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ABSTRACT

This study analyzes the utility of an ERS system as an
effective tool in Land Use managemenrt, The approach taken here
.. divides the analysis into two parts, 1) a qualitative study of
2 potential Land Use resource management functions (RMF's) (Part I),
and 2) a cost effectiveness comparison between alternative
Earth Resource Survey (ERS) systems based on various projected
lavels of demand (Part II). The study of ERS information as ap-
p-ied to Land Usc¢ management is a relatively new field. As a
. rusult, the primary purpose of Part I is to explore this new

e area by qualitatively examining the potential new capabilities
a space-based ERS system could offer the Land Use manager. A
variety of RMF's are postulated within which ERS activities
might occur and the present ERTS investigations in these areas
are outlined.

The second part of this volume addresses the issue
of the cost effectiveness of satellites as a component of an
ERS system. This study contains an estimate of the Federal
legal and statutory requirements for remote sensing as they
form a lower-bound estimate of the demand for remote sensing.
The study indicates a cost savings potential of from $7.9
to $37.1 million annually attributable to the inclusion of
ERTS-like satellites in the ERS system.
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1.0 EXECUTIVE SUMMARY

1.1 The Purpose and Major Findings of the Study

The purpose of this study was to examine the economic
potential, defined for this study as cost savings, of an ERTS type
satellite in the development, updating and maintcnance of a nation-
wide land cover information system in the post-1977 time frame. As
envisioned in this study, the national information system must be
capable of satisfying at least the land cover information requirements
of ail Federal civilian agencies under existing Federal statutes.

The study examines several alternative acquisition systems for
land cover data and the relevant information acquisition,

data processing and interpretation costs associated with each
alternative. The basic problem was to determ. ‘e, on a total life
cycle cost*basis, under which conditions of user demand (area of
coverage, frequency of coverage, timeliness of information, and
letel of information detail) an ERTS type satellite would be cost
effective and, if so, what would be the annual cost savings
benefits.

Major conclusions of this study are:

1. An ERTS type satellite is a cost-effective system

for satisfying the expected level of demand for land

cover information in the post-1977 period. This is predicated

upon an annual demand level of six times coverage of the

*Throughout this report we refer to life cycle costs which were
computed over the period 1975-1993 in 1973 dollars discounted at
10% to 1974.
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continental Uni 7 States plus Alaska, with each mapping
mission to be completed within 60 days and the mapping
information classified to Level II detail, (U3GS -
Circular 671 classification scheme) and moxrc detailz=d
coverage (Level 1I11) of the same area once every five
years. To satisfy this dem...d level, the cost-effec-
tive system requires two satellites simultaneously in

orbit. However, high and low altitude aircraft with

ground survey teams are also necessary components of a cost-

effective data acquisition and processing system for
this level of demand.

2. A three-satellite system with high and low altitude
aircraft and ground survey teams is cost-effective at
an annual demand level of twelve times coverage of the
U.S. at Level 1II, with each mapping mission to be
completed within 30 days and Level III coverage of the
U.S. once every five years.

3. 1In the post-1977 time frame, automatic (e.g. computer)
interpretation and classification techniques will be
technically and economically preferred over manual

interpretation methods.
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4. Thé éxpec:ed annual cost savings that accrue

Erom an operational ERTS as a component of a Nationwide
Land Cover Information System is $23 million of un-
discounted 1973 dollars (as compared to an aircraft

only system).

5. The satellite configuration assumed for purposes of
this analysis is not the optimum configuration to
accomplish both the U.S. and the global coverage missions
at minimum cost. Further cost savings can be realized

by modifying the configuration of an operational ERTS

system. A joint systems engineering and economic analysis

of various satellite configurations for accomplishing

both missions should be undertaken.

The following sections of this chapter will address several

important questions relevant to the purpose and findings of this

study.

What is the basis or need for a nationwide land cover

information system and how might such a system be organized

and operated? What will be the likely demand for land cover

information in the posi-1977 time frame,

alternatives for satisfying these demands? Finally, what are

th. major variables which impact the life cycle cost of the

and what are the technical

e e et et ke it el
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alternative data acquisition systems and which system alterna-

tives are economically preferred at various levels of demand for
land cover information?

1.2 The Need for a Nationwide Land Cover Information Systenm

In July of 1973, a Federal Mapping Task Force which
had earlier been established by the Director of the Office of
Management and Budget issued a report* on Federal agency surveying
and mapping activities. This..report summarized the work and
results of a major inquiry concerning: (1) the existirg data
collection programs of various Federal civil agency and military
domestic mapping programs, and (2) an investigation of systenms
and procedures to achieve both improved economies in these data
collection programs and increased responsiveness to user needs.
The Task Force report underscored three major problems which
have long been associated with Federal civilian mapping programs:
® uncoordinated, single-purpose surveys and mapping
which benefit only one user agency
& a growing mass of unmet national demand for mapping
data and products
e the inability of the present structure of data
collection programs to deal efficiently and responsively

with growing and changing demand requirements.

* Report of the Federal Mapping Task Force on Mapping,

Charting, Geodesy and Surveying, July, 1973

1-4
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Throughout our own study we have repeatedly confirmed
these earlier observations. We have inquired into the present
day data collection activities of various Federal agencies, we :
have studied reports on the utility of more extensive and more
timely earth resources information, and we have interviewed
responsible officials of civilian Federal agency mapping programs
concerning their data needs and their present efforts. We find
that the need for land ccver information in the United States far
exceeds the present day data collection activities.

We agree with the primary conclusion of the Federal
Mapping Task Force, that in order to rectify this imbalance
most efficiently, there is an urgent need to consolidate the
fragmented data collection efforts of the many Federal agencies
into a new centralized mapping organization. This need leads

directly to a Nationwide Land Cover Information System.

1.3 Conceptual Description of a Future Nationwide Land

Cover Information System

Figure 1.1 provides an overview of the organization
and operation of a future Nationwide Land Cover Information

System. At the outset, two points must be clearly understood.

We have not undertaken in this study a gystems engineering

analysis of a Nationwide Land Cover Information System. We have

$1)
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only sketched out our own rough concept of a national informa-

tion system for the purpose of identifying the cost elements

that are relevant to a cost effectiveness analysis of an ERTS type
satellite as a major information acquisition component. A

second, related point is that we considered in this analysis

only the central core of a nationwide land cover information system.
‘t is likely that there will be a network of user service
“acilities, organized perhaps on a regional basis, which will
distribute resource management data products from the core

facility to the various users. The support network of user ser-

vice centers has not been considered in this study since the

investment and operations cost of any such network would be

common to all the alternative data acquisition systems.

Pable 1.1 lists the remote sensing platforms which acquire data
for the n~i ional information system. The projected 1977 capabi-
lities of the several sensors for acquiring information at
various levels of detail are shown in Table 1.2. The method of
processing and classificatipn, manual or automatic (computer)
techniques has a major influence in this regard. Using manual
interpretation methods, ERTS images can provide Level I infor-
mation, as has been demonstrated by several ERTS investigators
S.e References 1, 6, 8 and 9 on page III - 19 of Appendix III).

Mary investigators reported manual mapping of some Level IIX

e e . e e R S
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Table 1.1 Remoie Sensing Data Acquisition
Elemants For A Nationwide Land
Cover Information System

==============================================4

Platform Sensor

Multispectral scanner
Return Beam Vidicon

Satellite - ERTS =-type

Bigh Altitude Aircraft-U-2 Multispectral Scanner
6 inch metric camera

Low Altitude Aircraft - 9% x 9" 1:24,000 photo-
Commercially Available graphic images

Table 1.2 Projected Sensor Capabilities
Por Acquiring Information At
Various Levels of Detail

Manual Processing Automatic (Computer) Processing
ERTS HA GT ERTS. HA GT
Level I / / v/ Level I 7/ 7/
Level II v/ / Level II / / /
Level III / | Level 111 / v/

categories from ERTS but they could not.satisfy the 90% accuracy
standard recommended in the USGS-Circular 671. Typical accuracies
reported for Level II information obtained via manual techniques
range from 50% to 70%. Computer processing and classification

techniques are relatively new and the state of the art is in its
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infancy. Already, very promising results have been reported by
ERTS principal investigators; the only type of information for
which consistent difficulties have been encountered is the Urban
subcategories of the USGS land use classification scheme, speci-
fically, Urban-commercial, Urban-industrial and Urban services.
With the exception of these Urban subcategories, computer

processing of ERTS images will undoubtedly pe:mit the mopping of

Level IJ information* at 90% accuracy standard. Figure 1.2 is
an example of a computer generated color coded land use map
prepared by NASA/JSC Earth Resources Laboratory of the

Mississippi Test Facility in Bay St. Louis, Mississippi.

1.4 Overview of the Study Approach

Figure 1.3 depicts the study approach in overview form.
The analysis begins with projections of the demand for land cover
information which each technology system must satisfy on an equal

capability basis. For the purposes of this analysis only demand

which requires full target coverage is considered. Thus, demand

requirements which can bé satisfied by a probability sample of a
given target area have been excluded from our analysis.

The analysis of demand for remotely sensed land cover
information focuses on four major characteristics of user demand:

area of target, timeliness of information, frequency of update,

*See References 10, 13, 14, 15 and 17 on page III-20.
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Figure 1.2 Computer Derived Land Use Classification of
ERTS-1 Data Acquired August 7, 1972--Mississippi
Gulf Coast
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and level of information detail. The target area refers to the

percentage of the United States that must be covered to satisfy a
specific demand requirement. Though actual user desired targets
vary continuously from small regions of the United States to the
full United States, this analysis classifies usexr demand into one
of four area requirement categories: 100%, 10%, 1% or .1l% of

the United States. Timeliness of information (also called user

time window) refers to the maximum allowable elapsed time (in days)

during which the remote sensing of land cover information must be
completed in order to sautisfy the user. This important
characteristic varies from once every five years to weekly.

The frequency of coverage refers to the number of times that

targets of a given size, timeliness and level of detail require-
ment are covered during one year. Note that the frequency of
coverage is a composite of users who want repeated coverage of
a given target area as well as users who want one—timg

coverage of targets of a given size which are geographically or

temporally distinct. The level of information detail reflects

the scale required which, in turn, is determined by the type
of information needed to fulfill the user requirements. In
our study, Level I information corresponds to a mapping scale

of 1:500,000, Level II, 1:125,000 and Level IIXI, 1:24,000.

iy
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Using the above four demand characteristics, a search
was made of the existing Federal statutes that either mandate
or enable Federal civil agency land cover mapping programs. An

inalysis of Federal Agency demand for remotely sensed land cover

information in the 1977 time frame (under existing Federal gtatutes)

was made for the "land use planning community"and separately, for
"all land cover users.” Our' detailed findings are documented

in Chapter 3 and Appendix III of this report. After eliminating
overlapping data gathering requirements of the various Federal
agency users, we concluded that most of the Federal demand
requirements for both user groups is for Level II information;

the coverage requirement extending over the entire continental
United States and Alaska land area at an annual mapping frequency
of four times, seasonally, i.e. within 90 days. The vast majority
of Federal agency demand for full target coverage (non-sampling

applications) arises from the land use planning community. We

. - -

did not identify any Federal requirements for Level ; informa-
tion for either the lani use planning'community or other

Federal land cover users. In any évent, however, it should be
noted that Level II mapping information can readily be aggre-
gated to provide Level I information. We did find substantial
Federal demand for Level III information, but full coverage of

the United States is required only once every five years,
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Demands upon a national land c¢¢ or information system will
not be limited to Federal users only. A separate ECON study
documents the need for earth resource management data from state,
regional and@ lccal government units as well as the needs of the
industrial and academic community. Quantitative estimates of the
demand for land cover information in the post- 1977 period from all
sources are highly uncertain, at present. We have therefore
explored the economics of ERTS over a range of future demand levels,
from two times coverage of the U.S. at Level II within 180 days to
twelve times coverage of the U.S. at Level II within 30 days.

On the supply side of the analysis, there are several
alternative technical systems considered for the acquisition and
processing of the land cover user requested data. Each technical
system is made up of two or more of three basic remote sensing
componentsS; namely an ERTS-1 type satellite, high altitude air-
craft and a ground truth system which is defined to mean a low
altitude aircraft with ground follow up teams. These remote
sensing components (hereafter designated S, HA and GT), are
combined to form the several data acquisition systems indicated
in Table 1.3.

For purposes of this analysis, each of the two and three

tier technology choices listed in Table 1.3 has an implied
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Table 1.3 Altarnative Data Collection Systems For
Nationwide Land Cover Information System

Three Tier Systems Two Tier Systens
1. 8/HA/GT 1. HA/GT
2. 2s/ma/cr 2. s/6r
3. 3S/HA/G? 3. 28/GT
4. 38/6GT

Legend: § refers to an ERTS type satellite
HA refers to high altitude aircraft (u2j
GT refers to low altitude aircraft and grounc

survey follow up teams

priority ranking associated with the use of its constituent data
acquisition systems. The priority ranking is defined by the
ordering of the components of a given technology choice. For
example, the S/HA/GT technology implies that in our analytical
models the satellite component will satisfy as much of the user
demand as is possible, consistent with its capability to satisfy
the level of information detail requirement of the userx, and the
user timeliness requirement and to overcome cloud cover problems.
Whatever portion of user demand that cannot be satisfied by the

satellite is assigned to high altitude aircraft and whatever

demand is left unsatisfied by that component is assigned to the

..ground truth system. To i;;gstggtekiifA;hé user demand were to

obtain Level II information over one tenth the area of the

S
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U.S. within a specific 30 day period then, given an 18 day
satellite revisit time, the sateilite would acquire only a
fraction, say p , of its assigned target, where p Jlepends

the amount of cloud interference that it encountered over the

target during 1-2/3 passes. 1In this case, the high altitude
aircraft component (HA) of the S/HA/GT technology would be
assigred tc provide remote sensing coverages over that portion

of the user target area left unsatisfied by the satellite.
Moreover, the HA component may also fail to complete the mission
due to cloud cover problems and tight time requirements; in

which case, the ground truth component (GT) consisting of low

~altitude aircraft and supporting ground teams are assigned to

complete the task. The specific assumptions and methodolgy
that are used for analysis of the three tier and two tier
systems are described of this Chapter 4 of the report.

The analytical models depicted in Figure 1.3.
allocate the prcjected user demand to the S, HA and GT comvbonents
in accordance with the characteristics of user demand, cloud
cover problems, capabilities of the component sensors and
operational constraints imposed on the analytical models. Once
the demand has been allocated to the three basic remote sensing
components, the costs of satisfying these demands are calculated
in the costing models, taking into account the many investment
and operating cost element., of each system. The basic annual
cost information for each of the technoulogy choices are then
reassembled and compared in the evaluation model.

1-16

oo st et e -

e



L P AT A

P g
WP

1.5 Results
Life cycle costs were computed for each of the two and
three tier data acquisition systems previously described. Total
program cost comparisons were nade for the alternative systems
(1) over a range of land cover demand levels, (2) using automatic
and manual data processing and interpretation techniques and
(3) under two different user cloud cover requirements. The basic
problem underlying and guiding these life cycle cost comparisons
was to determine under which conditions of user demand (area of
coverage, frequency of coverage, timeliness of information and
level of information detail) an ERTS type satellite wouid be cost
effective and, if so what would be the annual cost savings benefits.
Our analysis begins by considering only Federal user agency
demand for land cover information under existing Federal statutes.
Ne .t, we address the national resource management information needs
of all user groups, Federal and otherwise. For this case, demand
projection in the post-1977 time frame are highly uncertain; thus
a parametric demand-cost analysis is made. Finally, in orderxr to
estimate the likely cost savings benefits of ERTS, we evaluate the
system alternatives for three particular demand scenarios which
we believe will bracket the actual national demand for land cover
information in the post -1977 time period. A description of the

results of these analyses follow.




A comparison was made of the life cycle costs required to
satisfy 1977 Federal agency demand using either manual or automated
data processing and classification techniques. Life cycle summary
costs are shown separately in Table 1.4 for the "land use planning
community” and, separately, for "all land cover users.” The projectead
1977 Federal agency-Land Use Planning demand? principally involves
four times annual coverage of the U.S. at Level II, Level III
coverage of the U.S. once every five years and fractional coverage
of the U.S. at Level II and Level III at more frequent iime inter-
vals. The projected 1977 Federal agency-All Land Cover Users
demand* encompasses the Land Use Planning demand and additionalg
fractional coverage of the U.S. at Level II and Level III at more
frequent intervals. Two different user cloud cover reguirements,
0-30% and 0-10% allowable cloud coverage, were also considered.

The cost-effectiveness analysis of the technical alternatives for
satisfying Federal agency information demands revealed two
important results:

1. An all aircraft system is cost-effective when considering

only Federal agency demands for U.S. coverage and a mixture

of satellite, high and low altitude aircraft provide the

next best alternative.

* precise descriptions of demand are provided in Tables 3.4 and
3.5 of Chapter 3.
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2. Automatic data processing techniques are economically

preferred over manual methods.
The fact that a satellite component does not emerge as an essentia’.
component of a cost-effective system for satisfying Pederal aguncy
demand can be attributed to the Level IIXI information requirements
of Federal users. While these requirements cannot be satisfied
by BERTS, they can be satisfied by high altitude aircraft and at
less cost than would be required by low altitude aircraft and gronnd
survey teaas. Subseguent analysis shows that the satellite component
becomes economically attractive with increasing Level I information
demands and that when the projected demands arising from all earth
resource management needs are considered, a "with" satellite system
is cost-effective.

As regards automatic versus manual data processing,
Table 1.4 indicates that in every instance of comparison,
there are significant cost savings advantages that accrue to the
automatic techniques over manual techniques. This result was to be
expected given the differences in the projected capability of these
technigques in the 1977 time frame for acquiring increasingly detailed
land cover information. Using ERTS; manual techniques can provide
only Level I information with the necessary accuracy while automated
technigues can provide both Level I and Level II type information.
Similarly, using high altitude aircraft, manual techniques can provide
Level I and Level II while all levels of classification detail can

be obtained from automatic techniques.

1-20
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Table 1.4 also provides some interesting insights into
the effects of users cloud free coverage regquirements. As one
would expect, the more stringent cloud free coverage requirement
of 0-10% causes a major increase in total program costs. This
is due to the fact that in order to satisfy a fixed user time-
liness requirement, the satellite and high altitude aircraft
systems must yield a greater portion of the user target to the
lcw altitude aircraft and ground survey teams. Thus, in addition
to incurring expensive investment cost of the satellite and high
altitude aircraft systems, one is forced to increase the activity
level of *he most expensive (incremental cost) data acquisition
component. The impact of more stringent user cloud free coverage
requirement will, of course, grow increasingly severe as the user
timeliness requirement is tightened. Subsequent results guantify
this effect.

Federal statutory demand for land cover information
constitutes only a segment of the national demand. State govern-
ments, tegi;nal;and local governmental units, industrial and
academic users will also contribute to the total demand. It is
difficult teo project, guantitively, the scope and nature of the
total national demand. Consequently, a parametric set of demand
requirements were considered which focused on increasing Level II
information requirements for continental US and Alaska. The
annual Level II coverage requirement was varied from two times

coverage within 180 Qayé each to twelve times coverage within

"1-21
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30 days for each coverage. In addition to the varying. the full
US-Level II requirement, the parametric demand analysis includes
the other information requirements* that were projected for the
1977 Federal agency demands (All Land Cover Users) under existing

Federal statutes.

The results of the parametric demand -~ cost analysis
is shown in Table 1.5. For each demand level, total program
costs are compared for the all aircraft system and the lowest
cost two or three tier "with" satellite system. This analyséis
is based upon automatic data processing methods which pre-
viously were shown to be economically preferred over manual
nethods. It is clear from this table that BRTS is cost-

effective at an annual demand level of six times coverage

of the U.S. with a user timeliness requirement of 60 days

for each such coverage. Note however that a two satellite
system is required in order to overcome cloud cover problems.
Another interesting effect concerning the impact of cloud
cover is evident from Table 1.5. The more stringent

cloud cover requirement (0-10%) reduces the multiple
satellite systeﬁ breakeven demand level. Table 1.5

shows that a two-satellite system is cost effective at

six times coverage of the U.S. given a (0-30%) cloud

cover requirement, while for the same demand level a A

three-satellite system is cost effective giwen a (0-10%)

*See Table 3.5 of Chapter 3.
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cloud cover requirement. As expected, the cost savings of
the "with" satellite system over the aircraft only system
increase substantially as the demand for Level II informa-
tion increases beyond six times coverage of the U.S.
Figure 1.4 displays the cost-capability frontier
for the two user cloud free coverage requirements explored
in this study. The cost-capability frontier is defined
by the locus of the lowest program cost alternatives for
varying capability levels. The full cost ERTS curve re-
presents the cost-capability frontier under the assumption

that the total program cost are borne entirely by a U.S.

coverage mission. The incremental cost ERTS line represents

the cost capability irontier under the assumption that the
investment costs for a one satellite system would be in-
curred in any event for a global coverage mission.

Thus far, the analysis hasg identified the cost-

effective mixture of satellites, high and low altitude air-

craft and ground truth for satisfying various demand require-

ments that may arise during the period of an operational

Nationwide Land Cover Information System. The final phase

of the analysis estimates the likely future demands for land

cover information considering all potential users and the
economic benefits that are likely to accrue to ERTS.
Despite the uncertainties inherent in estimates of future

nationwide demand, we have defined three demand scenarios
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that we believe will bracket the actual future nationwide
demand for land cover information. Rach demand projection
includes all the projected information requirements of
Federal agency users in 1977 except the full U.S., Level 1II
coverage. In addition, we have included Level 1I informa-

tion requirements for the U.S. plus Alaska at annual fre-

quencivs varying from six times coverage within 60 days each

during the period 1977-1993 to six times coverage within
60 days over the period 1977-1980 and eight times cover-
age within 45 days each over the period 1981-1993.

The cost-effectiveness analysis for these pro-
jected demand levels is based upon automatic data proces-~
sing methods which previously were shown to be economical-
ly preferred over manu;.l methods. Table 1.6 displays the
total program costs for the lowest cost "with"™ and "with-
out"” satellite systems to satisfy these future demand
levels given a user allowable cloud cover requirements
of 0-30%. Also shown are the net present values (dis-
counted cost savings) of the lowest cost "with" satellite
system relative to the lowest cost "without"” satellite
system and the equivalent undiscounted annual cost savings
of the "with" satellite system over the period 1977-1993.
Table 1.7 provides corresponding results for an allowable
cloud cover requirement of 0-~10%. As indicated in thesc
tables, the annual economic benefits (cost savings) of

ERTS as a component of a Nationwide Land Cover Information

1-27
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System are projected to range from $7.9 to $§17.0 million ox
from $21.0 to $27.1 million depending upon the user cloud
cover requirement. The best point estimate of the annuai
cost savings that accrue to ERTS is probably defined by

the middle of the projected range of cost savings, this

being $23 million.

1.6 Recommended Future Study Efforts

This study has not attempted to answer all major questions

that arise with respect to a nationwide land cover information
system and/or the role of ERTS in such a system. Indeed, there
are several important limitations of this study which should be
highlighted:

® The treatment of the cloud-cover--data accuisition
problem represents only a first cut analysis. A more in-depth
study of the impact of cloud cover is warranted

® Within the context of an ERTS type -at-llite, the
satellite system configuration analyzed in this report is aot
an economically optimum one for satisfying koth the U. S. and
global coverage mission. A joint systems engineering and
economic analwsis of various satellite configurations for
accomplishing both missions should ke undertaken. Parameters
of the ERTS systems can be improved, at little added RDT & E
cost, and with substantial reduction in total space system life
cycle costs. These include the life time of spacecraft and

instrumentation, reliability of space system and subsystems,
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onboard data processing - data relay systems - ground processing
(real time), and space shuttle system impact on reducing launch
cost (joint missions to polar orbits), subsystems costs and
minor repair and refurbishment capabilities. All of these
potentially important (and cost saving)aspects have not been
considered here.

@ Satellites with greater technical capability than
ERTS (higher spatial and spectral resolution) have not been
considered in our analysis. Though we have postulated the use
of an ERTS type satellite over the 1977-1993 time frame, we
do not rule out the possibility of realizing further cost
reduction by the introductior of more sophisticated satellite
system such as EOS in the 1980's. The economically preferred

IOC date of an advanced satellite system should be investigated.
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2.0 CONCEPTUAL DESCRIPTION OF A FUTURE NATIONWIDE
LAND COVER INFORMATION SYSTEM
In Chapter 1 we have desnrribed the need for a centralized

land cover information system. 1In this chapter, we discuss in
overview form the an*icipated components, organization, and
operation of such a system. Figure 2.1 presents a conceptual
diagram of the flow of information through the system. At the
outset, two points must be clearly understood. As indicated in

Chapter 1, we have not in this study undertaken a systems engin- t

eering analysis of a Nationwide Land Cover Information System. We
have only sketched out our own rough concept of a nactional in-

formation system for the purpose of identifying the cost le-

ments that are relevant to a cost effectivenass analysis of
an ERTS type satellite as a major information acguisition com- :
ponent. It is likely that there will be a network of user
service facilities, organized perhaps on a regional basis which
will distribute resource management data products from the core
facility to the various users. The supporting network of user
service centers have not been considered in this study since
the investment and operations cost of any such network would be
common to all the alternative data acquisition systems consid-

ered her=.

ke -

Table 2.1 lists the remote sensing platforms which
acquire data for the national information system. The projected
1977 capabilities of the several sensors for acquiring infor-

mation at various levels of detail are discussed later in this

2-1
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Table 2.1 gemote Sensing Data Acquisition
Elements For A Nationwide Land ;
Cover Information System i

mﬁm

Platform Sensor
Satellite - ERTS -type Multispectral scanner
Return Beam Vidicon
Bigh Altitude Aircraft-u-2 Multispectral Scanner
6 inch metric camera
Low Xltitude Aircraft - 9" x 9" 1:24,000 photo-
Comasrcially Available graphic images

Chapter. The investment and operating Eosts of the various
sensors are discussed in Appendix IXI of this report.
2.1 Functions of a Land Cover Information System

The major functions of a Land Cover Information System
are four: (1) Control and operation of the sensors, (2)
Acquisition of the sensor data, (3) Preprocessing and inter-
pretation of the data, and (4) Dissemination and archiving of
the resultant data products.
2.1.1 Control and Operation

The control and operation of the sensors consists of é
their scheduling and maintenance in a manner which optimizes
the available coverage. In the case of the satellite systenm,
this function consists of compiling the orbit parameters and
time phasing of the satellites in a mannex which would maximize

the utility of the coverage. Once in orbit, however, the
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satellite is particularly insensitive to isolated user demands;
and the control responds mainly to preestablished priorities
such as the maintenance of the overall best time of day -or
coverage.* In the case of the high altitude aircraft, the con-
trol and ovperation is a highly interactive procedure. The air-
craft must respond not only to the user demand but also to
the effects of cloud cover. The maintenance cf the aircraft
and the aircraft bases to provide for high aircraft availability
is a necessary subfunction. In the case of ground truth, which
we have defined as a combination of low altitude aircraft and
ground survey teams, this function corresponds to the éstéb~
lishment and development of relations with several commercial
firms capable of satisfying data and imagery requirements with
a very short lead time. Such a relationship is necessary in
order to provide timely information required by the users.
2.1.2 Acquisition

With the capability for the timely coverage of the user
required area well controlled, the second major function of
the Land Cover Information System is the collection of the
data from the various sensors into a centralized location. The
satellite in orbit will transmit data to two ground receiving
stations, one in Fairbanks, Alaska and the main receiving and
processing station in Sioux Falls, South Dakota. These two
stations allow for the real time coverage of the entire con-
tinental U.S., and global coverage is also possible using only

the two ground stations by the transmission of the on board

*A high resolution pointing imagery (HRPI) as proposed
for an EOS satellite would make the satellite especially respon-
sive to the isolated demands.
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recorded data during the nighttime passes of the satellite.
The data transmitted to the Fairbanks station may be relayed
by a direct, high quality phone or radio link to the station
in Sioux Falls so that the delay involved in the mailing of
the digital tapes does not hinder the timeliness of the in-
formation. In any event, all satellite data will be collected

onto digital tapes at the Sioux Falls processing center.

In the automatic data processing mode high altitude
aircraft will collect data by means of a multispectral scanner;
this data will be in a digital form when the planes arrive
back at their bases in Dayton, Denver, and Alaska. Aggin, to
save the time of mailing, acknowledging the utility of the
timeliness data, the aircraft tapes need not be mailed to Sioux
Falls but instead transmitted by a means similar to the satel-
lite data connection from Fairbanks. For the manual data
processing mode, high altitude and low altitude aircraft photo-
graphy will be used to acquire land cover data; the photo-
graphs could be shipped in an expedient manner to Sioux Falls.
If the time constraint on this data renders conventional
shipment of data infeasible, then the data could be digitized
by means of a photographic scanning device and transmitted to
Sioux Falls.

2.1.3 Preprocessing and Interpretation

The third phase, the preprocessing and interpretation
of the data, should be designed with sufficient flexibility

2-5
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to meet the majoritv of usecr specific demands for land

cover informaticn. Tris process should recognize the data

needs and formats which are common to many users and handle
all data to meet those needs. 1Individually tailored, one-time
requests should be fulfilled through separate user service facil-
ities. The prepocessing should include geometric and radio-
metric corrections of the data and the interpretation should
include the classification of the data into land cover categor-
ies at an acceptable accuracy (now considered to be 90%). As
this report considers the cost effectiveness of satellite
systems as compared to aircraft systems at an equal capabil-
ity, no attempt will be made to detail the effects of user
specific products; rather we shall treat the equal capability
assumption as the fulfillment of the Teqﬁests for the standardized
data formats. These.standard data products are bulk imagery, pro-
cessed (corrected) imagery, and interpreted (classified) imagery.
2.1.4 Dissemination and Archiving

The fourth function of the Land Cover Information System
is the dissemination ané archiving of the data products. The
system must recognize the fact that users will seldom be
knowledgeable of the exact satellite image or aircraft flight
line which is of the most utility to their respective application.
An archiving system should be established which makes readily
accessible the characteristic annotations on each image. The

characteristics should include general statistics: the sensor,
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longitude, latitude, cloud cover, time of day, etc. as well as
urique characteristics such as the geometric and radiometric
qualities, the number of land cover categories, etc. A
computer file of these image annotations should be maintained
which allows the user to input a specific set of parameter
regquirements, and a computer search program would output a list
of the available images which correspond to the given require-
ments. The file and the search program could be stored on a
nationwide computer time sharing system to assure that the
users in all regions have quick access to the catalogue. In
addition, special processing c¢centers should be established
which would fulfill the isolated data requests. These centers
could be divided by either region or discipline and should
have the capability to satisfy all of the specific user. data
needs.

The storage of the digital data should be on high den-

sity digital tapes (HDDT) wherever feasible since a compres-

sion ratio of at least 4:1 is possible , decreasing the physical

storage requirement. A reliable recording device should be
employed as the accuracy of the processed data is of the utmost
importance.
2.2 Land Covef Information Products

Recognizing the fact that the various land information
disciplines (cartography, agriculture, forestry, etc) have
diverse data requirements, the products coming out of Sioux

Falls, S.D. should be, within broad limits, individually

2-7
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tailored to the specific user demand. The users will have
highly variable requirements upon such parameters as scale,
photographic density, spectral bands, or whether a plotographic
product or a digital product is more suitable to their needs.
The output products are divided into 3 basic data modes:

1. Image products

2. Digital products

3. Statistical products

The major portion of the image products could
be produced by means of either an electron beam recorder or a
laser beam recorderxr. These devices, which represent the current
state of the art of high resolution film recorders, transform
digitized data into color image products. These products
can be produced at any scale from the digital data by adjusting
the physical printing size of a pixel. These high resolution
film recorders are capable of reproducing either positive or
negative color prints or transparancies as well as black and

white prints and transparencies. Recognizing the diverse needs,

bulk imagery, corrected imagery, classified imagery, and thematic

maps will be available through this system.

The digital products will be available in the form of
either computer compatible tapes or line printer maps. Both
the tapes and the line printer maps can consist of the same

data modes as the photographic products, that is, the bulk
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imagery, the corrected imagery, the classified imagery, or
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the thematic imagery. 1In this manner, the user has the
capability to order the digitally manipulated data in the
precise form which is most suitable to his specific application.
The statistical products available should be items such
as acreage counts and percentages of a given area covered by
any given lané@ cover class. The acreage counts would be use-
ful in determining items such as crop yield or area of water
in a certain region. The percentages would give the distribu-
tion of various land cover categories within a given area.
2.3 Technical Alternatives for the Processing of Land
Cover Data
0f the four phases in the conceptual framework of the
Land Cover Information System, two are highly sensitive to
choices in technical alternatives for the processing of the
land cover data: (1) the preprocessing and interpretation
and (2) the dissemination and storage. If we assume that the
storage and archive system will be strictly digitized, then

only the preprocessing and interpretation would be highly

e, £k kR Pt

impacted by technology choices.
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2.3.1 Capabilities of Data Processing Alternatives

A major choice encountered in the establishment of
a data processing system is whether to employ manual
photographic techniques or automated digital technicuaes in
preprocessing and interpretation of the data. The capa-
bilities of the two systems vary significantly in their ability
to discern levels of detail in land cover information. Using
strictly ERTS multispectral imagery, both have demonstrated
the capability to interpret the data for Level I at 1:500,000
of the USGS Circular 671 scheme. The manual techniques have
distinguished selected Level II categories from ERTS imagery
but not to the overall consistancy required.* Automated classifi-
cation techniques on ERTS imagery have demonstrated the capability
to consistantly extract all the Level II information at 1:125,000%%*
except for the urban category. The problems encountered in this
category are largely due to the classification scheme and not to
either processing technique. At any scale, large flat top build-
ings with parking lots and main access rocads could bhe associated
either with an industrial park or a commercial area; and without

a prior knowledge of the area, the distinction is nearly impossible.

* See references 1,6,8 and 9 on page III-1l9.

** GSee references 10,13,14,15,17 on page III-20.
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Using aircraft multispectral scanner data, manual
techniques have demonstrated the capability to extract
Levels I and II information while automated techniques can
discern Levels I, II, and III. The ground truth data, by
assumption, w1l be manually interpreted to extract each of
the three levels of information. These capabilities are summarized

in Table 2.2.

2.3.2 Problems in Classificiation

As previously mentioned, a major difficulty encountered
in the classification of remote sensor imagery is the strict
compatibility of the categories to the available information.
The USGS Circular 671 attempted to define a classification

scheme compatible to remotely sensed data given in Table 2.3.

Table 2.2 Projected Sensor Capabilities

Por Acquiring Information At
Various Levels of Detail

Manual Processing Automatic (Computer) Processing
ERTS HA GT ERTS. HA GT
Level I 4 / Y | Levei 1 4 ' /
Level II . 4 4 Level II v/ 4
Level III v/ Level III / 4




"he category which has presehted the most corsistent diffi-
culties to remotely sensed data is the USGS designated Level I
and II Urban category. 1In particular, the major point of
difficulty is the recognition of the specific categories of
industrial, commercial, and services. The differences

between these physical plants are in general virtually, and
visually, indistinguishable. The current method for the
discrimination of these categories is the association of
objects surrounding the point in question. Thus, a commercial
area is identified not only by the large flat asphalt roofs

of the buildings but also by parking lots and main access

Table 2.3 Sources and Scales of Land Cover Information by Level of Detail

Level Source Scale
I Satellite 1:1,000,00C - 1:250,000
11 Satellite and high altitude 1:250,000 - 1:50,000
I1I Medium altitude, topographic 1:50,000 - 1:15,000
maps, substantial supplemental
information
v Low altitude, ma.nly supplemental}1:15,000 -~ 1:1
information

source: Adopted from U.S.G.S. circular 671
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roads. Unfortunatelv, industrial parks have the exact same
characteristics as do certain service installations; anu all
classificiation techniques are destined to failure without
ground confirmation.
2.3.3 Preprocessing

The preprocessing stage, which consists of refining the
geometric and radiometric qualities of the imagery, assures
that the images are geometrically fitted as near as possible
to their actual cartographic locations and that the density of

the image is rendered consistent. 1Tn manual technigues, these

corrections are completed but with a significant loss of the
resolution of the first generation imagery; the largest .
scale that will comply with National Map Accuracy Standards
using manual technigues is 1:500,000 - 1:250,000. Using
digital techniques, a program was created which geometrically,
sufficiently corrects ERTS imagery in order to correspond to
National Map Accuracy Standards at a scale of 1:250,:00 -
1:125,000. These manual and automatic accuracies correspond

to an average rms error of 115 and 60.6 meters, respectively.
The capability to digitally photomosiac has recently also been

impressively demonstrated by the International Business Machines
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Corporation in a project funded by the Bureau of Land Manage-
ment 'here they digitally merged eight ERTS frames from success-
ive two days into one large (4 x 2) image. Both the geometric
and radiometric characteristics of the images are comparable
to those of a single frame.

The major source of the difference between the systems
in the maximum locational accuracy is that the manuél correc-
tions are done through photographic fitting techniques during
which the imagery becomes very distorted at the extreme large
scales. Digital techniques, on the other hand, employ a
procedure which examines the individual pixels and fits them
to their most likely positional location in a manner to minimize

thke overall locational rms error.

2.3..4 Interpretation

The interpretation phase of data processing should be
carried out by a special purpose computer which is designed
solely to process tle land cover information since at least
an order of magnitude decrease in computer time should be
possible over the other alternative systems. This technology
corresponds to the experimental MIDAS system curre-tly in
testing by the Environmental Research Institute of ﬁichigan

which uses & parallel processing computer. (Other established
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methods are the table look-up approach and the maximum likeli-
hood classifier.) These three alternative classifiers have
sufficiently demonstrated* that they will be cost effective over
the manual technigques when operaticnal demand is considered.

The accuracy and reproducibility of results in the automatic
mode are also superior to the manual mode.

The approximate order of magnitude of the speed in the
alternative processing procedures in the MIDAS system, tuble
lookup, and the maximum likelihood is 1:20:300 times the pro-
cessing time. All of these techniques employ a supervised
classification scheme. It is highly likely that in the future
development of the state of the art that an unsupervised {(cluster-
ing) wmethod of classifying land cover information will be
sufficiently developed to replace the supervised techniques. The
tradeoff is that the unsupervised techniques require more computer
time but less man hours to process an image, but present day
experience with unsupervised classifiers does not warrant their
immediate preferability to the supervised techniques.

The major portion of errors in the automated tech-
nigques arises in the human supervision stage which is the

definit on of training samples. If the supervision is not

* See references 10,14,15,16,17
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accurate, ther the algorithms cannot be accurate in their
classifications. Furthermore, for an established automatic
technique, poor classification accuracy statistics can usually
be traced to the human definition of training samples (i.e.

the characteristics which define the spectrally homogeneous
group). Unsupervised techniques should help to alleviate these
errors by grouping strictly by spectral homogeneity and leaving
only the definition of these homogeneous regions to the

interpreter.
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3. DEMAND FOR LAND COVER INFORMATION

3.1 Characteristics of Land Cover Information Demand

The analysis of the demand for remotely sensed land
cover information focuses on four major characteristics of user
demand: area of target, timeliness of information, frequency

of update, and level of information detail. The target area

refers to the percentage of the United States that must be
covered to satisfy a specific demand requirement. Though actual
user desired targets vary continuously from small regions in the
United States to the full United States, this analysis classifies
user demand into one of four area requirement categories: 100%,

10%, 1% or .1% of the United States. Timeliness of information

(also called the user time window) refers to the maximum allowable
elapsed time (in days) during which the acquisition of desired

land cover information must be completed in order to satisfy the user.
This important characteristic varies from once every five years

to weekly. The frequency of coverage refers to the number of

times that targets of a given size, timeliness reguirement, )
and level of detail are to be covered during one year. Note that
the frequency of coverage is a composite of users who want repeategd
coverage of a given target area as well as users who want one-

time coverage of targets of a given size which are geographically
or temporally distinct. The level of information detail reflects
the scale required which, in turn, is determined by the amount

of information needed to fulfill the user requirement. This

characteristic of demand is complex; it requires further discussion.
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Fox the purpose of this study the level of detail is
defined as the type o0f lang cover information that can be obtained
from remotely sensed data at several fixed map s.ales. The
information may be obtained from either aerial photography or
remotely senced digital data. The three levels of information
detail (I, II and III) correspond to the map scales of
1:500,000, 1:125,000 and 1:24,000. Land cover as defined in
this study includes a broad range of earth resource fields,
each with its own unique classification scheme. Table 3.1
lists the various land cover categories that apply to the

requirements of the Federal statutory demands. The level of

St 1 x -

detail assigned to these categories reflects the estimated

e

scale needed to obtain that information. Of greatest importance
are the land use inventoxy categories Levels I and II, these
categories correspond to the Levels I and II of the U.S.G.S.

Circular 671 land use classification scheme. For land cover

|
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information to be of value, the U.S.G.S. Circular 671 recommends
an interpretation accuracy level ot 90%. In this study this
minimum accuracy requirement is imposed on all three sensors
ERTS, high and low altitude aircraft. As discussed in Chapter
2, the capabilities of ERTS, high altitude aircraft and ground
truth (low altitude aircraft with ground follow up teams) to
acquire information at various levels of detail depend upon the

interpretation technique that is utilized.
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Table 3.1 Land Cover Categories Related to

Federal Statutory Demands

.

