of continuing political
debates and are unresolvable analytically. Inevitably, ai. eventual decision on a
permanent framework for the land remote sensing is geing to be a political decision
in which one set of values prevails over another. This report can make a
contribution to informing those participating in such debate, but it cannot
substitute for the political process.

7.2 International and Foreign Policy Issues

The capability to make useful observations of all parts of the earth's land
surface from orbit, using a U.S.-developed and operated satellite system, has
provided a foreign policy opportunity for the United States. It has also created
international demands that the United States, along with other potential operators
of earth observation systems, be governed by a series of existing and emerging
international obligations and principles related to remote sensing. These op-
portunities and obligations dafine ar essential part of the context within which

*House Committee on Science and Technology, Civil Land Remote Sensing, op.
Cit.y p. 4.
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various scenarios related to a permanent U.S. remote sensing venture must be
evaluated.

Current U.S. government policy with respect to the international aspects of
remote sensing dates back to Richard Nixon's 1969 pledge before the U.N. General
Assembly that "this program will be dedicated to producing information not only
for the U.,S. but also for the world community.” in the years since, the United
States has put ferth, and defended strongly against criticisin, a policy of open and
nondiscriminatory access on the part of all countries and thel~ citizens to the
products of the LANDSAT system. The United States has taken positive sieps,
ranging from allowing other countries direct access to LANDSAT spacecraft with
their own ground stations to providing =chnical assistance to countries wishing to
use LANDSAT information, to implement Nixon's 1969 statement and its open
access policy. Any attempts to reverse the policy, to change the expectations or
to modify the patterns of use which have evolved over the past decade will be
certain to create international tension.

The current state of international thinking on remote sensing, at least on the
governmental level, is perhaps best reflected in the report of the 1982 Unispace
Conference. That report noted that although remote sensing is still in a
"preoperational” stage, "it is only a matter of time—and a short time—before this
very important application attains a completely operational status." Given this
reality, the report said "agreement should be reached on principles governing
satellite remote sensing. Work to this effect....should be continued as a matter of
priority, aimed at speedy agreement on such principles.” In addition to a
framework of general principles, concern was expressed that

Satellite operators should give assurance about continuity of data flows
and provide indications about estimated lifetime [of] preoperational
and operational systems in order to heip all countires, in particular the
develcping countries. Compatability of various systems an. data
formats is another important aspecCt....

Since remote sensing can collect data from all countries, it is therefore
possible to use shared or internationally-owned remnte sensing satel-
lites.e.s

It is suggested that a study be undertaken to assess the need for and the
viability of a worldwide remote sensing system. Such a study could
consider various ways of providing remote sensing data-—including
regional, bilateral, multilateral and international arrangements--with
the users bearing therefore the development, production, launching and
operation costs of the satellites. Assuming that any one of these
systems could provide assurance of continuity of data formats, avoid




forced obsolescence of equipment, and enable the development and use
: & of standardized data analysis software, the study should in particular :
' indicate the comparative cost of such systems to the users vis-a-vis ‘.
systems currently in operation and/or under development. ‘

A persistent issue in international discussions is "a possible situation in which !
data are not available to the sensed State but are avallable for commerciai and
other forms of exploitation by another country." At the conference

Some delegations expressed serious concern regarding the dissemination

of data collectad by remote sensing satellites, While several develjoped

and developing countries feit that such information should be freely

; available to any interested State, most delegations feit that the consent

. 8 of the sensed State should be required before data could be released to

a third State organization or third party. Some developing nations feit

that the consent of the sensed State must be obtaineu before sensing,

even if the information was not to be disseminated beyond the

concerned States: some feit that in no case should the information be

available to any State other than the sensor and sensed States. Most

e representatives expressing an opinion on the point agreed that priority
in access to data must be accorded the sensed State.

The central points made by potential foreign users’ of land remote sencing
products, then, ares

® ° The need for continuity in operation and overall system characteristics

° The need for guaranteed access at an acceptable price with provisions
to avoid intrusions on national sovereignty.

The United States has attempted to deal with these pressures {rom the
® international community in ways that maximize these U.S. policy objectives:
° Maintaining U.S. leadership in space technolcgy

° Assisting the economic and social development of the developing
countries

° Promoting international cooperation as a means of achieving common
® objectives and as an example of the benefits of harmonious relation-
ships among nations

° Ensuring U.S. ability to use space technology for its own national
objectives, including operation of earth observation systems by both
civil and national security agencies

® *United Nations, Report of the Second United Nations Conference on_th :
Exploration and Peaceful Uses of Outer Space, Vienna, August 9-12, 1982,
AJCONF.101/10. 4

[

‘ "The current debate is between the United States, as the country farthest
3 along in developing a remote sensing system, and countries without plans to
' develop their own systems. In general, other potential system operators, such A
as France and Japan, have moved to a position close to that of the United |
States on such issues as the need for prior consent of a sensed state.
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° Enhancing the development of the U.S. economy by fostering new
l?dustries, new employment opportunities and new markets for U.S.
firms.

In seeking to achleve these objectives the U.S. government has entered into a
series of legal and political obligations. These include:

° The provisons of the Quter Space Treaty of 1967 which require "States
party to the Treaty” to "bear International responsidility for national
activities in outer space,...whether such activities are carried on by
governmental agencies or by nongovernmental entities;® such non-
governmental activities "require authorization and continuing super-
vision by the appropriate State party to the Treaty."

o A series of agreements negotiated with other governments to permit
them access under mutually agreeabie terms to the output of U.S.
rem?r,e sensing satellites using foreign owned and operated ground
stations.

° Through our advocacy of the policy of open, nondiscriminatory access in
UN forums and otherwise, > fairly explicit obligation not to create
either formal or informal (such as unaffordable prices or continuing
changes in technical format of the system output) barriers to any
country, organization or individual who wants to use the system, with
ali users receiving nondiscriminatory treatment.

° Through negotiations in the International Telecornmunications Union,
agreement not to use the frequencies allocated for commurnicating
remote sensing data streams to ground stations for any other purpose.

Given this melange of concerns, objectives and obligations, a few of the
international issues which are suggested includes™

Future International Negotiations

Over coming years as remote sensing capabili‘les evolve, there are sure to be
continuing international negotiations. These will take place in the Unijted Nations,
other permanent multilateral organizations, ad hoc or informal multilateral groups,
or on a bilateras basis. Participation in these negotiations may vary, dependiag on
the framework adopted for U.S. remote sensing activities. f a private sector
option is selected, what interriational role, if any, will the private sector operator
want the U.S. government to play? What role will U.S. government agencies
believe is required to protect U.S public interests?

'Treaty on Principles Covering the Activities of States in the Exploration and

Use of Outer Space, Including the Moon and Other Celestial Bodies, 1967,
Article VI,

”This discussion treats only the distinction between a government-owned
system and a privately-owned system without attention to various scenarios
for private ownership. Such treatment is provided in the comparative
analysis in Table 8.2

EeSip
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Evolution of International Principles to Govern Reinote Sensing

After ten years of debate in the U.N. Committee on Peaceful Uses of Quter
Space (COPUOQS), there remain major differences. Prospects for consensual
agreement (which is the standard practice for this committ=e) are dim. In a
similar situation with respect to direct broadcast satellites, a majority of countries
agreed to move the lssue from COPUOS to the Political C « wmittee of the General
Assembly, which operates according to majority vote. The United States opposed
this move, and the principles which resulted from it. Might the piosnect of
transfer to private sector operation stimulate a similar attempt?

Maintenance of Open Nondiscriminatory Access

The interests of a commercial operator might sometimes conflict with the
long-standing U.S. policy in this area; one way of increasing the value of remote
sensing products is to limit their dissemnination. Another is by providing priority
access to some users. The Department of Commerce Land Remote Sensing
Satellite Advisory Committee recommended that there be a government require-
ment "that the operator, whether it be the government and/or the private sector,
subscribe to the open sky policy —which prirnarily means that anyone, anywhere, in
any countries can purchase the data at equitable prices."' The current government
policy, as enunciated in President Reagan's space policy statement of July 4, 1982,
is to "support the public, nondiscriminatory direct readout of data from federal
civil systems to lforeign ground stations and the provision of data to foreign users
under specified conditons."“ The policy is silent on requirements for nonfederal
systems,

One way to restrict access to remote sensing data is to adopt policies which
are explicitly discriminatory. Another means is to price certain data (such as
"quick looks") in ways that exclude some potentially interested users. This
possibility has been noted by the international community, for example, a
Romanian spokesman told COPUOS this spring of his concern about "the relatively
new question of considering satellite remote sensing activities as operational, on a
purely commercial basis, with the immediate consequence of augmenting by

'Department of Commerce, Minutes of the Land Remote Sensing Satellite
Advisory Committee meeting, November 1982.

”The public statement of Administration space policy is contained in a White
House Fact Sheet, "National Space Policy," July 4, 1982,
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several times the cost of remote sensing products. Under these conditions,
effective access to the data is practicaily possible only for developed countries.,"

How will considerations of cost recovery and even cor mercial profit interact
with an open access policy as an operational system evolves? Will system products
be provided to poorer countries on a subsidized basis? What are the interactions
among U.S. policy objectives vis-a vis deveioping countries, the economic viability
of an operutional system and the Zeneral concern of avoiding tensions? Although
poorer countries may in the long term have the prospect of receiving the most
benefits from remote sensing, who wili make the investments required for them to
be effective users, and thus a growing market for the system? In the short run,
would more expensive products from a private commercial system drive away non-
U.S. users?

Meaning of U.S. Leadership in Space Technology

Current policy Is to "maintain United States space leadership,” particularly in
"critical aspects of space, applications and technology;" in these areas, the
objertives is "preem(nence."' The meaning of this policy with respect to remote
sansing technology is unclear. Given the emerging foreign competition in the tield,
how will the U.S. government respond: by a continued program of R&D in the
remote sensing area, keyed to staying ahead of competing systems; by reliance on
the private sector to develop a supetior system for the United States, without
continuing government R&D subsidies; by providing subsidies or incentives beyond
R&D to a commercial operator in order to help it best foreign competition and thus
bring the benefits of a growing remote sensing industry (sales of equipment;
training of non-U.S. personnel; consulting services, etc.) ro the U.S. economy? Or
is civil remote sensing not a "critical" area, and thus not one= which requires U.S.
leadership? What would be the costs, in term3 of mo. - 4+ il foreign policy or
economic objectives, of a non-U.S, system dominai..g the world market for
remote sensing? This could happen if no cominercial svstem is established and the
U.S. government withdraws from remote ¢ - activity after ILLANCSAT D'
reaches the end of its lifetime, or if the U.S. cv sial venture is unsuccessful,

*The public statement of Administration space policy is contained in a White
House Fact Sheet, "National Space Policy," July +, 1982,
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Future of Non-U,S, Ground Stations

It Is likely that any future U.S. remote sensing system will use a data relay
satellite to return data to U.S. ground station. Thus there will be no strong
requirement, from a U.S. perspective, for direct readouts to ground stations
outside the United States. For a number of years, the U.S. government has
permitted, even encouraged, the development of such ground stations, mainly as
means of underlining U.S. policy on open access and as a symbol of friendly
relationships. Other governments have entered into agreements with the United
States government with respect to access to LANDSAT and have macle substantial
investments in ground stations and related data processing and interpretation
equipment. The motivations of these countries have ranged from national prestige
to a careful calculation of tangible payoffs from the use of LANDSAT data.

The role of foreign ground stations in an era of operational remote sensing
systems is problematical. If cost recovery is the objective of a government
system, will the access fee and royalty arrangements have to increase to leveis
which foreign operators will find hard to accept? Will the U.S. government provide
what is in effect subsidized access to foreign operators? If a private U.S. system
evolves, what changes will result in the relationship with non-U.S. entities, which
negotiated their current arrangements with the U.S. government? Would some
countries prefer to deal with a non-U.S. system rather than a U.5. system which is
privately operated? Could non-U.S. ground stations be effective in the role of
regional franchised distributors of remote sensing products, operating in a com-
merical context? How could any proprietary restrictions on remote sensing data,
e.g., copyright, be policed and enforced when there is multiple access to the
system?

Creating Dependency Relations

To date few entities (including those in the United States) are critically
dependent on the availability of remote sensing data to achieve their important
objectives. As the technology matures and its use becomes widespread, this
situation could change. This has positive aspects from a U.S. perspective, since it
would place the country in a position to exert some influence on global develop-
ments because it controlled a technological resource with global implications.
There are riegative aspects as well; for exampie, countries which depend on reliable
access to U.S.-supplied remute sensing data may protest or retaliate if, for some

overriding reason, the U.S. system should go out of service, charge excessively high
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prices, or provide products with degraded quality. By making remote sensing a
critical tool in the common task of managing the global ecosystem, the United
States takes the responsibility of long-term, high-quality performance of its earth
observation systems.

This discussicn of the international aspects of land remote sensing has been
extensive because the international character of the system presents extremely
difficult issues to those attempting to select a framework for the U.S. operational
system. This is especially the case when the general foreign policy issues discussed
in this section are examined together with those issues more closely related to
national security concerns. The next section is such an examination.

7.3 National Security Issues

It is a matter of public record that the United States uses earth observation
satellites as one of its means of gathering intelligence information with respect to
other areas wf the world; these satellites are assets of extremely high value to U.S
national security interests. The capabilitics of these satellites have also been
extensively discussed,‘ and in most parameters they clearly exceed those available
for civilian use. However, it is also reasonable to suggest that some information
with intelligence significance can be extracted from existing civilian land obsetva-

tion satellites and that existing national security systems may not duplicate all
capabilities available in civilian satellites (for example, coverage in particular
spectral bands). Thus there are unavoidable national security aspects to the routine
operation ot a civilian land remote sensing system. In times of international
tensions or crises, these aspects become more pronounced, and the U.S. govern-
ment will want to ensure that its nationai security agencies will be able to control
all earth observation systems in that situation.

Just as earth observation systems have both civilian and national security
applications, the technologies on which they are 5ased have "dual use" characteris-
tics. Capabilities developed initially for national security purposes have potential
relevance to civilian uses, and the technologies involved in sensors, data pro-
cessing, image interpretation, etc. are sensitive in terms of export control
regulations.

*For a discussior of the capabilities of various U.S. observation satellites, see
Thomas H. Karas, The New High Ground, New York: Simon & Schuster, 1983,
Ch. 4.
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Given these realities, the following national security issues are suggested.

"Open_Skies" Precedent and Ability to Carry Out National Security Observa-
tions

One not quite incidental fallout from the U.S. policy of open, nondis-
criminatory access to the products of government earth observation systems
operated for civilian purposes is the creation of a climate in which all U.S.
observation satellites can function without drawing protests from the countries of
the world. Any modification of an open access policy, particularly by a private
operator seeking competitive advantage or increased economic return, could
change this situation. For example, in the wake cf the recent Administration
announceme:’* of its intent to transfer ownership and operation of civilian earth
observation satellites to the private sector, one Canadian official indicated that his
government was "very concerned," saying "we have a satellite looking down at our
country and we don't call it a spy satellite because we have nondiscriminatory
access to it. ...But if we were charged 100 tirnes as much by some company, then

. . . *
we might have to begin to wonder about this."

Tradeoffs Between National Security Interest and Economic Competiveness
Concerns

Under continued government ownership and operation of the land remote
sensing satellite system, past patterns of coordination between national security
agencies and civilian agencies such as NASA and NOAA would likely persist. Some
civilian sector objectives differ from those of the intelligence community, which
has taken a conservative position on making available advanced sensor capabilities.
On the whole, however, the relationship between the two sectors of the govern-
ment has worked well. The potential for the transfer of the system out of
government control does create serious questions regarding the extent of govern-
rnent supervision necessar-v and possible. National security-related areas in which
a possible regulatory regime might engage itself include: spectral resolution,
center frequency and tunable range; spatial resolution; geographic coverage;
timeliness of data availability; tasking procedures and controls; and data dis-
semination policies.

The kind of quiet coordination which is possible within the government would
be much more difficult to maintain in a relationship with a private sector entity.

*Washington Post, March 8, 1983, p. L.
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In the instance of private sector operation of the system, it becomes very
Important to recognize the need to temper nationai security considerations when
designing an appropriate regulatory regime. Due regard must be given to the
international market in which the private entity is operating, so that regulatory
practices do not seriously erode the system's competitive position. A private
operator may find, for example, that improved sensor characteristics may be
required in order to keep itself economicalily solvent.

From the national security point of view, those sensor characteristics may
present problems aither in terms of revealing sensitive U.S. technological capabili-
ties or in terms of providing images of the United States or cther countries from
which intelligence information could be extracted. If sensor capabilities were to
be irnproved, then the intelligence community might want to involve itself in the
process of determining appropriateness of data for dissemination.

Reaching a balance between considerations of national security on one hand,
and the need to develop a high performance, economically competitive system, on
the other, will continue to be a very difficult and complicated issue as land remote
sensing satellite techinology develops. Further aggrevating this balance is the fact
that U.S. nztional security interests and controls are in a large part derived from a
different set of motivations and values than the potential security controls which
might be applied to the French, European or Japanese systems. Thus there is
unlikely to be easy agreement among operators of remote sensing systems over
what are acceptable limits on system performance from a national security
perspective,

Export Control Regulations and Land Remote Sensing

There is heightened concern in recent years tnat U.S.-developed technology is
being 2cquired by our adversaries and used as a mazjor basis for their military
capabilities." There is also recognition that the export of products and services
based on advanced technology is a major source of positive U.S. balance-of-trade.
Creating an operational U.S. land observation system aimed at dominating the
international :narket brings with it an export control issue: will the United States
aggressively seek to supply all elements required for other countries to participate
in such a system, e.g., ground stations, computing capability, image interpretation

*This argument is made in, for example, Department of Defense, Soviet
Military Power, 1983.
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capability, or will concerns over the export of sensitive or dual-use technologies
limit the ability of the United States to capitalize fully on such a marketing
opportunity? .

National security concerns such as those em .ied in the last two issues
discussed above, in the context of a privately-oparated system, must be addressed
within the framework of whatever regulatory regime is created to oversee such a
system. 3Such legal and regulatory issues are discussed in the following section.

7.4 Regulatory and Legal Issues ‘ ,

Most regulatory issues arise, almost by definition, in the case of private
sector operation of a land remote sensing system. Since any private system
a) carries with it the international and national security implications discussed
above, b) will be based on publicly-funded research and demonstration results, and
c) will be serving a large variety of government needs, it is appropriate that the
government take the measures required to protect the public interest with respect
to private system operation.

Conversely, a private system operator has the right to protection of its
commercial interests; it should not be required to operate under conditions which
prevent or inhibit success in developing a private sector remote sensing industry,
and it may require various fcrms of government protection or assistance to develop
such an industry.

Whatever kind of legal and regulatory framework is adopted at the initiation
of a private sector land remote sensing venture, it must be flexible enough to
evolve over time as the enterprise grows and adapts to a changing operational and
competitive situation. There will also have to be a decision on how general/speci-
fic any regulatory framework should be. Most potential private sector operators
would probably prefer the most general kind of regulations which are politically
acceptable; givea the many facets of system operation which are candidates for
regulation, however, public authorities may decide that a relatively specific set of
regulatory requirements will best p:otect the public interast.

One area of common concern, whether the system is governmentally- or
privately-operated, is that of proprietary controls over data and systein products.
If any kind of cost recovery is a system goal, then it appears th.at some form of
control, such as copyright, is required to prevent secondary duplication and
dissemination of system products.
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The issues discussed helow, then, reflect a decision to transfer land remote
sensing responsibility to sore tcrm of private operator.

Protection Against Competition?

The key issue here is whether the land remote sensing enterprise is a natural
monopoly, and thus deserving of government protection from damaging competi-
tion, or whether over the next fsw years various potential private suppliers of
remote sensing services will emerge. In this latter case, the appropriate role for
government is to preserve a competitive environment and to prevent undesirable
monopoly control. The findings of this report suggest that, at least for each class
of remote sensing products individually, 6nly one commercial venture can be
successful, and thus that the situation does indeed resemble that of a natural
monopoly. It is a slightly different question, however, whether that monopoly
organization should be allowed to evolve through proving itself superior to any
competition over a period of time, or whether it should be established at the start
through competition over the awarding of the remote sensing "franchise."

Starting with the assumption that a private monopoly of remote sensing is
alto in the public interest, the question then becomes: "What public assurances are
required to ensure that a private venture is economically viable, with a reasonable
degree of risk?" This is as much a political as an analytical question, and thus must
eventually be answered in the context of the policy development and approval
process.

Possible Areas for Regulation

In the discussions of this section, no distinction is made between the legal
requirements which might be embodied in a contract between the government and
a private sector operator and requirements which might be spelled out (either by
Congress or by the designated regulatory entity basea on its general authority) in
the form of actual regulations and regulatory policies. In practice, hcwever, this
distinction will be important, as it is likely to be easier to modify contract
requirements on the basis of experience than to change formal regulatory require-
ments. '

Candidates for regulation include: pricing policies, conditions of service,
conditions of access to system output, role of system operator in associated
ventures, technical standards for various system products, requirements for coordi-
nation and complementarity with non-U.S. systems, adherence to international law
and treaties, adherence to national security constraints, provisions for government

o
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access or takeover in times of national emergency, insider use of remote sensing
information, export control constraints, etc. The list is long and the requirements
complex and not always coasizient. The public interests involved are significant,
but the danger of overregulation undermining the viability of a private venture is
real. Thus decisions on the nature and degree of regulation are likely to be
difficult and subject to challenge. This is another reason for a flexible regulatory
approach as the system evolves.