INFORMATION DETAIL LEVEL

1l 2 3
(LAND USE INVENTORY)
A. Urban and Built-up Land
1. Residential
a. Single family (high density)
b. Single family (low density)
c. Multiple family (low density)
4a. Multiple family (high density)
2. Commerical and Serxvices (Including Institutional)
a. Type of Services
3. Industrial
a. Type of Industry
4. Extractive (Excluding strip mining, quarries, and
gravel pits, etc.)
5. Transportation, Communications, and Utilities
6. Mixed (Including Strip and Clustered Settlement)
7. Open and Other
B. Agricultural Land
1. Cropland and Pasture
a. Crop Type
2. Orchards, Groves, Vineyards, and Ornamental
Horticultural Areas
a. Crop Type
3. Confined Feeding Operations
4. Other .
c. Forestland
1. Deciduous
a. Vegetation Community
2, Evergreen (Coniferous and Other)
3. Mixed
D. Wetland
l. Forested
a. Vegetation Community
2. Non-Forested
a. Type
b. Permanence
E. Rangeland
1. Hexrbaceous Range
a. Vegetation Community
2, Shrub-Brushland Range
3. Mixed
F. Water
1. Streams/Rivers
2, Lakes
3. Reservoirs
4. Bays and Estuaries
S. Other

b et e 4w
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Table 3.1 Land Cover Categories Related to
Federal Statutory Demands (Continued)
P — —
INFORMATION DETAIL LEVEL
1 2 3
(LAND USE INVENTORY) Continued
G. Tundra
H. Permanent Snow, Icefields, and Glaciers
I. Barren Land
1. Salt Flats
2. Beaches (Including Mudflats)
3. Sandy Areas Other than Beaches
4. Bare Exposed Rock
S. Strip mines, quarries, and gravel pits
6. Transitional Areas
7. Other
(SOIL CLASSIFICATION)
A. Groups
1. Families/Asscciations
: a. Types
i (MINERAL DEPOSITS)
: A. Surface (Extant)
; 1. Strip Mines
: a. Orxe Type
b. Ore Quality (Economic Significance)
2. Quarryinc
: 3. Potential Deposits (Areas)
; B. Subsurface
1. Metallic
a. Type
b. Quality
2. Fossil Fuels (Excluding Petroleum)
3. Petroleum
4, Geothermal
5. Other Non-Metallic

28
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Table 3.1 Land Cover Categories Related to
Federal Statutory Demands (Continued)

INFORMATION DETAIL LEVEL

1l 2 3
{GEOLOGIC STRUCTURE)
A. Anticlines
B. Snyclines
C. Domes
D. Barriers
E. Folds
F. Fault -
G. Fractures
H. Lineaments
I. Karst Topography
J. .Bedding
K. Schistosity
L. Stratigraphy
M. Circular Features
(LITHOLOGY)
A. Sedimentary
1. Chemical
a. Type
2. Granular
b. Type
B. Metamorphic
1. Type
C. Igneous .
1. Intrusive
a. Type
2. Extrusive
3-5



Table 3.1 Land Cover Categories Related to
Federal Statutory Demands (Continued)

e —

INFORMATION DETAIL LEVEL

3.
4.
5.

1.

2.
3.

1.

{(WATER)
Standing
Lakes (Permanent)
a. Quality
b. Suspended Materials
c. Circulation Patterns
a. Volume
Lakes (Ephemeral)
Wetlands (Vegetated)
Wetlands (Non-Vegetated)
Reservoirs
Flowing
Rivers
Streams
Creeks

(WATERSHEDS/DRAINAGE BASINS)
Mapping
Permanence (Perrenial, Seasonal, Ephemoral)
Discharge (3 Categories)

S Categories
a. 7 Categories

Flood Potential (3 Categories)
Erosion Potential (3 Categories)
Sediment Transport (3 Categories)

{SLOPE)
3 Categories
S5 Categories
a. 7 Categories

(GEOGRAPHIC ASPECT)
No Level 1
4 Categories
a. 8 Categories
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Table 3.1 Land Cover Categories Related to
Federal Statutory Demands (Continued)
———
INFORMATION DETAIL LEVEL
1 2 3
{GEOMORPHIC FORM)
A. Plains
1. specific Environments (Lithic, Structural,
Erosional and Depositional Processes)
a. Specific Form (Area Dependent)
B. High Table Lands
C. Mountains
D. Widely Spaced Mountains
E. Hills
F. . Depressions
(DRAINAGE PATTERN)
A. Trellis
B. Derdritic
C. Rectangular
D. Radial
E. Annular
F. Irregular
(VEGETATION TYPE)
A. Forest
1. Vegetation Community
a. Association/Species
B. Grass
c. Shrub
D. Desert .
B. Agriculture
(COASTAL ZONE WATER FEATURES)
A. Bays
1. Circulation Pattern
2. Erosion Deposition
3. Volume of Runoff
. 4. wind Effects
5. Tidal Effects
6. Upwellings
B. Estuaries
1. Circulation Pattern
2. Erosion Deposition
3. Volume of Runoff
4. wind Effects
5. Tidal Effects
6. Upwellings
7. Saltwater/Fresh Water Delineation
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Table 3.1 Land Cover Categories Related to
Federal Statutory Demands (Continued)

i S ==

INFORMATION DETAIL LEVEL

c. Oceans :
Circulation Pattern '
Ercsion Deposition .
volume of Runoff '
wind Effects

Tidal Effects :
Upwellings
Ice Quantity

. .

.

SOV bW -
.

Extracted from Earth Satellite Corporation, Interim Report - Analysis of
Costs and Benefits from Use of ERS Data in State Land Use Planning, Study
for the U.S. Department of Interiors, Geologic.l Survey, May 1974.

3.2 Federal Statutory Demand For Land Cover Information

Federal statutory demand for remotely sensed land cover
information is described in detail in Sections A and B of
Appendix II. This information has been condensed into four
demand matrices representing the number of units of demand
crezated by the "land use planning community only"” and,
separately, "all land cover users"” for both the 1974 and 1977
time periods. The four demand matrices used for the analysis
of federal statutory demand for land cover information are
presented in Tables 3.2 through 3.5,

The matrices reflect the information demands associated
with specific Federal statutory requirements and information

collection programs presently in operation within the Federal
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Table 2.2 Federal Statutory Demand for Nationwide Land Cover
Information (Frequency of Coverage) by Land Area and

Level of Classification

l Land Use Planning Community Only - 1979_J

| ————X —— = o
Area Mapped and Classified
Level of ~ a
Classification CUS & Alaska 1/10 Cus 1/100 cus 171000 cus
Detail
'
Level I "----——r-—umem?uﬁ“‘“"+"------
90 days
None :
Level II identified 25 = == None identified——~
1 year 90 days 90 days 15 cays
Level III once every 1 ’ 2 54
5 years

Legend:

Note:

The numbers in the lower portion of each cell represent

the indicated annual frequency of coverage,

ping demand requirements of Federal users have baen
onmitted. (See discussion of primary and secondary
users on page 3-15.) The numbers in the upper portion
of each cell represents indicated user timeliness

requirements.

CUS refers to Continental United States

Overlap-




| a11 Luna cover users - 1974 |

i\rea Mapped and Classified

Table 3.3 Federal Statutory Demand for Nationwide Land Cover
Information (Frequency of Coverage) by Land Area and
Level of Classification Detail

omitted.

Note:

the indicated annual frequency of coverage.
ping demand requirements of Federal users have been

Level of
Classification CUS & Alaska 1710 cus 1/100 cus 1/1009 cus
Detail ‘
! i
Level X ---—---%---MMihmﬁmd-—r———-—“
i ! !
!
90 days |
[}
]
Level II 25 e == « None identified ~ —
1 year 90 days 7 days 15 days
Level IIX Once every 2 67 117
5 years
Legend: The numbers in the lower portion of each cell represent

Overlap-

(See discussion of primary and secondary

usezc on page 3-15).

The numbers in the upper portion
of each cell represents indicated user timeliness
requizements.

CUS refers to Continental United States
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Table 3.4 Federal Statutory Demend for Natior::ide Land Cover
Information (Frequency of Coverage) by Land Axea and
Level of Classification Detail

rLand Use Planning Community Only - 1972]

Area lapped and Classified
Level of N .
Classification CJS & Alaska 1/10 cus 1/100 Cus */1000 cus
wetail
. 1 1 .
LeVelI -—-————-.—-— None .h:"entified —-T—-—--—-
!
' ¢ '
90 days ! 7 days
L]
-~ = _ None identified = =—<+
Level II 4 '
' 100
1 year 1l year 90 days 15 days
Level III once every 1 ) 2 104
5 years

Legend: The numbers in the lower portion of each cell represent
the indicated annual frequency of coverage. Cverlap-
ping demand requirements of Federal users have been
omitted. (sSee discussion of primary and secondary users
on page 3-15). The numbers in the upper portion of
each cell represents indicated user timelinass require-
ments.

Note: CUS refers to Continental United States

D
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Table 3.5 Federal Statutory Demand for Nationwide Land Cover
Information (Frequency of Coverage) by Land Area and
Level of Classification Detail

[ All Land Cover Users - 197741

F=================:===: — — e |

Area Mapped and Classified
Level of = . em
Classification CUS & Alaska 1710 cus 1/100 cus 1/1000 CUs
Detail
! ! !
Level I b - —---<—-:-—— - None. identified —-'L-——-—_—-
]
90 days 15 cdays 7 days 7 cays
Level II 5 12 52 100
1 year 90 days 30 days 7 days
Level IiII once every 2 1 17 268
5 years

Legend: The numbers in the lower portion of each cell represent
the indicated annual frequency of coverage. Overlap-
ping demand requirements of Federal users have been
omitted. (See discussion of primary and secondary
users on page 3-15). The numbers in the upper portion
of each cell represents indicated user timeliness
regquirements.

Note: CUS refers to Continental United States
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government. The 1974 “land use community only” demand matrix
specifies the number of demand units needed to fulfill the
requirements of the Federal users whose existing programs are
used principally for land use planning purposes. The long time-
liness requirements and the low amount of demand in level III
reflects a limited number of programs with broad, easily satis-
fied requirements. The 1974 demand matrix for "all land cover
users” specifies the number of demand units created when the
requirements of the broad land cover management users are combined
with those of the land use planning community only. The large
increase in demand in the small area categories (1< and .1l%) re-
flects a large number of specific projects covering a small, unigue
area that are needed today to fulfill the land cover management
information demands. The demand analysis for the 1977 land

use planning community time frame indicates a significant

shift in both the level of information detail and in the
quantity of land cover information. The vast majority of the
projected 1977 Federal ajency land cover demand under existing
statutes is for Level II information. This shift in demand
arises chiefly from the requirements of Land Inventory and
Monitory (LIM) programs of the Soil Conservation Service of

the U.S. Department of Agriculture. The statutory basis for

this program is the Rural Development Act of 1972. The LIM

o 4t i $2 G am e et
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program is itself a central data bank system for resource
management information used and collected by USDA. Under the
statutory requirement, we project an annual demand for four
time coverage of the entire U.S. at Level II, seasonally,

i.e. within 90 days.

The 1977-all land cover users information matrix gives
the number of uvnits of demand created when future requirements
of the land cover management users are combined with those of
the land use planning community only. The increase in demand
for level II information which occurs for target areas of
10% and 1% of the U.S. reflects a demand for a periodic monitor-
ing capability to suppléhent the existing programs. The large
increase in the small area categories of level III reflects an

anticipated increase in demand for land cover information by
1977.

The units of demand given in the four demand matrices
represent the requirements of so called primary users only.
These are users whose requirements cannot be satisfied by the
information collection program of any other users. In addition,
there are many so called secondary users whose requirements can
be satisfied by one or more primary users. The procedure used
to condense the Federal statutory demand given in Appendix IIX

into the primary users for each of the four matrices was one
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of elimination of overlapping data gathering requirements. This
procedure assumes that a well-coordinated data collection
program would be implemented by the various federal agencies

and departments in order to reap the benefits of a nationwide
land cover information system. The demand characteristic of each
statute noted in Section A and B of Appendix II was compared

to every other statute to determine which statutory demands
could be satisfied by others. For example, the Flood Con-

trol Act of 1960 requires that flood damage be assessed for

all major floods in the United States. To satisfy this re-
quirement by 1977, Level II information will be needed within
one week for the estimated 100 flood occurrences during a

year. The National Flood Insurance Act of 1968 requires in-
formation on these same flood occurrences at the same level

of detail. Thus, when imagery is obtained to satisfy the

Flcod Control Act demand it can also be used to satisfy the

National Flood Insurance Act demand.

By process of elimination, the primary -rs noted in
Tables 3.6 and 3.7 were determined. Of the primary users listed,
those shown in Tables 3.8 and 3.9 satisfied the requirements of

the secondary users listed below c€ach primary user.




Table 3.6 1974 Primary Pederal Users Listed By Level of
Detail and Size of Area Affected

PR —

Level II - 10%s of U.S.
* Dam Safety Act

Rural Development Act of 1972 (L.I.M. Program)

Level IXII - 10% of U.S.
* Geological Survey (Topographic Mapping)
Food and Agricultural Act of 1965

Level YII - 1% of the U.S.

* Forest Resources Act

* BEousing Act of 1954, as amended
Plant Disease and Pest Control Act
Geological Survey (Mineral Exploration)
Fish and Wildlife Act of 1950
Water Resources Planning Act, Alaskan Water Resources
Federal Water Pollution Control Act of 1972

Water Bank Act

Bureau of Land Management

Taylor Grazing Act

watershed Protect’-n and Flood Protection Act
Flood Control Act ¢f 1960

Porest Pest Contro; Act

Soil Survey Act

Coal Mine Fire Safetv Act -

Level TIX -.1% of the U.S.
-
-
»
]

Detailed information for primary Federal users can be found
in sections A and B of Appendix II.

* Pederal statutory demand for remotely sensed land cover
information related to land use planning only.
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Table 3.7 1977 Primary Federal Users Listed By Level Of
Detail And Size Of Area Affected.
o -
Level II - 100% of the U.S.
* Rural Development Act of 1972 (L.I.M. Program)

Level II - )]0% of the U.S.
Statistical Reporting Service

Level I - 18 of the U.S.
tederal Water Pollution Control Act of 1972

Level II - .1% of the U.S.
* Plood Control Act of 1960

Level III - 100% of the U.S.

* Rural Development Act (L.I.M. Program)

Level III - 10% of the U.S.
* Housing Act of 1954
Pood and Agriculture Act of 1965

Level TII - 1% of the U.S.

* Forest Resources aAcnt

* Cooperative Agreemencs for Surveys and Investigations
Soil Survey Act
Plant Disease and Pest Control
Geological Survey (Geologic Mapping)
Geological Survey (Mineral Exploration)
Fish and wildlife Act of 1950
Water Resources Planning Act, Alaskan Water Resources

Level IIXI - .1l% of the U.S.
* Water Bank Act
Bureau of Land Management
Taylor Grazing Act
Watershed Protection and Flood Protection Act
Flood Control Act of 1960
Forest Pest Control Act
Coal Mine Fire Safety Act
Federal Water Pollution Control Act of 1972

. % % »

Detailed information for primary Federal users can be found
in sections A and B of Appendix II.

* Federal statutory demand for ‘remotely sensed land cover
information reilated to land-use planning only.
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Level III -

*  Rural
*

Level III -

Table 3.8 1974 Secondary Federal Users and Related
Primary Federal Usexrs Listed by Level of
Detail And Size of Area Affected

%

100 &8 of the U.S.

Development Act of 1972
Agricultural Research Act
Soil Conservation Act of 1935

108 of the U.S.

Level III -

* Geological Survey (Topographic Mapping)

Food and Agricultural Act of 1965

Agricultural Adjustment Act of 1938 (Cotton)
Agricultural Adjustment Act of 1938 (Peanuts)
Federal Reclamation Law

1% of the U.S.

*
4
»

Level III -

L
®

* Porest Resources Act

Timber. Development Organization

Clarke McNary Act

National Wilderness Preservation System
Oregon and California Grant Lands

FPish and Wildlife Act of 1950

Fish and Wildlife Act of 1949
Fish and Wildlife Act

18 of the U.S.

* Housing Act of 1954

National Flocd Insurance Act of 1968
Cooperative Agreements For Surveys and Investigations

* Federal

statutory demand for remotely sensed land cover

information related to land use planning only.
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Table 3.8 1974 Secondary Federal Users and Related
Primary Federal Users Listed By Level Of
Detail And Size of Area Affected (Continued)

—

Level IXII ~ .1l% of the U.S.
* Water Bank Act

* Fish and Wildlife Act of 1956
* Taylor Grazing Act

* Oregon and California Grant Lands
* Watershed Protection and Flood Protection Act

American-Mexican Chamiza Convention Act of 1964

The following acts have extremely broad information requireme.ts
that are satisfied by the joint demands of several primary
federal users.

* QOutdoor Recreation Act
* Water Resources Planning Act
Geological Survey (Geological mapping)
Extension of Cooperative Work to Puerto Rico
Wildlife Protection from Pollution
Statistical Reporting Service
Agricultural Marketing Act of 1946
Cotton Act

Detailed information for secondary users can be found in
Sections A and B of Appendix II.

* Federal statutory demand for remotely sensed land cover

information related to land use planning only.
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Table 3.9 1977 Secondary Federal Users And Related Primary
Federal Users Liste? By Level Of Detail And Size
Of Area Affected.
f— |
Level II - 100% of the U.S.
* Rural Development Act of 1972 (L.I.M. Program)
* Water Bank Act
®* Agricultural Research Act
* Fish and wWildlife Act of 1956
* Forest Resources Act
* Timber Development Organization
* Clark-McNary Act
* YNational Wilderness Preservation Act
. * Oregon and California Grant Lands
Taylor Grazing Act
Water Resources Planning Act
Watershed Protection and Flood Protection Act
Cooperative Agreements For Surveys and Investigations
Water Resources Planning Act, Alaskan Water Resources
Dam Safety Act
American-Mexican Chamizal Convention Act of 1964
* Housing Act of 1954
S0il Conservation Act
* Geological Survey (Topographic Mapping)
Geological Survey (Geological Mapping)
Geological Survey (Mineral Exploration)

Extension of Cooperative Work to Puerto Rico

> %

»

Fish and Wildlife Act
‘ish and Wildlife Act of 1950
rish and wildlife Act of 1949
Level II ~ 10% of the U.S.

Statistical Reporting Service
Agricultural Marketing Act of 1954
Cotton Act )
Plant Disease and Pest Control Act
Federal Reclamation Law
Forest Pest Control Act
Food and Agricuiture Act of 196§
Agriculture Adjustment Act of 1938 (Cotton)
Agriculture Adjustment Act of 1938 (Peanuts)

* Federal statutory demand for remotely sensed land cover
information related to land use planning only.
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Table 3.9 1977 Secondary Federal Users And Related Primary
Federal Users Listed By Level Of Detail And Size

Of Area Affected. (Continued)
mw
Level II - .1% of the U.S.

-

- Flood Control Act of 1960
* National Flood Insurance Act of 1968

Level IXIT ~ 100% of the U.S.
‘# Rpyral Development Act (L.I.M, Program)
* pAgricultural Research Act
* Geological Survey (Topographic Mapping)

* Dam Safety Act
Soil Conservation Act

Level III - 10% of the U.S.
* Housing Act of 1954
* National Flood Insnurance Act

Food and Agriculture Act of 1965
Agricultural Adjustment Act of 1938 (Cotton)
Agricultural Adjustment Act of 1938 (Peanuts)
Federal Reclamation Law

Level IIX - 1% of the U.S,
* Forest Resources Act
* Timber Development Organization
* (Clarke - McNary Act
* National Wilderness Preservation Systen
* Oregon and California Grant Lands

Fish and Wildlife Act of 1950
Fish and Wildlife Act of 1949
Fish and Wildlife Act

Geological Survey (Geologic Mapping)
Extension of Cooperative Work to Puerto Rico

. Federal statutory demand for remotely sensed land cover
information related to land use planning only.




Table 3.9 1977 Socondary Federal Users And Related Primary
Federal Users Listad By Level Of Detail And Size
Of Arca Affected. (Continued)

Level III - .1% of the U.S.
* Water Bank Act
Fish and Wildlife Act of 1956

* fTaylor Grazing Act
Oregon and California Grant Lands

* Watershed Protection and Flood Protection Act
American-Mexican Chamizal Convention Act of 1964

The following acts have extremely broad information regquirements
that are satisfied by the joint demands of several primarxy
federal users.
* Water Resources Planning Act
* Qutdoor Recreation Act
Wildlife Protection from Pollution
Statistical® Reporting Service
Agricultural Marketing Act of 1946
Cotton Act

Detailed information for secondary users can be found in
Sections A and B of Appendix II.

* Federal statutory demand for remotely sensed land cover
information related to land use planning only.
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3.3 Projections of Future Demand for Resource Management
Needs

Federal statutory demand for land cover information
constitutes only a segment of the total demand. The entire
land cover user community includes not only Federal users but
state government; regional and local governmental units; com-
mercial and academic users. In a separate ECON report we docu-
ment the sources of demand for land cover information arising from
resource management needs. An indication of the scope of this
demand 1is given in Table 3.10 which list zight Resource Manage-
ment Areas. Each Resource Management Area has been further sub-
divided according to the Resource Management Activities listed
in Table 3.11. Table 3.12 provides an example of the classifica-
tion of the Resource Management Area - Inland Water Resources
by Resource Management Activities.

A quantitative assessment of the fuuvure demand for land
cover information arising from resource management needs is
difficult given the broad scope of user types. Therefore, a
parametric analysis of user demand will be conducted over a
range of information requirements that are considered to be
fe~rsible during the period of an operational nationwide land
cover information system. The parametric demand analysis
will focus mapping the land over the entire continental U.S.
and Alaska at Level II inforration detail and at annual cov-
erage frequency ranging from four timez, each coverage with-

.n ninety days to twelve times, each coverage within thirty

days.
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Table 3.10 Resource Management Areas

1. Intensive "lse of Living Resources: Agriculture
2. Extensive Use of Living Resources: Forestry,
Rangeland and Wildlife
3. Inland Water Resources
4. Land Use
3. Wlonreplenishable Natural Rescurces: Minerals,
Fossil Fuels and Geothermal Energy Sources
6. Atmosphere
7. Oceans '
8. Industry
Table 3.11 Resource Management Activities
— e ———————— |
1. Cartography, Thematic Maps and Visual Display
2. Statistical Services
3. Calendars
4. Allocation
5. Conservation
6. Damage Prevention and Assessment
7. Unique Event Recognition and Early Warning
8. Research
9. Administrative, Judicial and Legislative

T D NSl MG Ml V) et




Table 3.12 Example Classification of Resource
Management Area - In;and Water Resources

| ———————

Resource Management Activity

3.1 Cartography, Thematic Maps and Visual Displays
3.1.1 Map and survey free vater areas
3.1.2 Map and xurvey snow, ice and glacie.

3.1.3 Map and survey ground water and other acquifiers
beund in the hydrological cycle

3.1.4 Map watershed areas
3.1.5 Map water pollution

3.1.6 Map-potential water ji-apoundment areas

3.2 Statistical Services
3.2.1 Predict fr--h water supplies ani floods
3.2.2 1Inventory fresh water supplies and snow cover

3.2.3 Gather information for hydrological models of
water .impoundment areas and free water areas

3.2.4 Inspect water impoundment areas
3.2.5 Monitor stream salinity and pollution

3.2.6 Monitor thermal pollution of free water

3.3 Calendars
3.3.1 Monitor changes in free water areas
3.3.2 Monitor changes in snow, ice and gl’ciers
3.3.3 Monitor changes in ground water and acquifiers

3.3.4 Monitor evapo-transpiration, soil moisture and
water drainage patterns

3.3.5 Monitor cyclical pollution patterns

KV
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3.4

3.5

Table 3.12

Example Cl-ssification of Resource

Management Area - Inland Water Resources (cont'd)

Allocation

3.4.1

Manage water impoundment sSystems for power

qeneration

3.4.2 Manage water impoundment systems - for flood
control

3.4.3 Manage water impoundment systems - for urban
water supply

3.4.4 Manage water impoundment systeams - for
commercial and agricultural waterx supply

3.4.5 Manage water impoundment systems - for
recreat.snal purposes

3.4.6 Man- water impoundment systems - for navigation

3.4.7 Pian . .anges in drainage and water impoundment
systems

Consexrvation

3.5.}3 Conserve fresh water resources

Da'rtage Prevention and As:essment

3.6.1 Assess and reduce flood damage

3.6.2 Reduce damage to water impoundment systems from
silting and sedimentation

3.6.3 Reduce pollution of free water

Jaique Svent Recognition and Early Warning

3.7.1 Provide early warning of disastrous floods

3.7.2 Provide early warning of lake eutrophication

3.7.3 Monitor changes in surfice water supply due to

geological changes

Certe L2
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Table 3.12 Example Classification of Resource

Management Area - Inland Water Resourxces (cont'd)

3.9.1

*_;:8 Research
3.8.1 Conduct hydrological research
3.8.2 cConduct flood control research
3.8.3 Conduct water pollution research
3.9 Administrative, Judicial and Legislative

Design government programs to reduce flood
damage

Increase compliance with water pollution
regulations

Aid in designir ; legislative controls for
policy implementation

Aid in planning government projects for future
water supply
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CHAPTER 4.0

QUANTITATIVE ECONOMIC ANALYSIS

4.1 The Framework of the Economic Analysis

In trying t, apply economic principles when determining
the value of satel'ite systems, the analysis is hampered by one
rajor drawback when compared to the economic evaluation of other
systems: there does not, at present, exist in the United States
economy any "free" market where the dem.nd for satellites and the
supply of satellites zie determined ky the interplay of many con-
sumers and many producers. Rather, we find a situation similar
tc that of Depcrtment of Defense decisions where major consumers
are government agencies such as the National Aeronautics and
Space Administration and the Department of the Interior. On the
supnly side, we find, at most, ten to twelve major companies
competent to comrpete for major aerospace hardware systems. Thus,
huge investment expenditures are decided on the basis of technical
criteria, political processes, national priorities, etc.

This restriction in the number of buyers and sellers does
not mean that eccnomic decisions made in such an eavironment have to be
less rational than those made in the free market. However, the means
of arriving at economic decisions is different. The basic assump-
tion of an economic analysis in the absence of market indicators
is, and has to be, that the decisions or. the actual budgets --

the budgets for the 1970's and the 1980's -- do reflect in effect

4-1
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national priorities. One has to assume further tihat, within each
agency, the programs selected for implementation outrank, in
priority, projects not undertaken by the agency. In other wor's,
we have to make the assumption that the resources allocated to
space sensing activities by NASA are efficient in an economic
sense; that th. needed resources of NASA are minimized to achieve
a given capability demanded by Congress or the Administration --
i.e., cost minimization is achieved -- or, given the resources
allocated to NASA, a maximum capability is developed with these
funds within NASA. Given that the agency funds compete with
other programs within the same agency, the assumption of econ-
omic efficiency within each agency is not completely unxeason-
able. 1In this analysis, we do not have to assume that the bud-

get level is optimal.

Given this basic assumption, cost-effectiveness analysis,
in a strict sense, is only concerned with identifying technically
feasible systems that assure either a maximum of ERS capability
at any given budget level or a minimum cost for any given ERS
capability. Although, in econcuwic theory this task is rather
straight ~forward, in practice it proves very ditficult to determine the
cost-effective systems, either for the present technology or for
the projected new ERS systems. Figure 4.1 shows a hypothetical
example of the cost efficiency frontier for the ERS program in
terms of 1975-80 technology. The vertical axis in Figure 4.1
represents the capability measured in terms of the number of images

produced, and the horizontal axis measures the costs (t.: budgets

4-2
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requir-ed) to produce that number of images. The figure is basic
to an understanding of cost-effectiveness calculations for anal-
yzing the economics of ERTS-like satellites. The shaded area in

Figure 4.1 shows the region of possible costs gof ERS systems. That is,

a given space sensing program capability of, say, k. can be delivered

1
for a budget of bl. The same capability, kl, can also be produced
for more than b,. Such a cost-capability combination would

1

lie to the right of k, in the shaded area shown in Figure 4.1

1

below the efficiency frontier (cost curve). Similarly, for the

same budget of b we could have a smaller ER5 program, for ex-

1'
ample, a capability ko. Again, these combinations would lie Lelow

the efficiency frontier within the shaded area of Figure 4.1. As

»

we move from one point within the shaded area -- the feasible
region of space sensing cost combinations -- toward the left and
upward, we improve the economics of systems choice. Cost-effect-

iveness analysis is concerned with finding satellite sensing programs

where no increased capability (more images at a fixed resolution
produced per year) is possible without a corresponding increase
in cost. The set of cost~efficient points -- the cost curve --

is shown by the boundary of the shaded area, in Figure 4.1.

FOFO'
By inspection, we sce that Po -~ a point not on the frontier -~

is not cost-effective. Tre system P_ requires a budget of b

o 0

and promises a capability of ko. We can find other ERS programs

different from Po that offer more capability or less cost or bcth.

L



One such program is shown at Pl with a budget requirement of

b1 (smaller than bo) and a capability of k1 (larger than ko).

From the shape of the cost efficiency frontier, we also
observe that, by increasing the budget of the space sensing pro-
gram, we increase the level of capability. But as we move out to
larger and larger funding levels, any additional funding yields
smaller and smaller increments in capability. In other words,
the shape of the efficiency frontier reflects increasing incre-
mental costs as the capability requirements of ERS expand. In
Figure 4.1, two cases are shown to illustrate this point. The
¢ .ange in capability cf Ak2 is equal to the change in capability
Ak3 -- at a higher funding level. But the absolute increase in
capability is bought at an increased incremental cost (Ab3>Ab2).
In many large-scale, advanced technologies, this efficiency fron-
tier may well be a straight line over a considerable range of the
cost efficiency frontier. The interc=pt of the efficiency fron-
tier with the horizontal axis does indicate the minirum (fixed)
costs of buying any amount of space sensing capability.

Thus, a straight line efficiency frontier with a positive inter-
cept at the cost (budget) line would indicate an ERS system with
constant marginal (incremental) costs and decreasing average costs.
The case shown in Figure 4.1 is more general and includes, in

principle, the more specific case of the ERS systems.
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We have focused the discussion thus far on the use of
cost-effectiveness analysis for evaluating remote sensing sys-
tems. The task of benefit-cost analysis is more demanding.

Wnile cost-effectiveness analysis tries to identify the systemns

(for space sensing programs) along the "efficiency frontier™ (the
cost curve), benefit-cost analysis attempts to select a single space
sensing program from all possible cost-effective candidates. To

do this, however, we have to use a benefit (utility or value) mea-
sure of conceivable space sensing programs within the range of
technology~-a task we do not propose to solve and which may be an
intractable task. Given information on the economic value of

these programs, we can then, in theory, select on optimum space
sensirg program.

This choice process can be itllustrated with the aid of

Figure 4.2 which shows the cost curve and the benefit curve con-
fronting the decision maker and the actual capability and cost
levels of several space sensing programs. It should be noted, first of
all, that the cost curve in Figure 4.2 differs from that shown in
Figure 4.1. The latter denotes "recurring costs per year" as a
function of “capability per year". The cost curve in Figure 4.2,
on the ¢« ther hand, telers to "total vrogram costs over the entire
planning horizon". ince "total program costs" are incurred over
time, it must be assumed that all costs are adjusted for the time
value of economic resources. The time stream of space sensing program
benefits, summed up in the benefit curve, also is assumed to have

been discounted appropriately.



between

that, a

Figure 4.2 illustrates the general relationship
the program costs and the program benefits. Observe

t higher and higher levels of capability, additional

informatisn becomes increasingly more costly -- the

incremental cost of information increases while, at the

{Number of Images)

Benefits

Capability

Program Costs ané Benefits

(Over Planning Hori-~on)

Figqure 4.2 The Cost Benefit Relationship
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same time, the incremental benefit derived becomes increas-
ingly smaller. The assumption of progressively decreasing
incremental benefits is based on the notion that successive
additions to information will be less valuable and at some
point may well reach a saturation point, which means that the
benefit curve in Figure 4.2 will eventually become vertical.
At a given level of capability, say ko, "net program
benefit" is measured by the horizontal distance between the
benefit and cost curves. In Figure 4.2, the net benefit at
ko is given by the distance CD; at kl, it is given by AB.
Recall that the cost curve is really an efficiency frontier
associating a given level of capability with the least cost
ERS system which, with given technology, will provide that
capability. The proper satellite program, therefore, is the
one corresponding to the scenario at which the distance
between the total benefit and the total cost curves, i.e.,
the total net benefit is maximized. It is the capability
level at which the cost curve and the benefit curves have
the same slope, i.e., at which incremental benefits are
just equal to incremental costs. 1In Figure 4.2, this optimum
satellite program is kl'
Ha?ing established these fundamental points, we must observe
that the benefit relationship of satellite programs within
the range of technology cannot be measured guantitatively

at present -- if it can ever be. It is for this reason

that in this study we will employ cost-effectiveness



analysis to determin.: the economic value of ERTS in establish~
ment and maintenance of a nationwide land cover information
system., The next section explains the economic analyses
possible within the confines of cost-effectiveness analysis.

4.1 Equal Capability and Equal Budget Analysis of the ERTS
System

The above general definition of cost-effectiveness analysis
can be applied to the analysis of an ERTS-type satellite systen.
The ERTS program will change the efficiency frontier (cost curve
of space information programs). In general, technological change

will shift the efficiency frontier F _F_. of Figure 4.1 upward and

o' 0
toward the left ~- i,e., it will lower costs or i.crease capa-
bilities. Figure 4.3 shows that shift from FOFO to FlFl. If the

ERTS system brings about increased efficiency at larger scales of
operation only, which appears to be a reasonable assumption, then

the shift in FOFO will take place only at larger cost/budget lev-

els and leave the lower points of F more or less unchanged.

oFo
Therefore, within the confines of cost-effectiveness anal-

ysis (strictly defined), one may ask the following two questions:

(a) Equal capability efficiency for a given capability
level: What are the net cost savings that can be
achieved by adopting ERTS (for example, the distance

2 i 4 .
POPl). (Figure 4.4)

{b) Equal budget efficiency: What increases in capability
are brought about by ERTS at the same budget level
after the new system has been introduced?

In this report, an eqgual capability approach is used for

the benefit-cost evaluation of the land cov:r applications of ERTS.



Capability {(Numbes of Images)

ERTS

Technology
Equal Budget

Efficiency

Equal Capability
Efficiency

Aircraft
Technology

Feasible
Aircraft
Programs

Program Cost Per Year

Figure 4.3 Cost-Effectiveness Analy..s of
Technological Change: The Case
of ERTS




The equal budget approach could also be analyzed, but from
both an empirical and theoretical standpoint, it would appeax
to be considerably more difficult to do. This difficulty
primarily arises from the multi-dimensional characteristics of
capability. Some acceptable and non-arbitrary scheme of
weighting the different characteristics of capability

would have to be derived before comparisons could be made
using an equal budget approach. Therefore, it would be

much more expensive ard invoive much greater risks to
analyze ERS using an equal-budget approach. The same
qualitative answer, i.e., whether to have or not to have an
ERTS~type satellite system would occur with either type of
approach, though the quantitative degree to which an
ERTS~type satellite system makes a difference would differ
with each approach.

This study will focus on life cycle cost comparisons
for several "with satellite"” remote sensing systems and
séveral "without satellite" remote sensing systems (high
altitude and/or low altitude aircraft sy_tcems with associated
ground support teams). The "with" and "without" satellite
systems are always. compared at the same level of capability,
but demand is varied parametrically about the expect:d level
of Federal civil agency statutory demand to see what effect
different levels of demand have on the relative merits of a

"with” and "without" satellite system.

R



Demand for a satellite system can be viewed in the
abstract as a demand for certain types of information.
However, to simplify the analysis without distorting it in
any essentisl way, it is necessary *o move frum the abstract
representation of demand for irformation to an appropriate
physical analog. Distortion will be zvoided if the proper
physical analog is chosen. For our purposes, the best
unidimensional physical analog for quantity of information
demanded appears to he the number of ERTS-type frames

demanded.

Demand is subdivided into twelve categories. These
categor.es ore bascd on users requirements for geographical
afea of coverage, timeliness of information, the level of in-
formation detail and annual frequency of coverage. If demand
were not subdivided in this manner, then a completely dis.or-
ted analysis of the "with" and "without" satellit2 systems
would emerge. This distortion would occur for two reasons:

(1) it would be unreasorable «ad logically inconsistent to
make an equal capability assumptious, and (2) it would suppress
the relative advan:ages and relative Aisadvantages of the sat-

ellite system fo- different categories of information.
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Without subdivision of demand, the equal capability assumgtion
could be set with requirements such that only the satellite,
but not the aircraft, or only the aircraft, but not the sat-
ellite, could satisfy the demand requirements. The second
reason why lumping all demand together would lead to a bad

2 1alysis - that the results obtained by using aggregate de-
ma.i. by definition omits certain information that would be
available from disaggregate demand. Therefore, the results
obtained from a disaggregate demand approach should be super-
ior to those of an aggregate demand approach.

Total cost to meet all requirements using a mix of
satellite, high and low altitude aircraft will be compared to
total cost to meet all requirements using only high altitude
and low altitude aircraft systems. If the total cost is
less using the "with" satellite system over the "without"
system, then there is a positive net benefit to having the
ERTS-type satellite system, (namely, the equal capability cost
savings) irrespective of its potential i~zle in other applica-
tions. If ERTS does provide large benefits in applications
other than land cover, then the net benefit computed for ERTS
in the land cover role will congiderably understate the economic
value of ERTS. This understatement occurs because the land
cover applications in the present analysis will bear the full

fixed costs of the ERTS system.
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4.2 Overview of the Study Approach

In this study the economic value of an ERTS in the develop-
ment, maintenance and updating of a Nationwide Land Cover Infor-

mation System is measured by the equal capability cost savings

that accrue to a "with®" ERTS data acquisition over a "without"
ERTS data collection systen.
The magnitude of the equal capability cost savings that
accrue to a with ERTS system primarily depends upon four factors
L the land cover information requirements imposed
upon the nationwide information system (i.e. user
demand) .
® the set of feasible, technical alternative systems
for satisfying user demand on an equal capability
basis.
* R & D, investment and operations costs required for
the implementation of each alternative data acquisition
system
) the economic parameters used in the evaluation process,

Zor example, the discount rate, the project horizon.

B R e+

On the demand side, it is necessary to project user land

cover data requirements over the period of a future operational
nationwide information system (1977-1993). These projections are
particularly difficult and hignly uncertain at present. The major
underlying difficulty is that there is no such system in operation

today. 1Instead, there are many separate data gathering and
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management information systems designed to serve specific users.

On the Federal level, there are large scale efforts
involving, e.g., the Land Use and Data Analysis (LUDA) program
of the Department of Interior and the Land Inventory Monitoring
Program (LIM) of the Department of Agriculture. New and poten-
tially major initiatives in this area are about to emerge from
within the Environmental Protection Agency. The Administrator
of the EPA, Mr. Russel E. Train, has recently announced plans
to establish a division within the Agency to deal wiith land use
problems. In addition, on the State Government level, there
are several comprehensive land cover programs and information
systems; notably the Land Use and National Resources Inventory
(LUNR) system of New York and Minnesota Land Management Infor-
mation System (MLMIS).

These data collection programs and information systems
will undoubtedly contribute importantly to the demand placed on
a Nationwide Land Cover Information System. However, it appears
unlikely that all data collection and processing requirements of
these many user groups will be imposed on a national system.
Federal and State Agency resistance to a completely uniform data
aquisition processing, interpretation and dissemination system
will not yield to any such effort. Neither would resistance to
total uniformity be illfounded. 1In general, there may be many
dimensions to the data requirements of the various user groups
any one of which, if left unsatisfied by the rigidities of a

uniform system, would seriously impair the effectiveness of the
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user's data for his particular resource management program. The
implication of the above considerations is that some user re-
quirements for land cover information will continue to be satis-
fied by special purpose user data collection programs and
information systems while other requirements will be fulfilled by
a nationwide program. The determination of which subsets of the
present day requirements of the various user groups will con-
txibute to the demand imposed on a nationwide system will likely
be made by the users themselves. The "retain/relinguish”
decision process of the users may initially be largely influenced
by political considerations, and perhaps equally, by technical
considerations, e.g. the present day accuracy and level of
information detail requirements. In time, economic considerations
should dominate their selection processes. As this occurs,
demands upon the nationwide system from these user groups will
likely increase over their initial demand levels because of the
relatively low incremental costs of acquiring data from the
nationwide system.

The initial land cover information demand that actually.

will be imposed on a nationwide system from known users is some-

what uncertain at present. Even at the Federal government level,

initial demand upon a nationwide system is uncertain; this

is due in large measure to two factors:
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(1) the lack of documented evidence concerning the
effectiveness and economic value of the technical
characteristics of data presently collected by these
agencies (e.g., given that a certain type of
information, say the presence or absence of land

cover type X, is to be collected over a region of

Y sgquare miles at intervals of time t, what is

the effectiveness of that information in the management
of the resource for which the agency has responsibility
and if the time period of observation were reduced

from t to t/5 or the region of coverage reduced
from y to y/10 what increase/decrease would result‘
in the effective management of the resource and what
would be the economic value (gain or loss) that results.

(2) the lack of knowledge concerning the cost-effectivness

of alternative data collection systems to provide
the information equivalent of existing data collection
programs.

Undoubtedly, as the time of an operational ERS draws near,
additional knowledge from in-process and future studies will be
acquired, which will allow accurate forecasts of both the initial
demand upon a nationwide system and the growth and changing

nature of the user demand measurements over time.
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We have said that the economic value of ERTS in the
establishment of a nationwide land cover information system
depends to a major degree upon the level of demand which this
system could bhe required to satisfy. We have also said that
present day estimates of user demand levels must be regarded as
highly uncertain. These statements may appear to imply that the

present study is doomed to be a meaningless exercise but we are
sanguine that this is not the case. Rather we believe that the

cost to the user of satisfying land cover information requirements

will be a major "driver" of user demand.