Possible Areas for Government Assistance

Since currently the federal government acquires a large portion of the
distributed information products, the fundamental assistance that the government
can provide to a private operator is guaranteeing to meet government needs by
purchasing remote sensing products from a single U.S. operator, rather than
procuring them on a competitive basis from other U.S. or international providers.
The time span of this guarantee and its specific provision will be a subject of
negotiation as the private venture evolves. However, questions which will
inevitably be raised include:

o Can the U.S. government pledge to purchase a specified amount of
anything from a private supplier well into the future, when the funds
for such purchases have not been appropriated? Or must the pledge be
to purchase all of government's needs from a single supplier, without a
guarantee of a minimum amount of business?

° What will happen to government purchase requirements if the private
operation is successful? Is unsuccessful? In the former case, will
government incur a reduced purchase obligation, or a reduction in
price? Will there be any kind of profit-sharing? In the latter case, will
there be "bail out" provisions which will increase the cost to govern-
ment of assisting the system? What are the government's obligations to
a failing system?

In addition to long-term purchases of system products, government can

provide a number of other forms of legal and regulatory assistance to a private
operarwor. These include:

° Providing copyright or other form of proprietary protection so that the
private operator can control dissemination of remote sensing products;
this protection would have to extend to the operation of foreign ground
stations and purchases by non-U.S. uses.

o Waiving Freedom of Information Act provisions so that the government
does not have to provide to the general public copies of products which
the government purchases for its own needs.

[ Agreeing on terms for government use of its purchases. Will several
agencies be able to share a single product, or must each agency pay for
its own needs?
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° Providing protection from lcgal actions initiated by potential competi- i |
tors. What will be the anti-trust context in force if the government ST
creates and maintains over time a monopoly relationship with a single 1 -
remote sensing venture?

o Helping the private operator in market development vis-a-vis, on one
hznd, such potential users as state and local governments and research
institutions and, on the other, overseas markets which might result
from U.S. governmeat technical assistance program. or export pro-
motion efforts,

o et e —

o Protecting the U.S. operator against unfair foreign competition in o
third-country markets or in the nongovernment share of the LS, o
market. o

As the above discussion suggests, questions arising from the necessary B
relationship between the U.S. government and any private system operator will be ’ ‘
persistent and multifaceted. In order to carry out the government role in this P
partnership, an effective institutional mechanism or mechansims must be char-
tered. The following section discusses this and other institutional issues.

7.5 Institutional Issues

It should be clear at this point in the discussion that any particular

institutional format chosen for a land remote sensing satellite system would be .
derived from answers to a series of questions regarding the kind ot political, i ‘
international, legal/regulatory and national security implications identified above.
Whether the system is government owned, quasi-governmental or privately owned
by either competitive or monopolistic entities, there is no doubt that there will be
vested in it such organizational devices as are deemed necessary by the govern- * |
ment to assure that relationships between the system's operator and various public, W
foreign policy and national security interests are preserved, It is most likely that
the organizational framework for the U.S. land remote sensing satellite system
whicn is selected wiil be that which best embodies the dominant set of political,
social and economic philosophies of the time, rather than a structure determined
analytically to be optimum.

Therefore, detailed attention is not paid in this section to an analysis of a
variety of organizational alternatives. This is simply because institutional issues
appear to be somewhat secondary when compared to other nonfinancial issues.
Given an agreement within Congress and the Executive Branch on what political,
social and economic parameters should guide the establishment of the system,
there is little doubt that a viable framework for the operational land remote
sensing system can be designed. A historical example of such organizatioral
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innovation was the creation of the Communications Satellite Corporation
(COMSAT). Once majority agreement was reached during the e2conomic and
political debate which occurred in the summer of 1962 over the appropriate
framework for commercializing communication satellites, it was possible to design
an innovative organizational form which was satisfactory to most of the partici-
pants in the debate. There is no reason to think that in the case of the land remote
sensing satellite system the situation will be any different. Much of the
controversy over various organizational forms In the case of both COMSAT and
now land remote sensing, it appears, has actually been as a surrogate for debate
over more fundamental issues of ¢ conomic and political philosophy.

There are several comments which can be made with respect to institutional
aspects of the remote sensing issue. One s that the structure of the federal
government has proved ill-matched to the task of developing and demonstraiung a
system which would lead to commercialization. A R&D agency, NASA, was
responsible for the early stages of the U.S. land remote sensing program, and its
actions in retrospect appear driven as much by considerations of engineering
development as by those of user requirements and market opportunities, The
interim government operator of the system, NOAA, has had little opportunity to
demonstrate whether it can be successful in creating a more user-oriented,
operational style for the LANDSAT program. Many different federal agencies,
particularly Argiculture, Interior and the Central Intelligence Agency, are users of
remote sensing data, but they have differing needs and priorities vit-a-vis remote
sensing, and none seem willing to make Jong-term commitments to data purchases

*
3

4
i

and to using the output of the system in ways critical to their respective missions.

s This may be partly due to the lack of guarantee of continuity of service. A major
argument against keeping remote sensing within a governmental framework (in
addition to economic and political factors) is the limited evidence to date that this
will result in a successful U.S. system in the long run.

Py A second set of institutional issues relates to the govern:nent's role vis-a-vis
any privately operated system. According to current policy, the Department of
Commerce (specifically, it would seem NOAA/NESDIS) will have responsibility for
aggregating government requirements, specifying the conditions under which a

¢ private system will operate, and developing and implementing the regulatory

*White House Fact Sheet, "National Space Policy."
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framework for the system using the authority provided by Congress as part of the
legislation transferring the operating franchise to a private entity. The point here
is that NOAA has limited experience in any of these roles, and some sort of
institutional and staft modifications are likely to be necessary to provide the
capabilities required,

7.6 gGereral Policy Issu: -

This review of the various categories of nonfinancial issues has led to the
Identification of several major policy concerns related to the viability of the
remote sensing venture; to the R&D requirements for the future success and
continuity of the system; and to the balance between public, governmental and
private interests.

In determining the appropriate institutional location for the permanent
system, decisions must be made as to the extent of respcnsibility that the
government will assume. For example, under continued government ownership and
operation, commitments must be made to uses which may necessitate re-examina-
tion of long-term budgetary requirements for affected agencies. Under private
secier contrn, critoria need to be set which will outline the extent of the financial
obligations the government may have with the private sector entity, including
provisions for possible failure of the system due to successful competitive pressure
or to general lack of demand for its products. For example, will gevernment be
asked to nationalize a failing venture because of its importance to national and
societal interests, as well as to private interests? When a private venture is
threatened by economic competition from overseas systems, will the government
adopt protectionist policies? Will the government's positive role include expanding
international markets? What steps and policy requirements would be required in
tha case of technical {ailure of the system? How much redundancy in the system
will be required of a private operator, or cven a government-operated system, in
order to assure data continuity? Will government retain the right to step in and
launch its own satellites or to assume some sort of managerial control over the
private venture in the event of failure, economic or technical, of the private sector
operator? ,

It is assumed that research on advanced remote sensing technology will
continue to be carried out under government auspices, either through an active
civilian R&D program or in the context of meeting national security requirements.

EcSp

" .



98

Yet the extent and conditions for transfer of such government-developed tech-
noiogies to a privately operated system !+ unclear. Government has not yet made
an explicit commitment to continue R&D on sensor and processing technologies if
operation of tne land remote sensing system is in commuercial hands, In the case of
commmunicasions satellites, the United States withdrew from R&D in relaved
technologies in the early 19703 on the grounds that since the private sector was
nperating communications satellites, they should also be responsible for the R&D
required for future systems. This policy we= reversed under the Carter Adminis.
tration, and NASA in recent years has resumed its communications satellite R&D
efforts. The grounds given for this policy reversal was that the private sector was
not doing the basic work required to keep the U.S. competitive vis-a-vis other
industrial countries.

This suggests that a program of continued government R&D cannot, in fact, s
be assumed; NASA priorities may well point elsewhere. Other problems likely to
characterize any continued relationship between government and a private sector 4
operator in the are: of R&D pertain to how decisions on the R&D are to be made
and by whom. For instance, who is to determine what areas of R&D are most
important and who is to say when a new technology is "operational?" Also, what
restrictions are to be placed upon use within government of products resulting from
R&D efforts, since potentially these could undercut the government market for
existing remote sensing imagery.

Of overriding importance is the recognition that there are both public and
private interests in land remote sensing and that the two do not necessarily always
coincide. [t is important in assessing alternative systems to pay proper atianticn
to determining the appropriate balance between public and private interests. This
balance must be not only achieved prior to transfer, but should also be assessed
throughout the subsequent life of the system,

In deciding on a strategy appropriate for transfer to private operation, it is
Important to keep in mind the fact that the public has invested well over 4 billion
dollars in the developinent of this capability to date. There are certain expectis.
tions, irrespective of recoupment considerations, about the continued responsive-
ness of the system to public interests. These expectations will persist whether the
system i3 ha:ded over to a monopoly, to competitive enterprise or is designed in -
the formation of a public corporation. Numerous political difficulties and conflicts ‘
might arise if transfer to a private operator is attempted without some form of
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meaningful competition. One reason for this lies with basic problems in d2signing a
regulatory entity which is effective in its performance of its public responsibilities
and assigred duties, If transfer is throuzh a noncompetitive, sole-source award,
problems may develop as a result of the "cantivity" that sometimes occurs when 3
single body functions as both user and regulator of the activities of an industry.

On the other hand, the interests of any private sector operator of remote
sensing must also be protected. Various fcreign policy, internatioral, national
security or domestic interest raust be addressed, yet regulations should be
tempered by cor.cerns of commercial viability and ecenomic stimulation. Care
must be taken to ensure that the private enﬂty is not overregulated and is able to
operate over time in an efficient and profitable manner.

7.7 Policy Requirements - A Summary

Whatever scenario Is followed for creating a permanent operational frame-
work tor the U.S. remote sensing system, it seems that government policy dealing
with the following must be developed by the coouperative efforts of Congress and
the Executive Branchs

. Providing for system continuity (or of ways of dealing with discon-
t!numesg - Full potential of remote sensing appucatfcns and markets
never be achieved unless users can depend on having the kind of

system output they need available when they need it,

° Setting data policy - Although the substanice of a data policy may differ
depending on the overal] framework seiected, the government will have
to rdecide what kind of influence it wishes to exert on parameters such
as price of system products, conditions of access to those products and
technical standards for system performance.

e  Relating a U.S. systern to other systems, to non-U.S. users, and
nternational political and lezal factors - There is an inescapable inter-
national dimension involving cooperation, coordinaticn and competition
to any remote sensing enterprise. How international aspects will be
Integrated into system operation will remain a continuing policy chal-
lenge.

° Dezveloping a regulatory framework for system operation « Any system
cperator will have to manage a remote sensing enterprise within limits
and requirements set by government. That framework should reflect

alanced agreement with respect tc a variety of c.onﬂictmg nationa)
goals, objectives and interests rejavant to remote sensing activities,

Reaching agreement on such a policy framework, given other financial and
nonfinancial issues reviewed so far in this report, will require creative policy
making and a willingness to compromise, negotiate and "satisfice" with respect to
the many private sector and public sector interests connected to remote sensing.
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The previous sectic.i:= of this report reviewed several scenarios for setting up a
¢ permanent frainework, with an eye to determining whether one or another of these
scenarios s more likely to facilitate the needed agreement. As has been sad
several timas in this section, many of the choices to be made are choices between
contlicting 5oals and values, and thus are the kind of cholces beat made for society
through its legitimate political authoritles.
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8. OBSERVATIONS/CONCLUSIONS

Renefit and cost effectiveness studies performed over the past decade have
concluded that the potertial berefits frem a LANDSAT systern would he on the
order of hundreds of mililons t¢ a billlon dollars annually {2€-29). With these
large potential benefits an obvious guestion is why has commercializaticn not taken
place? A likely answer to this question is that a public sector undertaking, such as
the LANDSAT program, can be justified if it can be shown that the potential
benefits from the program exceed program costs. The benefits are to the public at
large and there need not be a convenient mechanism for charging for benefits
provided. The public sector's objective is to maximize societal benefits. A private '
sector business venture may provide the same public benefits but the benefits of
concern are those obtained by the business venture in the form of profits. The 2
private sector cbjective is profit maximization.

It is very often the case that the objectives of profit maximization and i
benefit maximization do not coincide. This is normally the case when there is a ’
lack of pricing me: 1anisms that relate to benefits. To illustrate, consider a system
that improves emergency communications in rural areas. Studies have shown that

e L N

this could lead to thousands of lives saved annually having economic value to
society of hundrads of millions to billions of dcllars. However, commercialization
is not likely to occur specifically for this application because there does not appear
to be a pricing mechanism that can be related to the value of lives saved.

For a business to achieve a profit requires revenue which in turn implies a
pricing mechanism. Unfortunately, many of the potential benefits from Jand
remote sensing have not been linked by a pricing mechanism; in other words they
are 2 public good. To date it appears that pricing mechanisms have only been
established based upon budgets that have been developed over time for providing a
service (for example, obtaining imagery that will assist in the location of mineral
deposits, and collecting wheat yield data and producing crop forecasts)—the vaiue
of LANDSAT data has basically bzen equated with the cost of collecting similar

7 .. A s 7 O o T

data by other rneans. Generally, budgets have not been increased because of the
"added capability" or added value of the infermaticn products to society. Thus the
markets to aate for LANDSAT type products have been related to existing data
collection bucigets. New or increased markets will only develop as an appreciation
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develops for the added capability and added value of the LANDSAT type products.
When budgcts are not increased to the point where net benefits are maximized
theough private sector actions, goverrment participation through ownership and

operation or subsidization may be apprcpriate in order to achieve the societ2l

benefits that rmight otherwise be foregone.

The observations and conclusions that may be arawn from the analyses
reported [n the previous pages have been grouped into the categories of Operations,
Financial and Nonfinancial. These are discussed below.

8.1 Observations/Conclusions: Operations

LANDSAT D is currently providing land observation data. It has a finite
life=poseibly three years. When D fails it will be replaced with N'=this is not a
certainty since launch reliability is not 100 percent. If 1)' is placed into orbit
successfully it is likely to last two to three years. [f action is not taken swiftly, it
is likely that both D and D' will have failed before a replacement is possible. This
series of events, coupled with the expected competitive SPOT and other systems
and the need for uninterrupted service, poses a dilemma.

Firs: the need ‘or uninterrupted service. Certain users (both U.S. and
foreign) have come to rely on LANDSAT information products. An interruption in
service may cause these users to revert back to pre-LANDSAT operations or to
seek similar data from other sources, for example SPOT. Since the market
(assuming uninterrupted service) for LANDSAT products is anticipated to be
insufficient for commercialization, government support will be required to achieve
a goal of commercialization. Therefore a loss of any piece of the market (because
of an interruption in service) car be significant and would have ¢ be mace up by
additional government support.

The dilemma is that the anticipated sequence of events dictates that rapid
decisions be made with respect t¢ commercialization or retenticn. Insufficient
information currently exists upon which to make the necessary informed decisions.
Because of the magnitude of the costs and expenditures and procurement times
associated with remote sensing, inappropriate decisions rnay not be reversed for &
decade or mure. On the other hard, infyrmed decisions imply time delays while the
recessary information is abtained upcn which to base these decisions. Delays
increase the likelihood of service inverruption. Therefore, informed decisions
imply the need for an additional spacecraft to backup LANDSAT D'. This must be
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initiated immediately if there is to be a high likelihood of continuity of service. [t
should be noted that doing nothing iraplies either phase-out or interruption in
service=both are good for competitive systems.

The inability to be specific about launch vehicle cost is a contribution to the
uncertainty surrounding a possible commercial venture. NASA has not establishes
definitive pians with respect to the support of the DELTA launch vehicle beyond
FY 86. Commercialization of the DELTA and other expendable launch vehicles is
uncertain. Shuttle pricing policy for WTR launches has not yet been established.
Ariane is a possible alternative. This uncertainty with respect to the availability
and cost of launch vehicles will affect private sector investment decisions.

8.2 Observations/Conclusions: Financial

There are many possible business systems that may bhe considered as
commercialization of the civil land remote sensing program. These range from
short duration flights of Space Shuttle launched instruments with marketing and
sale of collected data, to a combined land and weather remote sensing operational
system with marketing and sale of information and value added products. Because
of time constraints only one husiness system was considered in this study and this
was not necessarily the best. The specific business system was based upon
providing uninterrupted service resulting from the continued use of LANDSAT D
and D' phasing in, slightly before the demise of D', new satellites with 80M and
later 30M serizors having stereoscopic capability. The following commercialization
or retention options were avaluated and compared under the above business system:

) Continued ownership and operation by the federal government (planned
phase-out)

° Continued ownership and operation by the federal government (estab-
lishment of the necessary budgetary line items)

. Wholly privately-owned and operated by an entity competitively
selected

° Phased private ownership (government ownership and operation with
private sector marketing)

° Legislatively-chartered, privately-owned corporation.

The analysis of these scenarios was developed based upon the same demand
forecast an< the same schedule of events. Government net cash flows were
developed in all cases. For the private sector scenarios, financially viable business
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initiated immediately if there is to be a high likelihood of continuity of service. It
should be roted that doing nothing implies either phase-out or interruption :n
service-toth zre good for competitive systems.

The inzbitity to be specific abeut launch vehicle cost is 2 contribution to the
uncertainty surrounding a possible commercial venture. NASA has not established
definitive plans with respect to the support of the DELTA launch vehicie bevond
FY 86. Commercialization of the DELTA and other expendab!e !aunch vehicles is
uncertain. Shuttle pricing policy for WTR launches has not yet been estabjished.
Ariane is a possible alternative. This uncertainty with respect to the ava.lability
and cost of launch vehicles will affect private sector investment decisions.

8.2 Qbservations/Conclusions: Financial

There are inany possible business systems that may be considered as
commercialization of the civil land remote sensing program. These range from
short duration flights of Space Shuttle launched instruments with marketing and
sale of collected data, to a combined land and weather remote sensing operational
system with marketing and sale of information and value added products. Because
of time constraints only one business system was considered in this study and this
was not necessarily the best. The specific business system was based upon
providing uninterrupted service resulting from the continued use of LANDSAT D
and D' phasing in, slightly before the demise of D', new satellites with 80M and
later 30M sensors having stereoscopic capability. The following commercialization
or retention options were evaluated and compared under the abcve business system:

) Continued ownership and operation by the federal government (planned
phase-out)

¢ Continued ownership and operation by the federal government (estab-
lishment of the necessary budgatary line items)

o Wholly privately-owned and operated by an entity cornpetitively
selected

° Phased private ownership ‘sovernment ownership and operation with
private sector marketing)

® egislatively-chartered, privately-owned cernoration.

The analysis of thess scenarios was developed based upon the same demand
forecast and the same schedule of events. Government net cash flows were
developed in all cases. For the private sector scenarijos, financiaily viable business
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ventures were developed based upon achieving return on capital and other financial
measures deemed necessary to achieve financing. The required rates of return
were obtaired through the use of government subsidies.

Underlying all of the commercialization or retention scenarios is a rmarket or
demand forecast that is characterized by great uncertainty. This is due to an
insufficient understanding of the relationship of demand to information producs
attributes such as price, resolution, and number and location of spectral bands.
Government actions with respect towards emphasizing or encouraging the use of
land remote sensing information may significantly influence demand. This is
extremely important since there appears (for the business scenario considered) to
be insufficient demand for commercialization to take plane without significant
government invoivement through ownership and operation, subsidization cr a
combination of both.

A basic decision that has to be made is whether or not the government will
continue to participate through ownership and operation and/or subsidii:ation or
will withdraw from the remote sensing scerie. Withdrawal implies a continuing cost
either through the acquisition of information products or through benefits fore-
gone. Withdrawal decreases the likelihood of commercialization which in turn is
likely to result in price increases from SPOT or other systems through reduced
competition. Government withdrawal (Phase-out) can be the lowest cost alterna-
tive if potential benefits are not significantly larger than costs and the cost of
information products does not rise significantly.

Figure 8.1 summarizes the present vaiue of government cash flow and
average annual government cost associated with each of the considered commer-
cialization or retention scenarios. The cash flow and costs take into account
government expenditures such as payments for information products, operations
costs, R&D cost, subsidy payments and equity purchases. These may be offset by
receipts (from the private sector) in the form of lease payments, asset recoupment
payments, TDRSS fees, profit sharing or royalty on sales, generated tax revenue
and dividends. It is clear, for the business scenario considered, that government
phase-out can be the lowest cost {from a direct budgetary point of view, not
necessarily from a benefits point of view) alternative. When considering continua-
tion of LAMDSAT, the continued government ownership and operation scenario
results in the lowest cost approach. The government costs increase, though not at
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FIGURE 8.1 PRESENT VALUE OF GOVERNMENT CASH FLOW AND GOVERNMENT
AVERAGE ANNUAL COST AS A FUNCTION OF COMMERCIALIZATLON
OR RETENTION SCENARIQ (FULL GOVERNMENT RECOUPMENT)

what might be considered a significant rate, as private sector involvement
increases and government operational involvement decreasss. It should be noted
that if private sector operations can be conducted more efficiently than similar
government operations then the indicated costs would be reduced a3 private sector
involvement increased (i.e., the siope of the dashed lines decreases and the lines
pivot about the continued government ownership/operation costs). It should also be
noted that, in general, as the pri\'aie sector involvement increases so does the
significance and complexity of nonfinancial issues.