Theoretically, as demand at a giyen price increases, the
quantity demanded increases at an eyen faster pace, provided
that images are supplied at average rather than incremental cost.
This is illustrated by Figure 4.4. Average cost falls from
Level A in time period t to Level C at time period t+.. However,
greater total benefit would be obtained by setting the image
charge at the incremental cost level. 1In fact, if the average
cost of images using aircraft is less than the average cost of
images using ERTS in time period t, and pricing is based on aver-
age cost, then the demand curve will not shift to the right over
time as shown by Figure 4.4. In essence, the lower initial
price (incremental rather than average) allows introduction or
"learning to take place at a faster rate. Such a pricing pol-
icy means that the potential net benefits of ERTS will be more

guickly realized, and net costs minimized.
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: Figure 4.4 Relationship Between Demand, Cost
{ and Time for ERTS-Type System

It follows that in order to develop any reliable estimates
of user demand on a nationwide system, it is necessary to determine
the lowest cost approach to acquire and process land cover infor-

mation at various levels of user demand. This is how the present

study will Proceed; we shall seek the optimum mix of satellite
and high and low altitude aircraft sensor system for satisfying %
various levels of user demand. The cost-efficiency frontier will
be developed for a nationwide land cover information system that
should be an important aid to the various user groups in deciding
what part of their current data requirements might most economically

be satisfied by a national system.




Figure 4.5 depicts in overview form, the approach
that will be used for the analysis. The analysis begins
with projections of the demand for land cover information
which each technology system must satisfy on an equal capability

basis. For the purposes of this analysis only demand which

requires full target coverage is considered. Thus, demand re~

quirements which can be satisfied by a probability sample of a
given target area have been excluded from our analysis. Section
4.31 will describe the demand portion of the analysis in greater
detail.

On the supply side of the analyses, there are several
alternative technical systems considered for the acgquisition and
processing of the land cover userx requested data. Each technical
system is made up of two or more of three basic remote sensing
components; namely an ERTS-1 type satellite, high altitude air-
craft and a ground truth system which is defined to mean a low
altitude aircraft with ground follow up teams. These remote
sensing components (designated S, HA and GT hereafter), are
comiined to form the several data acquisition systems indicated

in Table d4.1l.
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Table 4.1 Alternative Data Acquisition Systems For A
Nationwide Land Cover Information System

e |

Three Tier Systems Two Tier Systems
1. S/HA/ 1. HA/GT
2. 2S/HA/GT 2. s /GT
3. 3s/HA/GT 3. 28/GT
4. 38/GT

For purposes of this analysis each of the two and three
tier technology choices listed in Tabie 4.1 has an implied
priority ranking associated with the use of its constituent data
acquisition systems. The priority ranking is defined by the
ordering of the components of a given technology choice. Fox
example, _he S/HA/GT technology implies that in our analytical
models the satellite component will sat‘sfy as much of the user
demand as is possible, consistent with its capability to meet
the level of detail of the user information requirement, the
user timeliness'requirement and to overcome cloud cover problems.
Whatever portion of user demand cannot be satisfied by the
satellite is assigned to high altitude aircraft and whatever
demand is left unsatisfied by that component is assigned to the
gréound truth system. To illustrate, if the user demand were to

obtain Level II information over one tenth the area of the
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U. S. uithin a specific 30 day period then, given an 18 day
satellite revisit time, the satellite would acquire only a
fraction, say q , of its assigned target, where q dapends
the amount of cloud interference that it encountered over th:
target during 1-2/3 passes. In this case, the high altitude
aircraft component (HA) of the S/HA/GT technology would be

assigned to provide remote sensing coverage over that portion

of the user target area left unsatisfied by the satellite.
Moreover, the HA component may also fail to complete the mission
duc to cloud cover problems and tight time requirements; in
which case, the ground tr .th component (GT) consisting of low
altitude aircraft and supporting ground teams are assigned to
complete the task. The specific assumptions and methodology
that are used for analysis of the three tier and two tier
systems are described later in Section 4.3 of this chapter.
For now, we wish to emphasize some important factors concerning
user demand that impact the economic choice of which technology
might he used to satisfy user demand and to indica. . in
overview form how these factors are treated in this analysis.
First, there is the level of information detail require-
ments: which components can satisfy Level I, II and III
requirements? The answer of course, depends upon the definition
of the level of Jdetail classification scheme and the projected
technical capabilities of the various sensors and associated

software systems in the time period of the operational system.
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Next, there is the question of cloud cover which when
coupled with user timeliness requirements raises important
trade~-off questions concerning how much time to allow for the
HA component to complete the unsatisfied portion of tue satellite
assigned target. The shorter the HA aircraft lead time, the
greater will be the required aircraft fleet and/or the greater will
be the demand assigned to the ground truth. On the other hand,
the larger the aircraft lead time, thé larger will be the

target that is assigned to the HA aircraft.

Refering Fo Figure 4.5, these issues are analyzed by the
indicated supply models. These models allocate the projected user
demand to the S, HA and GT components in accordance with the
characteristics of user demand, cloud cover problems, capabilities
of the component sensors and operational constraints imposed on
the analytical models. Once the demand has be.n allocated to
the three basic remote sensing components, the costs of
satisfying these demands are calculated in the costing models
taking into account the many investment and operating cost
elements of each system. The basic annual cost information for

each of the technology choices are then reassembled and compared

in the evaluation model.
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4.3 Models and Inputs
4.3.1 Demand for Land .over Information

The analysis will start with an estimate of user demand
based solely upon the present day data collection and processing
requirements of Federal agency programs that have been mandated
by specific Federal statutory requirements or that have been
initiated under Federal enabling legislation. Taking this as a
minimum baseline demand which a national system would be called
upon to satisfy, the analysis proceeds in steps to even higher

projections of user demand which are expanded to include state

and land government agencies, commercial and academic users.
Annual dema;d projections will be made over the time period of
an operational system. Four major characteristics of user
demand will be considered for these projections, namely
e user application area coverage requirement
e user timeliness requirement (this is the time
period over which the informatior must be
acquired, e.g., -- seasonal coverage)
o level of information detail
° frequency of coverage
The demand projections are based upon the analysis of
present day Federal statutory requirements and, more generally,
all land cover resource management informatior. needs during the
period of an operational nationwide land cover information system.
The specific qguantitative demand projections emp’ yed in the

analysis have been described in Chapfer 3 of this report.
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4.3.2 High Altitude Lircraft/Grounéd Truth (HA/GT) Model

The model for allocating user demand to either high altitude
or low altitude aircraft with manual follow up teams is straight-
forward and involves three major factors: the user time window re-
quirement, the priorities for high and low altitude aircraft and
problems of cloud cover. The user time window requirement estab-
lishes the opportunity for the flexible (daily) rcating of aircraft
over the user target area. The time window implicitly determines
the expected fraction of the target which would receive cloud free
coverage by the high altitude aircraft (see the discussion on cloud
cover below). The remaining portion of the target must be covered

by low altitude aircraft and ground survey teams. The high and low

altitude aircraft priority factor allows one to assign certain types

of targets exclusively to the low altitude aircraft thus prohibiting

the use of high altitude aircraft for the coverage of certain types
of targets. For example,ground truth can be forced to satisfy all
Level III type coverage requirements; this constraint is employecd
in the HA/GT model when manual interpretation methods are used. 1In
addition, the nominal priority rule is to:
1. Assign to the high altitude aircraft all targets
having a time window requirement of more than a
specified number of days, say m, and
2. Assign to the low altitude aircraft all targ.ts having

less than a (m+l) day time window as well as all
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“mop up" requirements arising from incomplete cloud

free coverage of ;igh altitude aircraft targets.
This nominal mode priority rule implicitly assumes that the HA
aircraft component has a resolution capability (both spatial and
spectral) to satisfy Level I and II demand reguirements given manual
interpretation and levels I, II and III information requirements
given computer intexpretation methods. All targets assigned to the
ground truth component are assumed to be completely covered, cloud
free, regardless of the level of information detail required. The
third factour ir *he HA/GT model, cloud cover, is a major variable
throughout this analysis. This variable, cloud cover, thus,

requirés -some general introduvctory discussion before we explain

how it is treated in the HA/GT model.

Cloud cover effects present a major obstacle to the
acquisition of land cover informat.on via the remote sensing
systems considered in this study. Historical data on the extent
of cloud cover over the continental U.S. is presented in the
form of a color coded map in Figure 4.6. From this map, it is
immediately apparent that for most of the U.S. land area,

(yellow and purple dots) the average number of cloud free days
{(0-10% clouds from sunrise to sunset) per month is temn or less.
Moreover, there are strong regional cloud cover effects indicated
which result in vast contiguous areas of the U.S. (roughly 50%-~
yellow dots) where the average number of cloud free days per month

is five or less. These regional effects obviou.ly increase the
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severity of the cloud cover problem by limiting cloud free cover-
age opportunities in several geographical areas. Further restric-
tions of coverage opportunities by geographical region arise from
the seasonal effects of cloud cover. Figures 4.7 and 4.8 illu-
strates the problem by providing historical data on cloud cover
cver the U.S. during the months of January and September.

The impact of extensive cloud coverage on remote sensing
programs over the U.S.. couvled with its regional and seasonal
characteristics is tc significantly increase the time and/or
cost required to obtain complete land cover information for any
subset of the U.S. over what would be required for a continuously
cloud free area of comparable size. To fully assess the time
and/oxr cost impact of cloud cover, it would be necessary to
undertake an exhaustive statistical study of the spatial and
temporal distribution of clouds by seasons and regions of the
U.S. as well as, the distribution of cloud cover persistence
by seasons and regions of the U.S5.* These data would have to be
compared with an exhaustive list of user demand for land cover
information which specifies the geographical location of the
target area, dates during which coverage is required, level of
information detail, etc. Finally, one would have to consider

various operational strategies in the deployment of remote

* Allied Research Associates, Inc. conducted an extensive analysis
of the cloud cover problem in a report to NASA, "Worldwide Cloud
Cover Distribution for Use in Computer Simulations," NASA
CR 61226, June 14, 1968. This analysis of the statistics of
cloud cover did not however include a corresponding analysis
of the geographical and temporal characteristics of user demand.
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sensing systems to acquire the necessary information. Multi-
stage sampling is one such important strategy, wherein a
satellite, high and low altitude aircraft are used to cover
only portions of the target area and yet can obtain sufficient
information to satisfy the users reguirement. Forest inventor-
ies provide a typical example of the potential applications of
multistage sampling. A recent ERTS-1 experiment,* showed that
ERTS digital tape data could successfully discriminate forest
from non-forest land aand thus provide a basis for selecting
primary sampling units for the first stage of a multistage
forest inventory information sampling system.

We have not undertaken such an extensive analysis f
the cloud cover problem in this study. Instead, we have made a
number of simplifying assumptions concerning the cloud cover
problem in order to gain some immediate insight into the po-
tential time and/or cost impact of this factor on the several
remote sensing technologies under consideration.

High Altitude Aircraft Cloud Cover Assumptions:

1. All user demand must be satisfied by imagery which
is cloud free, defined henceforth as either (0 - 30%

clouds) or alternatively as (0 - 10%) clouds.

* UN-257, Center for Remote Sensing Research, Berkely
(Nichols, et al.) -
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2. All user demand is considered to be scheduled
(non-random) demand. This implies that an aircraft
f, has been assigred to cover a target over a specified

time period and further that efforts can and will

% . be made to inquire which areas of the targets are

; cloud free on any given day. This permits the air-
craft to fly the target in a manner to minimize the
effects of cloud cover, i.e., it flies the cloud free
areas first. To further enhance the flexibility of

the high altitude aircraft to cover the target cloud
free, the aircraft fleet assigned to the targe- will be
120% of the minimum required fleet for target coveraée

during perfect cloud free weather.

3. Concerning expected cloud free coverage versus user
time window requirement, the following two sets of

numbers in Table 4.2 will be used,

4.3.3 Satellite/High Altitude/Ground Truth (S/HAL/GT) Model

There are several factors in S/HA/GT model which det rmine
the manner by which demand is allocated to the remote sensing com-

ponents of this technology. Each of these is discussed below.

»
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Table 4.2 High Altitude Aircraft - Average
Percentage of Cloud Free Target
Coverage vs User Time Window
' Requirement
m" — ——— —
Allowable Allowable
Usexr Time Window Clouds Clouds
Requirement (days) (0 - 30%) (0 - 10%)
365 99.99 99.9
180 99.9 99.0
90 99.0 90.0
60 94.0, . 82.0
45 90.0 77.0
30 85.0 70.0
15 ) 78.0 60.0
10 . 75.0 ' 56.0
5 70.0 50.0

The capability of the satellite to satisfy the level of
information detail of user demand varies depending upon the inter-
pretation method that is used. For manual interpretation, ERT3
can provide Level I information only, while for computer
(automatic) interpretation, ERTS can provide both Level I and
Level II information. 1In this manner the capability of the
satellite as determined by the data interpretation method used

defines the user demands which the satellite attempts to satisfy.

T
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The number of satellites in orbit determines the satellite
system revisit or cycle time. With a one satellite ERTS-1 type
system, the cycle time is 18 days, while the assumed cycle time
for a two and three satellite system is nine days and six days
respectively. The cycle time, coupled with the user time window
requirement and the assumed probability of a cloud free satellite
pass, determines the average percentage of cloud free target
coverage that is achieved by the satellite and the target area
remaining to be covered by the HA and/or GT component (see
subsequent cloud cover discussion).

Time Window

As previously noted, user demand is assumed to have an
associated timeliness requirement which specifies the number of days .
during which target coverage is required. The last day of the user ;
time window is reserved for ground truth coverage of the target
area not previously covered by either the satellite or the HA
aircraft. The satellite is assumed to be active for all but the
last day of the user time window while the HA aircraft is assigned
to the target during the latter part of the user time window (see

the subsequent discussion on HA aircraft lead time).

Cloud Cover

Figure 4.9 provides a map display of the numbexr of cloud

free (0 - 30% clouds) ERTS frames that were obtained for various

-

oo e d
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Figure 4.9

ERTS-1 Cloud l'ree Caverage (0-30%)
(Launch=July, 1972 thru Dec. 31,

1973)

United States

] :-s
- 11 - 15
[ e - =
Legend: Number of Cloud Free ERTS
Frames in 30 Passes over the
U.S. /y Alaska
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geographical regions of continental U S. and Alaska

during some 30 passes of ERTS~-1 over the U.S. (July 1972 -

December 51, 1973). Based upon these data, we have assumed for
this analysis that on any one pass over the U.S., the satellite
will obtain fif£y percent «f 2ts frames cloud free (0 - 30%), and
30% of its frames clo' ' free (0 - 10%). Moreover, we assume that
for successive passes of the satellite over a given : :g9ion (whether
the cycle time is 18 or 9 or 6 days), cloud cover is independent.
This assumption leads immediately tc¢ a convenient formula for deter-
mining the average percentage of a target (P) that is covered cloud

free by the satellite.

Let
TW = user time requi -ement in days for coverage of an
area T
q = probaﬁility of a clouded ERTS frame
p = 1-q = probability of a cloud free ERTS frame
c = cycle time = 18 days/number of satellite; in orbit

Xr
]

Bt

= the number of complete statellite passes over the

] largest integer contained in (TW/c)

target within the time window TW
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= fraction of an additional satellite pass over
the U.S. that can be completed within the time
window TW
P = Average percentage of cloud free coverage of the

users' target

Then,
P = jljl-f)} (1-g¥) + ‘("f) (1-qr+1)
T

or

P = (1-q%) + £ ¢qF (1-

q a (l-q) (2)
Using eguation (1), Table 4.3 contrasts the expected cloud
free coverage attainable with single and multiple satellite

systems with that attainable via high altitude aircraft for

ST N TS e RN R AT AT 4 PR T N

various user time window requirements.

The justification of equation (1) can most easily b.
explained by reference to Figure 4.10 which illustrates tbhe
problem of satellite coverage of the full U.S. i.e. 7 = full
U.S. The probability of cloud free ERTS frame over any area of
the U.S. for a single pass of ERTS is p = (l-q) and for k
independent passes of ERTS is (l-qk). For the two mutually
exclusive regions of the U.S., (£ m) and (1-f) 7 which are
covered by r and (r+l) passes respectively, the average cloud

free area covered in each region is (f =) (l—qr) and (1-f) =

PR
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(1-qr+l) respectively. The expected cloud free coverage of the
total target area is therefore the sum of these two components.
In the case of a target n which is only a subset of the total
U.S. area, equations (1) and (2) are still applicable because
with respect to the fractional pass of the satellite over the
U.S. after r complete passes, the target ¥ is treated as being

randomly located within the U.S. area.

High Altitude Aircraft Lead Time

When the HA aircraft operates in the mode of “"mopping up”
after the satellite, the problem arises as to how many days to
allocate to the HA aircraft to a*tempt this task. If an area
of say five percent of the U.S. is expected to remain after the
satellite has completed its last full pass over the U.S. and
if there remained only 2 days for the HA aircraft to attempt
to co plete the mop up task, then it would be necessary to

acquire a relatively large fleet of aircraft to cover the

This can of course lead to

remaining area in a two day period.
gross inefficiencies in terms of the fleet size. One alternative
would be to assign the mcp up task to the ground truth systenm,
bat the relatively high incremental cost per square mile of

coverage makes this alternative undesirable. The preferred approach

is to establish and reserve a minimum aircraft lead time which

Msh s mt wgaae
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results in an economical allocation of the satellite mop up task

to both the HA and the GT components. The idea is to reserve

the last m days of the total user time window, TW, for mop up

coverage by the HA component and to reserve the last day of the user

time window to GT mop up after

the HA component. If it happens

that for a particular type of user demand, the value of m is at

least as large as the user time window TW, then the coverage of

the user target area is left entirely to the GT component. On the

other hand, if the value of m is less than TW, the HA system will

be sized to cover the target area once during the m day period and

the GT component will be assigned to mop up that portion of the

target where cloud free coverage was not obtained from the HA

component.

There is one further
pointed out concerning the use
S/HA/GT supply models. If the

after the satellite and if the

consideration that should be
of the HA aircraft lead time in the
HA component is used to mop up

satellite system is not turned off

during the m day HA coverage period, then there will be redundant

target coverage during the m day period. In practice, redundant

target coverage should be permitted since the satellite and HA com-

ponent need not be imaging the

same area of the target on the same

day. The redundant coverage is therefore desirable since it will

increase the percentage of the

FU > N e v, 8 r e —

target that is acquired cloud free

%)
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without resorting to the relatively expensive GT system. The redan-
dant coverage however may result in some duplication of cloud free
coverage; the model therefore has made provisions for subtracting
out the expected daplication when computing the average cloud free
coverage of the target acquired by the satellite and ‘the high
altitude components. With this type of procedure imbedded in the
logical structure of the S/HA/GT model, one can explore the econonic
implication of various values of the aircraft lead time, m, via

separate runs of the nodel.

HA Aircraft/Ground Truth Priority

This factor is treated in the S/HA/GT model in much the
same way as it is in the HA/GT mode), previously discussed. It
is used more extensively in S/HA/GT model however. One new
application of the HA/GT priority factor in this context is to
eliminate the HA component altogether, thus creating a S/GT model
or a 25/GT or 3S/GT model. Another role played by tﬁis factor is
to designate the levels of information detail which each comporent,
S, HA and GT is allowed to satisfy. The allocatipn of demand by
level of detail requirements differs depending upon whether a
manual or automatic data processing capability is used.
Table 4.4 indicates the projected capability ¢f the various sensors

in the post 1977 time frame for both manual and automatic processing.

-9
]
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Table 4.4 Projected Sensor Capabilities
For Acguiring Information At
Various Levels of Detail

ERTS HA GT ERTS HA er |
Level I V V J Level I J q J
Level IX | v Level II v v v '
Level III v Level III ‘ v v :

4.3.4 Satellite Cost Model

. Phe satellite cost models receive as input a statement of

the number of satellites simultaneously in orbit during the
operational period of 1977-1993 and a statement of the average
quantity of cloud free Level I and Level II information provided
by the satellites for each year of the operational period. This
information permits calculation of the annual satellite costs
(investment and operations) that would be incurred over the
operational period. A description of the satellite system and
the constituent cost elements used in the costing model follows.
- The satellite system is assumed to employ ERTS-1 like
spacecraft equipped with a Multispectral Scanner, Panchromatic
Return Beam Vidicon and two wide beam video tape recorders in
order to permit global coverage. There will be two tracking and
aata acquisition stations and the data processing will be all

digital. The major cost elements of the satellite system are

4-43
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éefined in Table 4.4. Cost estimates for the investment and
operations elements have been extracted from an earlier NASA
document* and are provided in detail in Anpendix III.

(Tables 2, 3 and 4 of Appendix III provide annual phased program
costs for a one, two or three satellite system.) User Product
Processing Costs have been estimated from several sources

(see Appendix III for details).

We summ:.rize in Table 4.5 the cost estimates included

in the satellite cost model. Though these summary cost estimates
provide a useful guide to interpretation cof the study results, the
reader is cautioned to bear in mind that the actual time phasing of
these costs over the program is not a uniform one. For example,
most of the satellite investment costs is assumed to be incurred
two years prior to satellite launch. Thus, the use of an average
annual satellite cost over the period 1977-1993 can be misleading.
Reference should be made to Appendix III for actual time phased

costs that are used in the satellite cost model.

4.3.5 High Altitude Aircraft Cost Model

Cost data for all HA aircraft system elements are developed
primarily as function of the number of aircraft and types of their
bases, and flight hours per year per vehicle. Cost components

have been subdivided into the following categories:

* Earth Resources Survey (ERS) Operation System Study Final Report
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Table 4.53H1jor Cost Elements of the Satellite System
_————e—eeeeee—e———————— e ——— e
RED ~ Assumed Completed

Investment
Spacecraft
Payloads
Operating Control Center (OCC)
Data Processing Facilities (DPF)
Tracking and Data Acquisition System (TDAS)

Launch Vehicle

Operations
oce

DPF
TDAS

NASA Civil Service Cost

User Product Processing Costs

Manual Interpretation

Automatic (Computer) Interpretation
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a. Investment (Initial) costs; including acquisition of
aircraft and sensors, modification of aircraft or sensor installation
and acquisition of the required facilities to house and operate the
aircraft fleet (i.e. hangers, offices, shops, ground equipment, etc.).

b. Variable Annual Operational Costs; are those which
tend to increase most directly with the use or output of a given
unit (i.e. personnel, aircraft spaces, maintenance, fuel and

sensor spaces)

The specific cost estimates for each system component are

given in Appendix III . To assist the reader in the interpretation
of the study results, we summarize below major costing assumptions

and the HA aircraft cost data.

Aircraft Bases

The cost model assumes the cost of three HA aircraft
bases, one main base in Denver, one remote base in Dayton, and
one staging base in Alaska. The staginy base esgecially allows
fueling stops while the main and remote bases are fully
operational, staffed with operating and maintenance personnel.
The investment and operating cost of the bases are assumed to be
dependent upon the size of the aircraft fleet that is reguired.

Summary cost data is provided in Table 4.5.
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Table 4.6 Summary of Satellite Cost Estimates
(Millions of Undiscounted 1973 Dollars)
t: —e
Number of Simultaneously
Active satellites in Orbit b 2 3
Investment Cost 258. 90 464.0 645.0
Operating Cost 84.0 1120 150.0
Civil Service Cost 26.0 40.0 58.0 L.
Total (Exclusive of User Products) 368.0 621.0 853.0
Average Annual Cost Over
16-1/2 Years 22.1 39.4 56.8 )
4!
User Prodwuct_Processing Manual Automated
Costs ($/ni) Technique Technique
2 2
Level I - Scale 1:500,000 .14/ni .048/ni
2
Level II - Scale 1:125,000 NA .194/ni

HA Aircraft Assumptions

The HA aircraft assumed for this study is the U-2. This
aircraft is assumed to be equipped with a 5 channel MSS and a
six inch metric camera and is procured by a ten year leasing
agreement at $840,000 per year exclusive of sensor costs. Each
aircraft in the fleet can be utilized up to a maximum of
1000 flight hours per year at a maximum rate of five hours every
other day (of which four hours is the maximum aircraft imaging

time).

o —————— ¢ ap - A R e e e —— g oo 1 - ST ¥ me——y o——— -
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The sizing of the aircraft fleet is accomplished via

T |

outputs from the S/HA/GT and the HA/GT models which specify the

target area to be covered by the HA aircraft and the time period

during which coverage is required. Given a specific aircraft

target requirement,

is as follows:

Fleet Size

where,

&)

i

the procedure used to determine the fleet size

the largest integer contained within the

value of x.

target area to be covered.

factor tuv increase the aircraft fleet

over the minimum fleet required during
perfect cloud free weather (f = 1.2
throughout the analysis)

HA aircraft time window.

maximum imaging hours per aircraft

flight = 4hours

flight efficiency or the average fraction
of the maximum aircraft imaging time which
is achieved by an HA aircraft on any given
flight. This factor is assumed to depend

upon the size of and spatial

4-48
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distribution of the target to be covered.
For large contiguous area target, the
flight efficiency is assumed to be high
while for relatively small “mop up"
targets the efficiency is assumed to be
low since the aircraft may be required to
expend some of its allowable imaging time
traveling between spalially disjoint areas
of the carget. The specific assumptions

made with respect to flight efficiency

are
e = 90% for < full U.S. target
= 88% for < 1/10 U.S. target
= 60% for < 1/100 U.S. target
= 30% for < 1/1000 U.S. target
a - incremental area covered by one U2 during

one hour of flight = 12537 km2. This figure

is based upon an aircraft speed of 710 km/hr,

a swath width of 19.6 km and 10% sidelap.

It should be noted that the above formula determines the
necessary fleet size to cover a target of size A once during a time
window of w. In general, however, user demand may require multiple

coverage of targets of size A within time window w 1n any given

o+
]
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vear., If a fleet of size n, is sufficient to cover an area of

Size A during w days, then this same fleet is adequate to provide
repeated coverage of such targets, up to ko = [365/w] repetitions.
If the frequency of user dewand in any one year for coverage of
tarJgets of size A during a window w day exceeds ko, then additional
planes will be required.

The HA aircraft cost model makes use of simple arithmetic
procedures in ordexr to determine the total fleet size needed to
cover all targets of size A with time window requirements of w.
Moreover, as previously noted, user demand inputs provide for as
many as twel?e different types of targets annually. These are
comprised of four different size areas at three levels of informa-
tion detail with each combination having some associated user time
window requirement. Consequently, the HA aircraft cost model also
incorporates arithmetic procedures for determining the total fleet
requirements in any given year by "summing" over the fleet size

requirement for each of twelve distinct types user demands. More

precisely, starting with target k=o the model determines the fleet

size requirements for target (k+l), checks to see whether the unused

capacity of the existing fleet, Yy is sufficient to cover target
{x+1), and increments the existing flecet to a level Ykel sufficient

to satisfy the requirements of the first (k+1) targets. The process

is repeated until the fleet size reoquired to obtain all twelve target

types has been determined.
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Aircraft Costs

Having determined the aircraft fleet size, n, that is required
to fulfill all user regquirements, aircraft program component
costs are computed using the summary data of Table 4.6. Under the

hezling of investment, it should be noted that the Initial Setup

‘Costs,las the name implies, are one time charges and are phased in

one year before the initiation of the operational system. The aijir-

craft leasing cost is based upon a ten year life of the aircraft

ané is allocated to investment during every vear of the operational

system. The Variable Annual Costs are-calculated on the basis of

the actual utilization (n*)of the aircraft, to allow for the possi-

bility of less than full use of the aircraft during any given year.
An increasing Jemand over the years can be expected in an

oparational system, it should be expected that the initial setup will

not be sufficient to accomodate the aircraft required in the later

years. Such expansions in the bases and number of aircraft are

assumed to be made in the year preceding actual requirement for addi-'

tional aircraft. Furthermore, given the tén year expected life
of the aircr:ft, a resetup, and modification cost for the aircraft
and sensor must be repeatedly incurred every ten years.

When an all aircraft system is utilized, a éata process;ng
facility must be established to process the information gathered

from the high altitude aircraft and ground truth. The costs of

R et e e e L
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such a facility for automatic data processing are: a setup cost
of $5.9M, and a fixed annual cost of $0.8M. The corresponding

costs for manual data processing are $1.1M and $.944M, respec-

tively. :
Table 4.7 ' High Altitude Aircraft (U2) Costs’ §
" {(Thousands of 1973 Dollars) :
Tnitial Set Up Costs N
Main Base 803 + 202.n {
Remote Base ) €75 + 195.n
Staging Base 675 + 195.n
Aircraft Installation 200.n
Sensors 260.n ' :

2153 + 1052.n

.

Aircraft Leasing Charges 840.n

Pixed Annual Costs
Main Base . 10S
Remote Base 105

variable Annual Costs

£
5

Main Base ' 278 + 722.n* ’ :
Remote Base 240 + 80S5.n* . f
Sensor Spares 26.n* ' ?
Sensor Techniques 50 + 30.n* i
568 + 1583.n* ;
Manual Automited K ;
User Product Prricessing Costs Technique Technigque . : ‘;
Level I Scale 1:500,000 1.13 - 80 i i
Level II Scale 1:125,000 1.60 . 97
. Level 11X Scale 1:24,000 NA 1, 42

Note: n = size of HA aircraft feet
n* = portion of the HA fleet actually used in

any one year,
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4.3.6 Ground Truth Cost Model :?

In the ground truth mcdel we assume that ali desired
low altitude aircraft coverage will ba contracted to a com-
mercial firm on the basis of a per square mile of coverage.
There are many factors governing such prices, and it is cbmmon
that prices will vary seasonally and from firm to firm. ' Based
up 'n the information given in Appendix IIXI (in 1973 4dollars)
for acquiring information at scale of 1:24,000 is estimated
at $6 per square mile. User Product Processing Costs for the
Ground Truth Component Care shown in Table 4.7. For low
altitude aircraft, manual irterpretation of land cover data

is assumed.

2
Table 4.8 User Product Processing Costs (s/. + - Low
. Altitude Aircraft +
SRS — — = n
Manual Interpretation Cnly ;
Level I . 11.0
Level I 12.5
Level III 14.6
i
4=53 :
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4.3.7 Life Cycle Cost Computations

In order to observe the complete effects of technology
choices and demand variations, several computer runs of the
model were made. 1Included in these runs was the assumption
that the system initiation, that is the initial setup includina
procurement and modification of the sensors and their
associated facilities, will begin in 1975 and that the operational
demand will begin in 1977 and continue througk 1993. The two
vyear phase in period allows for the operational system to be
ready in 1977.
i
The life cycle costs of the systems were computed in §
both the undiscounted base and discounted to 1974 at 10%s. The 5
discounted version lends insights into the total program
costs while the undiscounted verxrsion illustrates the actual
cost variations in year to year operations.
The outputs for the computer analyses are presented in

Appendix IV. Each computer run is divided into two major sec-
tions, each section having the same three components. The first
major section is the undiscounted costs, and the second is

the dAiscounted costs. The first component of each section is ’

a summary of the total yearly costs in RDT&E, Investment,




independent). The next two components are the detailed
breakdowns for these costs distributed to the satellite, high
altitude aircraft, and ground truth systems.

For these analyses we have assumed that all RDT&E
spending has been completed before 1974 and that there will be
no further RDT&E efforts for any of the sensors. The
Investment costs correspond to both the initial setup costs of
the facilities required to house and operate the sensors,
and the year to year changes to procure new satellites,
aircraft leasing, etc. The activity level dependent costs are
those which vary moa3- directly with the level of activity of

the sensor. These costs correpsond to the maintenance,

fueling, and personnel required to sustain the required
utilization level. 1Included also in these costs is the
interpretation and production costs required to provide the
land cover information to the various users. Theactivity
level independent costs are those which do not vary as a
function of the utilization of the facility or of the
sensors. They correspond to the cost required for the basic
management of the facilities.

Presented along with each of the cost breakdowns is
a description of the demand and technology for which the
respective tables are created. By carefully examining the
outputs, one is able to observe in the cost differences the

effects of the system charges.

O
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4.4 Results

RN

Life cycle costs were computed for each of the two and B
three tier data acquisition systems previously described. Total
program cost comparisons were made for the alternative systems
(1) over a range of land cover demand levels, (2) using automatic
and manual data processing and interpretation techniques and
(3) under two different user cloud cover requirements. The basic
problem underlying and guiding these life cycle cost comparisons
was to determine under which conditions of user demand (area of . ;
coverage, frequency of coverage, timeliness of information and
level of information detail) an ERTS type satellite would be cost
effective and, if so, what would be the annual cost savings benefits.

Our analysis beginc by considering only Federal user

agency demand for land cover information under existing Federal

statutes. Next, we address the national resource management
information needs of all user groups, Federal and otherwise.

For this case, demand projection in the post-1977 time frame are
highly uncertain; thus a parametric demand-cost analysis is
made. Finally, in order to estimate the likely cost savings
benefits of ERTS we evaluate the system alternatives for three
particular demand scenarios which we believe will bracket the
actual national demand for land cover information in the post-
1977 time period. A description of the results of these

analyses follow.

4-56
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4.4.1 Total Program Costs to Satisfy Federal Statutory Demand
For Land Cover Information

The analysis of total program costs to satisfy Federal
statutory demand for land cover information focused on two distinct
time frames, 1974 and 1977. Though Federal statutory demand in
the 1974 time Srame is not directly relevant to the question of
the cost-effectiveness of ERTS in the context of a national land
cover information system in the post-1977 time frame; nonetheless,
it does provide a useful point of departure for such an analysis.
The magnitude and the major characteristics of Federal statutory
demand in 1974 and 1977 were defined in Chapter 3. Separate
demand matrices were given for two Federal agency user groups,
the "laznd use planning community” and all “land cover users"”

(see Tables 3.3 through 3.5). Results of the analysis of the cost
to satisfy these different user demand levels with each
alternative system are shown in Tables 4.9 and 4.10. Table 4.9
ccnsiders 1974 demand under existing Federal statutes; Table 4.10
considers 1977 demand under existing Federal statutes. In eaéh
case, the lowest cost "with" satellite system was compared to the
lowest cost "without” satellite system using alternative data
processing and interpretation techniques (manual versus automatic)
and for two user cloud cover requirements. From these tables
several observations are evident. First, Federal user demand
under existing Federal statutes is, by itself, insufficient to
economically justify an ERTS system for a U.S. only coverage

mission. An all aircraft system is cost-effective for satisfying
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Federal agency land cover demands under existing Federal statutes.
This result is driven by the level III information requirements

of the Federal agency user groups which cannot be satisfied by
ERTS. subsequent analyses show that ERTS is cost-effective given

a demand for six times coverage of the U.S. annually at Level II.
This demand level is considered highly likely in the post-1977 time
frame when all users needs (Federal and non-Federal) for land cover
information are considered. A second important ooservation that
can be made from the analysis of Federal statutory demand is

that automatic data processing and interpretation techniques

are economically superior to manual techniques. In every

instance of comparison, there are significant cost savings
advantages that accrue to thes automatic techniques over manual
technigues. This result was to be expected given the differ-
ences in the projected capability of these techniques in the

1977 time frame for acquiring increasingly detailed land cover
information. Using ERTS, manual techniques can provide only

Level I information with the necessary accuracy while automated
techniques can provide both Level I and Level II type informa- |
tion. Similarly, using high altitude aircraft, manual techni-
gues can provide Level I and Level II while all levels of

classification detail can be obtained from automatic techniques.

Lastly, Tables 4.9 and 4.10 provide some interesting insights
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into the effects of users cloud free coverage requirements. As
one would expect, the more stringent cloud free coverage
requirement of 0-10% causes a major increase in total program
costs. This is due to the fact that in order to satisfy &
fixed user timeliness requirement the satellite and high
altitude aircraft systems must yield a greater portion of the
user target to the low altitude aircraft and ground survey
‘teams. Thus, in addition to incurring expensive investment
cost 0of the satellite and high altitude aircraft systems, one
is forced to increase the activity level of the most expensive
(incremental cost) data acquisicion component. The impact of
more stringent user cloud free coverage requirement will, of
course, grow increasingly severe as the user timeliness require-
ment is tightened. Subsequent results quantify this effect.

4.4.2 Total Program Costs for Parametric Analysis of Nation-
wide Demand for Land Cover Information

As noted earlier, Federal statutory demand for land
cover information constitutes only a segment of the national

demand. State governments, regional and local governmental

units, industrial and academic users will also contribute to

the total demand. It is difficult to project, quantitively,

the scope and nature of the total national demand. Consequently,
a parametric set of demand requirements was considered, which
focused on increasing Level 1I information requirements for

continental U.S. and Alaska. The annual Level II coverage
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requirement was varied from two times coverage within 180
days each to twelve times coverage within 15 days for each
coverage. In addition to the varying full U.S.-Level II require-
ment, the parametric demand analyses includes the other informa-
tion requirements* that were projected for the 1977 Federal
agency demands (All Land Cover Users) under existing Federal
statutes.

The results of the parametric demand--cost analysis
is shown in Table 4.11. For each demand level, total program
costs are compared for the all aircraft system and the lowest
cost two or three tier "with"™ satellite system. This analysis
is based upon automatic data processing methods which previously
were shown to be economically preferred over manual methods.
It is clear from this table that ERTS is cost-effective at an
annual demand level of six times coverage of the U.S. with a
user timeliness requirement of 60 days for each such coverage.
Note however that a two satellite system is required in order
to overcome cloud cover problems. Another interesting effect
concerning the impact of cloud cover is evident from Table 4.11.
The more stringent cloud cover requirement (0-10%) reduces the
multiple satellite system breakeven demand level. Table 1.5
shows that a two-satellite system is cost-effective at six times

coverage of the U.S. given a (0-30%) cloud cover requirement,

* See Table 3.5 on page 3-12.
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while for the same demand level a three-satellite system is
cost-effective given a (0-10%) cloud cover requirement. As
expected, the cost savings of the "with" satellite system over
the aircraft only system increase substantially as the demand
for Level II information increases beyond six times coverage
of the U.S.

Figure 4.11, displays the cost-capability frontier fox
the two user cloud free coverage requirements explored in this
study. The cost-capability frontier is defined by the locus
of the lowest program cost alternatives for varying capability
levels. The full cost ERTS curve represents the cost-capability
frontier under the assumption that the total program cost are
borne entirely by a U.S. coverage mission. The incremental cost
ERTS line represents the cost capability frontier under the
assumption that the investment costs for a one satellite
system would be incurred in any event for a global coverage
mission.

Thus far, throughout the discissions of the analysis we
hav2 subdued the aircraft lead time variable. In the methodol-
ogy section, it was pointed out that in the case of the three
tier satellite system, the latter portion of the user timeliness
requirement was reserved for high altitude aircraft "mop up"
coverage of the target area that had not previously been mapped
by the satellite. We indicated that to achieve efficiency in

the sizing of the aircraft fleet, several different values of
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the aircraft lead time would have to be investigated for each
user demand level and timeliness requirement. Thus, in our
life cycle cost computations, repeated runs of the analytical
models were made in order to assurz2 that the lowest total
program cost was identified for the three tier data acquisiticn
systems. Table 4.12 illustrates the impact of the aircraft
lead time variable on total prcgram costs to satisfy a given
demand level. Given the particular demand levels selected
for illustrative purpu.es, a lead time of 14  days yields the
lowest total program cost. For other demand requirements and
for other data accuisition alternatives, e.g. two and three
satellite systems, other values of the aircraft icad time
variable yield the lowest cost results.
4.4.3 The likely Cost Savings Benefits of ERTS

Despite the uncertainties inherent in future estimates
of nationwide demand, we have defined three demand scenarios
that we believe will bracket the actuil future nationwide
demand for land cover information Each demand projection
includes all the projected information requirements of Federal
agency users in 1977 except the full U.S., Level II coverage.
In addition, we Have included Level II information requirements
for the U.S. plus Alaska at annual frequencies varying from
six times coverage with 60 days each du.ing the period

1977-1993 tc six times coverage within 60 days over the period




.

Table 4.2 Impact of Aircraft Lead Time on Total Program Cost
of 2S/HA/CT Coverage of the U.S. at Level II and at
Indicated Annval Frequancy and During Indicated
Tima Winlow--Autoratic Classification--Allowable
Cloud Cover (0 - 10%) (Million Of 1973 Dollars
Discounted at 10% to 1974)

— L |
= —— .
Adircraft Lead Times (ia days)

U.S. Coverage ) S days 14 days
4 time at 9J days 966.1 381.6 )
6 times at 60 days 1203.0 1045.3
8 times at 45 days 1563.2 1285.5

1977-1980 and eight times coverage within 45 days each over
the period 1981-1993. The cost-effectiveness analysis for
these projected demand levels is based upon automatic data
processing methods which previously were shown to be economic-
ally preferred over manual methods. Table 4.13 displays the
total program costs for the lowest cost "with™ and “without"
satellite systems to satisfy these future demand levels

given a user allcwable cloud cover requirement of 0-30%.

Also shown are the net present values (discounted cost savings)
of the lowest cost "with" satellite system relative to the
lowest cost "without"” satellite system and the equivalent un-
discounted annual cost savings of the "with" satellite system
over the period 1977-1993. Table 4.14 provides corresponding

results for an allowable cloud cover reguirement of 0-10%.
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As indicated in these tables, the annual economic benefits
(cost savings) of ERTS as a component of a Nationwide Land
Cover Information System are projected to range from $7.9 to
$17.0 million or from $21.0 to $37.1 million depending upon
the user cloud cover requirement. The best point estimate
of the annual cost savings that accrue to EPTS is probably
defined by the middle of the projected range of cost savings,

this being $23 million.
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APPENDIX I
Federal Budgetary Activities Potentially
Impacted by Remote Sensing

The programs and activities of federal government agencies
have been researched to determine the potential budgetary impact
of remote sensing and ERTS. The budgetary figqures listed in this
appendix represent money requested for land cover programs. The
anount spent for remote sensing varies according to the information
requirements of the program. In many cases, the expenditures for
remote sensing represent only a very small per cent of the budget
request with ERTS sharing a varying proportion of this cost.

Those programs which can be said to be greatly impacted by ERTS
are noted by an asterisk (*).

The sources used for this appendix are: Office of Manage-
ment and Budget Federal Mapping Task Force Report, 1972; House
Appropriations Hearings (Agriculture); House Appropriations Hear-
ings (Interior); House Appropriations Hearings (Public Works);
House Appropriations Hearings (Special Energy); Senate Appropria-
tions (Interior); Appendix, FY 1975 Budget; and Army Corps of
Engineers Circular, Marxch 25, 1974, Table 3.