Government costs associated with continuation of land remote sersing, are
anticipated to vary only slightly with the commercialization or retention scenarios.
It is anticipated that government annual costs will average on the order of $70 to
$80 million (FY83$) through, and possibly beyond, 1994, The effect of asset
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transfer and recoupment policy appears to be minimal. For example, for the
private ownership and operation scenario, the present value of government costs is
$1200 miillon with fuli repayment (recoupment) for government assets utilized by
the private sector vs. 51193 muilion with no recoupment.  Average annua!
government cost (constant FY383%) is $82 million with recoupment va. $81 mililan
without recoupment. The effect of return on equity and cost of borrowing is
somewhat more significant though not a major factor. Reducing required return on
equity and the cost of borrowing by approximately 20 percent (from return on
equity of 17 percent and cost of borrowing of 11 percent to 14 percent and 9
percent respectively) reduces average annual government cost from $82 million to
$75 million (constant FY383$) for the private ownership and operation scenario.
Based upon the financial results, it is possible to make a plausibie case that
full transfer to the private sector with the expectation of a viable, self-sustaining
enterprise is premature by a number of years. Thus, if it is desired to continue
land remote sensing then it is possible to argue that either
° There is a justification for unusual degree of government support for
transfer recognizing the high value of land remote sensing inforrnation
products, the possible lack of pricing mechanisms that reflect this value

and the resulting high risk character of transfer to the private sector,
ot

L Thete is a need for continuing government leadership in this area with a

limited but possibly gradually increasing private sector role.

In addition to examining government costs, the alternatives to government
retention were studied from the perspective of a potential private secrcr investor.
In order to attain an acceptable rate of return, the alternatives to governiment
retention involve either significant subsidy, or if the private sector takes on the
marketing function, continued government ownership and operation of the space
and ground segments. Of the private sector options considered, the latter appears to
be the most attractive from the standpoint of financing (size of investment);
however, all of the options to government retention share a cornplex set of
nonfinancial peablerns. On the cther hand, should the government choose to phase-
aut LANDSAT operations, fron' a purely financial standpoint, it is not liikely that
tre private sector in the U.S. will si2p in and provide the same services that are
currently furnished by the federal government without some form of subsidy.
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8.3 Observations/Conclusicns: Nonfinancial

The many nonfinancial issues assume differing degrees of importance or
significance for each of the commercialization or retention scenarios. These are
summarized in Table 8.1.

Major nonfinancial issuc¢s are related to international, foreign policy and
national security factors. Earth observation is a particularly sensitive activity
internationally because nations take the concept of sovereignty seriously. Infor-
mation odtained on national resources is recognized as increasingly valuable. All
of this implies that any framework selected for commercialization should include
maximum assurance that no international conflicts will be created and no U.S.
security or foreign policy interests unnecessarily compromised. Thus, any private
system will need fairly close government oversight with respect to its international
aspects. Otherwise, significant potential exists for international problems.

The history of earth observation as government-developed technology and
mixed public good/private good character of benefits from remote sensing combine
10 make transition to successful nongovernmental framework for operation partic-
ularly ditficult., Requirements for commercial success may include politically
fragile government guarantees and policy actions. Thus, maximum flexibility to
revise public/private relationship and conditions under which system operator
functions should be retained in designing the initial framework for the system.
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9. RECOMMENDATIONS

The following recommendations are presented based upon the premise that
commercialization issues will persist.

Because of the importance of decisions relating to commercialization, and
the compressed timetrame. for making these decisions which have long-term
implications, it is recommended that a number of actions be immediately initiated
so that informed decisions can be made. It should be noted that initiation (by the
government) of procurement of another LANDSAT satellite (beyona D'} would
extend the window available for making the critical commercialization decisions
and allow more time for insuring that correct decisions are made.

It is recommended that analyses of the mechanisms of carrying out the
transfer of remote sensing systems to the private .ector continue. Specifically, it
is recommended that:

° An in.depth quantitative market analysis be undertaken that will lead
to definitive market forecasts and provide an understanding of demanc!
relative to information product price, resoluticn, number and location
of spectral bands and other important product attributes.

It is also recommended that the analysis techniques reported herein be used

[ Continue the analysis and evaluation of other scenarios for comi-
mercialization of civil land remote sensing systems and to consider the
impact of other rnarket forecasts

° Analyze and evaluate potential value-added business scenarios and to
develop an understanding of their impact on and inclusion in com-
mercialization scenarios

] Analyze and evaljuate scenarios for the commercialization of the
meteorological remote sensing system

. Analyze and evaluate scenarios for the commercialization of a cumn-
bined civil land remote sensing system and a meteorological remote
sensing system.

It is also recommended that, in anticipation of the need to competitively
select a commercialization alternative, evaluation criteria be developed against
which commercialization proposals may be evaluated and then compared on

*Driven by the timing of anticipated events such as the launch, operation and
demise (after several years, if everything goes according to plan) of
LANDSAT D' and the time rejuired to acquire another LANDSAT satellite
and have it available for launch as a backup to D'.
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a common basis. The selection of criteria can have a significant effect on which
alternative will be selected. Such criteria as minimization of government subsidies
and maximization of societal benetits should be considered—these will most likely
lead to the selection of significantly different alternatives. As part of this effort,
sufficlent analyses should be undertaken so that typical scenarios are developed in
response to different postulated evaluation criteria.

Since it is likely that ther2 Is room for oniy one system for cach major
product class, and the seiection of the '“vrong" systern may eliminate the
possibility for & decade or more of achieving the '"right" system, it is also
recornmended that an analysis be performed of the impact that ncar-term decisions
may have on long-term options.

Finally, since the analysis and evaluation of proposals for commercialization
will lead to the selection of a desired alternative, it is recommended that an in-
depth analysis be performed of each proposed alternative to establish estimates of
the likelihood of success (both technical and economic) since failure will at a
minimum necessitate a government bail out, a discontinuity in service or, in the
worst caseg, the total elimination of the scrvice.
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APPENDIX A
ANALYSIS OF SATELLITE AND LAUNCH REQUIREMENTS

Satellite and launch requirements are determined by the demand for opera-
tional on-orbit sensors, the nurnber of previous successful launches and the number
of sensors that have failed due to random and wearout phenomena. Since failures
occur randomly, the number of launch attempts as a function of time is not known
deterministically, but must be described in terms of a probability distribution.

A simulation model* has been developed to assist with the programmatic
evaluation of alternative approaches to establishing and rnaintaining a specific
desired mix of operational sensors on spacecraft in geocentric orbit. The program
enables the assessment of the effects of operational requirements and reliahility
(spacecraft support subsystems, sensors and transportation systems) on the time-
phased costs of alternative approaches to satisfying mission requirements. The
program js specifically designed to allow for the explicit consideration of reli-
ability and cost uncertainties. In order to perfocrm this evaluation, the launch
systems and spacecraft (support systems” and sensors) are ccrsidered in detail
from the points of view of reliability and cost. All costs are treated as uncertainty
variables where ranges of possible values are considered as well as subjective
estimates pertaining to the form of the uncertainty (the probability distribution)
within the range. The input to the program consists primarily of a set of numbers
which dzscribes the demand for various operational sensors in orbit as a function cf
time, the mix of sensors available per spacecraft type, the transportation system
to be used for each spacecraft type as a function of time, spacecraft subsystem,
sensor and transportation system reliability, subsystem and sensor nonrecurring
costs including cost spreading and explicit quantitative uncertainty assessments,
spacecraft and transportation system costs including expliciily quantitative un-
certainty assessments and cost learning rates. The output from the simulation
program consists of a set of probability distributions associated with costs and
events (i.e.,, number of launch a‘tempts, etc.) as functions of time and the

»*
Greenberg J.S., "The Economic Implications of Uncertainty," Proceedings of

the Annual Peliability and Maintainability Symposium, January 1976.

Greenberg, J.S. and G.A. Hazelrigg, "Methodology for Reliability-Cost-Risk
Analysis of Satellite Networks," Journal of Spacecraft and Rockets, Vol. I,
No. 9, September 1974.

*%
The group of support systems is frequently icferred to as the spacecraft bus.
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probability distribution of the present value of total recurring plus nonrecurring
cost.

The reliability, uncertainty and risk assessment capability embodied in the
simulation model allows for:

i ° Specifization of the mix of operational sensors required in geocentric
, orbits as a function of time,

° Consideration of multiple spacecraft which are defined in terms of the
* reliability of the major support subsystems, the mix of on-board sensors
' and their reliability and spacecraft cost.

() Consideration of spacecraft subsystem and sensor failure models which
aliow for both random and wearout failures.

° Specification and consideration of multiple transportation systems which
may consist ol current or new expendables or the Space Shuttle. The
transportation systems may also include (as necessary) orbit-to-orbit
shuttles or propulsion modules (for example, Agena, Tentaur, Space
Tug, etc.). The propulsion modules may be expendable or reusable and
may be used for placing spacecraft in orbit and retrieving spacecraft
which fail and require replacement. The specification of the transporta-
tion systems include cost and reliability assessments. Reliability is
considered at the major subsystem level.
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° Specification of transportation systems to be utilized for placing
different spacecraft into orbit as a function of time. Changing the
specification of transportation system-spacecraft assignment as a func-
tion of time allows performance capability (such as allowable mission
modes and reliability) and cost variations to be considered.

° Explicit consideration of multiple time periods thus allowing for annual
costs to be established.

° Consideration of cost learning curves.

) All costs to be treated as uncertainty variables.

The simulation model, taking intc account the required number of sensors as
; a function of time, number of operational sensors in orbit (as determined from
spacecraft subsystem: and sensor reliability characteristics) and spacecraft and
launch costs, determines a near optimal mix of spacecraft launches as a function of
time. Since the simulation is based upon Monte Carlo techniques, it is possible to
establish the probability distributions of pertinent performance measures, which
allows alternatives to be compared by considering both expected values of
o performance measures and the chance of variation (i.e., the risk) of the value of
the measures. Specifically, the sirnulation model establishes the probability
distributions of: '
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. Pertinent quantities by year (for example, number of launch attempts,
number of spacecraft required, number of propulsion modules required,
number of propulsion module refurbishments, etc.)
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° Launch, spacecraft and total costs by spacecraft type and by year

° Bus and sensor nonrecurring costs

° Present value of recurring plus nonrecurring costs.

The sensors mix as a function of time, as cstablished from Figure 3.1, was
used as the sensor demand in a simulation analysis. The purpose of this analysis
was to obtain insight into the number of spacecraft that should be procured in
order to achieve a reasonable likelihood of continuity of service and the number of
launch attempts that are likely to be required. The scenario described in
Figure 3.1 was simulated or flown [,000 times taking into account sensor and
spacecraft support system random and wearout failures and the probability of
major launch events being successful. The assumed demand for sensors is
_illustrated in Table A.l, the assumed sensor and subsystem reliabilities are
indicated in Table A.2 and the launch vehicle (Delta) assumed reliabilities are
indicated in Table A.3.

Since an expendable launch vehicle is utilized, the probability distribution of
the number of launch attempts and the probability distribution of the number of
spacecraft required are the same. These are summarized in Table A.4 as a
function of time in terms of expected values and standard deviation.

The results of the simulation analysis indicate that a minimum of two
spacecraft of each type will be required. The likelihood of continuous service with
the purchase of two spacecraft is not high and a third spacecraft acquisition may
be desirable.

TABLE A.1 ASSUMED SENSOR DEMAND (NO. OF REQUIRED SENSORS IN ORBIT)
B ———— — — —_——— |

SENSOR FISCAL YEAR

'‘¢s . '87 '8 . ‘'91 ~  '93

MSS (80M) 1 1 1 ] ] ] 2 ] ] 4]
™ (30M)* ) ] ] ] 1} )] '/ P 9 ]
MLA (80M) ) 2 ] 1 1 ] 1 1 ] /]
MLA (30M) 1] ] ) ) Y ) P 1 1 1
*LAUNCH DOES NOT TAKE PLACE UPON FAILURE OF THE THEMATIC MAPPER.
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TABLE A.2 ASSUMED SENSOR AND SUBSYSTEM RELIABILITY

MEAN. T IME-T0- EAPECTED VARIABILITY OF
SENSOR/SUBSYSTEM | FAILURE (MYBF) WEARQUT WEARQUT LITE"
(YEARS) LIFE (YEARS) {YEARS)
MsS 20 3 .9
™ 10 3 .5
MLA (30M) 25 5 5
MLA (30M) 20 5 .5
POWER 20 8 .5
aves 30 5 .5
COMMUNICATIONS 30 5 ]
TT4C 30 § 5
STRUCTURE 40 5 .5
STANDARD DEVIATION 0¥ WEARDUT LIFE.

l TABLE A.3 LAUNCH RELATED RELIABILITIES I

S

ITEM VALUE

o FROBABILITY OF SPACECRAFT FUNCTIGHING 0.95
PRUPEPLY WHEN PLACED N FINAL ORBIT

e PROBABILITY OF BOOSTER SUCCESS 0.98

PROBABILITY OF UPPER STAGE SUCCESS 0.98

PROBABILITY OF ORBIT INJECTION SUCCESS 0.98

L s 48

TABLE A.4 LAUNCH ATTEMPT STATISTICS

T i e S s S e DD SO

l ..

SPACECRAFT TYPE FISCAL YEAR
45 87 ‘49 '91 . '93

LANDSAT £ {MLA/80M)

¥ EXPECTED NC. CF ¢ 2 2 .20 9.19 2.22 2.25 2.43 ) 9
LAUNCH ATTEMPTS

e STD. DEV. OF NO. ) # ) 0.84 0.44 0.47 0.50 0.8 P 9
OF LAUNCH ATTEMPTS

LANDSAT F (MLA/30M)

o EXPECTED NO. OF ) 2 P ? 9 ) 2 .11 017 0.19
LAUNCH ATTEMPTS

e STD. DEY. OF MNO. ? ) p p 2 ) 9 0.65 0.3%  J.4i
JF LAUNCH ATTEMPTS

(Eeon
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APPENDIX B

SUPPORTING DOCUMENTATION FOR INPUT
DATA TO FINANCIAL ANALYSES

(1) Revenue - Supporting data is presented in Section 4.4, Market Forecast. [n
particular, reference is made to Figures 4.5 and 4.6. All data in these figures
are in constant 1983 dollars. A 6 percent inflation rate was used to escalate
the figures to 1985 and following years.

(2) Additional Federal Purchases - Corresponds to the annual subsidy that is
required in order to achieve a desired annual return on assets. The subsidy is
determined through an iteration process wherein the value is adjusted until

the desired rate of return is achieved.

(3)  Processing Cost/Scene-80M - Processing costs include those costs involved
with the processing and handling of data irom the moment of receipt at
GSFC until its expedition to EDC. For MSS data, the primary activities are
to make radiometric corrections, indicate the n<ed for geometric corrections
and record the data on high density tapes which will be used to transmit the
data via satellite to EDC. For TM data, the functions performed at GSFC
include receipt and recording of data on high density tapes (to remain at
GSFC until transfer to federal archives) plus creation of photographic
negatives and computer compatible tapes (CCTs) from these high density
tapes, which will be mailed to EDC. The following determination of the
processing cost/scene for 8G meter information products is based upon data
provided by NOAA and is based upon processing 136 scenes daily.

Cost Catagory Cost ($1.000)

Operations and Maintenance 7,148
High Density Tapes 215
Computer Compatible Tapes 20
Computer Tape Drive

Performance Assessment 20
Photo Support 230
Total Annual Cost (FY83$) 8,353
Total Annual Cost (FY858) 9,385

Processing Cost/Scene (80M) = Total Annual Cost x Cloud Factor = $270.30
Scenes/Year
EPEA@@
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with a cloud factor equal to 1.43. The cloud factor (see Note 6) multiplier is
used to account for the fact that the financial model is driven by scenes soid
and not scenes processed.

Processing Cost/Scene-30M - The following determination of the processing
cost/scene for 30 meter information products is based upon data provided by
NOAA. The processing cost is the incremental cost of processing 50
30 meter scenes daily in imagery and ten scenes daily on tape, given that 136
MSS 80 meter scenes are being processed daily. (Refer to Note 3 for a
description of what is included in the current processing costs.)

Cost Category Cost ($1,000)
Total HDT & CCT Tape
& Handling 950
Photo Support 2,030
Ground Segement Operations
& Maintenance 2,652
Total Annual Cost (FY83$) 5,632
Total Annual Cost (FY85$) 6,328

Processing Cost/5cene (30M) = Total Annual Cost x Cloud Factor = $495.80
Scenes/Year

with a cloud factor equal to 1.43. The cloud factor (see Note 6) rnultiplier is

used to account for the fact that the financial model is driven by scenes sold
and not scenes processed. The above cost per scene is based upon 18.250
scenes per year.

Processing Learning Factor - [t is assumed that processing cost for repetitive

functions will tend to decrease with time because of learning. A typical
learning equation, as indicated below, has been utilized to predict future cost
reductions.

L() - Sostin Year1 _ [log,,(CALR) - 2.0]/.301
7 " Cost Base

The learning factor, L(I), indicates the cost in the I year relative to the
current or base cost. The assumption is that costs are reduced by 100-CALR
percent every time the number of years doubles. CALR represents the

th

cumulative average learning rate (%). The processing learning factor is based
upon a 90 percent learning curve. The specific values utilized are presented
below along with learning factors based upon other learning rates.
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LEARNING FACTOR, L(I)
LEARNING RATE, CALR

FISCAL YEAR

95% 90% 85% 80%
'85 1.00 1.00 1.00 1.00
86 .95 .90 .85 .80
'87 .92 .85 77 10
'88 .90 .81 12 .64
'89 .89 .78 .69 .60
'90 .88 .76 .66 .56
'91 .87 .74 .63 .53
'92 .86 .73 .61 .51
‘93 .85 72 .60 .49
'94 .84 .70 .58 .48

Processing/Sales Factor - This factor accounts for the difference hetween
scenes archived and scenes sold, since archived scenes may be sold more than
once while other scenes may not be sold at all.

Total Scenes Recejved at EDC in FY82

Processing/Sales Factor = 35t 15 enes Sold in FY32 x Cloud Factor

The cloud factor represents an adjustment since scenes with significant cloud
cover are handled in a somewhat different manner. Scenes received at
Goddard Space Flight Center are flagged during processing to high density
tape if the cloud cover is great enough to render the scene obscure. Although
these scenes are currently processed for archiving at EDC, it is assumed that
a decision will be made not to further process these obscure scenes, which
are estimated at about 30 percent of the total. Therefore, the number of
scenes processed (at GSFC) equals the number of scenes transmitted from
White Sands, but scenes archived* at EDC will be reduced from scenes
processed by a "cloud factor." It should be noted that:

No. of Scenes Transmitted from White Sands = No. of Scenes Pro;:essed at GSFC

No. of Scenes Archived = No. of Scenes Processed/CF
No. of Scenes Sold = No. of Scenes Processed/(CF x AF)

CF = Cloud Factor = 1.43
AF = Archival or Processing/Sales Factor = 0.52

————

*Scenes with too much cloud cover will be recorded on the high density tape

(HDT) and retained in the archives, but it is assumed that further processing,
such as producing a film master, will not be done.
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The cloud factor of 1.43 is based upon 30 "bad" scenes out of 100 scenes (i.e.,
70 "good" scenes). Therefore, to get 70 good scenes it is necessary to process
100 sc’ nes or 1.42 times the 70 scenes. To go from scenes processed to good
scenes it is necessary to divide by 1.43.

Archival Cost/Scene-80M - Archh)fng costs are costs Incurred in receiving
data at EDC, processing data into format required for archiving and
maintaining the archives. Ia the case of MSS data, after the receipt of data
trom GSFC it is recorded on high density tapes. Scenes from the high density
tape are processed to film images which are sent to the photo lab and a
master made. The high density tapes and film masters are then archived.

When EDC receives a TM film image from GSFC it makes a master film
image for storage in the archives. The CCT it receives is stored in the
archive after a copy is made for the client. TM archiving costs include the
cost of making the film master plus cost of receiving and cataloging the data
and maintaining the database.

Cost Category Cost (351,000

Data Receipt & Catalog 669
Data Processing & Archive

Creation 1,358

Archive Database Maintenance 148

Total Annual Cost (FY83$) 2,175

Total Annual Cost (FY85S) 2,445

Archiving Cost/Scene (30M) = $49.70
(based on archiving 49,275 scenes/year)

Archival Cost/Scene-30M - Since data is not currently available on all of the
TM archiving costs, approximations are necessary and are based upon scaling
of MSS costs as follows. (Refer to Note 7 for what is included in archiving
costs.) From Note 7, the average cost of receipt and catalog ($669,000) and
archive database maintenance ($148,000) is $817,000 for MSS scenes. This
reduces to $16.40 per scene. Since the number of items (film images or
computer compatible tapes) should be about 1.75 times greater (TM has seven
spectral bands whereas the MSS has four spectral bands) than produced for an
MSS scene, it is assumed that the cost of receipt, cataloging and archive
database maintenance for TM data is [.75 times that of MSS data or $29.00
per scene. An approximate cost of making a working film master for storage

Eesh
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in the archive is $79.40 per TM scene. Therefore, the average cost to archive
a TM scene is $108.40 FY83$ or $121.80 FY85S.

Archival Learning Factor - A learning rate of 90 percent has been assumed.
See Note 5 ‘or details.