Figure 1 displays the FY 1972 budget of the various Federal
departments and agencies for land cover information programs.
These budgetary figures were determined by considering all programs

relevant to land cover activities out of all mappiug, charting,

- - P . TTTTITTTY
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and geodesy activities within each agency. The same figures for
FY 1975, FY 1974, and FY 1975 were lacking in detail for the agency
breakdown. The available figures for these three years are given
in the.table in Appendix I; the last page of this table summarizes
the budgetary information by Federal departments.

Considering tke present demand for remote sensing
information, it seems likely that ERTS will have a substantial

impact on future budgetary figures used by Federal agencies for

land cover programs.
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APPENDIX II

Existing Federal Statutory Demand For
Remote Sensed Land Cover Information

Appendix II details the Federal statutory demand for

remote sensed land cover information. It is divided into

four sections.

3 Section A Federal Statutory Demand For
Remote Sensed Land Cover
Information Related to Land Use
Planning

® Section B Federal Statutory Demand For
Remote Sensed Land Cover
Information For Other Than Land
Use Planning Purposes

® Section C Future Federal Statutory Demand
Remote Sensed Land Cover
Information

° Section D Summary Descriptions of Federal

Statutory Pertaining to
Remote Sensed Land Cover

Information

For Sections A and B the remote sensing demand created by

each statute is subdivided into two parts. The top row indicates

the 1974 requirements placed on remote sensing to obtain the land

cover information. The bottom row indicates the anticipated

requirements placed on remote sensing in the yeaxr 1977,

For Section A, the level of detail used for evaluating
remote sensing requirements is given in the land use inventory

rlassification scheme found in Table 2-2 of the EarthSat

I1-1
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Intesim Report "Analysis of Costs and sBenefits from Use of ERS
Data in State Land Use Planning”.

For Section B, it is assumed that ERTS can obtain the
level of detail I and II representing the scales 1:500,000 and
1:125,000. Level of detail III representing the scale 1:24,000
would be obtained by high and low altitude aircraft. The
sources for the information presented in this Appendix include:

a survey of the Federal statutes listed in the Department of

Justice U.S. Code information system (JURIS) that create a demand

for remote sensing, documents on existing Federal agency remote
sensing activity and the various reports on the significant

results from ERTS-1 principal investigators.
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Summary Descriptions of Federal Statutes
Pertaining To Remote Sensed Land Cover
Information
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FEDERAL STATUTES RELATED TO LAND USE PLANNING
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Forest Resources Act, As Amended
le USC 581

Agency Affected: Department of Agriculture, Forest Service

Date Passed: 22 May 1928; 14 December 1967

Data Collection

Statutory Requirement: In co-operation with the states and
other public and private agencies, USDA is directed to make
and keep current a comprehensive survey of:

-~ present and future requirements for timber and
other forest products,

- present and future timber and fcorest product
supplies, including determination of forest land
productivity and other necessary information.

Specificity: Law mandates the collection of specific types
of information. Frequency of updating is left open, although
a maximum funding level for updating is specified.

Comments: Remote sensing by satellite has potential for appli-
— . I . . N - Py
catioi in determining supplies and productivity of forest lands.

Funding Level Ceilings

pre-196:Z $1.5 million
1962-1967 $2.5 million
1967-present $5.0 million

Supplementary Information: The present program is known as the
Forest Survey. A nationwide report on the condition of forest
and timber resources is issued once every 10 years. Frequency
of resurvey varies by forest district and by states within each
district. Present resurvey interval for the states varies from
8-15 years. Aerial photography plays an important role in the
forest survey as a means of locating and evaluating sampling
pPlots i>r further derailed ground investigation. The Forest
Service is present?! required to use ASCS aerial photography
whenever possible

Demand Matrix Input: The present activity level
represents the requirement of the forest survey.
Dvring one year, level III information taken
during the summer season is required for 3% of
the U.S. This results at the end of a ten year
period in all of the torestland within the U.S.
being surveyed.

I1-12




Source:

The 1977 requirements for level II information reflect
the inputs of an operational ERTS system. The impact
of this system on the present forest survey program
will be to supplement and increase the accuracy of the
forest survey but not to replace the existing
procedures.

Clawson, M. and Stewart, C.L., Land Use Information
(Baltimore) The Johns Hopkins Press, 1965, Appendix C.
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Timber Development Organizations
40 UsSC 204

Agency Affected: Department of Agriculture

Date Passed: 11 October 1967

Data Collection

Statutory Requirement: The Secretary of Agriculture is autho-
rized to provide technical assistance in the organization and
operation, under state law, of private timber development
organizations having as their objective the carrying out of
timber development programs to improve timber productivity

and quality.

Comments: Remote sensing is applicable as part of forest
management. Technical assistance could easily include
utilization of ERTS imagery. No specific level of program
activity is stated or implied, however.

Supplementary Information: The present program activity is
estimated. We assume this activity would be determined by the
agreements reached between the Forest Service and private
corporations. Most of the information is gathered by ground
survey; data from aerial photography would be rrovided by the
Forect Survey.

Demand Matrix Input: Present and future requirements
reflect the requirements of the Forest Survey.

Source: General information on the operation of the Forest
Service.

I1-14
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Clarke-McNary Act
16 USC 567A

Agency Affected: Department of Agriculture

Date Passed: 29 August 1935

Data Collection

Statutory Requirement: The Secretary of Agriculture is autho-
rized to acquire, in the name of the United States, forest
lands to be managed by the states as state forests. This
acquisition inclr.des the mapping, examination, appraisal, and
surveying of the forests.

Comments: Remote sensing could have a definite role in the :
preliminary mapping and surveying of prospective forest Lo
acquisitions. This statute does not mandate a particular level :
of activity, however.

Supplementary Information: Piresent program activity is
estimated. Remote sensing requirements for appraisal and
surveying of the forest are assumed to be fulfilled by the
forest survey.

Demand Matrix Input: Present activity level require-
ments are assumed to be the same for the Forest
Resources Act but a much smaller area.

The 1977 activity level indicates the supplementing y
of the present activity level with ERTS derived
information.

Source: General information on the operation of the Forest
Service.

II-15
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National Wilderness Preservation System, 1964
P.L. 88-577

Agency Affected: Department of Agriculture; Forest Service

Data Collection

Statutory Requirement: The Secretary of Agriculture is required
to file a map and legal descriptio. of each wilderness aren

with the Interior and Insular Affairs Committees of the

United States Senate and the House of Representatives.

The Secretary of Agriculture must review as tc its suitability
or non-suitability for preservation as wilderness each area

in the national forests classified on the effective date of
this Act as primitive within ten yearc after the enactment of
this Act.

Supplementary Information: The present program activity is
assumed to follow the specific information and timetable
Fequirements of the law. As indicated in the law, this program
is administered by a number of agencies under the direction of
the Secretary of Agriculture, the Chief Forester of the Forest
Service, and the Secretary of tlhie Interior. It is assumed that
information used to implement this law was drawn from existing
programs within the effected agencies. Some of this information
is collected by remote sensing.

Demand Matrix Input: Present activity level indicatas
an estimated demand for information over a 10 year
period for 5% of the U.S. per year.

The 1977 requirement indicates a continuation of
the present program plus supplemental information
provided by ERTS.

Source: Text of the legislation.

II-16
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Rural Development Act of 1972
Bankhead-Jones Farm Tenant Act, As Amended
P.L. 22-419
7 USC 1010

Agency Affected: Department of Agriculfure

Date Passed: 30 August 1972

Data Collection

Statutory Requirement: The Secretary of Agriculture is directed
to carry out a land inventory and monitoring program to include,
but not limited to, studies and surveys of erosion and sediment
damages, flood plain identificatio=n, and utilization, land use
changes and trends, and d:gradation of the environment resulting
from improper use of soil, water and related resources. The
Secretary shall issue at not less than 5-year intervals a lanrd
inventory report reflecting soil, water, and related resource
conditions.

Supplementary Information: Present program activity is acter-
mined by the status of the Land Inventory and Monitoring
Program (L.I.M.} of the Soil Conservation Sexvice. This is a
central data bank system for resource information used and
collected by the USDA. A report must be filed on the items
noted above once every five years. The present prog:.am in

the planning stage with full operations is dependent upcna
funding from Congress. Present plans are to us.: any up-to-date
source of information available and to collect raw data only
when information is not available through other sources.
Information gathered by most of the programs listed in Section A
will be used.

Demand Matrix Input: The vpresent program level reflects
the need for land cover data to fulfill the once-~every-
five years requirement which is not operational at
present.

The 1977 level reflects a continuation of the present
program level plus an input by ERTS to keep the
information upduted.

Source: Meetings with the L.I.M. Program offjcials.

1I-17
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Agricultural Research Act
7 USC 427, 427i

Agercy Affected: Department of Agriculture

Date Passed: 29 June 1935

Data Collection

Statutory Reguirement: The Secretary of Agriculture is authorized
and directed to conduct research relatiing to the conservation,
development, and use of land, forest, and water resources for
agricultural purposes, and otier studies bearing on the agricul-
tural industry of the United states.

Comments: As an instrument for the surveying and mcritoring of
land, forest, and water resources, remote sensing is applicable
to the carrying sut of the provisions of this law.

Supplementary Information: The present program activity is
indicated by the activities of the Resource Develcpment Economics
Division of the Economic Research Service. 23 ~ational land use
inventory report entitled "Major Uses of Land and Water" is
issued once every Zive years. Data for this report is collected
on separate uses of land from various .ate and federal agencies
to give an account of the entire land area. Some ASCS and other
aerial photography is used for measuring changes in land use

and for appraising use potentials and conservation needs. It i3
cstimated that this activity will be replaced by the L.I.M.
program.

Demand Matrix Input: The present activity level
reflects the once-every-five years land u.ce inventory.

The 1977 level indicates a ~ontinuation of the present
programr with the use of ERTS to provide seascanal
updates.

Source: (1) Clawson, M. and Stewart, C.L., Land Use Information
(Baltimore) The Johns Hopkins Press, 1965,
Appendix B.

(2) haior Uses of Land in the United Staces - Summary
for 1969 ERTS - Agri. Econ. Rept. #247.
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<, - Water Bank Act
16 UsSC 1301

Agency Affected: Department of Agriculture

Date Passed: 19 December 1970

Data Collection
Statutory Requsi:2ment: The Secretary of Agriculture is directed
to fo: "ulate ¢:n. carry out a continuous program to prevent the
serious loss of wetlands, and to preserve, restore, and improve
such lznds. The Secretary shall have authority to enter into

O ) agreements with landowners and operators in wetlands areas in
important migratory waterfowl nesting and breeding areas for
the conservation of water on specified farm, ranch, or other
wetlands identified in a conservation plan.

Comments: The identification of wetlands often entails mapping,
Iy where remote sensing can play a very significani role. 1In
- New Jersey, the implementation of a state wetlands law required
1 a substantial aerial photograph and mapping effort.

Supplementary Information: The present program activity
represents a continuing program to prevent the loss of wetlands
by entering into agreements with landowners to conserve wetlands
- on their property. There is no periodic inventory of the
: wetlands; wetlands are mapped when an agreement is reached, &nd
; ASCS photography is used as a source of information.

Demand Matrix Input: The present activity level
reflects estimated limited demand for ASCS photo-

graphy.

The 1977 level reflects a continuation of the
present program supplemented by ERTS to monitor
and update the wetland areas.

Source: Conversation with Soil Conservation officials.
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Geological Survey
43 UsC 31

Agency Affected: Department of Interior, Geological Survey

Date Passed: 3 March 1879; 5 September 1962

Data Collection

Statutory Requirement: The Director of the Geological Survey
shall have charge of the classification of the public lands
and examination of the geological structure, mineral resources,
and products of the country. The survey shall examine the
geological structure, mineral resources, and products of the
rest of the world where determined by the Secretary of the
Interior to be in the national interest.

Comments: The authority provided by this Act is brief, yet
quite broad in scope. Remote sensing clearly has an important
role to play here.

Supplementary Information: This legislation is extremely
broad, encompassing all of the Survey's programs. Program
activities covered in this section are limited to the opera-
tional topographic mapping program and the R & D land use
mapping programs. A land use mapp.ng program called LUDA is
expected to become operational next year with a goal of
periodic mapping of the land cover of the United States. Both
the topographic and land use mapping programs make extensive
use of aerial photography.

Demand Matrix Input: The present activity level
reflects the estimated -erial photography require-
ments of the topograph o mapping program.

The 1977 level reflects the continued needs of the
topogranhic mapping program which is expected by
this timaz period and the requirements of an
operational LUDA program. ERTS is expected to
provide a significant input into the LUDA program
especially in providing yearly updates.

Source: (1) Conversations with U.3.G.S. officials

(2) Congressional Appripriation Hearings on U.S.G.S.
Programs.
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Bureau of Land Management
43 UsSC 2

Agency Affected: Department of the Interior, Bureau of Land
Management

Date Passed: 16 July 1940

Data Collection

Statutory Requirement: The Secretary of the Interior or his
designate is empowered to perform all executive duties
appertaining to the survey and sale of the public lands of the
U.s.

Specificity: Very general. Does not direct that any par*icular
surveys be done.

Comments: Enabling legislation.

Supplementary Information: Present program activity is estimated
to be very limited in scope. It involves the surveying of public
land and the preparation of cadastral maps. Aerial photography
is used where base maps are nonexistent or out of date.

Demand Matrix Input: Present activity level represents
a limited demand for aerial photography of a project-
specific nature.

The 1977 level reflects a continuation of the present
program with ERTS having no impact.

Source: General information on BLM programs.
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Taylor Grazing Act
43 USC 315a

Agency Affected: Department of the Interior, Bureau of Land
Management

Date Passed: 28 June 1934 ©

Data Collection

Statutory Requirement: The Secretary of the Interior is directed

t¢ make provision for the protection, administration, regulation,

ard improvement of the grazing districts created under the

authority of the Act, and is directed to do any and all things U
necessary to preserve the land from destruction and to provide

for its orderly use. The Secretary is also authorized to

continue the study of erosion and flood control.

Comments: Remote sensing is clearly relevant to the full carrying
out of these provisions.

Supplementry Information: Although the present program does not
involve an inventory of range land, several range condition and
trend studies are conducted (with ground surveys) using random
sampling and plot monitoring techniques. Aerial photography is
used only as a base map where no maps exist.

Demand Matrix Input: The present program activity
reflects the requirement of the ground surveys.

The 1977 level reflects an anticipated input by ERTS
in monitoring range conditions to supplement the
existing programs.

Source: Conversation with BLM - Division of Range personnel.
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Taylor Grazing Act
43 USC 315f

Agency Affected: Department of the Interior, Bureau of Land
Management

Date Passed: 28 June 1934

Data Collection

Statutory Requixement: The Secretary of the Interior is autho-
rized to examine and classify any lands withdrawn or reserved by
Executive Orders 6910 and 6964, or within a grazing district,
which are more valuable for agricultural crops than for forage
crops or for any other use, and to open these lands to entry,
selection, or location for disposal in accordance with such
classification under applicable public land laws. These lands
shall not be subject to disposition, settlement, or occupation
until after the same have been classified and opened to entry,
except for certain locations falling under mining laws.

Comments: This law requires the examination and classification

of most lands falling under this provision. If the proposed

National Resource Lands Management Act of 1973 is passed into
law intact, the exemption of certain lands falling under
mining laws will be dropped.

Remote sensing may be applicable to the provisions of this law.

For additional information see the Taylor Grazing Act
(43 UsSC 315a).
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Oregon and California Grant Lands
Land Use
43 UsC 1181

Agency Affected: Department of the Interior, Bureau of Land

Management

Date Passed: 28 August 1937

Data Collection

Statutory Reaguirement: The Secretary is authorized to classify
and restore to homestead entry or purchase under certain
provisions, any revested or reconveyed land of the Oregon and
California Railroad and Coos Bay Wagon Road Grant Lands, which
are more suitable for agricultural use than for use as forest,
recreation, or other purposes.

Comments: Possible impact on remote sensing, magnitude almost
certainly small.

Supplementary Information: The present program activity is
assumed to be carried out under the range and forest management
functions of the appropriate BLM management districts.

Demand Matrix Input: The present activity level is
estimated to meet the general requirements of forest
and range management.

The 1977 level reflects a possible input of ERTS to
supplement the present program.

Source: Conversation with BLM officials.
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Ooutdoor Recreation aAct
P.L. 88-29
77 Stat. 49

Agency Affected: Department of the Interior, Bureau of Outdoor
Recreation

Date Passed: 28 May 1963

Data Collection
Statutory Requirement: Secretary is authorized to:

- prepare and maintain a continuing inventory and
evaluation of outdoor recreation needs and resources

of the United States;

- prepare a system of outdoor recreation resources
to assist in the effective and beneficial use and
management of such resources.

Comments: Possibly relevant to remote sensing.

Supplementary Information: The present program is assumed to
maintain a continuing inventory using information collected
from any available sources. A comprehensive plan for outdoor
recreation was issued in 1973. The level of remote sensing

involvement is unknown.

Demand Matrix Input: The present activity level
assumes a very broad requirement with data collected

by ground survey.

The 1977 level reflects a continuation of the
present program.

Source: General information on the Bureau of Outdoor Recreation.
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Fish and Wildlife Act of 1956
16 UsC 742

. Agency Affected: Department of the Interior, Fish and Wildlife
i Service

% Date Passed: 8 August 1956

Data Collection

Statutory Requirement: The Secretary shall conduct continuing
investigations, prepare and disseminate information, and make
periodical reports to the public, to the President, and to
Congress, with respect to the following matters:

(2) The availability and abundance and the biological
requirements of fish and wildlife resources.

{4) The collection and dissemination of statistics on
commercial and sport fishing.

. {5) The collection and dissemination of statistics on
the nature and availability of wildlife, progress
; in acquisition of additional refuges and measures
being taken to foster a coordinated program to
encourage and develop wildlife values.

(7) Any other matters which in the judgment of the
: Secretary are of public interest in connection
R with any phases of fish and wildlife operations.

(f) The Secretary shall also

(4) take such steps as may be required for the
development, advancement, management, conserva-
tion, and protection of the fisheries
resources, and

(5) take such steps as amy be required for the
development, management, advancement, conserva-
tion, and protection of wildlife resources
through research, acquisition of refuge lands,
development of existing facilities, and other
means.

Comments: This law presents a broad mandate for the collection
of a wide variety of natural resources information.
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Supplementary Information: The present program is reflected

by the activities of the Bureau of Sport Fisheries and
Wildlife. At present inventories are conducted on an
irregular basis as funding becomes available. A wetlands
inventory was conducted in 1965 and is in the planning stage
for approximately 1978. Aerial photography and surveys play
a role in monitoring the wildlife resources.

Demana Matrix Input: The present program activity
level indicates the general requirement of this
broad program in which ground survey: plays the
major role with some input from aerial photography.

The 1977 level reflects an anticipated input by ERTS
in addition to the present program activities,

Source: Conversation with Bureau of Sport Fisheries and

Wildlife officials.
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Federal Water Pollution Control Act of 1972
33 ysc 1151
P.L. 92-500

Agency Affected: Fnvironmental Protection Agency; Coast Guard

Date Passed: 18 Octobexr 1972

Data Collection

Statutory Requirements: One of the many provisions of this act

calls for the establishment of an oil spill surveillance system
designed to provide early notice of oil and other hazardous
substances discharge. While nominally designating the President
for this task, the Coast Guard has been selected to implement
this provision.

On a more general level, Section 309 of the act prescribes a
course of action for the EPA Administrator "whenever on the basis
of information available to him" he finds any person in violation
of certain of the laws provisions.

In addition, the Administratér of EPA is directed to

- conduct and promote the coordination and acceleration
of, research, investigations, experiments, training,
demonstrations, surveys, and studies relating to the
causes, effects, extent ... of pollution; and to
cooperate with other public and private groups in
doing this.

- conduct public investigations concerning the pollution
of any navigable waters

- establish, equip, and maintain a water quality surveil-

lance system for the purpose of monitoring the quality
of the navigable waters and ground waters and the
continguous zone and the oceans; the Administrator
shall, to the extent practicable, conduct such
surveillance by utilizing the resources of NASA,

NOAA, USGS, and USCG and shall report on this guality.

A proposed Administration amendment to this law would authorize
the study of procedures and methods, including land use require-
ments, to control construction activity related sources of
pollution, including run-off from the resultant facilities.

11-28
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Specificity: The oil spill surveillance system called for by

the law mandates a definite type of information gathering program.
The language of the law is quite precise on this. The language

is much less specific on the precise information-gathering
requirements for other types of pollution.

Comments: The Coast Guard began their oil spill surveillance
program in the summer of 1973. Surveillance is performed by six
HU-16 aircraft which provide bi-weekly coverage of part of the

U.S. coastal waterways and weekly coverage of the Great Lakes.

The use of satellite surveillance is currently under investigation. :
The potential for satellite application in this program appears i
strong.

To the extent that satellite surveillance can detect other forms
of water pollution such efforts should receive some impetus from
this law, but the data-collection requirements are much less
specific. With the success of ERTS sediment loading experiments
and others, however, the provisions of this law may have more
applicability to remote sensing.

Supplementary Information: Th. present program is very broad and
information requirements uare determined by the specific project
needs. Remote sensing plays an active role.

RS e S

Demand Matrix Input: The present activity level reflects
the requiremznts of the o0il spill surveillance progran
described above.

—

The 1977 level indicates a continuation of the present
program supplemented by ERTS to reduce the area require-
ments for detailed information.

Source: Conversation with Environmental Protection Agency
officials.
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American-Mexican Chamizal
Convention Act of 1964
22 UsC 277D-17

Agency Affected: Department of State

Date Passed: 29 April 1964

Data Collection

Statutory Requirement: The U.S. Commissioner of the International
Boundary and Water Commission, United States and Mexico, is
authorized to conduct technical and other investigations on flood
control and water resources, among others.

Comments: Remote sensing should be generally applicable.

Supplementary Information: The present program level is esti-
mated to apply to specific projects concerning water resources.
It is assumed that remote sensing would apply to these projects.

Demand Matrix Input: The present activity level reflects

the broad requirements needed to meet the various projects.

The 1977 level indicates a combination of the present
program supplemented by ERTS.

Source: General information on water resource projects.
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Fish and wildlife Act of 1950
16 USC 760a

Agency Affected: Department of Commerce

Date Passed: 25 August 1950

Data Collection

Statutory Requirement: The Secretary of the Interior is directed
to undertake a comprehensive continuir? study of species of fish
of the Atlantic coast, including bays, sounds, and tributaries,
in order to recommend to the coastal states appropriate measures
for the development and protection of such resources and their
wisest utilization.

Comments: Remote sensing may be applicable.

Supplementary Information: The present program is administered
by the National Marine Fisheries Service. The information
reguirements are related to the various types of studies being
conducted in the coastal areas. Asrial photography is used in
studying fish schools.

Demand Matrix Input: The present activity level reflects
the numerous project reguirements within the program.

The 1977 level indicates a continuation of the present
program supplemented by ERTS.

Source: General information on the National Marine Fisheries
Service.
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) Fish and Wildlife Act of 1949
i 16 UsC 759

Agency Affected: Department of Commerce

Date Passed: 18 August 1949

Data Collection

Statutory Regquirement: The Secretary of the Interior is authorized
to undertake a comprehensive and continuing study of the shad of
the Atlantic Coast, to arrest the decline, increase the abundance,
and promote the wigsest utilization of shad resources.

5

i

Comments: Remote sensing may be applicable here.

Tty T

Supplementary Information: The present program is administered by
the National Marine Fisheries Service. The information require-
ments are related to the various types of studies being conducted
in the coastal areas. Aerial photography is used in studying fish
schools.

ST,

B

é Demand Matrix Input: The present activity level reflects :
- the numerous project requirements within the program. A

The 1977 level indicates a continuation of the present
program supplemented by ERTS.

ade 4 tey g
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1 Source: General information on the National Marine Fisheries
Service.
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Fish and Wildlife Act
16 UsC 744

Agency Affected: Department of Commerce

Date Passed: 3 March 1887; 24 May 1950

Data Collection

Statutory Regquirement: The Director of Ficsh and Wildlife Services

shall make investigations of whether any and what diminution in

the number of the food fishes of the coast and lakes of the

United States has taken place; and, if so, to what causes the

same is due, and also whether any and what protective, prohibitory,
or precautionary measures should be adopted in the premises.

Comments: Arplication to remote sensing dependant upon its

ability to detect fish populations and sources of fish stresses.

Supplementary Information: The present program is administered

by the National Marine Fisheries Service. The information
requirements are related to tYe various types of studies being
conducted in the coastal areas. Aerial photography is used in
studying fish schools.

Demand Matrix Input: The present activity level reflects
the numerous project requirements within the program.

The 1977 level indicates a continuation of the present
program supplemented by ERTS.

Source: General information on the National Marine Fisheries

Service.
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Fish and Wildlife Act of 1947
16 USC 758a

Agency Affected: Department of the Interior, Fish and Wildlife
Service

Date Passed: 4 August 1947

Data Collection

Statutory Requirement: The Secretary of the Interior is authorized
to conduct studies to insure maximum development and utilization of
the high seas fishery resources of the territories and island
possessions of the U.S. in the tropical and sub-tropical Pacific
Ocean and intervening areas. :

Comments: Very general data collection mandate. Remote sensing
may be relevant.

Supplementary Information: This legislation is not included in
the matrix due to its lack of application to the continental U.S.
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Water Resources Planning A<t
42 USC 1962A-1
P.L. 89-30

Agency Affected: Departments of Interior; Agriculture; Health;
Education, and Welfare; Federal Power
Commission

Date Passed: 22 July 1965

Data Collection

Statutorv Reguirement: The Water Resources Council, created by
this act, is directed to maintain a continuing study of the
adequacy of water supplies necessary to meet the water require-
ments in each water resource region in the U.S.

The Council is also directed to study the relation of recional
or river basin plans and programs to national requirements.

specificity: Law mandates the collection of specific water
supply data. The second requirement more indirectly calls for
data collection through the determination of national require-
ments.

Comments: ERTS~1 hydrology experiments indicate feasibility of
water supply determination by satellite.

Council is directed to prepare a water supply assessment at
22 year intervals.

Supplementary Information: The present program is reflected by
the activities cf the Water Resources Council. Information
gathered for the biannual reports is assumed to be obtained
from the various related programs of the sponsoring Departments
with no raw data being collected by the Water Resources Council
that would utilize aerial photography. Remote sensing is being
used within some of thc R & D projects funded.

Demand Matrix Input: The present activity represents
the biannual report required by law.

The 1977 level indicates a continuation of the present
program with a possible additional inpuvt from ERTS.

Source: General information on the Water Resources Council.
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National Flood Insurance Act of 1968
42 USC 410L-2
P.L. 90-448, Title XIII

Ayancy Affected: Department of liousing and Urban Development

L .te Passed: 1 August 1968

Data Collection
Statutory Requirement: The Secretary is authorized to:

- establish flood-risk zones in all flood plains,
and to make estimates with respect to the rates
of probable flood-caused loss for the various
flood risk zones for each of these areas, before
1983.

- carry out studies and investigations with respect
to the adequacy of state and local measures in
flood-prone areas as to land-management and use,
flood control, flood zoning, and flood damage
prevention.

Comments: Remote sensing applicable to flood zone mapping and
land use.

Supplementary Information: The present program is operated
under the Federal Insurance Administration and has been
suprlemented@ by the Federal Disaster Protection Act of 1973,
which requ® res localities to submit land use zoning plans for
flood plains by July 1, 1975 or face the loss of Federal flood
insurance. At present no update is required after plans are
submitted and accepted. The method of data collection is left
to each locality, and it is estimated that in some cases
remote sensing is used.

Demand Matrix Input: The present activity level is
bas¢d on the assumption that the July 1, 1975 dead-
line is to be met.

The 1977 level represents as estimated use of ERTS
to monitor major floods in the U.S.

Sr ixrce: Conversation with Federal Insurance Administration
ffizials.
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National Flood Insurance
42 USC 4102

Agency Affected: Department of Housing and Urban Development

Date Passed: August 1968

Data Collection

Statutory Regquirement: The Secretary is authorized to carry out
studies and investigations of the adequacy of state and local
measures in flood-prone areas as to land management and use,
flood control, flood zoning, and flood damage prevention.

comments: Remote sensing should be useful for both studies
and planning.

For additional information see the National Flood Insurance Act
of 1968.
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Housing Act of 1954, As Amended
‘ P.L. 90-448, Title VI
! 40 USC 461

Agency Affected: Department of Housing and Urban Development

Date Passed: 1l August 1968

Data Collection

Statutory Reguirement: The Secretary is authorized to provide
technical assistance to local governmental planning agencies
and by contract or otherwise, to make studies and publish
information on related problems dealing with urban planning.

Comments: Remote sensing data may be pertinent.

Supplementary Information: The present program administers the ‘
Comprehensive Planning Assistance Grants. These grants are s
awarded by each district office with the specific requirements
determined by each grant. This is a primary source of funding
for land use mapping programs by state and local planning
agencies. Remote sensing is used extensively in these programs.

Demand Matrix Input: The present activity level reflects
the broad requirements of the program.

PR

The 1977 level reflects a strong input by ERTS plus an
increase in the present program level.

Source: Conversation with H.U.D. official and local development )
district officials in Tennessee. ;
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Dam Safety Act of 1972
P.L. 92-367

Agency Affected: Army Corps of Engineers

Date Passed: 8 August 1972

Data Collection

Stat atory Requirement: The Corps is directed to inspect all dams

that are over 25 feet in height or impound over fifty acre -
feet of water, with the exception of those dams that are less
than =ix feet in height or that are impound less than fifteen
acre - feet of water.

Comments: In many regions, particularly the Southeast and parts

of the Midwest and West, the registry of dams is poor. Thus,
to carrying out this law, the Corps had to search for unregis-
tered dams. ERTS imagery has been useful in idertifying water
impoundments of as little as five acres. The location cf these
dams is a non-repetitive use of ERTS, but detection of future
unregistared dams may still be mandated.

Supplementary Information: The present program activity is
conducted through grants to the states with expected completion
by 1975. At present no update is required, but future legisla-
tion is expected to require updating approximately once every
five years. ERTS is being used in an operational program to
update existing sources and to ensure completeness of coverage.

Demand Matrix Input: The present activity level
assumes fifty states must be covered within two
years with summer imagery necessary.

The 1977 level reflects anticipated requirements
of once every five years update with extensive
use of ERTS.

Source: Conversation with remote sensing section of the Army
Corps of Engineers.
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Watershed Protection and Flood
Protection Act, As Amended
16 usc 1001-1009

Agency Affected: Department of Agriculture; Army Corps of
Engineers

Date Passed: 4 August 1954; 30 August 1972

Data Collection

Statutory Requirement: Upon suitable application of local
organizations, the Department is authorized to conduct such
investigations and surveys as may be necessary to prepare
plans for flood prevention or the conservation, development,
utilization, and disposal of water.

The Department is also authorized in cooperation with other

federal, state, and local authorities to make investigations
and surveys of the watersheds of rivers and other waterways

as a basis for the development of coordinated programs.

Both the Army and Agriculture, when authorized by the House
or Senate Public Works Committees, are authorized and directed
to make joint investigations and surveys of U.S. watershed

areas.
Comments: Very relevant to remote sensing.

Supplementary Information: The present program activities
include a broad range of programs administered by the
Department of Agriculture and the Army Corps of Engineers.
Program requirements are dependent upon the specific
requirements of each application. Remote sensing is utilized

in this program.

Demand Matrix Input: Present activity level reflects
the wide range of requirements of this program.

The 1977 level reflects a continuation of existing
programs plus the use of ERTS for updating the studies

once every five years.

Source: Conversation with Army Corps of Engineers officials.
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Cooperative Agreements for
Surveys and Investigations

33 Usc 88:s ]

Agency Affected: Department of the Army, Corps of Engineers

Date Passed: 6 August 1947

Data Collection ‘ ;

Statutory Requirement: The Director of the Corps is authorized
to enter into cooperative agreements with state and local
governments for surveying ana mapping activities.

Comments: Remote sensing and earth resources satellites should
be pertinent to these activities of the Corps. This statute N
merely provides authority, however, and does not mandate a :
particular program activity.

Supplementary Information: The present program activities

are determined by the requirements of the agreements reached
with the state. A research and development program is underway
to compile environmental atlases for several states using
remote sensing as a source of data.

Demand Matrix Input: The present activity level
reflects the wide range of requirements of this
program.

The 1977 level reflects a continuation of the
existing program with the use of ERTS to update
the studies once every five years.

Source: General information on Army Corps of Engineers
activities.
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Flood Control Act of 1960, As Amended
Title I, P.L. B86~645; 33 USC 709%a

Agency Affected: Army Corps of Engineer

Date Passed: 14 July 1960

Data Collection

Statutory Requirement: The Corps is authorized to compile and
disseminate information on floods and flood damages, including
identification of areas subject to inundation by floods, and

general criteria for guidance in the use of flood plain areas;
and to provide engineering advice to ameliorate flood hazards.

Specificity: Calls for particular kind of data collection.

Comments: $11,000,000 is set as the maximum annual expenditure
of funds for this purpose. Remote sensing should be applicable.

Supplementary Information: The present program activities are
estimated to cover the major floods occurring in the :
United States. The actual requirements are determined by the
frequency and magnitude of major floods during a one year
period.

Demand Matrix Input: The present activity level
indicates an estimate of the number of major floods
occurring in the U.S. during one year that require
aerial coverage.

The 1977 level indicates an increase in the demand
for this type of information for pusposes of land
use planning in flood plains. It is anticipated
that the input from ERTS could reduce the area
requirements of the present system.

Source: General information on Army Corps of Engineers
activities.
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FEDERAL STATUTES FOR OTHER THAN LAND USE PLANNING PURPOSES
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Soil Conservation Act
16 UsSC 590

Agency Affected: Department of Agriculture, Soil Conservation
Service

Date Passed: 27 April 1935

Data Collection

Statutory Reguirement: The Secretary of Agriculture is empowered
to coordinate and direct all activities with relation uin soil
erosion and is authorized, from time to time, to conduct surveys,
investigations, and research relating to the character of soil

erosion and the preventive measures needed, to pubdblis} e
results of any such surveys, investigating, or resear . to
disseminate information concerning such methods, and ., ~»nduct

demonstrational projects in erosion-prone areas.

Specificity: Law calls for collection of particular type of

natural resource data, but does not specify a frequency of
collection.

Comments: Remote sensing appears applicable.

Supplementary Information: The present program is operated by
the Soil Conservation Service. There is no established inventory
program, but a sample inventory has been conducted for the last
two decennial Conservation Needs Inventories. Present informa-
tion is obtained from periodic reports from the S.C.S. county
offices.

Demand Matrix Input: The present activity level
represents the decennial input into the Conservation
Needs Inventory.

The 1977 level reflects the anticipated demands of the
L.I.M. program plus an annual monitoring capacity with
ERTS.

Source: (1) National Inventory of Soil and Water Conservation

(2) clawson, M. and Stewart, C.L., Land Use Information

(Baltimore) The Johns Hopkins Press, 1965,
Appendix D.

(3) Conversation with S.C.S5. official.
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Soil Survey Act
42 UsSC 3272

Agency Affected: Departwment of Agriculture

Date Passed: 7 September 1966

Data Collected

Statutory Requirement: The Secretary of Agriculture is directed
to provide assistance in studies of soil classification and
interpretation, and the furnishing of technical and other
ass.stance needed for use of soil surveys, upor the request of a
state oo other public agency.

Comments: Remote sensing is capable of assisting in the carrying
out of this s.atute.

Supplementary Information: The present program is engaged in the
completion of soil maps by the Soil Conservation Service. Aerial
photographs are used extensively for base maps and to delineate
soil boundaries, thereby cutting the time required for field work.
Imagery must be taken during early spring to show bare soil, and
any available imagery taken within three years is used. Counties
are resurveyed approximately once every 40 years.

Demand Matrix Input: The present activity level reflects
present program requirements for spring imagery.

No change in the program is expected by 1977.

Source: Conversation with s.C.S. official.
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Food and Agriculture Act of 1965
P.L. 89-321

Agency Affected: Department of Agriculture

Date Passed: 2 November 1965

Data Collection

Statutory Requirement: The Secretary of Agriculture is directed
to determine the acreage of any agricultural commodity or land
use on farms for which the knowledge of such acreage is necessary
to determine compliance under any agricultural program. This
determinatio’ is to be made prior to harvest if possible.

Specificity: By calling for acreage surveys, this bill mandates
a specific kind of data to be compiled by Agriculture.

Comments: Upon development of suitable models for acreage

determination, remote sensing may be very applicable to this law.

Sapplementary Information: The present program is operated by
the Agricultural Stabilization and Conservation Service. Crop
acreage information is no longer used for enforcement of acreage
allotments. Under this program, the ASCS obtains low altitude

B & W aerial photography of each county every 6-8 years. This
aerial photography is used extensively by a number of federal
agencies.

Demand Matrix Input: The present activity level reflects
the requirements of the aerial photography program for
summexr imagery.

“he 1977 level reflects a continuation of the existing
program with ERTS used to provide yearly updating of
crop acreage.

Source: Conversation wiith ASCS officials.
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Agricultural Adjustment Act of 1938
7 USC 1344

Agency Affected: Department of Agriculture

Date Passed: 16 February 1938

Data Collection

Statutory Requirement: The Secretary of Agriculture is directed
to determine and proclaim a national acreage allotment for
cotton whenever a national marketing quota is proclaimed under
section 1342 of Title 7. The national acreage allotment for a
given year is apportioned to the states on the basis of the
acreage planted to cotton in the preceding five years. The
allocation of a state's allotment to the counties is based upon
a similar historical approach.

Comments: Remote sensing may be able to help in cotton acreage
allotment determination by providing either a check on existing
methods of determining cotton harvests or a more accurate and
reliable alternative for the collection of this data.

Supplementary Information: The present program operates under the

provisions of the Food and Agriculture Act of 1965 with yearly
information obtained by mail surveys.

Demand Matrix Input: The present and 1977 activity
levels reflect the requirements of the Food and
Agriculture Act of 1965.

Source: Conversation with ASCS officials.
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Agricultural Adjustment Act of 1938
7 USC 1358

Agency Affected: Department of Agriculture

Date Passed: 16 February 1938

Data Collection
Statutory Requirement: The Secretary of Agriculture is directed

to proclaim the amount of the national marketing quota for
peanuts between July and December of each calendar year for the
crop produced in the succeeding calendar year. This quota is
based upon the average gquantity of peanuts harvested in the past
five years, and other trends and factors.

Comments: Remote sensing may be able to assist the setting of

the peanut marketing quota by providing more accurate estimates
of peanut harvests.

Supplementary Information: The present pragram operates under the

provisions of the Food and Agriculture Act of 1965 with yearly
information obtained by mail surveys.

Demand Matrix Input: The present and 1977 activity
levels reflect the requirements of the Food and
Agriculture Act of 1965.

-Source: Conversation with ASCS officials.
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Statistical Reporting Service
7 USC 41ll1la, b

Agency Affected: Department of Agriculture

Date Passed: 4 March 1909; 24 October 1962

Data Collection

Statutory Requirement: The monthly crop report, “which shall be

gathered as far as practicable from practical farmers," shall

contain statements of the conditions of crops by states, with the

exception that estimates of apple production are to be confined
to the commerical crop.

Comments: Remote sensing should be very useful in making crop

estimates, especially as the technology evolves.

Supplementary Information: The present program collects monthly

information on the condition of crops by mail survey and from
periodic reports by the county agricultural agents. No remote
sensing is presently being used.

sSource:

Demand Matrix Input: The present program reflects the
monthly reports required by law.

The 1977 level reflects a possible monthly input by
ERTS allowing a reduction in the size of the present
sampling program.

Conversation with S.R.S. officials.
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Agricultural Marketing Act of 1946, As Amended
7 USC 1622

Agency Affectecd: Department of Agriculture

Date Passed: 14 August 1946

Data Collection

Statutory Requirement: The Secretary of Agricul:ure is directed
and authorized to collect, tabulate, and disseminate statistics
on marketing agricultural produc:: including, but not restricted
to, statistics on market supplies, storage stocks, qualiity, and
condition of such products in various positions in the markecaing
chanuel.

Commcnts: Data collection requirement is rather general, but

remote sensing could play a role in ascertaining projec:ed crop
totals.

Supplementary Information: The present program is the same as

that of the Statistical Reporting Service.
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Cotton Act
7 USC 475, 476
P.L. 92-331

Agency Affected: Department of Agriculture

Date Passed: 30 June 1972

Data Collection

Statutory Requirement: The Secretary of Agriculture shall cause
to be issued as of the first of each month during the cotton
growing and harvesting season (from August to January

inclusive) reports describing the condition and progress of the
cotton crep and stating the probable number of bales which will
be ginned.

The Secretary shall issue a report on or before the 1l2th day of
July of each year showing by states and in total the estimated
cotton acreage planted to be followed on or before the 12th day
of August with an estimate of the acreage for harvest and on or
before the 12th day of December with an estimate of the harvested
acreage.

Comments: Law calls for a very precise kind of data and
specifies the frequency with which it is to be issued. Remote
sensing appears to offer a capability for meeting the mandated
data collection.

Supplementary Information: The present program operates under
the same procedures as the Statistical Reporting Service.

Demand Matrix Input: The present activity level
reflects the legislative requirement for monthly
reports during 10 months of the year.

The 1977 level reflects an anticipated improvement
in the reporting time by utilizing ERTS.

Source: Conversation with S.R.S. officials.
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Forest Pest Control Act
16 UsSC 594

Agency Affected: Department of Agriculture

Date Passed: 25 June 1947

Data Collection

Statutory Reguirement: The Secretary of Agriculture is authorized
either directly or in cooperation with other agencies oxr groups to
conduct surveys on any forest lands to detect and appraise
infestations of forest insect pests and tree diseases.

Comments: This law does not mandate action; where action is
taken, remote sensing may be useful.

Supplementary Information: The present program is administered
by the Porest Service at the district level. An annual aerial
reconnaissance survey is conducted by some districts with ground
surveys of infested areas made every 2-3 years, but no regular
inventory program is in operation. At present, reconnaissance
surveys annually cover 20% of the forest land.