Cost_of Sales/Unit - Sales costs are those costs involved in reproducing
scenes for sale to the public, and distributing the scenes. Film images are
made from the film master which Is stored in the archives. CCTs are made
from the archived high density tape in the case of MSS data, and from the
CCTs received from GSFC for TM data.

MSS estimated cost for reproduction and sale of approximately 78,750 film
scenes is as follows:

Cost ($1,000)

Product Generation & Dissemination 1,480
Customer Interface 645

This results in MSS film cost of $27.00 FY83$ or $30.30 FY85$ per scene.

MSS estimated cost for reproduction and sale of approximately 4000 CCT
scenes is as follows:

Cost ($1,000)

Product Generation & Dissmenination 435
Customer Interface 215
650

This results in MSS tape cost of $162.50 FY83$ or $§182.60 FY$5$ per scene.

TM costs are estimated to be 7/4 (the ratio of TM spectral bands to MSS
spectral bands) times the MSS costs. Therefore, TM film and tape costs are
estimated as $53.10 and $319.60 FY85$ per scene, respectively.

Cost of Sales Learning Factor - A learning rate of 90 percent has been
assumed. See Note 5 for details.

Indirect Labor - Indirect labor costs are those costs that are independent of
the number of scenes processed and include management, spacecraft ma-
neuvering and positioning, and building operations and maintenance. These
costs are as follows:

Cost Category Cost ($1,000)
Building Operations & Maint. 1,651
Spacecraft Orbital Element 120
NOAA Management 2,500
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Communications-Telex Link

to Foreign Stations 110
Building 28 Local Communi-

cation 45
NOAA Administrative Costs

at EDC 32
Total Annual Cost (FY832) 4,458
Total Annual Cost (FY859) 5,009

(i3) R&D - It is assumed that NASA will continue to undertake research and
development relating to new sensors and related technologies and new
infos mation extraction techniques. It is assumed that the government R4&D
expenaitures will be on the order of $10 million per year. It is assumed that a
private sector business venture (Scenario 3) will undertake R&D to improve
computational efficiency and information products. It is estimated that the
cost {fully burdened) of a professional involved in the R&D is $90,000 per
year. It is assumed that the R&D organization should include approximately
ten professionals ($900,000/year) and will increase as sales build over time
and achieve a level of 4 percent of cales, Therefore, R&D costs will be
$900,000 per year or 4 percent of sales, whichever is greater.

(14)  Marketing, Advertising & Promotion - Marketing, advertising and prornotion
includes customer interface, market development and applications engi-
neering as well as the other sales-oriented functions. It is assumed that the
average cost per salesperson is $158,000 ($45,000 in compensation multiplied
by 2.5 for overhead and G&A, plus 545,000 in expenses). It is assumed that
there are 1.5 professional persons supporting each salesperson at a cost of
$75,000-585,000 per year. Therefore, the effective cost per salesperson is
$278,000 per year,

As a minimum, it is assumed that one salesperson s required for toreign saies
(mainly keeping and getting new ground stations), one salesperson is required
for federal sales, two salespersons are required for industrial and state/local
governinent/academic sales. Therefore a minimum market organization is as
follows:

4 salespersons
6 professional support
| management

(565,000 x 2.5) } $__ 160,000 per year
’ $1,270,000 per year

} $1,110,000 per year
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it Is assumed that this marketing organization will increase with sales
reaching an expenditure level of 3 percent of sales. Therefore, Marketing,
Advertising & Promotion Costs will be $1,425,000 FY855 per year or
5 percent of sales, whichever is greater.

Communications Costs (TDRSS) - This represents the cost of transmitting
data through the Tracking Data Relay Satellite System from LANDSAT to
the White Sands ground recelving station. Charges are based on a per minute
rate depending on type of access.

A typical transmission lasts approximately 26 minutes and consists of a mix
of the different types of access. This occurs approximately 20 times per day.
During each 26 minute intarval seven MSS and five TM scenes (on average)
are transmitted. The average cost” for a typical transmission Is

Total Cost
Access Time Cost per Minute Per Event
Single Access 14 minutes x $91 $1,27
Multipie Access Forward 2 minutes  x 220 40
Multipie Access Return 10 minutes x 6 60
$1537%
Therefore,

$1,374 = 7 x cost of transmitting MS3 scene + 5 x cost of transmitting TM
scene

It is estimated that the cost to transmit a TM scene will be 5.67 times that of
an MSS scene.”” The cost to transmit an MSS scene is therefore $38.90
(FY83$) or $43.70 (FY85$). This must be multiplied by the cloud factor (refer
to Note 6) so that the total cost per MSS scene is $62.50 (FY85$). Similarly,
the total cost (including the cloud factor) for transmitting a TM scene is
$354.10 (FY859).

'The analysis is based upon the use of rates for nongovernmental users rather
than rates that will be charged to NOAA, because the former is likely to be
more representative of the true costs of using TDRSS.

**IM data is trar ted at the rate of 85 megabits per second and MSS data at

the rate of |  ..abits per second. Both require 24 seconds for a scene to
arrive at White Sands (net of any time that the satellite isn't collecting
usable data).
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Communications Costs (DOMSAT) - This represents the cost of transmitting
data via the Domestic Communications Satellite System. Both TM and MSS

duta are transniitted from White Sands to GSFC using the DOMSAT 50 mega-
bit links MSS data is sent to EDC from GSFC on the DOMSAT 20 negabit
link (TM data is mailed).

The cost of using the DOMSAT 50 megabit link is $3.50/minute. Including
set-up and other overhead tlme.. it takes an 2stimated 48 seconds for an MSS
scene and 72 seconds for a TM scene to arrive at GSFC. Therefore, MSS
DOMSAT cost iss

MSS DOMSAT Cost = 0.8 minutes/scene x $2.5/min = $2.80/scene (FY83$)
It is assumed that the cost to transmit an MSS scene to EDC from GSFC is
approximately the same as transmitting from White Sands to GSFC, $2.80. In
addition, an inventory tape (GHIT) is communicated by phone to EDC and this
costs about 3.90 per scene; therefore total cost to send an MSS scene from
White Sands to EDC is $6.50 (FY83%) or $7.30 (FY85$). This must ke
rultiplied by the cloud factor (refer to Note 6) so that the total cost per MSS
scene is $10.40,

The cost to send a TM scene from White Sands to GSFC iss
TM DOMSAT Cost = 1.2 minutes x $3.5/min = $4.20 (FY83$).

Adjusting to FY85 and multiplying by the cloud factcr yields $6.70 per scene
(FY859$).

TDRSS Lease Costs (Annual) - This represents the lease costs associated with

the Tracking Data Relay Satellite System which are independent of usage.
Since TDRSS costs have been assumed to be directly proportional to scenes
s0ld, this fixed annual cost has been set equal to zero.

DOMSAT Lease Costs (Annual) - This represents the lease costs assoclated

with the DOMSAT communication system which are independent of usage.
Since DOMSAT costs have been assumed to be directly proportional to scenes
sold, this fixed annual cost L.as been set equal to zero.

»

Time during which the system is turned on but not collecting useful data.
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Lease Costs (LANDSAT D and D) - It is assumed that for Scenarios 3 and 5,
LANDSAT D and D' are transf{erred to the private sector business venture.
Different recoupment payment policies are considered. l.ease costs are zero
for Scenarios |, 2 and 4 since it is assumed that transfer of these assets is
through nonlease arrangements. '

Lease Costs (Ground Facilities-GSFC, EDC, White Sands and Nongoverniment)
It is assumed that, initially, ground facility assets are leascd from the
government (operating leases with no transfer of title). It is assumed that in
1989 all facilities are consolidated at White Sands at which time leases are
entered into with nongovernment organizations. It is assumed that the lease
policy is to recoup a fraction (0 to 1.0) of the book value of the leased asset
through an annuity such that the present value of the annuity is equal to

d x Book Value where § is the fraction of the book value recouped and book
value, BY, is given by

_ - Useful Life - Years in Service
BV = Acquisition Cost x [ Useiul Life ] .

And the value of the annual annuity payment, A, is given by

A = 5 x BV x r/100
- M
1-1/(1+r/100)
Where r = cost of capital
M = number of payments for establishing lease rate.
The following schedule is assumed:

Fy

[] L 86 [} ) 88 ] [] ' 90 ] ] ' 92 ] [] ' 94 )
GSFC tasrc  asrc lesec tesc - < - - - -
EOC Yeoc  teoc  teoc tepe - - - - - -
1
WHITE SANDS bys  bws Lws bws tus bws Lus lws Lus Lye
NONGOVERNMENT : : . O
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The venture initially leases facilities (GSFC processing facilities, EDC
processing and archiving facilities, and White Sands tracking and communica-
tions facilities) from the government. These lease rates are Lesee' “epc
and st. After consolidation the venture leases similar equipment to be
located at White Sands. It is assumed that the lease rate of White Sands
equipment is small relative to that at GSFC and EDC. The lease rate of the
equipment ¢ be acquired and located at White Sands is approximated as
follows:

Lng = (Lasec * Lepc) X E XL - Kigpe

where E is an efficiency factor relating to the consolidation of the EDC and
GSFC data processing facilities, L is a learning factor (it is assumed that
both processing algorithms and equipment improve with time) (refer to Note
5 for a discussiun of learning factors) and "G'SFC is the effective lease rate
paid on equipment not required at the combined facility.

A 90 percent iearning rate is assumed. Therefore L = 0.78. It is assumed
that the cost of cornputers to the government has a profit built in for the
private sector. When the commercial entity leases a computer from the
private sector there is also a profit for the private sector. It is assurned that
these are basically the same on a percentage basis. NOAA has estimated
equipment costs at GSFC to be approximately $10! million and EDC has
estimated equipment cost associated with LANDSAT at EDC to be approxi-
mately S14 million.

The following lease rates have been estimated and used in the analysis:

ST TRRTY r8 yrs. useful life - 2 yvs. prior to sturt of lease
BV(GSFC) = $101 million x L % yrs. usetul Jite

r8 yrs. useful life - & yrs. prior to start of lease
BV(EDC) = $14 million x [ B yeuatel e ]

At a cost of capital of 10 percent,

Lespe = 101 % (§8:—2 x .10/[1-1/1.10)*] = $23.9 million

0
.

LEDC =14 x (8—8—5) x.10/[ l-(l/l.lO)a] = $2.2 million

LNG = (23.9 + 2.2) x .78 x .90 -2 = §16.3 million

i,
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where E = .90 and lt'JSFC = $2 million.

Since the lease at White Sands starts in 1989, LNG must be adjusted from
FY83 to FY89 douilar, by multiplying by ( 1.06)6. The result is

LNG = $23.12 million FY89$ in FY89 and beyond.

Assets: Ground Segment - It is assumed that all ground segment equipment is
leased. Therefore the asset value of the ground equipment is zero.