Demand Matrix Input: The present activity level
indicates an estimated fifty aerial reconnaissance
flights during one year.

The 1977 level reflects an anticipated increase in
demand due to more intense forest management
practices with ERTS being used in a regional
monthly monitoring capacity.

Source: Conversation with Forest Service officials.
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Plant Disease and Pest Control
7 USC 1l47a

Agency Affected: Department of Agriculture

Date Passed: 21 September 1944

Data Collection
Statutory Requirement: The Secretary of Agriculture is authorized

to carry out measures to eradicate or control insect pests, plant
diseases, and nematodes.

G Comments: Remote sensing may be applicable to this law if plant
disease and insect pest signatures can be reliably determined.

Supplementary Information: The present program contains no
regular inventory:; information is obtained from periodic reports
from county agricultural agents. A limited number of aerial

3 surveys are conducted to monitor specific outbreaks.

Demand Matrix Input: The present activity level
represents the estimated monthly reporting
procedures during the growing season.

The 1977 level represents a continuation of the
present procedure with a possible, but questionable,
monthly monitoring input by ERTS.

Source: Conversation with Animal and Plant Health Inspection
Service officials.
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Geological Survey
43 Usc 31

Agency Affected: Department of the Interior, Geological
Survey

Date Passed: 3 March 1879; 5 September 1962

Data Collection .

Statutory Reguirement: The Director of the Geological Survey
shall have charge of the classification of the public lands
and examination of the geological structure, mineral resources,
and products of the country. The survey shall examine the
geological structure, mineral resources, and products of the
rest of the world determined by the Secretary of the Interior
to be in the national interest.

Comments: The authority provided by this Act is brief, yet

quite broad in scope. Remote sensing clearly has an important

role to play here.

Supplementary Information: The present program level covers

geologic mapping within the U.S. by the Geological Survey in
cooperation with the state geologic surveys. Once an area
has been mapped, an update is conducted only to increase the
accuracy of the map. When a survey is conducted, extensive
use is made of any available aerial photography.

Demand Matrix Input: The present activity level
reflects the extremely general requirements of this
program and its ability to use any available photo-

graphy.

The 1977 level indicates a continuation of the
existing program supplemented by inputs from ERTS.

Source: General informatioa on Geological Survey.
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Extension of Co-operative
Work to Puerto Rico
43 USC 49

Agency Affected: Department of the Interiox, Geological
Survey

Date Passed: 17 June 1935

Data Collection

Statutory Requirement: The provisions of law authorizing the
making of topographic and geological surveys relating to
minerals and water resources by the Geological Survey are
extended to include Puerto Rico as well.

Comments: General enabling legislation; no program activity
level is specified. Remote sencing may be useful in particular
applications.

Supplementary Information: The present program level operates
under the same requirements as the Geological Survey's state
geological mapping programs.

Demand Matrix Input: The present and 1977 levels are
the same as the Geological Survey mapping program
noted earlier.

Source: General information on Geological Survey.
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Geological Survey
30 UsC 641

Agency Affected: Department of the Interior, Geological
' Survey

Date Passed: 21 August 1958

Data Collection

Statutory Requirement: The Secretary of the Interior is autho-
rized and directed to establish and maintain a program for
exploration by private industry within the U.s. for such
minerals, excluding organic fuels, as he shall designate, and

to provide Federal financial assistance on a participating basis
for that purpose.

Comments: Broadly pertinent to remote sensing.

Supplementary Information: The present program level covers a
wide range of activities related to mineral exploration. Aerial
photography is used extensivclyv in this program. Specific
requirements are determined by the individual project specifica-
tions.

Demand Matrix Input: The present activity level
reflects the broad range of the project require-
ments.

The 1977 level indicates a continuation of the
existing program with ERTS providing a
significant supplementary input.

Source: General information on Geological Survey.
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Coal Mine Fire Safety Act
P.L. 83-738
30 USC 553

Agency Affected: Department of the Interior, Bureau of Mines

Date Passed: 31 August 1954

Data Collection

Statutory Requirement: The Secretary of the Interior is autho-
rized to conduct surveys and research relating to the causes and
extent of outcrop and underground fires in coal formations.

Comments: The data requirement of this law is general and non-
mandatory. Outcrop may be observable by satellite; IR channel
may be able to detect underground fires. .

Supplementary Information: The present program level is
determined by the number of fire control projects. Remote
sensing, primarily with thermal infrared scanners, plays an
important role in mapping the extent of these fires. The present
program level is estimated.

Demand Matrix Input: The present activity level reflects
the estimated number of fire control) projects in
existence.

The 1977 level indicates a continuation of the existing
program.

Source: General information on the Bureau of Mines.
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Wildlife Protection from Pollution
16 USC 665

Agency Affected: Department of the Interior, Fish and Wildlife
Service, Bureau of Mines

Date Passed: 10 March 1934

Data Collection

Statuiory Requirement: The Secretary is authorized to make such
investigations as he deems necessary to determine the effects of
domestic sewage, mine, petroleum, and industrial wastes, erosion
silt, an« other polluting substances on wildlife.

Comments: Very general non-mandatory data required.

Supplementary Information: The present program level is esti-
mated. Requirements of the program are determined by the
requirements of each research project. It is assumed that
remote sensing will play an important role in determining the
extent and source of pollution.

Demand Matrix Input: The present activity level reflects
the broad range of requirements of the various researca
projects.

The 1977 level indicates a continuation of the present
program supplemented by a possible input from ERTS.

Source: General information on Bureau of Sport Fisheries and
Wildlife.

II~58




s TN

e

Water Resources Planning Act
Alaskan Water Resources
42 USC 1962D-12

Agency Affected: Department of the Interior

Date Passed: 9 August 1955

Data Collection

Statutory Requirement: The Secretary of the Interior is autho-
rized to make investigations of projects for the conservation,
development, and utilization of the water resources of Alaska
and to report on such investigations.

Comments: Remote sensing is 1seful here; no pnrogram activity

level is specified.

Supplementary Informction: The present program level is esti-

mated. The actual program requirements will be determined by
each specific project. Given the remoteness of Alaska, remote
sensing is used extensively in these studied.

Demand Matrix Input: The present activity level is
determined by the specific project requirements but
is usually obtained during the summer.

The 1977 level indicates a coatinuation of the
present procram surplemented by ERTS imaarc:-
during the summer and winter.

Source: Genreral information on water resouirces.
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Federal Reclamation Law
43 USC 485g

Agency Affected: Department of the Interior, Bureau of
Reclamation

Date Passed: 4 August 1939

Data Collection

Statutory Requirement: Those lands which have been, are, or
may be included in any reclamation or irrigation project
authorized by the Federal reclamation laws or operated and
maintained by the Bureau of Reclamation for the reclamation of
arid lands or other purposes must be reclassified at £ year
intervals as to irrigability and productivity.

Comments: The law mandates specific types of data but not for
an exact quantity of land. Frequency of data collection is
low.

Wwith the developrmert of suitable models, land productivity and
irrigability estimates could be aided or accomplished by remote
sensing.

Supplementary Information: T1i1e present program does not follow
the specific reporting requirements of the law. A continuing
reporting program from the irrigation districts is used in
which land that is being reclaimed or removed from irrigation
is noted. Data collection is done by ground survey.

Demand Matrix Input: The present program activity
level reflects the estimated general information
."eported to the Bureau of Reclamation.

The 1977 level reflects the anticipated inputs of
ERTS to supplement the existing program.

Source: Conversations with Bureau of Reclamation officials.
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FUTURE FEDERAL LEGISLATION RELATED TO LAND COVER INFORMATION
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Land Use Policy; nd Planning
Assistance Ac.. of 1973
S. 924; H.R. 4862

Agency Affected: Department of the Interior, the States

Date Passed: Still Pending

Data Collection

Statutory Requirement: The Secretary of the Interior may authorize

program management grants if the State has developed a statewide
land use planning process, including

- the establishment of a method for the compilation
and revision of data related to inventorying
areas of critical environmental concern, areas
impacted by key facilities and development of
land use of regional development

- the establishment of a method for the compilation
and continuing revision of data related to popula-
tion densities and trends, economic characteristics
and projections, or environmental conditions and
trends, and governmental service needs related to
those areas reviewed.

The state land use planning agencies established in response to this
law shall give priority to the development of an adequate data base
for a statewide land use planning process using data available from
existing sources wherever feasible.

The Secretary of the Interior, with the assistance of the National
Advisory Board on Land Use Policy (established by this law), shall
report to the President and the Congress biennial on land
resources, uses of land, and the current and emerging problems of
land use,.

Comments: Calls for data collection on land use as a critical
component of the law. Remote sensing has a great potential here.
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Surface Mining Control
and Reclamation Act of 1973
H.R. 11500

Agency Affected: Department of the Interior

Date Passed: NYP

Data Collection

Statutory Requirement: The Office of Surface Mining Reclamation

and Enforcement is created, which oftice is directed to make
inspections of surface mining and reclamation operations. The
office is authorized to conduct and promote the coordination and
acceleration of research, studies, susveys, experiments, and
training in carrying out the provisions of the act.

Commants: Remote sensing, and ERTS in particular, should be
useful for identifying o0ld strip mined areas and for monitoring
active strip mines and reclamation activities. According to
Rogers et at*, on-site examination of mines is hindered by

~ lack of adequate mine map coverage

- deeply eroded, non-existent, or blocked access
roads

- lack of accurate or adeguate records
- the great total size of the stripped area

- roadside reclamation planting that obscures adjacent
barren land
- dated aerial photographic coverage

Thus, remote sensing could have an important role to play in the
carrying out of the provisions of this bill.

Rogers, W.H., Reed, L.E., and Pettyjohn, W.A., "Automated
Strip-Mine and Reclamation Mapping from ERTS," Third ERTS
Symposium, Washington, D.C., December 10-14, 1973
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National Resource Lands
Management Act
S. 1041
H.R. 5441

Agency Affected: Department of the Interior, Bureau of Land
Management

Date Passed: Still Pending

Data Collection

Statutory Requirement: The Secretary shall prepare and maintain
on a continuing basis an inventory of all Bureau of Land
Management - administered lands except the outer continental
shelf, giving priority to areas of critical environmental concern.
This inventory shall reflect changes in conditions and in
identifications of resource values.

The Secretary shall develop, maintain, and when appropriate,
revise land use plans for these lands with the land use plans of
state and local governments and other federal agencies.

The Secretary is authorized to enter into contracts for the use of
aircraft for airborne cadastral survey and fire protection
operations of the Bureau of Land Management.

Comments: Calls for a large data collection effort on public
lands. Fregquency is not specified.

Remote sensing is applicable, especially for the survey and fire
protection provision.
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APPENDIX III

SUMMARY OF COST

1.0 Satellite System Cost

Cost data for the elements in a satellite system are
qivén in Table 1 which has been adapted from reference 1 for a
cspecific ERS configuration (designed mission configuration-3 in
the referenced report). The mission configuration-3 will employ
a spacecraft with capability similar to ERTS-1l. It will carry
two sensors, a Panchromatic Return Beam Vidicon and a Multi-
spectral Scanner. In addition, this mission configuration will
carry two‘wide band video tape recorders to provide global
coverage. There will be two tracking and data acquisition

stations and the data processing will be all digital.

The time phased investment and operations costs given in
the referenced report for a five and one-half year operating
period are shown in Table 1. Cost for each major hardware
element are shown separately, together with NASA Civil Serxvice
Cost (computed as 6.6% of the annual total investment and
operation costs). Based upon the data in Table 1, the time
phased costs for a sixteen and one-half year program have been
projected as shown in Table 2. In addition, cost projectiohs
were nade for satellite systems employing two simultaneously
active satellites in orbit and three simultaneously active

satellites in orbit. Summary costs for a one, two and three
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satellite system program extending over a sixteen and one-half
year period are sho&n iﬁ Table 3.

Comparing Tables 2 and 1, it is seen that we assumed
that the sixteen and one-half year program would involve three
identical procurement cycles for spacecrafts and payloads, and
launch vehicles are procured as required. 1In the cases of two
satellite and three satellite systems, the values for these
cost items were essentially scaled by 2'or 3, respeét;vély. o ‘ .
Operations costs for the one satellite system were simply extended
from the values given in Table 1. For the two and three
satellite systems, judgements were made concerning the extent
to which the various components of cost would be impacted by T,
two or three satellites orbiting at one time. Tables 4 and 5 ‘
present the cost estimates for the two and three satellite

systems. The scaling factors that were assumed are provided in

Table 6.

Table 3 Total* Program Costs (1977-1993) for : :
Multi-Satellite System (1973 $M) !

NumbeF of Simul?aneously 1 2 3 ;
Active Satellites )
Investment Costs: 258 464 645 S
Operation Costs: ‘84 117 150 ;
Civil Service Costs: 26 40 58 E
y

thal 368 621 853 ;

*Exclusion of Data Processing Costs Which are
Shown Separately in Tables 10 and 11 of the
Appendix
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Table 6., Scaling Factors for Operations Costs
W
Operations Cost Element Scaling Factor*
oce
Mission operations personnel AN
Computer maintenance AN
M&O personnel 5N
Expendubles N
Magnetic tape and paper N
Orbit operations . 5N
NDPF .
MO staffing SN
Engineering servic~ contracts . SN
Expendables N
TDAS
Operations and maintenance 1N
Communications . n
Total Operations 4 N
*To obtain incremental costs over the 1 Satellite case. For example, if the
factor were .5 N, then for the 2 Satellite system the costs would be 1.5
that of the 1 Satellite system.

It must be emphasized that the satellite configuration
used throughout this st“dy is not the optimum configuration for
a U.S. coverage mission. Nor did we undertake the task of
attemping to define an optimum satellite configuration. Rather,
the satellite system described in this report was selected for
analysis because of the availability of definitive cost data
from an earlier NASA study.* It may be argued that ar optimum
configuration satellite for a U.S. coverage mission may be of
academic interest only since such a system would not necessarily

be capable of providing global coverage. Nevertheless, it is

* See Reference 1 on page III-19°

I1I1-7

R e ke e at e et



[

T s ne—— W——————_ " e iR ) S

' apparent that significant cost reductions can be achieved in

the baseline satellite system used in this study while still
providing a qlobal coverage capability. In par‘icular, the

two wideband tape recorders in the baseline system appear to be
the major life limiting factur of the projected 2 year satellite
life time. It is be.ieved that the lifetime of the satellite
(without the tape recorders) and its sensor can be extended to

5 years by slight additional expenditure in the area of
satellite investment cost for minor modifications to the altitude
control system and orbit correction system. Global coverage
capability which in the preseﬂt baseline configuration is
provided by two wideband tape recorders could be obtained by
provision of additional satellite ground stations or by a

system of 3 Tracking and Data Relay Satellites (TDRS). 1In
addition, the baseline satellite system used in this study
assumes orbital placement is accomplished by present day launch
vehicles. 1In the 1980's, the Space Shuttle can be used for
multiple placement (of two and three) five-year satellites

with additional cost savings to be realized.

2.0 High Altitude Aircraft Costs

Cost data for the elc-cments in a high altitude aircraft
system are developed in the same manner as in the satellite
system and are divided into the same cost categories: Investment
Costs, Fixed Annual Costs, and Variable Annual Costs. The source

*
document for the cost data gives costs for a maximum of four aircraft;

for the larger fleet sizes which are expected in an operational systen,

* See Reference 2, page III-19
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a linear relationship has been assumed between the cost and the

number of aircrafts.

Table 7 is a detailed breakdown of the costs identified in
the operation of an aircraft system. The assumed alrcraft for
this system is the U-2 since the coverage is maximized with respect
to minimum investment costs ‘compared to other possible aircraft
(e.g., WB57, SR71). Maximum aircraft utilization is assumed to be
20 hours per week (1,000 hours/year), and the variable costs are
based upong the actual aircraft utilization. The sensors assumed
in this cost analysis are a five channel multis;.ectral scanner and
4 six inch metric camera and are applicable to the automated data
processing mode. The ianvestment costs for a strict camera system
are approximately two thirds of the listed scanner system costs.

Ascsumed in thete costs is the existence of three bases for
the aircraft: one main base, one remote base, and one staging
base. Given the range of the U-2, the geographically ideal
locations of these bases which would allow for the full coverage
of the U.S. including Alaska, would be in Deunuver, Colorado;
Dayton, Ohio; and the staging base in Alaska. With these
base locations, the area of the entire U.S. (excluding Hawaii)
is within the range of a U-2 for photographic coverage.

Table 8 presents a summary of the three components of the
aircraft costs. Undexr the heading of Investment, it should be
noted that the Initial Setup Costs, as the name implies, are one
time charges and are phased in one year before the initiation of

the operational system. The ai.craft leasing cost is based upon

I1I-9

Y PP S



Rt e e 1 L

[P NPRN

YT s i e S

v

Table 7 Summary of U-2 Aircraft and Base Costs (SK)*

Number of U-2 Aircraft
Item 1 2 3 {
INVESTMENT )
Initial Setup Cost Main Base . 1005 1175 13%0 1610
Remote Base 870 1040 1255 1455
Staging Base 870 1040 1255 1455
Aircraft R 200 400 600 800
Sensor -
Procurement 240 480 720 960
Modification 20 40 60 80
Annual Investment Aircraft Lease 840 1680 2520 13360
FIXED ANNUAL COSTS Main Base 105 105 105 105
Remote Base- 70 105 105 105
Staging Base NONE IDENTIFIED
Aircraft NONE IDENTIFIED
VARIABLE ANNUAL COST Aircraft 1000 1700 2490 3165
(Main Base)
Aircraft 1045 - 1820 2685 3460
{Remote Base)
Sensor Spares 26 52 78 104
Sensor Technicians 80 110 140 170

* Adopted from Aircraft Support Study for the Earth Resources Survey
Operational System, Executive Summary, Satellite Complementary
Systems (Reference 2). .

ITI-10



L 12N

En
E

TABLE 8 Righ Altitude Aircraft Total Costs (1973 $M)
—
Functional Relationship
Between Cout and Rumber
Number of U-2 (N) 1 2 3 4 of U-2's
INVESTMENT
Initial Setup Costs 3.205 | 4.175 5.280 | 6.360 2.153 + 1.052 x N
Aircraft Leasing .840 | 1.680 | 2.520 { 3.360 + .B40 x N
FIXED ANNUAL COST .175 .210 .210 .210 .210
VARIABLE ANNUAL COST 2.151 3.682 5.393 6.899 +570 + 1.583 x N»

a ten year life of both the aircraft and the sensor and is
allocated to investment during every year of the operational system.
The Variable Annual Costs are calculated on the basis of the actual
utilization (N*) of the aircraft, to allow for the possibility of

less than full use of the aircraft during any given yedar.

As increasing demand over.the yvyears can be expected in an
operational system, it should also be expected tkhat the initial
setup will not be sufficient to accomodate the aircraft required
in the later years. Such expansions in the bases and number of
aircraft are assumed to be made in the year preceding the actual
requirement for additiunal aircraft. Furthermore, given the ten
year expected life of the aircraft, ; re-setup and modification

cost for the aircraft and s2nsor must be repeatedly incurred

every ten years.

III-11
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When an all aircraft system is utilized, a data processing
facility must be established to process the information gathered
from the high altitude aircraft and ground truth. The costs of
such a facility for automatic data processing are: a setup cost
of $5.9M, and a fixed annual cost of $0.8M. The corresponding

costs for manual data processing are $1.1M and $.944M, respec-

tively.

3.0 Ground Truth Costs
In the ground truth model we assume that all desired
coverage will be contracted to a commercial firm on the basis
of a per sguare mile of coverage. There are many factors govern-
ing such prices, and it is common that prices will vary seasonalliy,
from firm to firm, and will be dependent upon such factors as
desirability of the coverage, aircraft congestion, the urgency
of demand, etc. Based upon the information given in References 3
and 4, and various experience with commercial aerial photographic
firms, the average cost (in 1973 dollars) for information ob-
tained at scale of 1:24,000 is estimated at $6 per square mile.
This cost includes the acquisition of photographic coverage
and represents the total cost of the rented ground truth system.
In using an average figure we tacitly assume a lower
bound on the amount of coverage as the costs per square mile for

small areas increases rapidly as shown in Figure 2.

ITII-12
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several sourcos.
stereuscopic coverage on hlack-and-
white panchromatic filn is assumed.
(1352)

*Prices representod are averages from

In 211 instances,

Note cost adjustments to 1973 dollars
are required.
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Figure 2 Approximate Cost Per Square Mile of Coverage, by Photo Scale for

Low Altitude Aircraft*
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4.0 Cost of Data Products

The cost of data products depends primarily upon the type
of item which is requested, as simple photographic processing might
suffice for applications in which bulk imagery has the highest
utility, vhe;eas rectification and interpretation into land cover
categorieé might be required for other applications. Although the
proposed land cover information system will be capable of satisfying
both types of requests, the cost data presented here corrésponds to
the ¢demand identified in this study as Level I, Level II, and
Level III land cover information.

A major difference in cost is found between manual and auto-
matic (digital) techniques. The sources of this difference are
two: cost savings at equal capability, and increased capebility;
both are in favor of automated techniques. In the manual mode
satellite is capable of Level I, high altitude aircraft Levels I
and II, and ground truth Levels I, II, and III. In the automatic
mode the satellite is capable of Levels I and II, high altitude
aircraft Levels I, II and XII, and ground truth in the mop up and
sampling mode for Levels I, II, and III.

Table 9 presents the break down of the costs in manual
interpretation by Level of detail and expected sensor. Table 11
presents the projected cost breakdown for automated interpretation

by level of detail and expected sensor.

I11I-14
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Table 9 Cost of Manual Production of Maps
{bollars per Sguare Mile)

Level I1 Level II2 Level 1113
Cost Element ERTS H/A aircraft GT

1:500,000 1:125,000 1:24,000
tuasery cost fnciuama in
(Film and Processing)] .00125 .0453 q

cost

Classification anad
Interpretation .121 .939 5.78
Processing
{(Cartographic Costs) .02 .625 2.86
TOTAL .14 1.6 8.6
1. Based on purchase cost of one ERTS color composite print

at $9.00/frame from the ERDS Data Center at Sioux Falls,
S. D. The effective area of one ERTS frame is 7200 mi2,

nased on purchase cost of one high altitude aircraft color
transparency at $4.00/frame from the EROS Data Center at
Sioux Falls, S. D. The effective coverage of one high
altitude aircraft frame with 60% forwardlap and 30%!
sidelap is 88 miZ. . ‘

Cost and time results generalized from the results repo.ted
by ERTS principle investigators (See references 5-9 omn p.

ITI-15
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Table 10 ProjectedICOst of Digital Production
) of Maps (1973 Dollars per Square Mile)
Level 1 Level IIX Level IIIX
Cost Element ERTS ERTS H/A aircraft
1:500,000 1:125,000
Imagery Cost 2
(Digital Tape) .0023 .0023 .021
Rectification 3
Geometric and
Radiometric .002 .002 .027
Classification 4 04 | .18 .83
Production 5
Digital Maps .001 .002 .19
Photographic
(electron beam) .00S .01 .54
Digital Tapes .0023 .0023 .021
Digital Maps .044 .186 1.07
TOTAL
Photographic .048 .194 1.42
Digital Tapes .0453 .186 .901

1. As the state of thé art is rapidly advancing and current
one-time costs are disproportionately high, projections
of the component costs have been made which reflect the

expected production mode cost of processing.

Based on commercial acquisition price of magnetic tapes plus
the computer time necessary to copy the tapes.

Based on production mode figure cited by Ralph Bernstein in
the Ninth International Symposium on Remote Sensing of En-
vironment, Ann Arbor April 15-19, 1974.

Based on totzl cost (man hours, computer time) of the pro-
duction of classified imagery using a table look-up
approach. An order of magnitude decrease in computer-time
could be possible through the utilization of a special pur-
pose computer (MIDAS). A decrease in man hours could be
possible through the utilization of an unsupervised classi-
fier at the expense of additional computer time.

Based on the commercial cost of line printer output plus
printing time.

Based on correspondence with Earth Resource Laboratory,
NASA, Bay, St. Louis, Miss.
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Although the major portions of the processing costs occur
at the levels given in Tables 9 and 10, it should be recognized
that the sensors can always collect less detail than their
maximum. In this manner, an high altitude aircraft, which is
capable of Level III in the automatic mode, can also acquire
data at Levels I and IX, and in the aircraft/ground combination,
the high altitude aircraft is forced to acquire those data.
Similarly, ground truth might be required to gather all Level II
and Level III information as is the case in the satellite/ground
manual interpretation mode where the satellite is capable of
only Level I. In recognition of this upwards compatibility,
Table 11 presents both the mauual and the projected automatic
processing costs for the three sensors, at all three levels of

detail.

Table 11 Costs «f Land Cover Information

(dol;a{s per square mile) |

mw:

Manual Automatic

Satellite Aircraft Ground Satellite Aircraft Ground

Level I .14 1.13 11.0 .048 .80 11.0
Level II NC 1.60 12.5 .194 «97 12.5
Level III NC NC 14.6 NC 1.42 14.6 i

NC - The sensor is incapable of pro§iding the required detail.
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APPENDIX IV

Selected Detailed Life Cycle Costs

In order to observe the complete effects of technology
choices and demand variations, several computer runs of the
model were made. Included in these runs was the assumption
that the system initiation, that is the initial setup including
procurement and modification of the sensors and their
associated facilities, will begin in 1975 and that the operational
demand will begin in 1977 and continue through 1993. The two
year phase in period allows for the .perational system to be
ready in 1977.

The life cycle costs of the systems were computed in
both the undiscounted base and discounted tao 1974 at 10%. The
discounted version lends insights into the total program
costs while the undiscounted version illustrates the actual
cost variations in year to year operations.

Each computer run is divided into two pages, each page
having the same three components. The first page is the undis-
counted costs, and the second is the discounted costs. The
first component on each page is a summary of the total yearly
costs in RDT&E, Investment, and Operations (activity level de-
pendent and activity level independent). The next two components
are the detailed breakdowns for these costs discributed to the

satellite, high altitude aircraft, and ground truth systems.
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For these analyses, we have assumed that all RDT&E

spending has been completed before 1974 and that there will be

no further RDT&E efforts for any of the sensors. The

Investment cos3ts correspond to both the initial setup costs of

the facilities required to house and operate the sensors

and the year to year charges to procure new satellites,

aircraft leasing, etc. The activity level dependent costs are

those which vary most directly with the level of activity of
the sensor. These costs correspond to the maintenanca2,
fueling, and personnel required to sustain the required
utilization level. 1Included also in these costs are the
interpretation and production costs required to provide the
land cover information to the various users. The activity
level independent costs are those which do not vary as a
function of the utilization of the facility or of the
sensors. They correspond to the cost required for the basic
management of the facilities.

Presented along with each of the cost breakdowns is
a description on the demand and technology for which the
respective tables are created. By carefully examining the
outputs, one is able to observe in the cost differences the

effects of the system changes.
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Manual Data Processing
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LIFE CYCLE COSTS

MILLIONS OF UNDISCOUNTED 1973 DOLLARS
SYSTEM ALTERNATIVE -- AIRCRAFT,/GROU: ID
ALLOWABLE C.OUD COVER =~ 0-30%

: NON=RECURIIN* COS1S RECURRING COSTS
ACTIVETY ACTIVITY
F1SCAL LEVE) LEVEL ANNUAL
p YEAR ROTLE INVESTMENY  DEPENDSNY  INDEPCNDENT €osYs
- 1975 0,00 0.00 0,00 0,00 0.00
s , : 1976 0,00 16,93 0,00 0,00 16,93
i 1977 0.00 10,92 151,69 0.2 162,82
. 1978 0,00 10,92 119,04 0.2] 130,17
1979 0.00 10,92 119,04 0,21 130,17
g , 1980 0,00 10,92 119,06 0,21 130.17
K 1981 0,00 10,92 119,06 0,21 130,17
. 1982 0,00 10,92 152,63 0.21 163.76
+ 1982 0.00 10,92 119,00 0,2} 130,117
3, 1s04 0,00 10,92 119,06 0,21 130,17
B 198S 0.00 10,92 119,04 0.21 130,17
3 1986 .00 26,60 119,04 0.21 143,84 .
H 1987 0,00 10,72 152,63 0.21 103,76
1988 0.00 10,92 119404 0.2 130,17
1989 0,00 10,92 119,00 0,21 130,17
19%0 0,00 10,92 119,04 0,21 130,17
M 1991 0,00 10,92 119.0¢ 062 136,17
r 199¢ 0,€0 10,92 152.63 Te2l 63,76
: 1982 0,00 10,92 119,04 0,7 130,37
0,00 216,24 2157%.05 3,5 2376.87
. FI1SCAL ROTLE INVESTMENT
< YEAR SAT HA GY SAT HA 6T
: 1975 0.00 0.00 0,00 0,00 0.00 0.00
1976 0,00 0,00 0,00 0,00 16.93 0,00
1977 0.00 0400 0400 0.00 10,92 0,00
1978 0.00 0.00 0400 0,00 10,92 0.00
1979 0,060 0.00 0,60 0,00 10,92 0,00
p 1980 0,00 0400 0,00 0,00 10,92 0,00
198} 6,00 0,00 0,60 0,00 10,92 0.00
1982 8,90 0,00 0,00 0,00 10,02 0,00
. 1983 0,00 0.00 0,00 0,00 10.92 0,00
’ 1984 0,00 0,00 0,00 0,00 10,92 0,00
1985 0400 0.00 0,00 0,00 10,92 0,00
1986 0,00 0,00 0400 0,00 264,60 0,00
1987 0.00 0,00 0,00 6,00 10,92 6,00
. 1988 0,00 0,00 0,00 0,00 10,92 0.00
. . 1989 0.00 0,00 G, 00 0,00 10.52 0,00
- 1990 0,00 0,00 0,00 0,00 10,92 0,00
: 199} 0,00 C.00 0,00 0,00 17,78 0.00
: . 1992 0,00 0,00 0,00 ¢.00 16,92 0,00
s 1993 0,00 0,00 0,00 0.00 10,92 0,00
0,00 0,00 0,00 0,00 216,26 0,00
i .
: ACTIVITY ACTIVIYY
: LEvet LEveL
: ' FiscaL DEPENDENT INDEPENDENT
. YEAR SAY HA 6 SAY HA 6T
- 1975 0,00 0.00 0,00 0,00 0,00 0,00
v 1976 0.90 0,00 0,00 0,60 0,00 0,00
- 197 0,060 62,46 89,29 0,00 0,2} 0.00
F 1978 0,00 63,38 55,65 0,00 0.2 0,00
1919 0,00 03,16 %465 0,00 0.2) d.00
h jor0 0,00 63430 55,65 0.00 0,21 0,00
R 1981 0.M) 63,38 55,65 0.00 0.24 6,00
pon2 0.00 63,3k fu, 2% 0,00 .2} 0,00
1543 0,00 63,308 Y,6% 0.00 0,21 0.00
1984 0,00 63,28 55, 65 6.00 0,2} 0,00
198y 0.00 63,30 55,65 0,00 0.2) 0.00
, 150% 0.00 613,08 5% hY 0,60 0.21 0,00
. 1vu? 0,00 63,38 89,24 0,00 6,71 0400
, 1599 0,00 63, 55,85 0,00 0,2 000
’ 9By 0,00 63,30 By, fis 0,00 1941 0.00
2 . 190 0.60 63e38 H9.0% D 0D n,?2) [T
‘ 1991 0 00 63,30 b9 6h 0.00 0.2 0,09
: ' 192 0,00 63, M B35 0,090 0,21 0.00
. ; 1993 (O] 03, IR 55,04 G.00 0,21 el
. i CL Lt vopone fueabe 0400 Jes? 0400
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LIFE CYCLE COSTS

MILLIONS OF 1973 DOLLARS DISCOUNTED TO 1974 AT 10%
SYSTEM Al TERNATIVE -- AIRCRAFT/GROUND
ALLOWABLE CLOUD COVER -- 0-30%

- © NON~HECURRING COSTS RECUTRING COSTS
; ACTIVITY ACTIvITY
s FlscaL LEVE: LEVEL ANNUAL
: YEAR ROTLE INVESTMENT  DEPENDFNT  INDEPENDENT cosTS
1975 0.00 0.00 0,00 9,00 0,00
1976 0.00 13.99 0.00 0.00 13,99
1917 0.09 8,20 113.9« 0.16 122.33
1978 u.00 7.66 8l.30 0.1 88,91
1979 e.0¢ 6,78 3.9 0.13 89.82
P 1980 0.00 6,16 67,19 0.12 73,48
1581 0,00 S.60 61,08 0,11 66.50
1982 0.00 $.09 7120 0,10 16.39
1883 0.00 4,63 50,48 0.09 55,20
1984 0.00 4,2) 45,89 0,08 S0.18
1935 0.00 3,83 .72 0.07 45,62
1986 0.00 T.86 37.9) 0.07 45,83
1987 0.00 3.16 6,2 0.06 47,46
: A 1988 0.00 2.89 31435 €.06 34,28
: 1989 0.00 2.61 28.50 0.05 31.16
B 1990 0.00 2.38 25.0N 0,05 26.23
¢ 1991 0.00 2.16 23.55 0,06 25,75
- 1992 - 0.¢0 1.96 27,45 0.04 29,45
1993 0.00 1.79 19464 0.03 21,28
0.00 90,74 845.1) 1.39 93T.26
2 FISCAL ROTLE INVESTMENT
YEAR AT HA 34 SAT HA (34
: 1978 0.00 0.00 8.00 0.00 0.00 0.00
. 1976 0,00 0.00 0,00 0.00 13.99 0.00
1977 0.00 0.00 0.00 0,00 8,20 0.00
1978 0.00 0.00 0.00 0.00 T.46 0,00
1979 0.00 0,00 0.00 0.00 6,18 0.00
. 1980 0,00 6.00 ¢.00 0,00 6.16 0.00
: 1981 2,00 0,09 0.920 c,00 5.60 0.00
P 1982 0,00 0.00 0,00 0.00 5.09 0.00
i 1983 0,00 0.00 0.00 0,00 4,63 0,00
¢ 1984 0,00 0,00 0,00 0,00 4,21 0.00
§ 1965 0.00 0.00 0.00 0,00 3.83 0.00
1986 .00 0.00 0.00 0,00 T.82 0,00
i 1987 6.60 0.00 0.00 0,00 3.16 0.02
¢ 1988 0.00 0.00 0.00 0.00 2.88 0.00
¥ 1989 0.00 0.00 0,00 0.00 2.61 0.00
é 1990 °.00 0.00 0.00 .00 2.38 0.00
1791 0,00 0.00 0.00 0,00 2.16 0,00
19 19v2 0.C0 0.00 0.00 0,00 1,96 0.00
i 1993 0.00 0.00 0,00 0.60 1.79 0.00
; 0.00 0.00 0.00 0.00 90,74 0.00
¢ ACTIVITY ACTIVITY
H LEVEL LFVEL
H FISCaAL UEPENDENT INDEPENDENT
i YELR SAT HA (3 SAT HA (33
: 1975 0.00 0.60 0,00 . o,co0 0.00 6.00
1976 0.00 0.90 0,00 0.60 0.00 0.00
1977 0.00 46,91 67.05 0.00 0.14 0.00
1918 0,00 43,29 Jse.01? 6,00 0,14 6.00
1979 0.00 37.36 36485 0,00 6.13 0,00
1980 0.00 35.70 3,4l 6,00 0.12 0.00
158} 9.00 37,53 28,56 0,00 0,11 0,00
19682 0,0¢ 2v.57 41,63 0.0¢ 2,10 0,00
1983 0.00 26084 23,40 6.00 0.09 0.00
1005 0.v0 FLeYS Plesd 0,00 8.69 0.00
19345 0.0U .22 19.51 - 80 0,07 0.00
. 1985 0,00 »0.20 17.73 .. 8 0.07 0,00
ILrY; 0,0¢ .36 79,85 .60 0.06 0,00
1947 ©0.b0 SR 16,65 t,00 0,08 0,00
1589 0.00 e T 13,32 0.60 005 0,00
1996 0,n¢ AP L 12,11 6.00 0.0n 0.00
1991 [ 10404 11.0% 0.6 0.006 0.00
1592 0.0¢ Jl.00 16,05 €,00 Co it 0.00
- 1993 r.00 10,36 %.10 ¢.t0 0.6 0.00
; 0,06 S KT (/P T (¥ [ )] 1.19 0,00
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8 LIFE CYCLE COSTS

: MILLIONS OF UNDISCOUNTED 1973 DOLLARS
SYSTEM ALTERNATIVE -- AIRCRAFT/GROUND
ALLOWABLE CLOUD COVER -- 0-10%

HON=RIL.CUTIING (OSTS RECURRING COSTS
o ACTIVITY  ACTIVITY
i FISCAL Levh LEVEL ANNtAL
7 YEAR ROTLE INVESTMENTY  DEPENDFNT  INODEPENDENT cosTs
o 1975 0,00 0,00 0.00 e.00 0,00
- 1976 0.00 16,93 0.00 0.00 16,93
1917 e.00 10,82 1719.27 0.21 190.48
g 1978 0.00 10,92 186,62 .21 157.75
: 1978 0.00 10.52 166,62 0.2} 157.75
1980 €.,00 10.92 186,62 0.21 157,75
1981 0.00 10,92 166,62 .21 157,75
R 1982 0.00 10,92 180.21 8.21 191.)e
- 1983 0.00 10.92 146,62 0,21 157,78
) 1984 0.00 10.92 146,62 c.21 157,75
: 1985 0.00 10,92 166.62 0.21 157.75
] 1946 0.00 24,60 166,62 021 171.43
A 1987 0,00 10.92 183.21 0.2} 191,3
~ . . 1988 0,00 10.92 106,62 0.21 157,75
: 1959 0.00 10,52 106,62 .21 157,75
fy 1992 6. 00 10.92 146,62 .21 157.75
1991 - 0,00 10.82 166,62 0.21 157.75
Cl 1992 0,00 10,52 180.2) 0.21 191,36
: 1993 0,00 10,92 166,02 0,21} 157,75
0.00 216,26 2626,00 3,57 2845,81
FISCAL ROTLE INVESTMENT
YEAR SaT HA GY Sat HA 6T
1975 0,00 0.00 0,00 0,60 0,00 €.00
. 1976 0,00 0.00 0,00 0,00 16.93 0.00
. 1977 0,00 0.00 0,00 0,00 10.9¢ 0.00
' 1978 0,90 0.n0 0,00 0.00 10.92 0.00
1979 0,00 0,00 0,00 0,00 10.92 0,00
1980 0,00 .00 0.00 0,00 10.92 0.00
1982 0,00 0.00 .00 9,09 10.%2 0.60
: 1982 0.00 0.C0 0.00 0.00 10.92 e.00
= 1983 0.00 o.ul 0.60 0,00 16.92 0.00
1984 0,00 0.00 0.00 0,00 10,92 0.00
198% e.c0 0.00 0.00 . 0,00 10.92 0.80
1986 0.00 .00 0.00 0.0¢ 26.60 0.00
1987 0.00 0.00 0.00- 0,00 10,92 0.00
1988 0,00 6.00 8.00 0,00 10.92 8,00
1889 .00 o.00 0,00 0,60 10,92 0.00
Ry 1790 0.00 0.00 0,00 0,00 10,92 0.00
- 1991 0.00 0.¢C ¢.00 0,00 10.92 0.00
1992 0,00 9,09 0.00 0.00 10.92 0.00
199) 0,00 0,00 0,00 0,00 10,92 0.00
0.00 .00 0,00 0,90 216,26 6.00
ACTIVITY ACTIVITY
LEVEL LEVEL
iy FISCAL DEPENDENT INDEPENDENT
YEAR SAY MA 14 . SAT HA GY
1975 0.0 0.CO 0,09 0.00 6.00 0.00
1976 0,00 0. 00 0.00 6.C0 .00 ©.00
1977 0,00 STetd 12186 0.00 G2} 0.00
j9o7e c.00 BB 37 a8, 25 0.00 6.2} £.00
1979 2.00 3.7 68,2% 0,00 0,21 0.00
1982 0.00 Y8, 37 Ba, 2% 0.00 0.2} 0.00
1981 0,06 S&.37 a8,2% 0,00 0.2} 0.00
- 1982 b0 She 37 12100 0,00 0.21 0.0
gt 1963 n.00 SR, 37 LB, 2> 0,00 0.2) 0.00
. LTS 0.00 SB,IT R, 25 0,00 0.21 0.00
- . 1945 0.69 6o, 37 b .25 0,¢0 6.2\ 0.60
: o [ ] Stye8? [T 0,00 0.2 0.00
1767 0.0 K7 1] 0% 0,90 0.21 0.00
) *58A 0,v0 yey 3! 83,79 0.C0 .21 0.00
P L) 0,00 [ ¥ § 83,79 0,00 0.1 0,00
1990 0,0¢ LU 4 B2y $.30 (1 d! .00
. 199) €.00 S44 37 R, 0.00 0,21 0.00
. -~ 1992 Q.00 She V7 17l oMy o.0p0 0,21 0.00
¢ 19Vl ¢o00 6,37 [ U133 0.0 0ol n.00
; 0,90 ZE1 ey | azscse 0,00 ISl [N
Iv-6
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LIFE CYCLE COSTS

MILLIONS OF 1973 DOLLARS DISCOUNTED TO 1974 AT 10%
SYSTEM ALTERNATIVE -- AIRCRAFT/GROUND
ALLOWABLE CLOUD COVER -~ 0-10%

RON=RECURRING COSYS RECURHING COSTS
ACTIVITY ACTIVITY
F1SCaL LEVEY LEVEL ANNURE,
YEAR RDIRE INVESTHENT DEPERO: NT INDEPEROENTY COSTS
1975 0,00 0.00 000 .00 0,00
1976 0,00 13.99 0.06 0,00 13.99
97 0.00 8,20 128,69 0,16 143,05
1978 0,00 7,46 100,16 G.le 107,75
1979 0,00 6,78 91,04 0.13 97.95
1980 0,00 6.16 B82.7¢ 0,12 - 89,05
198)1 0.00 5.60 1524 0,11 80.95 .
1982 0,00 5.6% 84,07 6.10 89.26
1983 0.00 4,63 62.1n 0,09 66,90
1984 0,00 6,21 $6.53 .08 60,02
1985 0,00 3.83 Sl.30 0,07 55.29
1986 0.00 7,84 “6,7> 0,07 S4.62
1987 8.00 3.16 $2.20 0,06 §5,43
1988 0.G0 2.E8 38,61 0,06 &1,56
1989 0,00 2,61 5.0 0,05 37.76
1990 0,00 2,33 31.91 0,05 36,33
1991 0,00 2,16 29,01 0.06 31.21
1992 0.00 1.96 2.6} 0,04 Ja,.61
1993 0.00 1,79 -23.97 0.03 25.719
0.00 90,74 1€27.%9a 1.39 1120,11
F1SCaL ROTLE INVESTHENT
YEAR Sarv HA (34 SAT HA GT
1975 0.00 0.00 9,00 9,60 0,00 0,00
1976 0,00 0,0C 0.00 0,00 13.99 0.00
1977 0.00 0,00 0.09 €.60 8,20 0.00
1978 0,60 0.00 0.09 6,00 T.46 ¢.00
1979 0.00 0.5 0,00 0.00 6,78 0,00
1930 0.00 0.00 0,00 0.00 6,16 0,00
1981 0.0 0.02 0. 00 0,00 S.60 0.00
1982 0,00 0,00 0.00 0,00 5,09 0.00
1963 0,00 0.00 0,00 e,c0 &,6) 0,00
1984 e.00 0.00 0.00 0,82 621 0.00
19685 0,00 0,00 0.00 0,00 3.83 0,00
1986 0,00 0.00 0.00 0,00 T.88 0,00
1967 c.00 €.00 0.00 0,00 3,16 0.00
1688 0,00 0,00 0.00 0.00 2.88 0.00
1989 0,00 009 6.00 0,00 2461 0.00
1990 0.00 C.Cd .00 0.¢0 2.38 0.00
1991 0,00 0.00 0.00 0,00 2016 0.00
1992 0,00 0.00 0.00 0,00 1.96 0,00
1893 0,00 0.00 0.00 0.60 1.79 0.00
0,00 C.00 0,00 0.00 90.74 0.00
ACTIVITY ACTIVITY
LEVEL LEVEL
FI3CaL DIeEnCENT ITHNDEPENDENT
YEAR SATY HA GY SAY HA GV
1975 0,00 .00 G.00 6,t0 0,00 0.00
1876 9.Ce 0,00 0,00 .00 0,00 0.00
1977 0.00 63.15 91,5« c.c0 0.16 .00
1978 0,00 39,37 69,27 0,00 0.1& 0,00
1979 0,00 3625 54,79 0,00 0.13 0,00
1960 0.00 3?75 L9.81 0.00 Q.12 0.00
1961 0.30 25%.96 ©Se29 0.00 0.11 0.09
1882 0.0y 27423 1779 1Y 0.00 0.10 0.00
1793 0.00 24470 37,42 0,00 0.09 0,00
1936 0. 00 22.%1 A, 02 0.00 Cl.08 0,00
jeny o.00 Nty 30.93 0,00 0.07 0,00
1986 .00 18.60 2l.te .00 0,07 0.¢0
1937 GyY 16.91) .29 0,00 0.06 0,00
1540 U, 00 154,37 ©302% 0,00 0.0% 0.0¢C
1969 0.00 13,97 2ield 9,00 0.05 0.00
1990 [ 14 1770 .21 0,60 0.0% 0,60
ton n,0u 11.5% Tebt 0,00 Celts 0,00
199¢ 0,00 10,90 2191 0,00 Q.00 0,00
199 e,00 LT3 16,467 0,00 0.02 e 00
6.00 InG. 27 6ol,11 0,00 1.3 ¢.060
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Life Cycle Costs to Provide
Land Cover Information for All

Federal User Demand - 1977

Automatic Data Processing
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FlscaL
Yt AR
1974
19t6
1977
tor8
1979
1980
1961
1982
1963
198¢
1985
1Sbs
1987
1988
1589
1990
1991
1692
1993

FiSCat

YE AR
1975
1976
1917
1978
1979
1980
1981
1982
1983
19494
198%
1966
1987
1958
1949
19%0
1991
1992
1993

F1scCat
YHaAR
197y
1976
1977
| R4 ]
1979
1980
154)
yob2
1983
Y944
j9ny
1960
1967
1988
15059
| R IH
1)
Y
IR ER)

LIFE CYCLE COSTS

MILLIONS OF UNDISCOUNTED 1973 DOLLARS
SYSTEM ALTERNATIVE -~ AIRCRAFT/GROUND
ALLOWABLE CLOUD COVER -- 0-30%

NON-HELUKRRING CQSTS

ROTAE
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0,00
0.00
c.%0
0,00
0,00
0.00

Say

0.00
0,00
0.4
0.00
0.0
0.00
0.00
8.00
0.0
0,00
0.00
6,00
V.00
0.00
0.00
0.00
0.0
0,00
0,99
0,09

Sal

0,00
0.00
.00
0.0
0,40
0.00
0.00
G.00
0000
0,00
[ L]
0.5
G.u0
O 00
O.Un
[T
[T
0,60
C.00
G.U

INVESTMENT

0.00
14,23
13.12
11.52
10.92
10,92
10,92
10.%52
10,92
10,92
10,92
26,60
10,92
10.92
10,92
10,92
10,92
10.%92
10,92
221,36

RDTLAE
HA
0.00
0,00
0.09
0.00
0.00
0,00
0.00
0.00
0.00
0.00
0.00
0.00
.00
0.G0
0.00
0.00

.0
0.00
0.00
0.0a

ACTIVITY
LEVEL
DEPr ROENT
HA
0.90
¢.00
5%.32
SN.27
50,27
50,27
H0e27
HYh 17
$he27
S0.27
S0.¢7
S50ee'7
L LTS ¥
LS.
SO.27
se. 2!
S0.27
LLYS PN
LIS
u7tr. 1y

Iv-9

RECU=KING COSTS

ACTIVITY
LEVE:
LEPENDENT
0.0n
0.00
80,02
77.10
17.19
11.19
17.19
80.82
1T.19
77.19
17.19
17.19
8a0.8>
T7.19
1T.19
17.19
T7.18
an.a82
7.1
132594

(2]

0.00
0.00
0.60
0.00
0.00
0.00
0,00
0,00
0.00
c.00
0.00
0.00
0.00
0.00
0.00
o.00
0.00
V.60
0.00
0,00

(23]

L,00
0.00
24,70
2h. 92
26,92
oHhe92
o.M
PaTO
2h,8
Ph e
’ho9e
e T
2h,70
0,2
76,72
a2
So.Y2
S, b
Ch, 0
ek P}

acriviry
LEVFL ANNUAL
INOEPLMUENT cosIs
0,00 0,00
e,00 19.23
0.2} 93.35
0.2} 88,92
0.21 8A, 2
0.21 88,32
0.21 /4,32
(7941 81,95
0.2} 88,32
0.?) 88,32
0,21 86,32
0.7 102,00
0.21 91.95
0.21 RB.32
0,21 88,32
0.21 88,32
0.21 8a,32
0.21 91.95
0.21 aa, 32
3.57 1956.87
INVESTUENT
Sal HA
0.00 0.00
0.00 19,23
0,00 13,12
0,00 11.52
0.00 10.92
0,00 10,92
0.99 10.92
0.00 10.92
0.00 10.92
.00 10,92
95,00 10,92
0,60 26,60
0.00 10.92
0.00 10,92°
0.00 10,92
0,00 10,92
0.Co 10.G2
0.00 10.92
0,40 10,92
0.00 221.3%
ACTIVITY
LEVEL
INDE PERDE BT
SAT .13
0,00 G,00
0.00 0,00
0,60 0.21
0.00 0.21
6.00 0,21
0.00 .21
0,00 0,21
0,00 0.21
0,00 0,21
0.00 0.7}
0,00 [(F%a]
0.00 6,721
0,00 6.2}
0.00 0,21
0,00 040!
0.00 0,21
.00 0.710
0,600 [P ]
0.00 [ 7 |
a0 KPS

GV

0.00
0.00
0,00
9.00
0.C0
0.90
0.00
0.00
0.00
0.00
0.00
0.00
.00
0.0¢
0.C0
0,00
0.00
0.00
0.00
0.00

6T

0,00
0,00
0,00
0.00
0.00
0.00
0,00
0.00
0,00
0,00
0.00
0,00
0,00
0,00
0,00
0,00
v, D
0.00
0,60
0.00

o T e s



Sma e e owscen g e

e emtis

MILLIONS OF 1973 DOLLARS DISCOUNTED TO 1974 AT 10%

LIFE CYCLE COSTS

SYSTEM ALTERNATIVE -- AIRCRAFT/GROUND
ALLOWABLE CLOUD COVER -- 0-307¢

RECURKRING COSTS

FISCAL
YEaK
187y
1918
V1
197a
1979
1980
1981
1982
19483
1984
1965
1986
1987
1968
1909
1990
1991
1992
1993

Fiscat
YEaR
1975
1976
1977
1978
1929
1940
198}
1982
1983
1984
19485
1586
1987
1988
193y
199¢
1991
1992
1993

FIsCar
YE AR
197
19716
1977
1973
1oy
1910
| R L}
t942
19843
19434
1949
lote
1907
1944
1949
190
1991
1999
1923

RON=RECURRING COSTS

RDTGE
0.00
0.00
0.00
0,00
0.00
o.00
0,00
0.00
o.00
0,00
0.00
0.00
0.00
0.00
.00
0.00
0.00
0,00
0.00
.00

SAT

6,08
e.00
0.00
¢.00
0,00
0.00
0.00
6.00
0,00
0.00
¢.0u
6.00
0.00
0.00
0.00
6.00
0,00
0.ue
0,00
0,00

Sal

0,00
0,00
0.06
.00
0,00
0.00
©.00
Q.00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
1,00
n,00

INVE STHENT
c,oe
15,89
9.85
7.8
6.8
LYY )
5.6%0
S.09
4,62
6,21
3,83
T.84
J. 16
2.86
2.61
2.38
2.16
l.qb
1.79
9%, 70

ROTAE
HA
0.00
0 o¢
.00
1,00
0,00
0.00
0.09
0,00
0.00
0.00
0.00
0.09
0.00
¢.00
0.00
G.00
0,00
0.00
CenC
0,00

ACTIVIYY
LFNEL
DFPELDENT
HA
0,60
0,00
L3 1%-1
36,34
31.2)
PR 38
25.80
6. 18
21,32
19,40
17.62
16,02
1o 20
13,724
17,03
10,40
9,9,
1,09
Re?¢
K IY TR

Iv-10

ACTIVYIIY
LEVH,

LDLPENDENT
0.00
Ve 00
60.1>
52.72
47.94
43,57
39.61
37.70
2. T4
29.7x
27.04
24.60
23,41
20.3%
18.%0a
16.8n
15.27
14.5.
12,6>
S17.2%

() 4

0.00
0,00
0.00
0.00
0.00
0.00
0,00
0.00
0.00
c'oo
0,00
0.00
0.00
0,00
0,00
0.00
0.00
0.00
0,00
0.00

(2}
0.00
0,00
14,56
18,39
16,72
19,20
13.8)
11.%2
11,42
10,38
Yoo
8.3
Tl
T.09
tglete
K lih
Yels
hoble
L]
116,12

ACTIVITY
LEVEL ANNUAL
JNDEPLRDENT (4139 £
¢.00 6,00
0,00 15,89
0.16 70,12
0,14 60,73
0,13 S6 B4
0,12 49,86
0,11 45,32
V.10 &2,89
0,09 37,46
0,08 34,05
0,07 30,96
0,07 3250
0,06 26,61
0,08 23,2
0.05 21.14
0,05 19,22
0,04 17,07
0.06 16,54
0,03 16,44
1,39 613,34
INVESTMENT
SAY HA
0,00 0.00
0,00 15.89
0.00 9,.86
0.00 T.R7
0,00 6,78
0,00 6.16
0.00 Se00
0.00 $.09
0.00 63
0,00 21
0,00 3.83
0.00 7.84
0,00 3.1%6
0.00 2.88
0,00 2.€1
0,60 23R
0,00 2.16
6,00 1.%6
0,00 1.79
0,00 96,70
ACTIVITY
LEVEL
INDEPENOENT
SKY WA
0,00 0.00
0,00 0,00
0000 o. 16
0,00 0.1%
0,00 0.13
0,00 C.12
0,00 0.11
0,00 0,10
0,00 0.09
0,06 0,08
0.00 0.07
0,00 0.07
0,00 0.06
6.00 0.06
0.6y 0,0%
0,00 005
6,06 0.06
0,00 [L TS
0,00 0,6)
0,00 16139

(A4

0,00
0.00
0.00
0.00
0.00
0.00
DJ00
0.00
0.00
0.00
0.00
0.00
0.00
0,00
0,00
0.00
0.00
0.00
o.00

o.oo

6y

0.00
0.00
o.oo
°Q°°
0.00
0.00
0.00
0,00
0.00
0,00
0.00
0.00
0.00
0.00
0,00
0.00
0.60
0.00
0.n0
0,00

I
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LIFE CYCLE COSTS

MILLIONS OF UNDISCOUNTED 1973 DOLLARS

SYSTEM ALTERNATIVE -- 2 SATELLITE/AIRCRAFT/GROUND
ALLOWABLE CLOUD COVER -~ 0-30%

Fl1scat
YEAR
1975
1976
1977
1978
197
1980
1981
1962
1983
1934
1985
1986
1987
1988
1989
1990
199}
1992
199%)3

F1SCAL
YEAR
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1945
1946
1987
1988
1949
1990
199]
1992
1993

FIscat
YEAR
1975
1976
1917
1971
1979
1969
1761}
194n¢
1943
1 98%
1955
1955
[CLY]
Avitd
1999
19v0
199)
ty2
1WA

NON-KECURRING COSTS

ROTAY
0.00
0.00
0,00
0,00
0,00
0.00
0.00
0,00
0,00
0.00
0,00
0,00
0,00
0,00
0.00
0,00
0.00
0,00
0,00
0.00

SAT

0.00
0.00
0.00
0.00
0.00
0.00
0,00
0.00
°.°o
¢..0
C.00
0.00
0.00
0,00
o.oo
0,00
0.00
0,00
0,00
0.00

SaTt
0,00
0,00
6,5y
16,.0%
10,5
19.%Y
10,59
10.5%%
10,59
10,99
10,5y
10,5
10,99
10.5"
1009
10,59
10,59
| R -2
100
Jine2l

INVESTMENT
15,90
67.42
Se.h4
2064
26,04
13.24
Ju, 64
50,46
46,24
27.6%
26,06
26.8)
38,66
50,44
o6 ,20
27,066
26.06
13.24
23,04

645,98

ROTLE
HA
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0,00
0,00

‘0,00

ACTIVLITY
LEVEL
OF PENDENT
HA
0,00
0.00
2.8
26,656
26,060
26,460
26,06
3.2
26,060
Phble
2holets
PINPYY
V.
Fhevh
2habele
Pligbts
Chonl
Ry 4
thalih
HTe el

Iv-11

RE CURRING COS1S

ACTIVIYY
LEVEL
DEPENGENT

0.08
0.00
$6.93
ST.s1
S7.31
57.31
57.31
60,913
57.31
$7.31
$71.31
57.31
60.93
$7.31
$7.31
S7.01
57.31
60.93
S7.0
964.87

0,00
0.30
.00
0.00
0.00
0.00
0.00
V.00
0,00
0.00
0,00
0.00
0,00
0,00
0.00
0,00
0.00
0.060
V.00
0,00

(29
0.n0 ‘
0.00
18,05
e0.74
20.28
20,28
20,20
1¢.0%
PU.2R
0, P
’u.728
20, 7R
| LYY
Y, 728
20,78
20,78
0,28
T, 0%
0PN
It B

ACTIVITY
Lt Vet ANNUAL
INDE PENUENT COsStsS
1.10 17,00
3. 70 71.12
3.n 117.¢8
2.11 ar.16
1.81 * 85,16
0,91 Ti.46
2.1 98,66
3.61 114,98
3,31 106,86
2,11 871,08
1.8} 85.16
Q.91 83,03
2.1 102,28
3.41 111,36
3.n 106. 6
.11 87,06
. 1.81 85.16
0.91 75.08
1.6} 81,96
43,87 1674,71
INVESTMENT
SAT HA
15.90 0,00
S3.70 13,73
67,40 9.26
18,40 9.26
16.80 9.26
4,00 9.26
29,460 9.26
41,20 Y24
37.00 Y26
18,40 9.24
16,00 9,24
6,00 20.81
29,640 9,256
&1.29 9,26
37.00 9.24
18.40 9.24
16.80 9.246
4,00 924
13.80 9,26
463.60 182.38
ACTIVITY
LEVEL
INDEPENDENT
Sat HA
1.0 0.00
3.70 0.00
3.50 [ 1Y 4]
1.90 0,21
1.00 0.2}
0,70 G.21
2.50 0.21
3,40 0.2}
3.30 0.21
1.90 0.21
[ Y1) 0.2}
0,70 0.21
7,50 0.21
3,50 0e21
3,10 0,21
1,490 0.21
1 eh0 0.2)
.70 0.21
| I n.21
LS (M 11 It

(34

9.00
0.00
6.00
0.00
.00
0.00
8.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0,00
°.°o
0,00

C.C0
0.%0
0.00
0.00
0.00
0.0.
0.00
0,00
0.00
0.00
0,00
0.00
0,00
0.00
0.0
0,00
0,00
0.00
0.00
0.00
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MILLIONS OF 1973 DOLLARS DISCOUNTED TO 1974 AT 10%
SYSTEM ALTERNATIVE -~ 2 SATELLITE/AIRCRAFT/GROUND

LIFE CYCLE COSTS

ALLOWABLE CLOUD COVER -- 0-30%

RE.CURRING COSTS

FISCAL
YEAR
1915
197%
19717
1978
1979
1980
1981
1982
198)
1984
1945
1986
1987
1988
1949
1990
1991
1992
1993

FIseaL
YEAR
1915
1976
1977
1976
1979
18860
1981
1982
1982
1984
1985
19886
1987
1948
1989
1990
1991
1992
199

F1sCaL
YEAR
1975
1970
1977
19178
1979
1980
1981
1982
1983
198a
19y .
19h6
1987
1908
1989
fave
19
1997
19423

NI =RECURM ENG COSES

PpYeL
v,00
0,00
0.00
0.00
0,00
0.60
0.00
0,00
0.00
0,60
0.00
0.C0
0.60
0.00
0.00
0.00
.00
0,00
0,00
v.00

SAat

0.00
0,00
0,00
0,00
o.00
Q.00
0.00
0.00
0,00
0,00
0.00
0,00
6.00
0,00
0.00
0,00
.00
0,00
g.00
0,00

Sal
0,00
0,00
6,95
T.30
“.5"
S0
Helets
“.96
LY
L%
.01
s X )
X.ut
Pl
Zobe
Ze )
sl
191
1.71%
ol. U

INVESTHENT

14,45
$5.72
&2.55
18,88
16.17
Te6?
19,83
23.5)
19.61
10.66
9.13
T.91
11.19
13.28
11.07
6.02
S.15
2.8

377
298,77

ROTLE
HA
0.00
0,00
0.00
0,00
0.00
0.00
0.00
0,00
0.00
0,00
0.00
0.00
o.of)
0,00
0.00
0.00
Ge0u
0.60
0.00
0100

ACYIVITY
LEVEL
DEPENDVENTY
HA
0,00
0.09
26.25
18,06
16.47
lk.uz
13.57
1%.00
11.2%
10.19
Y27
Pab?
Ge 3
[ Y518
[ YRR}
Se 'l
Se?)
Heli)
LRl
TR

Iv-12

ACTIVITY
LEvEL
OEPENDENT

t.00
0.00
“2.17
9.2}
35.5%9
32.35
29.61
28,42
24,31
22.19
20,09
18.26
17.85
15.09
13.72
12.47
11.3¢
10.96
9.37
383.11

9.00
0.00
0.00
0.00
0.00
0,00
0.00
0.00
0.00
0.00
6.00
0.00
0.60
0,00
.00
0,00
0.00
0.00
0,00
0.00

(A}
0.00
0,00
13,56
13.85
12459
.65
10,6}
b."a
Beho
T.R?7
1.11
(Y 17
S.23
Ya e
hohb
"" |
4,0}
375
N2
| R UY)

ACTIVITY
LFVEL | ANNUAL
INDEPENDENT €osTS
1.00 15.45
3.006 S8, 718
Le 19 28,11
b0 59.53
1.12 §2.88
0,51 40.36
139 50.63
1.68 53,64
1.40 445,32
0,81 33.57
0.63 29.85
0.29 26,46
0.8 29.63
0,95 29.32
0.79 25.58
0.46 18,95
0.36 16,85
0.16 13,50
0.26 13.40
19,91 701,79
TNVESTMENT
SAY HA
164,645 0,00
64,38 1136
35.61 6.94
12,57 6,31
10,43 Se74
2576 $.22
15,69 LaT0
19.22 44231
15.69 3.92
1.09 3.56
S.89 374
1,27 6463
8,52 2+.68
10,85 2463
8.86 2.2}
44,00 2,01
3.3 1.8
0.72 l1.66
2.26 1.5%1
222,49 16.29
ACTIVITY
LEVEL
INDEPEHUENT
SAT HA
1.00 0,00
3.06 0.00
2ehl 0,16
1.30 0,16
0,99 0,13
0,40 0.12
1,28 0,11
1.59 0,10
1.32 0.09
.73 0,08
0,56 0,07
0,77 0,07
0,72 0.06
0,90 0,00
0,74 0,0
Nyh1 0,09
[ ¥ 0.04
0,13 G.06
0,03 0.n3
18,97 1.49

6T

0.00
0.00
V.00
0.00
0.00
0.00
0,00
0,00
0.00
0.0
0.00
V.00
0.00
0400
0.00
0,00
0.00
0.00
o.oo
0.00

0,00
0.00
0.00
6.00
0.00
0,00
0.08
0,00
0.00
0.00
0.00
€.00
0,00
0,00
0,00
.00
0,00
0,00
v,00
.00
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LIFE CYCLE COSTS

MILLIONS OF UNDISCOUNTED 1973 DOLLARS
SYSTEM ALTERNATIVE -~ AIRCRAFT/GROUND
ALLOWABLE CLOUD COVER -~ 0-10%

NON-RLCUKRRI ITHG CHSTS HEC KRING COSTS
ACYIV 1y ACTIVI ¥
FISCAL LEVE LEVEL AMNUAL
YEAR ROYLE INVESTHENT  Oepttfls 1Y THUE R NDENT COSTS
1915 0,00 0,00 0.0 0,00 000
1976 0.00 19,23 0,0 0.00 19,22
1977 0,00 13,12 111.8 0,21 125,18
1978 0,00 11.%92 111.3 0,21 123.04
1919 0,00 le.92 11,3 0.7] 122,44
1980 0.00 10,92 111.3 6,21 127,44
1981 0.00 16,492 111,23 0721 122,64
1982 0,00 10,92 112,6 0,7} 123.78
1983 0,00 10.92 111.3 0,21 122404
1984 0.00 10,92 111.3 8.7} 127,40
1965% 0,00 lo,92 111.3 0,21 12244
1946 ¢,00 24,60 11}).3 6.2} 136,12
’ - 1987 0,00 10.62 11246 0.21 123.78
. 1988 ¢, 00 10,92 111.3 0.21 122.04
. 1989 0.00 10,92 111.3 6,21 122.44
1990 0,00 10.92 111.3 0.21 12244
1991 ' 0,00 10,92 111.3 0,21 122464
1992 0,00 10,92 112.6 0.21 123.78
1993 0,00 10,52 111,.3 0,21 122,04
0,00 22).34 1896.4 .57 2121.713
FISCAL ROYAE INVESTMFNY
YEAR SAT HA (] SAT Ha (4
1975 0.00 0.00 0,0v 0,00 0.00 0.00
1976 0.00 0,00 0.00 0,00 19.22 0.00
1977 0.00 0.00 0,00 0,00 1l.12 0,00
1918 0.00 C.00 0,00 6,00 11,52 6,00
1979 0,00 0.C0 6.00 0,00 10,92 0.00
e/ 0.00 0.00 0,00 0.00 10,92 0,00
PO | 0,00 Ca.C0 Q.00 ¢.00 10.92 6,00
19u2 0.00 0,00 0.00 0.00 10,92 0,00
1933 0,00 0.00 0.00 0.00 10.92 0,00
1984 0,00 0.00 .00 0,00 10,92 0.00
19us 0,00 ¢.00 0.00 0,00 10,92 0,00
: 1906 0.00 0.00 0,00 0,00 26,60 0.00
) 1947 0,00 0.00 0.00 0,00 10,92 V.00
: 1948 0,00 0.00 0,00 0.00 10,92 0,00
‘ 19489 0.00 0.060 0.00 0,00 12.92 0.00
¥ 19%0 0,00 0.9 0,00 0,00 10,92 0.00
' 1991 0,00 0,60 0.00 0,00 10,92 0,00
: ! 1992 0,00 0.00 0,00 6,00 10,92 0.00
5 1993 0.00 G.00 ¢, 00 0,00 16.92 0,00
B 0.00 0.90 0.00 0.00 221.34 0.00
i
: ACHIVITY ACTIVETY
L VEL LEVEL
FISCAL OF PENDENT Fnps L EnDENT
YFAR Sav HA 67 . a7 Ha 131
1975 0.00 Celi0 e 00 0.60 c.00 0,00
1976 0. 00 L] %a00 0.00 6.00 0.00
1977 0,00 S).0F0 92,67 ¢.00 0,21 0,00
1970 0,00 Gh.ba a7 0.06 .2} 0.00
IV 0,00 L84t YN G.00 0,71 C.G0
1980 0,00 Lhabu [T ) 0,00 0,7} o, 00
1941 G.00 Gl bt [ 9,40 0.°1 0.00
1942 0.L0 Lea 18 SR 0,00 0,2) 0,00
193 N0 Gty il [N %) 0,00 6.1 Ce00
LTS L. 00 fty G, 67 0,00 Oe?} 0,00
. 19hY [ ol Jho LN 0.00 .71 0.%0
1965 (I IS LYY 4 0,00 0,21 .00
jon? 0.0 LWl 8 Y. H/ 0,00 [ | C.00
1988 6,Cu uh, G (XN 0.0t C.2) 0.00Q
) YLy .00 Wlhatite L 6l b, 00 Do) 0,h0
i 190 0,00 Wit N L tocl £.00
i 1991 G v Wty [N 6,00 e} 0.N0
i Py 0.5 Yoo ld Gt 6,00 [P 0,00
i 1929 0,0 fergtr's (BN A O,R0 (.P1 ¢,u0
. [P N] B2 AN Lk g, b0 3.0/ LR
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MILLIONS OF 1973 DOLLARS DISCOUNTED TO 1974 AT 10%

LIFE CYCLE COSTS

SYSTEM ALTERNATIVE -- AIRCRAFT/GROUND
ALLOWABLE CLOUD COVER -~ 0-10%

RCC RRING COSTS

F1sCaL
YEaR
191
1976
1977
1978
1979
1940
1981
1982
1983
1984
1505
1986
1987
1v88
1989
1990
1991
1992
1993

F1sCat
YEAR
1875
1976
1977
1978
1979
1940
1981
1982
1963
1984
1965
1986
1987
1988
1989
1990
1991
1992
1993

F1sta
YEAH
1975
1976
1917
1978
1979
1960
19431
1942
| K LX]
| ALY
1985
1986
IR LES
UL
189
1990
| A
1992
1952

NON=HECUHRING COLTS

ROTAL
0.U0
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0.00
0,00
€.00
0.00
9.720
0,00
0,00
0.00
0,00
0.00
0.00
.00

SAat

0.0
0.00
0,00
0.00
0.90
0.00
0.00
0.0V
0.00
OQOQ
000
0.00
0.00
0,00
0.00
0.00
0,00
0.00
0.00

0,00

Sal

0,00
0.00
0.00
0,00
0,00
c.ue
0.U0
[ 7]
G, 00
0,00
o.,u0
N.00
G0
0,00
Q,ut.
n.0v
[P H]
.00
0. 00
[ PS\1)]

INVESTHENTY

v.00
15,89
Y86
7.87
6,78
6.l6
S.60
$.09
463
6,21
3.83
T.l6
d.1e6
2.88
2.0}
238
2.16
1.96
1.19
Quel0

RDTALE

HA

0.00
0.00
0.00
0.00
0.00
6.00
0,29
0,00
6.00
0,00
0.00
0,00
0.00
0.00
6,00
0.00
000
0.00
0.00

0.00

ACTIVITY
LEVIL
OF PELDENT
HA
000
a.co
39.0%
31.86
28.90
633
23.9)
264k
1979
17.58
163
14,86
19,79
17.78
11,37
10418
9 2
Yol
T}
kT YU

iv~i4

ACTIV

Lrvt
LEPEND
0.0
0.0
b4.0
16,0
6941
62.8
57,1
52.5
a1,2
42.9
39.0
3S.4
J2.6
29.3
2646
24,2
22.6
20,2
1842
739.5

0.00
0.00
0.00
0.00
0,00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
.00
0,00
Q0,00
0.00
0,00
0,00

0,00

Lt
G,00
0.00
44,53
64,17
40,15
Jueh0
3J.ly
21,93
2763
24,93
PPebit
20401
l’.:‘“
17,03
15e0b
101
\P.79
XN X4
1607
o lid

Ty

NY

ACTIVITY
LEVEL

INDEPENDENT

0.00
0,00
0,18
0,16
0.13
0.12
0,11
0,10
0,09
0,08
0,07
0,07
0,06
0,06
0,05
0.0S
0.04
0,04
0,03
1.39

SAT

0.00
0.00
6.00
0,00
0.00
0.00
0.00
0,00
0.00
0,00
0.00
0.00
0,00
©¢,00
0,00
9,00
0,00
0,00
0,00

0.00

SAT
0,00
0000
0,00
0,00
0,00
0,00
0,00
0,0
Q,00
Q,v0
0,00
o'oo
0,00
0,00
U.00
0,00
0,00
0,006
0,00
6,00

ANNUAL,

COSTS

0.00
15.89
Qu, 05
84,04
76,02
69,11
62,83
57,74
51,93
47,21
62‘9!
43,37
35.85
32,24
2%3.3
26,65
24,22
22.24
20,02
335,66

INVESTMENY
HA .

0.00
15,89
9,86
7.87
€,78
6,16
5,60
$.09
4463
G421
3.3
T4
.16
2.83
2,61
2.38
2,16
1.96
1.79

94,70

ACTIVITY
LEVFL
INDEPEMDENT
HA
0,00
0,00
0.16
[ TS L}
0,13
0.12
0,11
0.10
0,09
0,08
0,07
0.07
0.046
0,06
0464
0,0%
0,04
0,04
T.0)
1,39

67

0,00
0.00
0.00
0,00
0,00
0.00
0,00
0.00
¢.00
0.00
0.00
oloo
0.00
0.00
0.00
0.00
0,00
0.00
0.00

0.00

0.00
0.90
0,00
0,00
0,00
0,00
0,00
0.00
0.00
0,00
°.°°
0,00
0.00
0,00
0.00
0,00
0,00
0,00
0.00
0.00
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FisCaL

YEAR
1915
1976
1927
1978
1979
1980
1981
1982
1983
1960
1985
1946
1987
1948
19483
1990
1991
1992
1993

F1SCAL

YEAR
1975
1976
1977
19k
1979
1940
1951
1982
19483
1984
1985
1986
157
19¢8
1949
1990
199}
1992
1993

F15Cs:
YE ik
1915
1976
1977
ters
1679
1940
1981
R LT4
193
19u6
14945
1900
19437
19k
[N ]
, l'xnc
114}
1977
HYE

LIFE CYCLE COSTS

MILLIONS OF UNDISCOUNTED 1973 DOLLARS

SYSTEM ALTERNATIVE -- 2 SATELLITE/AIRCRAFT/GROUND

ALLOWABLE CLOUD COVER -- 0-10%

NONeKECURRING COSYS

RUTNE
0.00
0,00
0,00
0,00
0.0u
0,00
0.00
0.00
0,00
0.00
0,00
0,00
0,00
0.00
0,00
0.00
0,00
0,00
0,00
0,00

SAT

0.00
0,00
0,00
0.00
0.0y
0.00
0.0¢0
0,00
C.0u
0.00
0,00
0.00
0.00
0.00
0.00
Q.00
0,00
0.00
0.00
0,00

5AY
0.00
0.00
6.27
10,37
10,27
10,21
10,47
10,27
10.27
10,27
luedt
0.0
1001
J0sc
1e.217
L.l 7
et
e,
| XIPR
| RAOPRE

IMVE STMENT
1H.90
64,27
Sa.l2
2%.12
23,52
10,72
36,12
“7.92
63,72
25.12
23,52
19,14
36,12
47.92
43,72
25.12
23,92
10.72
20,52

S9n,.82

ROTAE
HA
V.00
0.00
0.00
0,00
0,00
0,00
0,00
0,00
0,00
0.00
0.00
0.00
0,00
0,00
d.00
3.00
Q.00
0,00
Cob2
C.00

ACTIVIIY
Levet
OFPEHDENT
HA
0e00
0.00
2b.02
1941
19.%3
19.5%73
19.%3
[T 1d
17.52
1953
Pe53
194493
eV’
10%3
Ttenid
17.5%32
10,52
rho01/
Teanrd
LRV 4

iV-15

HECURHING CUSTS

ACTIVINY
LFVEL

OLBENDENT
0.00
0.00
83.51
B8R, Hao
Bihe 16
B8R, 16
88,74
87.91
88.74
BB, 74
88,74
1. Py 1
87.51
[ 1P 2
BR. 76
88,74
BB, 76
87.5!
88,76
1499.80

67

0,00
V00
U.00
0.00
.00
0,00
0,00
0.00
0,00
0,00
0,00
0,00
0,00
000
oloo
0.00
.00
0,00
0,00
0,00

(124

.00
0.00
Sl.?2¢
SheG0
L4, 96
Si,96
HH,96
Ster2
b, Y
Ha, 0
HH GG
LI
Hl.e0
LE, GG
[RINOTR
TIPS
TR I
Dler?
Lt tin
R AR

ACYIVITY
LEvetl ANNUAL
INOEPENOENT cocrs
1.%0 17.90¢
3.7 67
3.71 1641434
2,11} 116,07
1.R) 114,07
0,91 100,37
2.7} 127,57
3.6] 139,04
3.3 135.77
2.11 115,97
1.81 114,07
0,91 108,79
2.7 126, 34
.61 140,27
3.31 135,77
2.11 115,97
1,81 114,07
0,°] . 99,14
146) 110,87
43,87 2140,48
INVESTHENY
Sa¥ HA
15,90 0,00
$3.70 18,57
67,60 6,72
18,40 6,17
16,R0 6,72
4,00 6,72
29,40 6,72
Ll,r0 6,72
37.00 6,72
18,40 6,72
16,80 6,72
4,00 15,16
29,460 6,12
L), et K72
31,08 6,77
18,60 672
16.80 b.72
8,00 He72
13.A0 6,72
46],60 133,2¢
ACTIVIVY
LEVEL
IHDEPENUENT
a7 HA
1,10 0,00
3,70 000
3,50 ¢.2)
1.99 0.71
1,60 fh,2)
6,70 0,2}
2,50 0,21
d,40 0.21
3,10 0,21
1,0 6,7}
| A Cel)
0,70 .71
el 0.721
3.h0 0.2
a0 (I3
bt Le?)
1,00 0,2}
Vel 0.y
| I Goe')
L, i RN

Gy

0.00
0.00
0.v0
008
0.00
0.C0
0,00
.00
0,00
0.00
0,00
0,00
G, 00
0,00
0,00
0,00
0,00
0.00
0.00
0,00

[}
0,00
0.00
0,00
0,00
0,00
0.00
0.00
0.00
0.00
0,00
o,
[P 1]
0,00
G.0
¢.00
Heut
0,00
R
0y
e 00

e
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LIFE CYCLE COSTS

EE

MILLIONS OF 1973 DOLLARS DISCOUNTED TO 1974 AT 10%
SYSTEM ALTERNATIVE ~- 2 SATELLITE/AIRCRAFT/GROUND
ALLOWABLE CLOUD COVER -~ 0-10%

]
R
K

n

NON=RELUKRING COSTS RECURNING COSTS
ACTIVITY ACTIVITY
. FlscaL LEVFL LEVEL ANNUAL
: YEAR ROTLE IMVESTMENT  DEPE RUERY THOEFLENENT cosIs
B 1975 0.0y 1o ,4% 0,00 1,00 15,45
1916 0,00 53,11 0,00 3,06 56,17
1917 0.00 0,66 6274 2.79 106,19
1978 0.00 17,16 60,68 1,66 79.28
1919 0,00 14,60 55.10 1.12 70,83
: 1580 0,00 6,05 590,09 0,51 $6,66
: 1981 0.00 18,54 45,54 1.39 65,46
1982 0.00 27.3% 40,82 1468 66 Ho
1943 0.00 18,54 37,64 1.40 S7.%R
1984 0.00 9,68 34,21 0.81 66,7}
A 198% 0.00 8,04 31.10 0.63 39,98
1986 0.00 6,10 ?K.28 0.29 6,66
- 1987 0,00 10,46 25.35 0,78 36.60
LT 0.00 12.62 23,37 0,95 36,94
198y 0.00 10,47 2).26 0,79 32.50
1990 0,00 Seal 19,31 0,66 25,24
1991 0.00 4,65 17.56 0,36 22457
1992 0,00 1.93 15,74 .16 17,83
- 1993 0,00 3.3 14,51 0.26 18,13
. 0.00 278,45 583,29 19,9) 88} .65
.-
FI1SCAl ROTAE INVESTMENT
- YEAR SAT HA 6T SAY HA 6T
1915 0,60 0,00 0.00 14,65 0.00 0,00
' 1976 0.00 0,00 0.00 44,38 8,13 0,00
1977 0,00 0400 0.00 35,61 .05 0,00
1978 0,00 0.00 V.00 12,57 HoH9 0,00
1979 0,00 0.00 - 0.00 lu,63 Lo1? 0.00
1980 0,00 0.00 0.00 2426 3.79 0.00
1931 0,00 0,00 0.C0 15,09 3,48 6.00
1982 0.00 0.00 0.00 19,72 3,13 0.00
1583 0,00 0460 0,00 15,69 ?.85 0,00
1984 0,00 0,00 .00 1.09 2459 0,00
. 1985 0.00 0.00 0. 00 5.R9 2436 0.6u
) 1986 0,00 0.00 0,00 V.27 4,82 0.00
; 1967 0.0¢ 0.00 V.00 [ Y 1.9% 0.00
' 1988 0,00 0.00 U.GO 10.65 1,77 0,00
.0 199 0,00 0,00 0,00 hk6 1+61 0,00
' 1990 0,00 0,00 0.00 4,00 1.46 0.00
1991 0,00 0,00 0.00 3. 1.33 0,00
1992 6.00 0,60 0.00 0,72 1.24 0.00
1993 0.00 0,00 0.00 .70 1.10 0.00
.00 0,00 0,00 2¢2.49 5597 0,00
ACTIVITY ACTIVITY
LEveL LEVEL
FISCAL DIPELLTNT INCEPENDENT
YE AW Sal (23 73] SeY HA (A4
‘ 1915 0.00 Ge00 0,00 1,00 0,00 0,00
4 jein 0,00 0,00 0,00 2,00 0,00 0,00
4 et ot} 19,59 KLY 763 0.16 0.00
- 1978 1,09 13036 wh b 1.30 040 0,00
1 197y 6,38 12,13 RITY) 0,99 0.13 0,00
1980 5. 80 11,0 33,21 Den0 0412 0,00
: IR Hedl 1ot Ju. 2o 1.2% 0,11 0.00
i 1982 oty 12614 FENLY] 1,59 0.10 0.00
H 1983 4434 (YL ?2r.00 1031 0,09 €.00
i 19H4 Yo S 754 N L4 0,73 0,08 6,00
| 194 R0 .M Cudtity L1910 0.07 0.00
i IR dee! o0 1o, 78 0,72 007 0,00
1he? Pt r.5%4 1t e Bt 0.7¢ 0. 06 0,00
1908 Pell Yeln 1Lene 0,90 0,06 0. 00
19a 2atits [ 16,11 Nelh 0.05 0.00
1490 2. b, 1¢eH) [} 0499 0,00
. 190 AR 3,46 11et6 0,3 0,04 0,00
: 19, Veiss Gotyls .21 .41 0.0 0. 00
RN [t 1.9 .00 6,7 0,014 0,00
nhe 1algu? 3teu9 Prate 1.3 0.00

Iv-15

w1
L
1

. e



et e

» r——ry S e e o

3
e

R S

Life Cycle Costs to Provide
Land Cover Information for

Projected Demand from All Sources

Projected Level II Demand:

1977 - 1993 Six times at 60 days

Automatic Data Processing
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LIFE CYCLE COSTS