Space Segment - The following is a summary of the launch costs and the
availability of launch vehicles. LANDSAT D consists of the NASA standard
Multi-Mission Modular Spacecraft (MMS) and a mission-unique sensor module,
LANDSAT D was launched into a nominal 425 n mi sun synchronous polar
orbit by a Delta 3920 launch vehicle from the U.S. Western Test Range.

The MMS is designed to be compatible for launch from both the Deita and the
Space Shuttle Orbiter. However, the long (14' length) and narrow (7' width)
configuration of LANDSAT D is not optimurn from a cost standpoint for
Shuttle launch. As the MMS is designed for compatibility with the Delta and
Shuttle, it will also be compatible with the Ariane launch vehicle. These
three launch vehicles constitute the primary candidates for further launches
of LANDSAT spacecraft in the configuration of LANDSAT D. Other ex-
pendable launch vehicles such as proposed commercial versions of the Atlas-
Centaur or Titan could also be used; however, the use of these launch
vehicles would necessitate design modifications in the spacecraft. Moreover,
there are no plans at the present to achieve a near polar orbit capability with
the commercial Titan.

For the purpose of obtaining launch cost information it was assumed that the
future LANDSAT spacecraft would be similar in physical characteristics and
orbit requirerrents to LANDSAT D. Launch dates of January 1987, January
1921 and January 1996 were used to sclicit launch cost information from the
operators of the Ariane, Delta and Shuttle.

The results of these enquiries indicate that the launch vehicle area is in a
state of flux and it is difficult to obtain costs that can be used with a great
deal of certainty for the prospective launches. At the present time the Delta
Program Office does not plan to continue to supply the Delta launch vehicle
after its use for two GOES missions in FY86. In response to this enquiry,
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NASA quoted a cost of about $35 million in FY85 dollars for a Delta launch
prior to the termination 2f the program in FY86. NASA was unable to quote
costs beyond this date because of the planned termination of the Delta launch
vehicle. Informal discussions of the proposed launches with NASA Shuttle
marketing personnel indicate that NASA has not yet formulated a pricing
policy for WTR launches. Moreover, the published Shuttle pricing policy does

not extend beyond FY83. In the absence of a pricing policy that extends to.

the time period of interest for WTR, it was suggested that the price of a
Shuttie launch from WTR would be aoout the same as that from ETR.
Because of the spacecraft configuration, weight and orbit requirements,
LANDSAT would probably require a dedicated Shuttle launch. The suggested
price for a dedicated Shuttle launch from WTR was about $40 million in 1975
dollars. Discussions with Arianespace indicate that the LANDSAT launch
would require the Ariane 40 vehicle. Funding for the development of the
Ariane 4 series of launch vehicles was approved in 1782 and it is expected to
be operational in 1986. 'Discussions with Arianespace indicate that the
budgerary price for an Ariane 40 launch is $60 million to $65 million in 1982
doilars.

On the basis of this brief survey, it is clear that the Shuttle will be supported
from WTR. On the other hand, it is not clear that any of the current U.S.
e ..e¢ndabie launch vehicles will be supported from WTR post FY86. One
possible scenario for this time pericd might postulate competition between
two or more U.S. launch vehicles and perhaps the Ariane. Although NASA
now indicatas that it will not support the Delta in the post FY86 time period;
it is possible that competition will drive the price of competing launch
systems to that quoted for the Delta, or that a commercial version of the
Delta wil} be developed as one of the competitors. In view of the clear price
advantage of the Delta 3920, the price of the Delta 3920 was used as the
basis for estimating launch costs for the prospective LANDSAT launches.
Assets: Snace Equipment - The space equipment assets include LANDSAT D,
DYy, E, E', F, F', G and G'. These are procured at different points on time with
both D and D' having already been procured.

Data from GSFC indicates a tctal cost of $361 million for D and D'. It is
assumed that this cost is divided evenly between D and D'. Therefore
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LANDSAT D Book Value = [180 + 35] x [3 r. ““‘zyr':' “’:d b '8’]
‘ L]

= $71.7 million

LANDSAT D' Book Value = [180 + 35+ 33) x [1] “
= $248 million

where it has been assumed that the Deita launch cost is $35 million and D'
¢ storage cost is $33 million.

The following cost estimates (in millions of dollars) have been made for the
post-D' satellites:

LANDSAT
¢ . £ . E —_ —r
SPACECRAFT 20x(1.06)3  40x(1.06)3  40x(1.06) 40x(1.06)°
dlar b R ,
INTEGRATION/TEST  20x(1.06)3 3 ZOx(I.Oé)g 30x(1.06)3 :
K ik TR 1 e ;
¢ ‘

Since costs are spread over time, the above table is an approximation but
deemed acceptable.

LANDSAT E is estimated as a two and one-half to three year program with
expenditures of 20 percent, 50 percent and 30 percent in each ot the years (as
per GSFC). LANDSAT F is estimated as a five year prograrn with expendi-
tures of 15 percent, 20 percent, 30 percent, 20 percent and 5 percent in
each of the years (as per GSFC). These values have been adjusted to reflect o
the launch cos*-. Thus, as indicated by the "Constructicn In Progress," the
cumulative expenditures add up to 100 percent when launch occurs.

B e ot N st s R B

B ki

Without knowledge of what G and G' will comprise, annual expenditures have
. been estimated and are based upon the previous history of expenditures.
(24) Cash Requirement in Days - It is assumed that 15 days of cash are required
as measured against total revenue (i.e., 15/365 x toral revenue).

(25) A/R Requirement in Days - It is assumed that accounts receivable are an

® average of 60 days old. Average accounts reccivable balance is equal to ;‘
approximately 1/6 of revenue (i.e., 60/365 x revenue). 5

(26) Current Liability Requirement in Days - Current liabilities are assumed to be

paid within 30 days. :
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(27)

(28)

(29)

(30)

(31)

(32)

(33)

(34)

(35)
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Contributed Capital - Contributed capital for the private sector financial
projections are assumed to be an initlal capitalization of $75 million. The
capital investment remains constant over the ten year period.

Cost of Borrowing - Long-term borrowing rates are assumed to be 11 percent
over the ten year projectior. The 11 percent borrowing rate is predicated
upon the 6 percent inflation rate used in the projection. Although current
long-term borrowing rates are currently higher than 11 percent, it is assumed
tnhat by 1985, the {first year of the projection, that long-term rates will be in
the 10-12 percent range.

Federal and State Tax Rate - A 5! percent combined federal and state tax
rate has been used to calculate provision for taxes on net income (46
percent federal, 5 percent state).

Investment Tax Credit Base - Property qualifying for the investment tax
credit is reflected for calculation purposes. All space segment property both
fully constructed and in process during the year are included in the
investment tax credit base.

Investment Tax Credit Rate - A 10 percent investment tax credit has been
applied to ali qualified property. For tax purposes, a five year ACRS life has
been assumed. For depreciation purposes, a 5 percent reduction to the basis

of all depreciable property has been applied.

Equity Participation by the U.S. Government - It is assumed that for the
legislatively-chartered, privately-owned corporation scenario, the U.S.
government's equity participation will be 33 percent. The percentage
participation used is arbitraiy, and is used for illustrative purposes.

Research and Develcpment Tax Credit Rate - A 15 percent R&D tax credit
sate has been assumed although the precise rate may vary. The exact rate
applied will be dependent upon the nature of the R&D, average annual
expenditures and type of R&D (in-house research expenses vs. contract
research expenses).

Royalties—Base Fee - This amount reflects the minimum guaranteed royalty
or licensing fee paid to the U.S. government under the private sector
marketing scenario. A minimum base fee of $33.5 million for the exclusive
marketing rights to LANDSAT data is assumed.

Royalties as a Percentage of Sales - It is assurned that a minimum royalty of
80 percent of LANDSAT sales would be paid to the U.S. government if 80
percent of sales exceed the guaranteed minimum of $33.5 million.

Eesh
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(3¢) Government R&D Expenditures - Current government R&D expenditures re-

lating to the current land remote sensing system are not currently ac-

cumulated in a manner conducive to used for projection purposes. A $10

million per year R&D expenditure by the U.S. government has besn used for

projection purposes in all scenarios other than planned phase-out.

¢ (37) Direct Costs - The equations used for the computation of processing, ar-
chiving and sales costs are as follows:

| Processing Cost (1) [MTS() + MFS(1)] x K x Pyss®

‘* + [TTS(D + TFS()] x K x PTM“) + ID(1)

Archival Cost (i) [(MTS(I) + MFS(1)) x AMSS(I)
+ (TTS() + TFS()) x ATM(I)] X AF x LA(I)

Sales Cost (1) (MTS() x SMSST(I) + MFS{1) x SMSSF(”
¢ + TTS(I) x STMT(I) + TFS(D) x STMF(I)] X LS(I)
+ [MTS() + MFS(I) + TTS(1) + TFS(I) j x CKY)

D o 1 e SN e

ST TR T RN TETTNRE WY % &

K = CF x AF
| where
¢ MFS(I) = Number of MSS film scenes sold in year |
MTS(I) = Number of MSS tape scenes soid in year |
TFS(I) = Number of TM film scenes sold in year |
¢ TTS(D = Number of TM tape scenes sold in year |
PMSS(I) = Per scene cost to process MSS data at Goddard
Pru® = Per scene cost to process TM data at Goddard
¢ ID(1) = Indirect costs associated with processing MSS and TM data
at Goddard
AMSS(I) = Per scene cost to archive MSS data at EDC
. Arm® = Per scene cost to archive TM data at EDC
L A(I) = Learning rate associated with the arch iving procedure
SMSST(I) = Per scene cost of reproducing for sale an MSS tape scene
o SMSSFm = Per scene cost of reproducing for sale an MSS film scene
STMT(I) s Per scene cost of reproducing for sale a TM tape scene

» EESh
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(38)

Lg)

Cl =
AF =

CF =
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Per scene cost of reproducing for sale a TM film scene
Learning rate associated with reproducing for sale

Per scene cost of customer interface

Archival factor (see Note 6)

Cloud factor (see Note 6)

Cornmwunicatons Cost - The equations used for the computation of TDRSS and
COMSAT costs are as follows:

TDRSS Cost (1)

DOMSAT Cost (1) = [MFS(I) + MTS(I)] x K x D

where

TTM™ J)

Dy;ssth

Dy

= [MFS(D) + MTS()] x K x TMSS(”
+ [TFS(D) + TTS(1)] x K x TTM(I)

mss®
+ [TFS(1) + TTS(I)] x K x DTM(I)

Per scene cost to transmit MSS via TDRSS (satellite to
White Sands)

oer scene cost to transmit TM via TDRSS

Per scene cost to transmit MSS via DOMSAT (from White
Sands to Goddard, and from Goddard to EDC)

Per scene cost to transmit TM via DOMSAT (White Sands to
Goddard)

and other terms are as defined in Note 37.
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