MILLIONS OF UNDISCOUNTED 1973 DOLLARS
SYSTEM ALTERNATIVE -- AIRCRAFT/GROUND
ALLOWABLE CLOUD COVER -- 0-30%

NON=IECUKRING COSTS RELURKING (COS1S
. ACTIvyTY ACTIVITY
| F1sCAL LEVEY Lb Vet AHNUAL
i YEAK ROTAE INMVESTHMENT ULPLNDFNTY INDEPENDENT costs
, 1975 0,00 0,00 0400 0,00 ¢.00
: 1976 0,00 22,38 0400 0,00 27,38
- 19717 0.00 15,064 107450 0,21 123.35
19718 0,00 14,04 104,68 0.21 118,93
1919 V.00 13,64 104,68 Cs21 118,12
’ 158y 0,00 13,44 104.68 0.2 118,33
Y 1981 0.00 13,446 106,08 O4rd 118,33
1982 0,00 13,64 108,30 0,71 121.9%
1933 0,00 13,44 104,68 0,21 118,33,
1984 0,00 13,44 104,63 0,21 118,33
1945 0400 13,44 104,68 0,21 118,33
. 19856 0,00 30,27 106,68 0.,?] 135,16
5 1987 0,00 13,64 108.3n 0.2 121,95
. 1988 0,00 13,44 104,68 0.2, 114,33
198y . 0.00 13.66 104,64 0,2. 118,33
1v90 0.00 13,66 104,68 0.7) 118,33
1991 0,00 13,44 106,64 0.21 118,33
1992 r.00 13,44 108430 0,21 121,95
1993 0.00 1).6e 166,64 [ 118,33
0.00 270,50 1792,2, 287 2067,21
Fiscat RDTHE INVESTNM.NT
YEAR SAT HA [ SAT HA GY
: 1975 0,00 0.00 ¢ .0 0,0 0,00 0.00
. 1976 0,00 N.00 0.00 0,00 7?2438 0,00
: 197¢ 0.00 Q.00 0.00 0,00 15,64 0,00
1978 0,00 0.00 0.00 0,00 16,04 0,00
; 1979 0,00 0,00 0.00 €.00 13,44 0,00
1930 0,00 0.00 .00 0,00 1304 0.00
1981 0.00 090 Ha00 0,00 13,46 0,00
1942 0.00 0.00 0,00 0,00 13,46 0,00
. 1983 0,60 0.00 0.00 0,00 13,44 0.00
i 1984 0.4 0.00 0,00 0,00 13.644 0,00
H 198E 0.%u 0,00 0,00 0,00 13,40 0,00
i 19486 ve U0 0.00 0400 U, 00 30,27 0.00
‘ 1987 0,00 N0 0,00 0.00 13,64 0,00
1964 0,0u 0.00 0.00 ©,00 13,44 0,00
1959 0,00 0,00 0.00 0.00 14,64 0,00
1990 0,0u 0,00 c.00 0,00 13,64 0.00
199] 0,09 0,00 0,00 0.00 13,64 0,00
1992 0.00 0,00 0,00 0,00 13,40 0,00
1993 0.00 CeCO .00 00 13,606 0,00
0.00 000 0,00 0,00 270,40 U400
ACTIVETY ACTIVITY
LEVEL LEVEL
Flscal DYl NLENY . THDEPERDF T
YF ait Sal HA oY a7 HaA 6Y
- 191y v.C0 t.C0 0,00 0,00 0,00 0,00
- 1976 0.00 0,00 0.00 0,00 0,00 0,00
1wi? .00 (3.5 1] Iv,sl 0,20 0,721 ¢,00
1918 n,00 63.0% Gl.63 V.00 0,21 0,00
197y 0.0u 63,04 1.6 0,00 021 0.00
1980 [ 6304 41,6) 0,00 0.2 0.00
1unl 0,00 h3. 0% 41,61 0,00 0,21 0,00
19u2 0.ty hid, 9 - kYN Y| 0,00 0,1 g.00
1903 0,00 63409 41463 n, 0o 0,2]) 0,00
184 0,00 Hiolh 4] ehd 0.00 0,7} 0,00
1'9n% 0.00 hi. 09 bl Hhiy 0,00 0,71 0.00
W21 Vet 63,05 “lavld 0.00 0.2} 0,00
yoee [T [T .01 0.00 .71 0,00
1un 0,0 63.0% Gleh) 6,00 [P ] 0.20
; 170y [T} 63.0% LYY Q.00 Ueés L, Uf
1990 [N Y] $£1,0% Wleht 3,00 0.1 oy, 0
‘ o 149y (RO Aot bl,03 0,00 N4 a,n
- 199 0, np AR W [P} fH, 00 Gor'd LAl
IREX] 0.0 [ PRTIN wlet d G hy 0.2 [
AT wre wa [T TR oL RPN 4 G,
Iv-18
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F15CaL
YEAR
1975
1976
1917
1978
1879
1980
1981
1982
1983
1908
1985
1986
1987
1viés
1989
1990
1991
1992
1993

FiscaL
YEAR
19715
1976
1977
1878
1979
1900
198,
1982
198°.
1€ &
1 85
386
1987
1988
1949
1990
1951
19v2
1953

Flscat
YEAK
1975
197
197
1979
979
1580
19al
1982
1913
jona
| R 230
1980
1Yol
JYra
ety
| YN
| 31
|
|} &

MILLIONS OF 1973 DOLLARS DISCOUNTED TO 1974 AT 10%

LIFE CYCLE COSTS

SYSTEM ALTERNATIVE =~ AIRCRAFT/GROUND '
ALLOWABLE CLOUD COVER ~- 0-30%

AON-RECURKRINC COSTS

ROYLE
0.00
¢.C0
0.00
0.6
0.00
0,00
.00
0.00
0.00
0.00
0.00
0.00
0,00
9,00
v.00
0.00
0.C0
0.00
0.00
0.0

Sar
6.0
0,00
0,00
G, 00
0.0n
0,00
o.0¢0
0.60
[ )
0.0
L.bn
6. ¢u
[t
0,00
t.np
a0
C.Cn
gty
DL
B, 064

INVESTMENY
0,00
18,50
175
9.59
8.3
.59
6.90
6,27
S,70
5.18
4,71
9.65
3.69
3.5%
J. 22
2.92
Jehb
2o42
2.00
115,02

ARTLE
[

0.00
0.00
0,00
0,00
Gof®
0.0y
0.00
¢.00
C.02
0.00
0.00
G.C

0.00
0,00
0.00
0.09
0,00
0.C0
0.00
0,00

ACTIVITY
LEVEL
DFF+ 2.07NT
HA
¢.00
0,00
Sl.16
Sty
R XS A
5,459
Il
e
AT
TR
Pl
20,78
| KR
iteniy
‘atls
14,0
Vet
Foto 8
Ju, it

LA FY

*vV-19

KECURRING COSTS

ACYIvytY
LEVEY
DEPENIG NT
0.0n
0.00
80,7a
T1.5%0
65.00
59.09
$3.72
$0.52
84,39
0./
36,69
33.35
3.7
27,57
25.06
22,78
20,7
19.48
17.12
b P47

61

0.00
G.00
0,00
0,00
0,00
0.00
6.00
6.00
0.00
0.00
0.00
0.00
V.00
0.00
C.00
0.00
v.00
6.00
v.00
0.08

(3]

V.00
0.00
el
23.6)
5.8y
P2 IS A
1.3
L L
1T7.8¢0
10,6
| ERRAY
Li.70
abohi
190
VI
v onh
tacth
fat e
ot}
Plr.én

ACTIVLTY
LEVEL ANUSY
INDEVE P DENT COSTS
0,60 0,09
0,0¢ 18.%6
0.16 92.07
0.14 8.2
0,13 73,47
.12 66,79
6,11 60,72
G.10 56.89
0.09 %0.8
Q.08 45.62
0.07 (3 Y4
0,07 43.07
0.0e 35,32
781 al.le
0,05 28,133
8.r5 25.75
0,04 23,41
[ Y 21.92
0.03 19,35
.39 815,43
1RVE STMENT
Sav 73
6,00 6.0
6,006 18,50
o.00 175
8.36 9.5
[ ] 8,35
0,00 T5¢
Q.00 6,50
0,06 6,27
0,20 5.70
0,00 SR
0.00 Lol
0,00 9,05
0,00 3. A3
0.00 3.56
0,00 .22
0.00 2.92
0,00 2,060
0,00 2,062
0.0C 2.29
0,60 115,02
ACTIVITY
LFYVEL
THEE PERDE Y
SAY 273
0,00 0,00
¢, 00 0,90
0,00 0.16
0,60 | P Y
0,n9 8.1)
(82 ] o7
0,00 0.11
0.9¢C 6.10
6,00 N, 09
G 0% H.tN
c. 0L 0.a7
.03 0,07
v, 00 0. 06
G, 00 0,0h
.00 ¢, 0%
[ ] 0.0
6,00 0,06
(] .06
[ ] h.03
f,00 173

(2]

0,00
0.60
0.0
0.00
.00
0.00
0.00
0.60
0.00
¢.00
0.00
0,00
c.no
0.00
0.G0
¢.00
0.90
0.00
0,90

0.00

(34

0,60
0.C0
.00
0.00
0,00
0,00
0,00
0.00
h,00
0.0C
C.60
0,00
0,00
0,00
0.00
0.00
6.0C
¢.00
0.0
0,40




Y

LIFE CYCLE COSTS

- MILLIONS OF UNDISCOUNTED 1973 DOLLARS

SYSTEM ALTERNATIVE -~ 2 SATELLITE/AIRCRAFT/GROUND

ALLOWABLE CLOUD COVER -- 0-30%

NON-RECURRING COSTS RECURRING COSTS
ACTIVETY aACTIVETY
FISCAL LEVE LEVEL ANNUAL
. YE2R ROTAE INVESTMENT  DEPENDENY  INDEPENDENRT €osTS
: 1975 0.00 15,90 0.00 1.10 17,00
: 1976 0.00 69,53 0.00 3. 70 73.23
. 1977 0,00 58,32 63.43 9% 125.46
. 1978 0,00 29,32 €3, 2.1 95,36
: 1979 8.00 27,72 63,81 1.8} 93,34
X 1989 0,00 - 14,92 63,81 0,91 79,64
1951 0.00 00,32 63.8) 2.Mn 106,84
1982 0.00 S2.12 6T.4y 3.61 123.18
1983 0,00 47.92 63,81 3.9 115,04
1984 0,00 29,32 6).8) 231 95,24
1965 T 27,72 63.8} 1.8} 93.34
N 1986 0.00 28,60 63.01 0.9} 93.32
o 1937 0,00 40.32 67,43 2.1 110,48
1988 0.00 s2.12 63.8¢ 3.61 119.54
1989 0.00 47,92 63,8 3,31 115.04
19%¢ 0.00 29.32 63,8 N 95,24
1991 0.00 27.72 63.8) 1.8 93,38
1992 0.00 16,92 67.41 0,91 83.26
. 1993 0,00 24,72 63,83 1.61 90,14
. 0.00 618,76 1095,n 43,07 1837.99
FIsCaL ROTAE INVESTMENT
YEAR SAY HA G SATY HA
- 19715 0.00 0.00 0.00 15.90 0.00
. 1976 0.00 0.00 0.00 53,70 15,83
. 1977 0.00 0.00 e.00 7,60 10,92
1978 0.00 0.00 0.00 18,4, 10.92
1979 8.00 0.00 0400 18,.8¢ 1,92
1980 0.00 0.00 0.00 4,00 190.92
1981 6.00 1,00 0.C0 29.60 10.92
! 1982 0.00 2400 e.c0 41,20 10,92
1963 0.00 G.00 0.00 37.00 10,92
1985 0.00 0,00 0.00 18,40 10,92
. 1985 0.00 0.00 2,00 16,80 10.92
- 1986 0.00 0,00 0,00 6,00 26,60
\ 1987 0,00 0,00 0.00 29,40 10,92
1988 0.00 0,00 2,00 81,20 10,92
1989 0,00 0.00 0.00 37,00 10,92
1990 0,00 0.0 0.00 18,40 10,92
- 1991 0,00 0,00 0.00 16.80 10,92
- 1992 0,00 0.00 0.00 &,00 10.92
S 1993 0.00 6.00 9.00 13,80 10.92
¢ 0.00 0.00 0.00 463,60 215,16
i
]
] ACTIVITY ACTIVITY
- LEVEL LEVEL
. FIsCaL DEFEMDENT INDEPENDENT
YEAR SAT HA or SAT HA
1975 0,00 0,00 0.00 1.10 0.00
: 1976 0,00 9.00 0.00 3,70 0,00
. e 7.97 36.21 19.75 3,50 0,21
. 1976 12,07 30,37 2le67 1.90 0.2}
1979 11.97 30,37 21,67 1,60 0,21
1940 11,97 30,37 21,87 0.70 0.21
198} 11.97 30,37 21467 2.50 0.2l
1982 11.97 36,21 19.75 3,40 0,21
1983 11.97 30,237 21.67 3.10 0.21
. 1980 1i.97 20,37 21.67 1.90 6.2}
: 198y 11,97 30,37 21467 1.50 0.2}
1984 197 30,37 21,67 0.7¢ 0.2}
! 197 31.9¢ 35.21 1V, 2% 2,50 0.21
; 1968 | R IV 30,37 ?2)ort 3.40 0.8
: 19689 11,9 30,37 21,87 3.0 0.7}
l Y90 1,97 30,37 21,47 1.90 0.2)
: 199} 1.9/ 30,37 2leat 1.%0 e.2t
19%¢ 1197 Ih21 19,5 0,70 0.7}
: 191 11,97 n,y7 flend 1.40 0.01
. 199,062 %7%,6% LTS H 6“0, M 3.7

Iv-20

(34

0.00
0.00
0,00
0,00
0.00
0,00
0,00
0.00
o.oo
0.00
0,00
0.00
.00
0,00
0,00
0.00
0,00
0,00
0.00
0.00

0,00
0.00
0.00
0,00
0.00
0,00
9.00
0,00
0,00
0.00
U.00
©.00
.00
9.00
0,00
0,00
0.00
€, 00
0,00
0.60

[ ]
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LIFE CYCLE COSTS

MILLIONS OF 1973 DOLLARS DISCOUNTED TO 1974 AT 10%
SYSTEM ALTERMATIVE -- 2 SATELLITE/AIRCRAFT/GROUND
ALLOWABLE CLOUD COVER -- 0-30%

NON-RECURRING COSTS RECURRING COSTS
ACTIVITY ACITVETY
FISCaL LEVEY LEVEL ANNUAL
vEaR ROTAE INVESTMENT  OEPENDFNT  1NOFPENCENT €OSTS
1975 6.00 14,45 6.00 1.00 15,45
1976 .00 57,46 0.00 3.06 60,52
1977 ~,00 43,82 47,68 2.9 96,26
1978 0.00 20,03 43,65 1o44 65,32
1979 0,00 17.2) 39.65 1.12 57,96
1880 0.00 8.42 36,02 0.51 44,96
1981 .00 20,69 32,75 1.9 54,83 .
1982 V.00 26,3 3486 1.58 57,65
1983 0.90 20.32 27.¢4 1,60 48,79
1984 0.00 11.30 24,60 0.81 36,72
1985 0.00 9,72 22,37 0.63 32.72
1986 0.00 9.11 20.33 0.29 29.13
1987 0.00 11,68 19.53 0.78 32,060
1988 0.00 13,72 16,€4 0.95 31,48
1969 0.0V 11.47 15.28 0.79 27.56
1590 0.00 6430 13.89 0,46 20.73
1991 0.00 .47 12.8p 0.36 18.67
1992 0.00 2.98 12,11 0.16 16.97
1993 0.00 w06 10.63 0.26 15,76
0,00 312,32 26,20 19.91 758,43
F1SCAL ROTLE INVESTMENT
YEAR SAT HA (34 SAT HA Gt
1975 0.00 0.00 0.00 16,45 0.00 0,00
1976 ¢.00 0.00 0.00 66,33 13,08 0.00
1977 0.00 0.00 0.060 35,61 8.20 0.00
1978 0,00 0.00 0.00 12,57 T.46 0.00
1979 0.00 0.00 0.00 10,43 6.70 0.00
1980 0.00 0.00 0.00 2,26 6.16 0.00
1981 0,00 0.00 0.00 15,09 5,60 0.00
1982 0.00 0.00 0.00 19,22 5,09 0.00
1983 0,00 0.00 0.00 15.69 4,63 0.00
1984 0.00 0.00 0,20 7.09 6,21 0.00
1985 0,00 0.00 0.00 5.69 3.83 €.00
1986 0,00 0.00 £,00 1.27 7.84 0.00
1987 0.00 0.00 0.00 8,52 3.16 0,00
1988 6.09 0,00 6.00 10,85 2.88 0.00
1989 0,00 0.00 0.00 8.86 2.61 0.00
19%0 0.00 0,00 0.00 4,00 2.38 6.00
1991 0.09 0.00 0.00 3.3 2.16 0.00
1992 0.00 0,00 0,00 0,72 1,96 0,00
1993 0,00 0,00 0.00 2.26 1.79 0.00
0.00 0.00 0,00 222,49 89,83 0.00
ACTIVITY ' ACTIVITY
LEVEL LEVEL
F1scat DEPENDENT INDSPENDENT
YERR SAT . Ma 6T SaY MA (4
1975 0.60 0.00 0.00 1.00 0,38 0,00
1976 0,00 0,00 0.00 3.66 0.60 0.00
1977 5.5 27,2} 18,46 2.63 0.16 0.00
1978 B.25 20.7% 16,66 1.30 0,16 0,0G
1°m 7.63 18,86 13,33 0.92 9.13 0,00
1950 £, 76 17416 12.12 0.40 6,12 0,00
193} 6,16 15,53 11,02 1.78 0.1 0,00
1942 S.5v 18,29 8.98 1.9 0,180 0.00
1983 5.08 12.68 9.1} 1.31 ¢.09 0,00
1904 6,62 1ie71 8.78 5,73 6.08 0.00
1988 *,20 10,66 7.53 .56 o.0! 0.00
1956 2,81 Qeh 6.8% 0.¢ 0,07 0.60
1947 3,467 10,49 Be57 0,72 0.0% 0.00 .
jan: 3.0 8.00 bbb 0,90 0,65 0.00 :
I . P Tt Gl 0,74 0.0% 0.00 .
199, 7.h]) [ AN} ,067 0,61 0,05 0.0C .
1541 2437 651 .25 0,32 c.0e 0,00 :
You2 2.1% 6o? AN 0.13 0.04 0.06
19 1.9 Iy et 0.23 6.23 0,06
Yoo 211.19 130,59 18.5%2 1,37 0.0"
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FiscaL
YEAR
1975
1970
1977
1972
1919
1960
198)
1502
1983
1964
1985
1986
1987
1988
1989
1990
1991
1992
19%3

FISCAL
YEAR
1975
1976
1977
1978
1979
1960
1981
1982
* 983
1984
1985
1985
1987
1988
1989
1990
1991
1952
1993

FlscaL
YLAR
197%
1976
1977
1974
15
1980
1981
19682
1963
1964
196%
1986

* Jqur

1958
1959
194¢
19}
190
1993

LIFE CYCLE COSTS

MILLIONS OF UNDISCOUNTED 1973 DOLLARS
SYSTEM ALTERNATIVE -- AIRCRAFT/GROUND
ALLOWABLE CLOUD CCVER -~ 0-10%

NON-RECURRING COSTS

RDILE
6,00

.00
0,00

.03

SAY

0.00
0.00
6,90
¢, 00
°.c M
0., 9
0,00
0.00
0,00
0.00
0.00
0,00
0,00
0,00
8.C0
6,00
0.00
0,00
0.00
0.90

SAT
0.00
0.00
0,00
0.0)
0,00
0,00
0.00
0.00
0,00
°I°°
0,00
0.0
G.C0
0.06
0.0¢
0,30
6.00
[\ 21
0,70
0,00

RECUKRING COSTS

ACYIVITY
LEVE
INVESTMENT  DEPFMHOFNT
0.00 ¢.00
22,38 0.00
15.64 154,33
14,04 153.79
1J,44 153.79
13,44 153,79
13,4% 153.79
13,46 155,13
13,64 153,72
13,44 153.79
13.40 153.79
30.27 153.79
13,64 155.13
13.44 153,70
13,44 153.79
13,44 153.79
1).96 153.79
13.44 155.13
13,65 153.7a
270,50 2616.94%
RDYAE
HA 67
0,00 0.00
0.00 0.00
0.00 .00
0,00 0.00
0.00 9.00
0,00 9.00
.00 0.00
0.00 0.00
0,00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0,00
Le00 0.00
0.00 0.00
0.00 .00
0,00 0.00
0.00 0.00
0,00 0.00
ACTIVIVY
LEVEL
OEPENDENT
HA 6T
0,00 0.00
n.00 0.00
63.21 91.12
S7.87 95,92
57.87 95,92
57.87 95.92
$7.87 95,92
66,01 i, e
57.87 95,92
57,87 9%.%2
ST.47 95,97
£7.87 Soe's
(4,01 Ol4ic
“1.57 vi.ne
“T.87 U e
7,87 9947
LT.087 $5,%
fay01 Y1.17
AT.F? 9592
azeLbe LI LA 1y
Iv-22

ACTIVEYY
LEVEL ANRUAL
INDECLNDENT cosYs
0,00 0,00
.00 22,38
0.21 170.)8
0.21 168,06
0.21 167,06
0.2} 167,04
8.21 167,486
0,21 188,78
[ P41 167.44
0.21 167.44 .
0.21) 167,04
0.21 184,27
0.2} 168,73
0,21 167,46
0,21 167,44
0,21 167,46
8.21 167,64
©.2) ‘168,78
0.21 167,44
2,57 2893.0i
INVESTHENT
SAT HA
0.00 0,00
0,00 £2.,38
6,00 15,64
0,00 16,04
0.00 13,48
0.60 13,46
0.00 13.44
¢,00 13,40
.03 13,46
0,00 13,68
0,00 13,66
0,00 30.27
0,00 13.4%
0.90 12.4%
0,00 13.%4
0,00 13,646
0,00 13,84
0,00 13.46
9.00 13,46
0.00 270,50
ACYVIVITY
LEVEL
INOEFERDENT
SAT Ha
9,00 0.60
0.00 0,00
0,09 0.21
6,00 0.21
0.00 0.21
0,00 0.21
c.00 G.21
0,00 .21
0,03 0.21
0.00 8,21
0,00 0. 21
9.7 0.2
G.00C 6.2
0,00 0,21
v,00 [
9,00 0.21
0,00 0.21
c,h0 0.:"
V.06 [ 4}
0.00 Y

(24

0.00
0.00
0.00
6,00
0,00
0.00
0.00
0.00
0.00
0.00
0.00
0,00
9.00
0,00
0,00
0.00
0,00
0,00
J.00
0,00

0.00
0,00
°.°°
0,00
0.00
0.00
0.00
0,00
0.00
6,50
0.00
°lc°
.00
6,0¢
o9
3,90
0,60
.60
0.0

[OSNI

e

oo et

AN
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MILLIONS OF 1973 DOLLARS DISCOUNTED TO 1974 AT 10%

LIFE CYCLE COSTS

SYSTEM ALTERNATIVE -~ AIRCRAFT/GROUND
ALLOWABLE CLOUD COVER ~- 0-10%

ReCURRING TOSTS

F1sCaL
YEAR
1975
1976
9Mn
1978
19719
1989
198)
1502
1993
1984
198S
1988
1937
1988
1589
1990
1991
1992
1993

FiIsCa
YEAR
1975
1976
L1
1978
1979
1960
198}
1982
1983
1964
1985
1986
1987
1988
1989
19%0
1291
1992
1993 .

FysCaL
YEAR
1975
1978
19?7
19786
1979
1980
1581
19&2
1583
1964
196%
19L%
1967
L1961
19%9
194y
1991
1992
19%)

NON-RECURRING COSTS

ROTAE
0.00
0.00
0.00
0,90
0,00
¢.,00
0.09
0.00
0.00
0,00
0,00
0.00
€.00
0,09
C.00
0,90
0.8
0.00
0,00
0,00

SaT
0,00
c.00
0,00
0,0
06,00
0,00
0.C0
9,00
0.00
.00
0,0¢
e.oo
6,00
0,00
0,00
2,00
6,00
0.n3
v, 00
[ J1]

INVESTHENT

0.00
18.50
11,75

9.59

8,35

71.59%

6.90

6.27

5.79

5.18

&, 71

9.65

3.69

3-53

3,22

2.92

2,06

2,42

2.20

115,02

ROTLE
L)
0.00
0.00
0.00
0.00
0.00
0.02
0.00
0,00
0,00
0.00
0.00
0.00
0.00
0.00
.00
0,00
0.C0
0.00
0.00
0,00

ACTIVITY
LEVEL

DEPENOENT

KA
0,00
¢.n0
LT .69
39.53
35,93
32.67
29,70
29.06
29+5%
2731
LTy
1P,04
16470%
lsi?‘
| ETYI]
| Ay
11a4%
1eni
Cohrhh
293460

Iv-23

ACTIVETY
LEVE

DEPENDENT
0.00
0.00
115,94
105,04
95,49
86,81
Tée92
T2.37
65,22
59,20
$3.90
£9,00
44,93
40.5n
36.8>
3.6
0.6
279+
25,18
1021.17

(24

0,00
0.00
.60
0:3¢C
¢,00
0,00
0.00
0.00
0.,00
0,00
0,90
°.°o
0.00
©.00
0.0
0.00
0.00
0,00
0.00
0.00

67

0,00

¢,00
€3,46
$5,51
59.56
Sh.16
49.22
42,51
“0,68
30,98
3,62
36,50
26439
Pyt
27.%6
e
164,50
16,37
iYebo

L4 8%2]

ACTIVITY
LEVvEL ANNUAL
IRDEPENDIENT €OSTS
0,00 G0
0.00 18,50
.16 127,86
Vo146 114,77
0,13 103.97
bal2 9e,51
6.1 /s,92
0.10 18,74
0,09 71.01
0,08 66.55%
6,07 58,69
0.07 58,71
€.06 48,89
0,06 &%,.09
<.08 40,08
0.03 36,44
0,06 33.13
0,04 26,26
0,03 27.18
1.3% 1137.59
INVFSTMENY
SATY Ha
¢.00 0,00
0.00 18,50
0.00 11,75
0.0% 92.59
0,00 6,39
0,00 7.59
0.00 6,90
0.06 6.27
6.00 S.70
0,00 .28
u,00 4,71
0.00 9,65
0.60 1.89
0,00 3,5%%
9,00 3.22
0,00 2,5¢
0.00 €obd
¢, 00 2.2
0,04 2.20
0,00 115,02
ACTIVITY
LEVEL
IRDEPENDENS
Say L2
0,00 0,00
¢.00 G"0
0,00 0,1¢
0,00 Culo
0,00 0.1
0,00 0,12
0,00 0,11
0.00 0,10
0,00 0.09
6,00 0,03
0,90 CeN?
0,9 0,07
0,090 6,06
0,08 0,06
0.00 335
0,00 [ 3]
€.00 0.Ch
n,00 0.%9%
0.00 [}
c.00 1439

Gt

8,00
o'ﬁo
0.C0
¢.C0
G 00
°.°°
Gt
9.00
8.00
[ 3]
.00
.00
¢.00
[ ]
0.00
0.¢0
0,00
[ 11
0,00

0.00

¢.00
.00
.00
0.¢0
0,00
0.00
0.90
0,00
c.co
¢.00
0.00
¢,00
0.C0
0,00
.00
r,00
V.09
.59
¢.00
0,00

o s e ra——
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FiScaL
YEAR
1915
1976
1977
1978
1979
1989
1981
1982
1983
1984
1985
31985
1987
1988
1989
1950
1991
1992
1993

FISCAL
YEAR
1975
1976
1977
1978
1979
1930
1981
1982
1983
1984
1985
1986
1987
1968
1989
1990
1991,
1992
1993

FIsCaL
YEAR
1975
1976
1927
1978
1979
1980
1981
1952
1963
1955
1985
1986
1987
1584
1949
19ve
1991
192
1993

LIFE CYCLE COSTS

MILLIONS OF UNDISCOUNTED 1973 DOLLARS

SYSTEM ALTERNATIVE -- 3 SATELLITE/AIRCRAFT/GROUND

ALLOWABLE CLOUD COVER -- 0-10%

NON=RECURRING COSTS

RDTLE
0.00
08.00
0.00
.00
0,00
0.00
0.00
9.00
0.00
0.00
0.00
0,00
0.00
0.60
0,00
0.00
.00
€00
0.00
0,00

0,00
0,00
0,00
0,00
0,00
0,00
0,00
0.00
0,00
0,00
0,00
0.00
0,00
0,00
0,03
0,00
0,00
0,00
9,00
0.00

SAT
0,00
0,00
8,61
16,01
13,61
13,81
13,61
13,861
13.81
13,681
13,81
13,861
13,81
13,81
13,M
13,81
| 1N
1.1
13,81
7%l

RECURRING COSTS

ACTLIvVyTY
LFVEy
INVESTMENT  DEPENDENY
21,40 0.00
82,62 0.00
69,96 83.63
31.66 90.27
2.7 90,07
13.56 90.07
A9,16 90.07
65,86 88,01
$9.%6 90.07
.66 90,07
28,76 90.07
23,03 90.07
49,16 88,8~
65,06 90.07
59,56 80,07
31,66 90,07
32.76 90,07
13,56 88,84
28,26 Q0,07
790,61 1521.26
RDTLE
HA 6T
0.00 0.00
0.00 0,00
°.°° °.°°
0,00 0.00
0,00 0.00
0.00 0.00
0.00 0,00
0,00 0,006
0.00 0,00
0.00 0.00
0.00 0.00
0,00 0,00
0.00 0,00
0,00 0,00
0.00 0,00
0,00 0.00
0,00 0.00
0,00 0,00
0200 0.00
000 0.00
ACYIVITY
LEVEL
DEPENDENT
HA [}
0.00 0.00
0.00 0.00
27.75 “7.27
21427 54,99
2127 54,99
21.27 54,99
21,27 54,99
27,15 47,27
21.27 Sh,99
21,27 94,99
21.27 54,99
2l.27 L4, 99
271.75 w727
21,77 b4, 89
7le2? Y4, v9
Plee? S4,99
2).¢7 B4 43%
2175 k1,27
4 X% 44 54,09
TS5 904,01
Iv-24

ACTIVITY
LEVEL ANNUAL
INDE PEHOENT COSTS
1.70 23.10
S.20 8T.062
3,01 156,60
2.91 124,84
2,51 125,34
1.21 104,85
J.81 163,06
S.21 159.90
4,81 154,64
2491 124,64
2.21 121.04
1,21 118,31
3.81 141,80
5,21 161,14
4,81 154,46
2,91 124,6¢
2,51 125.36
1.2} 103,69
2.21 120,54
59,37 2371,.2%
INVESTHENT
SAT HA
21,40 0.00
70,80 11.62
62.40 7456
26,10 7.58
25.20 TS -
6,00 7,56
41.60 7.56
$8,30 T7.56
S2.00 TeS6
26,10 7.56
21.20 Te56
6,00 17.03
41,60 756
56,30 T+56
$2.00 7456
thelo T.56
25,20 TeS6
6.00 7.56
20,70 T.56
661,00 149,61
ACTIVITY
LEVEL
INOEPENDENT
SAY HA
1.70 0.00
5,20 0,00
2,80 0,21
2,70 0.21
2,30 0.21
1,00 0.21
3,60 0,21
5,00 0,21
4,60 0,21
2,70 %.21
2.00 0.21
1,00 .21
3,60 0.21
%,00 0,21
&, 60 (%4}
?.70 0,21
2430 0,21
1,00 0,71
Z.00 6,21
5%, 60 357

GT

0.00
0.00
0.00
o.eo
.00
8.00
0,00
0,00
0.00
."o
0.00
©0.00
G.00
0.00
0.00
0.00
0.00
0.60
0.00
.00

0.00
0.00
0.00

0.00
0,00
0.00
0.00
o.ov
0.00 -
0.00
0,00
0,00
0.00

fas, At

P
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MILLIONS OF 1973 DOLLA RS DISCOUNTED TO 1974 AT 10%
SYSTEM ALTERNATIVE -~ 3 SATELLITE/AIRCRAFT/GROUND

LIFE CYCLE COSTS

ALLOWABLE CLOUD COVER -- 0-10%

RECURRING COSTS

F1scay
YEAR
1975
1876
mnwn
1973
1979
1930
1981
1982
198)
198s
1988
1986
1507
1988
1989
19%0
1991
1992
1093

FiscCay
YEAR
197S
1976
1977
1978
1979
1980
1981
1982
1983
1986
1985
1936
1987
1988
1939
19%0
1991
1992
1993

F3sCal
YEAR
1975
1976
1977
1978
1919
1980
1981
1962
1963
1984
1498%
19¢%
19e7
1948
19¢9
1990
1991
I NATd
1973

NON-RECURRING COSTS

ROTLE
0.00
0,00
0,00
0.00
0,00
0,00
0.00
0,00
0.00
0,02
0,00
0,00
0.00
0,00
0,00
0.00

. 0,00

°.°°
.00
0,00

SAT

0,00
0.00
G.CO
0.00
0,00
0,00
0,00
0,00
0,00
2,00
0.00
0,00
¢,00
6.00
0,00
0,00
0,00
0,00
0.00
0,00

SAY
0,09
0.C0
6,67
9,57
8,57
Te?9
T.09
Gy bl
5:86
5.32
&,089
&40
4,00
Jo G4
AN
309‘
2,1
2448
Pt
LY Y4

INVESTMENT
19,45
68,12
52,56
21,62
20,36

7.65
25,23
0,72
25,26
12.21
10,08
T34
164,26
17.36
16,26
6.89
6.‘3
20
4,62
366.86

ROTLE
HA
300
0,00
0.00
0.00
0,00
0,00
0.00
0,00
0,00
32,00
0,00
0,00
0.C0
0,00
0.00
0,00
0,00
0,00
0.00
0,00

ACYIVITY
LEVEL
OEPENDENTY
HA
0,00
6,00
20,85
14,53
13,21
12.01
10.91
12,95
9.02
8,20
TobH
618
8,04
S0
%09
LYY %]
Go?)
4,99
RV Y
1) 8%

Iv-25

ACTIvy
LEVEY
OCLPENDF!
0,00

(2]

0,00

0,00
35,52
37.56
6,15
31,00
28,22
22,05
23,32

- 2,20

19,78
Jieb2
1369
1448
13.17
11,97
1Gum
RS0
8,99
I51US

13 ACTIVITY
LEvVEL AMNUAL
NY INDEPCNDENT [4:E9 5
1.59% 21.00
4,39 72.41
2.26 117,66
1499 RS, 27
1.56 77.83
0.68 59,18
1.%6 13,60
2.63 T4.59
2.04 65,50
1.12 438,05
C. 77 42,62
0,39 36,52
1.10 41,07
1.37 L2443
1.15 36,97
0,63 27,13
0,50 26,80
0,22 18,63
0.36 19,71
26,38 984 ,4°
INVESTMENTY
SAT HA
19,55 0,00
58,51 9,60
46,88 S.66
16,56 5.16
15,65 &Le69
3. 39 6,27
21,35 3.88
27,20 3.53
22,05 .21
9.29 2.91
Tesd 2465
1.91 Sebd
12,05 2.19
15,35 1.99
12,45 ).81
S, 24 1.65
&£.99 1,50
1.08 1.36
3.38 124
Jos, 12 62,74
ACT1 TTY
LEVEL
INDEPENDENTY
SaTv HaA
. 1.%% 0,00
4,30 0.0
&.10 0.16
1,84 0,14
1,62 0.13
0,.%6 0.12
1,85 0,11
2.3y 0,10
1,95 0,09
1404 G.08
0,70 0,07
0,32 0,07
1,84 [ 1
132 0.06
t.10 0,05
“.59 c'o.)
[ P13 0,04
0,18 0,04
6.3 €,0)
én, 90 1,39

(9]

0.00
0.60
o.no
0.00
Q.00
0.00
6,00
0.00
0.00
0,00
0.00
0.00
0,00
.00
0,00
0.00
0.00
0,00
0,00
0,00

0.00
0.00
0.00
0.00
0,00
0,00
0,00
0,00
0,00
0,00
0.00
0,00
o'oa
0,00
0,00
0,00
0,00
0.00
0.C0
0.00

e
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Life Cycle Costs to Provide

Land Cover Information for
Projected Demand from All Sources
Projected Level II Demand:

1977 - 1984 Six times at 60 days

1985 - 1993 Eight times at 45 days

Automatic Data Processing

Iv-26
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R

F1SCaL
YEAR
1978
1976
1977
1978
1919
1980
1981
1962
1963
198s
1985
1986
1987
1988
1989
1999
199}
1992
1993

F1scaL
YEAR
1975
1976
1977
1978
1979
1980
1981
1982
1993
1984
1985
1986
1947
1988
1989
1990
1§91
1992
1993

F1rscat
YEaAR
197%
1976
1977
1978
1979
1980
198])
1982
19813
19864
1945
19486
1sk7
1548
pSt9
19%0
1v4}
19
AR X3

LIFE CYCLE COSTS

MILLIONS OF UNDISCOUINTED 1973 DOLLARS
SYSTEM ALTERNATIVE -~ AIRCRAFT/GROUND
ALLOWABLE CLOUD COVER -~ 0-30%

NON-RECURRING COSTS

ROVAE INVESTHENT
0,00 0,00
0.00 22,238
0.00 15,64
0.00 13,74
0.6G0 13,06
0.C0 13,%6
0.00 13,66
0.00 13.46
0.09 13,60
0.00 15,%4
0.00 15.12
0.00 31.95
0,00 15.12
0.00 15.12
0,00 15,12
0.00 15,12
V.00 15.12
0300 '50‘2
0,00 15,12
0.00 287,42

RDTLE
SAY HA
0.00 0,00
0.0 6,60
0.00 0.00
0.00 V.00
0.00 0,60
0.00 0,00
0,00 6,00
0,60 g.0¢C
0,00 0,07
0,00 0,00
0,00 0,00
0,00 0.00
0.00 0,00
0,20 0.30
0.00 0.060
0.00 0.00
0,00 0.00
0,00 000
0,00 . 0,00
0,0u 0.00
ACTIVITY
LEVEL
DERLMIENT
SAT HA
a.co 0400
0,00 0,00
0,00 68.09
0,00 63,05
0,00 63,09
0,00 61.05
0,00 63.05
0,00 68,H9
6,00 63.05
0,00 63,05
0,40 The 30
0,00 T8, 80
0,00 t],00
0,00 5.0
0,00 T4 30
[N ] The td
G.00 15639
c.un 41,C%
0,0 The 3G
0 Y TN XY
IV-27
S

RECURKING COS13
ACTIVINY ASTIVITY
LEVY LEVEL ANNUAL
DEPENDE NT INDEPENOENT costsS
U.00 6.00 0400
0.00 0,00 22.38
")7050 o.zl lZJQJS
104,Lp 0.21 118,63
104,68 0.2} 118,33
106,68 0.21 118,33
104,68 0,21 118,33
108,30 0,21 121.95
104,61 0,2} 118,33
104,68 0,21 120,44
137.1¢ 0.21 152,43
137,18 0,21 169,32
140,67 0,2} 156,00
137.1¢ 0,2} 152,48
137,15 0,21 152,48
137,15 0,2} 152.48
137.18 .21 152,68
160,67 0,7} 156.C0
137.1s 0,21 152.48
208%,210 3,57 2376,29
INVESTHENT
oY Sat HA
0,00 ¢,00 .20
0.0¢C 0,00 22,38
0,cc 0,00 15,66
0.00 0,00 13,74
0,00 .00 13,46
0.00 0.00 13,04
0.00 0.00 13,46
0.60 0,00 13,46
0.00 ¢.00 13,60
.00 0,00 15,56
0,00 0,00 15,12
0,00 a,00 31,95
0,00 0.00 15,12
0,00 0.00 15,12
0,00 0,00 15,12
0,00 0,00 15.1¢
0,00 0.06 15.12
0,00 0,00 15,12
0,00 0,00 15,12
0.00 0,00 287,42
ACTIVIYY
LEVEL
T DENDENTY
(34 SAT HA
0,00 0,00 0.00
0,00 0,00 0,00
39,61 0,00 0.21
“l.63 0,00 0421
@) .63 0.00 0,21
41.,6) [T 0,2)
41,63 0,09 0,21
39,43 0.00 0.21
sl.62 0,00 0,21
b0 0,00 0.21
61,84 0,L0 (T3]
Gl BY v. 60 0,21
H9.63 6,60 (Y 3]
tlonl 0. 00 Ce2l
6,85 .00 G.¢1
[ $.00 0.2
6l. 6% D00 (o7}
59443 G0 n, el
ALyt C.00 0,71
[Z5Li TN 000 AN

e

GY

0.00
0,60
0.00
G.00
0.00
0.00
0,00
0,00
0.00
0,00
€.00
0.00
0400
0.00
0.00
0.00
C.C0
0,060
0.00
0,00

0,00
0,00
0,90
0,90
0,00
0,00
0,00
0,00
0.00
0,00
0,00
0,00
0.60
0.40
f,n0
0.00
0,00
6,90
o.L0
L]

s
-
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F1SCAL
YEAR
1975
1976
1877
1978
1979
1980
1981
1882
1983
19d6
1985
1980
1987
1988
1989
1990
1991
19¢2
1993

FlsCaL
YEAR
1975
1976
1977
1978
1979
1580
1981
1982
1983
1934
1985
1956
1937
1988
1949
1990
1991
19v2
1993

FIscCal
YEAR
197
1976
1977
1978
1979
1980
1v8)
1562
983
1584
A
| R 21N
1%e?
1948
198
190
1971
1992
| A

MILLIONS OF 1973 DOLLARS DISCOUNTED TO 1974 AT 10%

LIFE CYCLE COS7S

SYSTEM ALTERNATIVE =~ AIRCRAFT/GROUND

ALLOWABLE CLOUD COVER -- 0-30%

NON-RELLRIING COSTS

ROTLE
0.00
0.00
0.00
0,00
0.0
Q.00
0.00
0.0¢0
¢.00
0.00
0.00
0.00
0.00
0,00
0.00
0,00
0,00
0,00
0.00
o.oo

SAY

0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0.00
0,00
0. 00
0,00
.00
0,00
0,00
0,00
0,00
0,00
0,00
0.00

SAT

0,00
0,00
0.00
000
0.00
0,00
0,00
0,00
0.00
0,00
0,00
[ 3V
G, 00
0,00
C.CU
[P g
0,0
G ey
b0
Gubl

THVESTHENT

0,00
18,50
11.75
9.38
8,35
T+59
6.%20
6.21
S.70
5.99
$,30
10.18
4,38
3,98
3,62
J.29
299
2.72
2467
119,36

PDTLE
HA
0,00
0.00
0,00
0,00
0.00
0.00
8,00
0.00
0,00
0,00
0.00
0.00
0,00
o.oo
0.00
o.oo
0,00
0,00
0,00
0.00

ACTIVITY
LEVEL
OEFENDENT
HA
.00
G.00
5116
43,06
39.15
5,59
32.)5
2. 16
2b.T6
24,31
26,39
23,99
2V, 067
19,83
I8.02
16439
16490
16,58
120 8)
URT

Iv-28

KECUIREING COSTS

ACTIVYTY
LEVE)
DERTRDFNT

0e0n

0.00
80s%4
11.50
65.00
59,09
$3.75
5052
il
4043
4£8.0Y
3. 70
“l, 7
I6. 15
32.83
29,68
27%. 14
25.3n
22.0)
T71.52

0.00
0,00
.08
0.00
0,00
006
0.00
0.00
0.00
0.00
0.00
0,00
0.00
0.00
0.00
0.00
0,03
0,00
0.00
0,00

6T
0,00
o.oo
29.61
28,43
25.85
23.50
21.36
18,3
17.66
16,05
21.69
1%.71
17.27
‘h.??
16,0
1200
12,74
10,77
HUPS B
KUY EY

ACTIVITY
LEVEL
INDERENDD
0,00
0,00
o'lb
Cols
0,13
0.2
0.1
t.10
0.09
6.8
0.07
0,07
0.06
0,05
0.65
0,05
.00
0,06
0,01
1,39

SAT

0.00
0,00
0,00
0,006
0.00
0.0
[
0,00
0,00
0.00
0,00
6.00
0.00
0.0%
8,00
0.00
0.00
0.00
0,00
0,00

SAT

c‘oo
0.00
0,00
0.00
0,00
¢,00
o.oo
0.0¢
0.0
0.00
€00
0.00
v, N0
0.0
e, 00
o,0¢
0,00
0,00
9,00
0,006

ANNUAL

¥ cOS1s

0.00
18,50
92.67
81.0)
T3.47
66,179
60,22
55,89
S0.18
46,413
53,44
53.95
45.1%
“0,.15
36,50
33.18
30.17
28,06
24,93

892,27

INVESTMENT
HA

0.00
18.50
11,75

9.38

8,35

7.59

6.90

6427

$.70

5.99

$.30
10.18

bol8

2,98

3e62

3.29

2.99

2.72

2457

119,36

ACTIVITY
LEVEL
TRDEPINDENT

Ha

‘0,00
0,00
0.6
0,14
Gel1d
0,12
0,11}
Col0
C.09
0,00
e.07
€07
V.06
Oetd
0.0%
0,00
[P
0,04
0,03
Vo379

(33

0.00
C.00
0.00
0.00
.00
0.00
06.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0060
0,00
0,00
0,00

GY

0,00
0,00
0,00

0,00
0,00

s i
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LIFE CYCLE COSTS .

MILLIONS OF UNDISCOUNTED 1973 DOLLARS

SYSTEM ALTERNATIVE -~ 2 SATELLITE/AIRCRAFT/GROUND ‘
ALLOWABLE CLOUD COVER ~-- 0-30% :

HUH-FF CUPR IR CUSTS FECURRTEN COS *
ACI I TY Ty !
F1StiL LrucL Level FiitnL
VE R PO JTHOUSTYHLIN  DEFFRDSHY  JODERE HnCN s
1975 ¢.00 18, 90 (e 110 1,00 K
1976 0,00 £9,53 0.00 300 Fi.3 .
190 ¢.00 &, 32 €343 x5 135,46
R 0.00 289,32 63,91 2.1 s, 1y B
1ays 0,40 er re £3.€1 1.8 93, 24 .
1980 0.00 63,81 (T N .
1ot 0.00 63,404 2.7 106,54 5
Voug 0.00 PP 3.6 12316 .
1983 ¢.00 &3, 81 3.3 115,04 :
198y 0.00 €3, &1 2.1 “g, w0
1ass ¢.00 30,54 TN 1,81 109,62 .5
1986 0.u0 I Py AT 0, 110,65 :
18 0.¢0 43,68 1,19 2.7 127,58
v G0 5. 48 775" et 13666
15059 c.on S1.28 Py 3031 122,16 £
1994 0.0 268 Pt 201 e, 3
1931 .00 31.08 7757 1.8 110,46
1592 . ¢.00 18,28 .19 0,91 100, 3% -
1993 0.00 28,08 Py 1.€1 107, 26 )
©.00 711.51 121922 Y3, &r 1474, 60 ;
pl
FISCRL ROTSE IHHESTHENTY
VERP AT Hit 6T AT HA GT '
1975 G.00 0.00 0.00 15,90 0.00 ’
1976 0.00 0.00 6.60 53,70 6.00 '
(L nrd 0.00 0.00 ¢.00 Y7 40 0.00 .
1408 0.00 0.0% 0.00 18,40 0,00 ' B
1973 0.00 0.00 0.00 16,80 0.00 -
1980 0.00 0.00 0.00 4,00 0.00 B
1631 6. 00 ¢.00 8.00 29.40 0. 00 ¢
1982 0.00 0,60 o.ul Y170 G.00
1953 0.0 0.60 0,00 2,00 ¢.00
195y G.00 6.60 €.00 18,45 ¢.00
0.00 0.00 G.0u 16,80 ¢.00
0.00 0.60 0.00 Y.0¢ 0.00 :
0.00 0.00 0.00 29,40 .00 .
0.00 6.00 0.00 41,20 6,00 :
0.00 0.00 6.60 7.00 6.0 :
- 0,00 0.00 0.06 1540 9.60
0.00 0.00 H.00 16, 80 ¢.00 :
0.00 0.00 0.00 4,0y 0,00
¢.u0 0.00 6.60 V2,80 0.00 z
0.00 0.00 0.00 Ye3.50 6.00 :
HCTIVITY ACTIVITY !
LEUEL LEVEL . ¥
Frecat. LEFEHDENY INUERE HOFNT
YERR HF1 j SAT Hr GY
1905 1,10 0.00 0.00
1476 3.70 n,no ©.90
1597 350 6,51 0.00 , “
1% 1,50 0.3 0.00
1 1,60 0.2 0.00
130 0.70 G 21 0.00
[ ET 2,50 0.3 0.00
Vags 40 0.2 T.on .
1oaz 2,10 6.2 n,on ool
yrey 1,%9 fn.a1 0,00 ;
1o 1,60 0, G.0n :
F AT 6,70 we s 6.0 } :
. 1M jol.0 1] Bac'l e,uy i .
fud. 3.40 0. .00 ;
| AN Z. 10 0ot 0,60 } 2~
vy 1.%0 M, .l n,nn i .
1oy 1,00 [ [eTA § 5
(D, . "y i, 0.0 N :
1903 . MG TN " o ;
W M0, 30 L 1y .
!
v-29 P
; 3
; i
k
. T t a
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MILLIONS OF 1973 DOLLARS DISCOUNTED TO 1974 AT 10%
SYSTEM ALTERNATIVE -- 2 SATELLITE,”
ALLOWABLE CLOUD COVER -~ 0-30%

HOMH=FL CURFIIG CN3TS

FOTLE
0,08
[Ty
C.00
(U1}
Q.09
(]
0.00
0.00
0.0
O.00
0.00
.00
0.00
.00
0.0
0.00
0.00
Q.00
¢.00
0,060

F15CRL
VEFR SAT
1975 0.00
1976 0,00
1477 0.00
197a 000
1979 ¢.00
1950 8,00
LR 0.00
1age G.00
E 0.00
0.00
0.00
0.00
.00
0.00
¢6.00
0.00
0.00
0.00
0.00
0.60

Flzin
YRR
1375

LIFE CYCLE COSTS

IHHESTINN

12,50
1, &0
10,25
102,65
4,01
18,28
o1l
1S
S.oey
4.5%
220.77

FOTSE
A
0.00
0,00
0.00
0,00
0,00
t,00
6.00
0,00
G0y
0.00
0. 00
G.00
0.00
0,00
0,00
0.00
.00
0,00
0,00
0,00

ACYIVITY

LEVEL

DEEEHDENT
H

™

FECHPR 1ML (OSTE

ACTIVIY
[FAUNS
LERFROTH

(O 10

33

0,00
0.0c
0o
0.00
L]
0.00
0.00
6.00
Q.00
(g
9.00
.00
0.00
¢.09
0.00
0.00
6.00
6,00
0,00
n.00

L
B, 0%
8, 0%

G50

FILTI0Y
1 EVEL

THOCEE fad 30
1,00
3o
]
UL
1.1
0.5%1
1,39
1t
Vol
6.8

]

0.¢

222.4%'7

THUESTMENT
HA

0.00
12.08
8,80
7 M6
6,78
6. 16
S, 60
S5.0%
Y,.63
S43

%.71

HETIVITY

LFUEL

THOEEEHOENT
HA

0.00

0.09

O.V6

0.14

0.1%

N.12

0.1

i 0.160
1.3t 0.0%
"2 g3
LA 0.97
Gold H.07
G50 0,00
(U] 1,00
", oY U0
0,41 O.ith
0,70 ftymy
[P "oy
n, o3 v.0
Jr, N | A

JIRCRAFT/GROUND

GT

0.00
0.00
6,00
0.00
0.00
Q.00
0.060
0.00
0.00
0.00
0.00
G.00
9.00
¢.00
0,00
0,00
0,00
0.00
0.00
0.00

GT

[T
0.00
0.60
6.00
.Ul
¢.00
06.00
0,00
0,00
.60
6.00
.09
.00
00
n,hy
[T
G.ou
1,00
]
[ ai}

4 e manan  ——V




Flscat
YEAR
1975
1976
1977
1978
1979
1980
1981
1962
1983
1986
1968
1906
1987
1988
1989
1990
1991
1992
1993

FIsCaL
YEAR
1975
1976
19?7
1978
1979
1980
1981
1982
1963
1984
19€5
1986
1987
1988
1989
1990
1991
1992
19923

FISCAL
YEAR
1979
197¢
1977
1978
1979
196¢
1vel
1982
1483
VLl
1985
546
1987
12¢e8
1949
1640
199i
1992
1993

LIFE CYCLE COSTS

MILLIONS OF UNDISCOUNTED 1973 DOLLARS

SYSTEM ALTERNATIVE -~ AIRCRAFT/GROUND

ALLOWABLE CLOUD COVER -- 0-10%

NON=RELURRING COSTS RECURRING CO5TS

ACTIvyYY ACTIVITY
LEVE) LCVEL ANNUAL
ROTAE INVESTHENT OLPENUFNT INDEPENDENT COSTS
0.00 0400 0e0n 0.00 0,00
0.00 2re38 0,00 0,00 22,38
0,00 15.64 154,33 0.21 170,18
0,00 13074 !53.7" 0.21 ‘67-7‘
0,00 13,40 153,79 0,21 167,64
0,00 13,46 153,79 0.2} 167,04
6.00 13.06 153,79 0,2) 167,46
0,00 13,64 155,13 0,2) 168,78
0,00 13,46 153470 0.2} 167,44
0,00 15454 153,19 0.21 169,56
0.00 15,12 202,96 0e21 218,27
0,00 31,95 202,96 0.2} 235,10
0,00 15,12 204,18 0,21 219,51
0.00 1512 202.94 0.2) 218,27
0,00 15.12 202,94 0.2 218,27
0400 15,12 202,94 0,21 218,27
0,00 1S.12 . 202,94 0.2 218,27
0,00 15.12 20‘0.‘3“ 0.21 219.51
0,00 15,12 202,94 0,21 218,27
0.00 287,42 061,08 3,57 3352,07
RDTLE INVESTMENT
SAT HA (3] SaT HA
0.00 0400 0,00 0,00 0,00
0 00 0,00 0,00 0,00 22.38
0,00 000 0.00 0,00 15,64
0,00 0.00 0.00 0,00 13,74
0,00 000 0,00 0,00 13,44
0.00 600 0.00 0,00 13e. 0
0,00 0.00 0.00 0,00 13,46
0.00 0.00 0400 0,00 13446
0,00 0,00 0400 0,00 13444
0,00 0,00 0,00 0,00 15,%6
0,00 0400 0,00 0,00 1%,12
0,00 0.00 0,00 0,00 31,95
0,00 0,00 0.00 0.00 15,12
0.00 0.00 0.00 0,00 15,12
0,00 0,00 0.00 0,00 15.12
0.00 0.00 0400 0,00 15,12
0,00 0.00 0e00 0,00 15412
0,00 0.00 0,00 0,090 15.12
9,00 0.00 0.00 0,00 15,12
0,00 0400 0,00 0,00 2872
ACTIVITY ACTIVITY
LEVEL LEVFL
DEPENDENT INDEPENDENT
SAY HA [} SAT HA
0,00 0,00 0.00 * 0,00 0,20
0.00 .00 0,00 0,00 0,00
0,00 63.2] 91,12 0,00 0.21
0,70 57.87 95,92 0,00 0.21
0,00 57.87 95,92 0,00 0.2)
0,00 57.87 95,92 0,00 0.2}
0,060 S7.87 99,92 0.00 0,21
0,00 64,0) 91,12 0.00 0?1
0,00 STeR7 9H.92 0.00 0.21
0,00 57487 - 95,92 0,00 0.2)
0,00 68,42 136,52 0,00 0,21
0,00 6R62 134,52 0,00 0,21
0,00 Thosd 129,72 0,00 0.71
0,02 6R 42 134,52 0,00 [ TR
0,60 6hobd 136,52 0,00 be2l
.00 SR, 42 136,52 0,00 0421
003 bl b? 136,52 0,00 0.2}
0,00 Theaty 129,72 0,60 0.21
0,00 LUYL T4 136,%2 t,no Gor)
g.un Benten neeges 9,00 0t
Iv-31

[3)

0.00
0,00
0,00
0.00
0.00
0,00
0,00
0.00
0.00
0.00
0,00
0.00
0.00
0,00
0.00
0,00
0,00
0.00
0.00
0,00

6.00
0,00
0,00

.
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' LIFE CYCLE COSTS

MILLIONS OF 1973 DOLLARS DISCOUNTED TO 1974 AT 10%

NONeRECURRING COSIS

RECURHING COSTS

SYSTEM ALTERINATIVE ~- AIRCRAFT/GROUND
ALLOWABLE CLOUD COVER ~- 0-10°

ACTIVITY ACTIVITY
F1SCaL LEVE) LEVEL ANNUAL
YEAR ROYAL INVESTHENT QEPENDFNY INDEPENDENT €0sTs
1918 0.0 0,00 0400 [ PSR 0,00
1976 0,00 18,59 0.00 0,00 18,50
9 n 0,00 11,75 116,95 0,16 127,66
: 1978 0,00 9,38 105,04 016 116,57
¢ 1979 0.00 B35 95,40 | 0.13 103,97
} 1980 0,00C 7.59 86,8y 0.12 946,5)
198} 0,07 45,90 78,92 0,11 85,92
1982 0,00 6,27 1237 0,10 78,74
1983 0,00 5,70 85,27 0.09 71.01
1984 0,00 5,99 69,20 0,08 65,37
1985 0,00 5,30 71,13 0,07 76,50
1986 0,00 10,18 64,66 0.07 T4,9)
1987 0,00 b,38 59,14 0.06 63,58
1988 0,00 3.598 83,64 0.08 57.48
l999 0,00 J.62 bO.SB 0005 52.25
1990 0,00 3,29 Gholp 0,05 a7,.50
199} 0,00 2.99 40,15 0.04 43,18
1992 ve00 2.72 36,72 0,06 35,48
1993 V.00 2,01 33 1a 0,03 35,69
- 0.C0 119,38 1130.2¢ 1.39 1251.00
Fiscal RDTLE INVESTMENT
YEAR SAY HA (2 4 SAT MA GY
1975 0,00 000 0.00 3,00 0,00 0.00
1976 0,00 0.00 0400 0,00 18,50 0,00
1977 0,00 0,00 0,00 0,00 11,73 0,00
1978 0,00 0,00 0,00 0,00 9,38 0,00
1979 1,00 0.00 LY 0,00 8,315 0,00
15680 0,00 0,00 ve@0 0,00 T.59 0.0¢
196} 0,00 0,00 0.00 9,00 6,90 0,00
1982 0.00 0,00 0,00 0,00 6427 0,00
1983 0,00 0,00 0,00 0,00 §.70 0,00
1984 0,00 0,00 0,00 0,00 5,99 0,00
1985 0,00 0400 0,00 0,00 5030 2,00
1986 0,00 0,00 0,00 0,60 10,18 0,00
: 1987 0,00 0,00 0,00 0,00 4,38 0,00
; ; 38 0.00 9,00 °o°° 0.00 3095 °o°°
E 1989 0,00 0.00 0,00 0,00 3,62 0,00
1990 0,00 0400 0,00 0,00 3,79 0.00
. 1991 0,00 0400 0,00 0,00 2.99 n,00
1992 - 0,00 0,00 0,00 0400 2072 0,00
1993 0,00 0."0 0,00 0,00 2407 0.00
0.00 TVew) 0,00 6,00 119,36 2.0
ACYIVITY ACTIVITY
LEVEL LFVEL
Fi5Cat DEPENDENT INDEPENDENT
: YEAR SaY HA 61 SAY HA 6t
1978 0,00 0.00 0,00 0,00 0,00 0,00
197 0,00 0,00 0,00 0,00 0.00 0,00
19°7 0,00 LT,49 68,48 0,00 04l& 0,00
! 1976 0,00 39,53 5,51 0,00 0,14 0,00
1 1979 0.00 3h,.92 & ,56 0,00 0.13 0,00
' 1910 0,0¢ 3267 S4,16 0,00 0,12 0,00
i 198) 0.00 29.70 49,22 0,09 0411 0,00
1982 0.00 29,86 +2e51 0,00 0,10 0,00
3983 0,2 26,56 40,60 0,00 0,09 0,00
1984 e.r0 FreM 36,98 0.00 0,08 0.00
. NETTY ¢, 0 23,93 47,1% 0,09 0,07 0.00
1966 0,u0 2] .60 Y481 0 0,07 0,00
197 0,00 21.%% 31,57 0.00 2,06 o,vo
194h 0,00 16,02 Y4 0,00 V.06 G.00
198y 0,00 16,38 32.20 0,00 0,05 0,00
1990 0,00 16,89 29427 6,90 0,05 0,00
1993 y,00 13.5%6 2heb} 0.00 Neli 0,00
199 0.00 13,39 b P 3 0.0 [N 0,00
19923 Oavui) 11.19 P FY1 0,0u "e0) 0,00
FI 1] “lG. TR Tid.6t y,00 De3 Gelv
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LIFE CYCLE COSTS

MILLIONS-OF UNDISCOUNTED 1973 DOLLARS

SYSTEM ALTERNATIVE -- 3 SATELLITE/AIRCRAFT/GROUND

ALLOWABLE CLOUD COVER -- 0-10%

NO-FECLRP NG COLTS FECUFR TG COSTS
ACTIVITY FICYRCLTY
LEUEL Lt H N
FDISE S INEMY DEFEIUERR IRDEFERIE LY [y iy
0.00 2140 0.00 1.0 I 1]
.00 82,42 0.00 K. &7 €2
0.00 €5, v £3.63 3 ] 156,60
0.6V I1.8 .27 2.9 12%.5Y
0.00 32.76 «w0.07 2.51 125.34%
6.¢0 13.56 €0.07 .21 104, &4
Q.00 $3.1¢ 90.07 3.8 N304
¢.00 €S5.86 £8.83 S.21 159,390
0.60 59.% 90.07 %. 0t 154, %4
6.00 33.76 %0.07 2. 91 126,75
0.00 30.%4% 16§, &9 .21 .5
6.00 25.76 108. &8 1.2 125.86
0.(0 St.e8 107,63 261 163, 14
0.00 €8.3¢ We, 69 S.21 &2 .48
0.°9 62.08 108,82 §.81 125,72
0.uvo .18 108,892 2.9t 145, o8
0.00 35,88 16&.89 2.51 14F. 68
0.00 16.0$ 107.65 1.2 | 124,94
0.0 30.78 106,89 2.2\ 141,528
0.00 814.7% 1690 .63 8. 37 2564, 76
FDTSE HUESTHENY
SAT HR GT SAT HA
9.00 6.60 0.00 21.4% 0.09
9.0¢ 0.00 6.0C¢ 0. 866 11.62
0.00 0.00 0.906 62.%0 7.56
0.00¢ [T 0.00 2%.10 756
0.00 0,00 0.00 25.20 Z.56
0.00 6.00 6.00 €. 00 F.5é
0.00 0.90 0.00 %1.60 786
0.00 0.00 0.0¢C SC.30 7.56
0.08 ¢.00 0.00 52.00 750
0.09 6.00 0.00 24.10 .66
0.00 0.00 0.00 21.20 «.2Y4
¢.00 0.00 6.060 6.00 19, 7¢
0.00 0.00 0.00 $1.60 1G.08
0.00 0.00 0.00 58.20 10,08
6.00 0.00 0.00 S2.00 10.08
¢.00 ¢.00 0.90 .10 10.08
06.00 0.00 0.00 25.2¢ 10.08
0.00 0.00 .60 €.60 19.08
0.00 0.00 9.00 20.M 10,6&
0.00 0.00 0.00 €41.006 173.76
ACTYIVITY ACTIVITY
LEUFL LEVEL
DEFEHDENT HIBEVERDENT
SAT Hiy (8 SAT KA
0.00 0.09 1.70 0.090
G.00 .00 s.20 n.00
8,61 2#F.03 2,80 0.2
14.91 V.7 2.70 0.2
13,81 21.87 2.30 ¢,
15,21 4 1,00 B,
13,80 21.27 3.60 0.2
12,64 27.55 5.00 n.2!
1380 ~1.27 %50 6.2
12,48 V.27 2.79 0.2
1%, 03 39.12 2,00 n, 2
™, % 30.12 1.00 6.2
14,003 D6t Ty 0.2
| L PRAXS Rl B S.00 6.
L T et LN e,
| L IRAF B 13 el [P |
I,y A3 2.39 | P }
™, ooty 1.90 n, i
1. =i RO 2.80 Coed
ARt Worr o't b 5 Tt
1v-33
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0,40
.00
N h
0,56
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e 1
H {
i !
: B 1
HOH-FECAR R ING COSIS
FISCFd
i YEaK EOTSE MRESTMONT
- 1958 0.00 1248
> 1376 6.n0 65,12
Ly . 177 9.0¢ 52,56
1976 6.00 21,62
3 197 0.9¢ 20,74
. 1900 0.90 7.65
N 153 6.00 2%.23
1952 9.90 39,72
H 1993 9.00 25.26
- o8y 0.00 13,0
o k8 1985 0.60 10.67
- 1986 9.0¢ 8.21
1987 0.0 ™97
1988 0.00 18.01
- 1989 0.00 19.86
g4 1990 0.00 7.4
£ 1991 0.00 6.9
- 1952 0.00 2.69
b 1993 0.60 5.63
N - . 0.00 373.0%
: U
N
2
’ FISCRL FOTLE
3 VERR SAT HA
) 1975 0.00 0.00
1976 0.00 0.00
£ 1977 0.00 0.99
Lo 1978 0.0 0.00
Lo 1972 9.00 0.60
oo 1980 0.00 0.00
; 1961 0.60 0.00
1982 ¢.00 0.00
A 1563 0.00 0.00
L 1984 0.00 0.00
- 1965 0.00 ¢.60
= 1986 0.00 0.00

: 1987 .00 9.0¢
P 158 0.00 .00

; 1989 0.00 Lo

; 1990 0.0¢ J.00

1091 0.00 6.

' 1992 0.00 0.00
R 1993 0.90 0.00
g © 0.00 0.00

ACTIVITY
LELEL

OEFENDENT
EAT Hi
6.00 9.00
0.00 0.0
6.47 20,55
9.57 .53
B0 $X.2¢
R 7.7 12,91
- 7,09 1. o}
. [ 1) 12.95
S.86 .02
L. 32 ¢.20
3! N.23 19,356
. Y,/% .60
W, X2 h.60
3,03 7.3
AW 7.
Reu Ty [ 8
e LIS N
¢ Lottt [ IRE
SN by ¥4
Mt t.°1.0 8

Iv-34
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LIFE CYCLE COSTS

T RECUERINS €018

FCTIVETY
LFWL
EFEMENT

8.¢0
0.00

V.20
22.37
o N
16.25
14,61
15,88
| KR b
| Ry
10,u%
LA ]

o I

[P MU R
LEuL [LLLL
INOCHESDENT CasTs
L] 1,66
Y. F2.41
2,26 117.é6
1,99 £&5.27
1.56 77.83
6.6& 5918
1.%6 73.49
2.43 4.5%
2.0% €5.50
1.2 $g.82
0,77 49.61
©.39 $3.59
1.16 $w.25
1.37 45,09
1.15 %2.08
8.6 3.z
6.50 29.02
0.22 22.47
9,356 23.20
26.1%3 1032.45
INVESTMENY
SAY HA
19.45 0.00
5%, 51 9.48
Wa. 68 .68
16,46 5. 16
13.¢5 %.¢9
2.39 4.27
21,35 282
27.20 3.53
2z.05 3.2
.23 272
.43 2.2
.91 6. 30
12.95 2.92
1%.35 2.€S
$r.us 2.4
So2% 2.19
4.93 §.80
1.08 1.€1
3.32 1.65
30%.12 €8, 92
ACTIVITY
LEuEL
INLE FEHOENT
SA KR
1.55 (1]
4,30 a.08
2. 10 6.14
[R5 0.4
.43 €. 13
0.0 0.12
1.45 6.1
2,32 [ 1]
.05 0.0
1,04 U.03
.70 (L g
32 (LR
1.0% b0
1..°8 [ TN
t.wy n.G%
0,00 LRy IR
LY L1 (1)
0.7 "ouh
| AP LIRS
i P81 *H | )

MILLIONS OF 1973 DOLIA RS DISCOUNTED TO 1974 AT 10%
SYSTEM ALTERNATIVE -~ 3 SATELLITE/AIRCRAFT/GROUND
ALLOWABLE CLOUC COVER -- 0-10%

.00

6.00

6T

.00
0.00
6.60

6.00,

¢.60
.00
.60
0.60
0.60
0.60
0.¢%0
0.00
0.00
n, 60
0.49
D Lt
[N/}
G.09
fonny
.00
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v L Ay

Life Cycle Costs to Provide
Land Cover Information for

Projected Demand from All Sources
Projected Level II Demand:
1977 - 1980 Six times at 60 days

1981 - 1993 Eight times at 45 days

Automatic Data Processing
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FISCatL
YEAR
197
1976
1977
1976
1979
1960
1981
1982
1983
1986
1985
1986
1987
1908
1989
1990
1592
1992
199

FISCAL
YEAR
197S
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1966
1987
1988
1989
1990
1991
1992
1993

F1sCat
YEAR
1975
1976
197
1978
197y
1988
1961
1982
19423
13 Ji1Y
1978
1uih
1967
197
1909
199¢
191
1097
19%3

LIFE CYCLE COSTS

MILLIONS OF UNDISCOUNTED 1973 DOLLARS

SYSTEM ALTERNATIVE -- AIRCRAFT/GROUND

ALLOWABLE CLOUD COVER -- 0-30%

NON“RECURRING COSTS

ROILE
0,00
Q.00
0.00
0.00
0.00

0.00
0.00

0.00
.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0,00
0.00
0.00
0,00
0.00
0.00
9,00
0,00
0,00
.00
0,00
.00
0.00
0000
0,00

INVESTMENT
0.00
22.34
15,64
13,74

ROTLE

0,00
0.00
0.00
8400
0.00
0.00
0,00
0.00
0.00
0.00
0.00
04,00
0.00
0.00
0.00
0,00
0,00
0.00
0,00
0,00

ACTIVITY
LEVEL
DEPENDENY
HA
0,00
0,00
68,09
63.05
63.05
63,05
75.30
81,06
75.30
75.30
75,30
AT
A1,94
T3.30
T4 %0
T9. 28
T4 30
81,06
75,39

*BACun

IV-36

RECURRING COSTS

ACTIVYTY
LEVEL
DEPENDFNTY

0.0n
0.00
107.50
106 .6.
104.60
104,60
137.1¢
180,67
137,1s
137.15
137,15
137.15
160,67
137,15
137,15
137.15
137,185
140,67
137.1%
2215.09

[

0.00
0.00
0,00

GV
0,00
0,00
Iv.41
I >}
41,63
b)e6)
61,085
59,63
61,85
61,85
6].8%
6105
59.6)
61,85
61.R5%
61.0Y
Gl Ry
DY
6lebt s
vole?ld

ACYIVITY
LEVEL ANNUAL
INDEPENDENT [<:1-3 £
0,00 0,00
0,00 22,38
0.21 123,35
.21 118,63
8.2} 118.33
0.21 120444
0.2} 152.48
0.2} 136,.0¢C
0.2) 152,48
0.2} 152.46
0,21 152,48
0,21 169.32
0.21 156,00
9.21 152.48
0,21 152,48
0,21 154,%9
0.21 152.48
8.71 156,00
0,21 152,48
3.57 2514,.99
INVESTMENT
SAY HA
0.0 0,00
0,00 22.38
0,0¢ 15.6%
0.00 13.7%
6.00 13.44
0,00 15.5%
.00 15.12
0,00 15,12
0,00 15,12
0.00 15,12
0,00 15,12
0,00 31,95
0,00 15,12
0.00 1S.12
0.C0 15,12
0.00 17,22
0.00 1%.12
0,00 15.12
0,00 15,12
0,00 296.24
ACTIVITY
LEVEL
INDEPENDENT
SaY HA
0,00 0.00
0,00 0.00
0.00 0.21
0,00 6.21
0.00 6.2}
9.00 0.21
0.00 0.21
.00 0.2)
€,00 0.21
0.00 0.2i
0,00 G.21
0.00 [ 1% 4]
0.00 0,71
0.00 0,71
0,00 0.2!
9,00 0,71
0,00 0,2
", 00 0,
0,00 a,.”
G0 KPLY

0,00
0,00
0.00
¢.00
0,00
0,00
0.00
0,00
0,00
0.00
0,00
0,00
0,00
0.00
o'oo
0.00
0,00
0.00
0,60
0,00

[ S
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MILLIONS OF 1973 DOLLARS DISCOUNTED TO 1974 AT 10

LIFE CYCLE COSTS

SYSTEM ALTERNATIVE -- AIRCRAFT/GROUND
ALLOWABLE CLOUD COVER -- 0-30%

i © NON-RECURRING COSTS RECURRING COSTS
ACTIVYTY ACTIVITY
FISCaL LEVEL LEVEL ANNUAL
YEAR ROTLE INVESTHLRT DEPLMDENT INDEPENCENT COSYS
1978 .00 0,00 0.0¢ 0.0C 0.00
: 1976 0.00 18,50 0400 0.00 18,50
- 1977 0.00 11.75 80.7 .16 92.61
: 1978 0,00 9.38 T1.50 .18 81,03
1979 8,00 8,25 65.00 0.13 13,67
198¢ 0,00 8.77 59,09 0.12 67,98
1981 0.00 T.76 18,3 .11 78,25
1982 0.00 7.05 65,62 0.10 72,77
N 1933 0.60 6.61 58,17 0.09 64,67
v 1986 9,00 $.83 52.8r o.08 58,79
: 1985 8.60 S.30 A8,07 .07 53,04
1986 0,00 10,18 A3.70 0.07 53.9%
: 1987 0.00 4,38 LIS 0.06 45,19
oo i 1988 0.00 3.98 36,15 0,06 40,15
: ‘ "‘9 0,00 3,62 32.83 0,05 36.59
3 1990 0,00 .75 29.85 0,05 33.04
‘ 199 .00 2,99 27.1a 0.04 30.17
- 1992 0,00 2.72 25.30 0,04 28,06
K 1993 0,00 2457 22.43 0,03 26,93
< 0,00 123.20 829,58 1,39 954,17
*
FISCAL RDTAE INVESTMENT
YEAR SAT HA (34 SAY Ha Gt
1975 0,00 0.00 0,80 0,00 .00 0,00
1976 0.00 0.00 0,00 9.00 18,50 6.00
1977 9,00 0.00 0,00 0,00 11,75 8,00
. 1978 0.900 0.00 0,00 0,00 92,23 9,00
T 1979 ¢, 00 0.00 0,00 9,00 8.35 0,00
: : 1980 0,00 0.00 0.00 0.0C 8.77 8,00
1 R 1981 0,00 0,00 9,00 0,00 T.79 0,00
. i 1982 0,00 0.00 0.00 ¢.00 7.05 0,60
B i 1983 0,60 0.00 9,00 0,00 6,41) 0.00
i : 1984 0,00 0000 0,00 0,00 5.83 0.00
- 1985 0.00 0.00 0,00 0.00 $,30 0,00
N 1986 0,00 0400 0,00 0,00 10,18 0,00
N 1987 0,00 0.00 0,00 0,00 4,38 0.00
B 1968 0,00 0,00 0.00 0.00 3.98 ¢.00
. 1969 0,00 0,00 0,00 0.02 J.62 0,00
: 1990 0,00 0.00 0,00 0,00 3,75 9,00
: 1991 8,00 0.00 0,00 0,00 2,99 0,00
- 1992 0,00 0,00 8,60 0.00 2.72 0,00
N 1993 0,00 0.00 0,00 0.00 2467 0,00
: 0,00 0000 0,00 0.00 123,20 0,00
a ACYIVITY &CTIVITY
; LEVEL LEVKL
> FISCAL OFPENOENT INLEPENDENY
: YEAR SAT HA (14 Sat (L) (24
. 1975 0,00 0.00 0,00 . 0,00 6,00 0.00
i 1970 0,00 9.00 0,00 0.00 0+00 0.00
1977 0,00 Slelb 29.61 0,00 0.16 0.00
- 1978 0.00 43.06 28,43 0,00 0.14% 0.00
H 197% 9.00 39.15 25,85 0,00 0,13 0.00
1980 0,00 35,59 23,50 0,00 G.})2 ¢.00
1981 8,00 38.64 3,74 0,00 0,11 9.00
1982 0.00 37.81 27,82 9.00 0.10 0.00
1983 8.00 3193 26,23 0,00 0.09 0.00
1904 0,00 29.03. 23,85 0,00 D08 .00
1995 [ 1311 206439 . 21,68 0,00 0.0/ 0.00
- ¢ 1986 0.00 73:599 12,71 0,00 0.07 0.00
“ 19u7 0.u0 23e6? 17,27 0,00 0.06 0.00
. 1988 0,00 19,88 16,29 6,00 0,06 0,00
N j94y 0,00 14.03 16,82 0,00 0.05 0.00
i 1990 0.00 16,39 13,40 0,00 0,05 0.00
N 159} ¢.00 L 12,76 n, 00 0.06 0.00
i VY992 0,00 16,58 10,7¢ 0,00 0,06 Q.00
N 1993 0,00 12431 104,113 ", 00 C.03 0.00
. 0,00 706,06 Ise32 0,00 1.39 0.00
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LIFE CYCLE COSTS

MILLIONS OF UNDISCOUNTED 1973 DOLLARS

SYSTEM ALTERNATIVE ~- 2 SATELLITE/AIRCRAFT/GROUND

ALLOWABLE CLOUD COVER -~ 0-30%

ENYER THE tRHIGER OF YHE FIFSY VEARR

F1SOn
VEHR

1905
1976
| 2
1978
1979
1950

$asy
[ R
L P
frany
(AU

1,

]
| MO
$7000
0
t Caryly

| AV R

HON-FECUFF TG LOSTS

POTSE
0.00
0.00
0.00
0.00
0.00
0.00
0.00
.00
0,00
.00
0.00
9.00
0.00
.00
0.00
0.00
9.00
0.00
0.00
0.60

0.00
0.00
0.00
.00
0.00
0.00
9.00
0.090
8.00
0.00
0.00
6.00
0.00
0.00
0.00
0.090
9.00
0.00
0.00
9.00

1o,
EALONTE |

FECURRING COSTS

ACTIVITY ACTIVITY
LEVEL LEVEL AR
THUESTHERY DEFEHUERT INCEPEHDENT COSTS
15,50 0.00 1.1 17.00
69,53 0.00 3.70 73.22
G 32 &3.43 3.7 125.46
29,32 £3.91 - 2.1 5.3
Q2.72 &3.81 1.61 3.3
1§08 [ X&) .M 82.80
Y389 7T 2.71 tz4.18
S5.88 1,19 2.61 140.28
St.2¢ F7P 57 3.3 132.16
32,68 7757 2.11 112.36
31,08 s 1.8 110.45
3.9 77.57 0.91 110,44
[ XN 333 €1.19 2.71 127.58
5548 7757 3.61 136.66
St.z28 7757 3.3t 132.16
35.84 727.57 2.1 115.52
32.13 7757 1.8 1M1.52
16, o8 £1.19 o.M 100,38
22,08 77.57 1.61 107.26
230.08 1274.56 43.87 204813
ROTSE IWESTHENT
HA 6T SHT HA
6.00 0.00 15.90 0.00
0.00 0.00 53.70 15,83
0.00 0.00 $7.40 10,92
0.00 0.00 182.40 10,92
0.00 0.00 16.£0 10.92
0.08 0.00 %.00 14.08
6.00 .00 29.4%0 .49
0.00 ¢.00 $41.20 4. 28
0.00 Q.00 37.60 14,28
0.00 0.00 15.40 14,28
¢.00 0.00 16.80 1%, 28
0.00 ¢.00 $.00 27.9%
$.00 9.900 29.40 14,28
0.00 ©.00 “41.26 14,28
0.00 0.00 37.00 W 28
0.00 6.00 18.%0 17.9%
0.00 0.00 16.80 15.33
. 6.00 0.00 %.00 14,28
0.00 6.00 13.&0 14,28
0.00 6.00 %463.€0 26610
ACTIVITY ACTIVIY
LEVEL. LevpL
DEFEIENT NCE PRI Y
HF i Hy
6.00 1.16 0.ul
0.60 2.0 0.00
36.2) 3.4 6.
20,2, 1.5 6.
30.37 V54 .
.37 0.7 0.2
3960 2.%0 0.2
4Ss. 3.u40 Ry
22,60 3.1 0.2
X9.60 $.%9 0,71
39.¢60 1.6 [
39,60 [ Al 0.t
45, 44 2,50 0.
39,60 3.M0 g.ot
30,60 h R 1 0.\
32,60 Voouh 0,2
39,40 t.00 [P
NN Y [l hol'h
MU X ) | 10 [ ]
RS N, in KO

Iv-38

GT

0.00
¢.00
0.00
0.00
06,00
0.0¢
.00
0.00
0.00
¢.00
0.06
V.00
6.00
0.60
0.60
0.00
0.0
0.60
0.60
0.6n

(91

[P ] ()
06.60
Y0
0,00
0.00
L]
0.00
V.00
6.60
.00
6.0
[ (]
(9] ]
L
0,00
nL,uh
G.00
rohy
(L ]
r,or
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MILLIONS OF 1973 DOLLARS DISCOUNTED TO 1974 AT 10%
SYSTEM ALTERNATIVE -~ 2 SATELLITE/AIRCRAFT/ GROUND

LIFE CYCLE COSTS

ALLOWABLE CLOUD COVER -~ 0-30%

HON-RECURRING COSTS

ROTEE
0.00
.00
0.00
0.00
0.00
6.60
0.00
0.00
0.00
.00
.00
0.00
0.00
0.00
0.90
0.00
9.00
0.00
0.00
.00

SAT

0.90
0.00
0.00
.08
0.00
.00
0.00
8.00
0.00
0.00
0.00
0.00
.00
0.00
0.00
0.60
0.00
0.00
0.00
9.00

THUESTHENT
14.45
57.46
43.82
20.03
17.21
10.20
22.52
25.88
21.75
12.€60
10.89
10.18&
12.€5

a8
53

- A% -X-¥-X-F-¥_ YT %)

POODOODLOODIOD
CSCODOIOCOOCODOD

€¢.00

6.00

ACTIVITY
LEVEL
OEPENDENT

HA

0.60
0.00
27,21
20.74%
18. 86
17, 14%
20.32
21.20
16.7°9
15.27
1280
12,62
13,14
16,42
9.N8
8.62
7.0
8,17
(3% .24
N6, 20

Iv-39

RECURRING COSTS

ACTIVITY RCTIVITY
LEVEL LEVEL NN
DEFENCENT  INDEPENDENT COsTS
0.00 1.00 15.45
0.00 3.06 €0.52
Y7.65 2.79 w26
43,65 144 65.12
39%.é2 t.12 S7.96
36.02 8.51 Y6.74
39.81 1.39 €3.72
32.87 1.68 €5. %4
32,90 1.40 56,08
29,91 0.81 s W3.32
27.1% 0.63 38.72
4,72 0.2% 35.19
23.52 8.7 36.95
20.43 0..5 35.9%
18.52 0.79 31.64
té.e8 0.46 25. 1%
15.35 0.36 22.06
14,60 0.16 18.03
12.68 Q.26 17.5%
481.37 19.91 £29.86
INUESTHENT
13 SAT
0.00 1%.45 0.00
0.00 44,33 13.08
8,00 35.61 £.20
0.00 12.57 7.46
0.00 10,42 6.7
0.00 2.26 7.95
0.00 15.09 7.44%
0.00 19.22 6.66
0.00 15.69 6.06
0.00 7.09 5.51
6,00 S5.£9 5.01
0.00 V.27 8.91
0.00 8.52 .14
0.00 10.65 3.76
0.00 a, 242
0.00 %.60 3.72
0.60 3.22 3.0
0.00 0.72 2.57
0.00 2.26 2.33
0,00 222.49 106.03
ACTIVITY
LEVEL
IDEFENDENT
6T SAT HA
0.00 . 1.00 0.00
0.00 3.06 0.00
14,496 2.63 N, 16
14,66 1.30 6.4
12,33 0.99 0.13
12,12 0.4%0 0.4
12,70 1.8 [ R ]
10,50 1.59 0,10
16,49 1.3 6.09
.54 3 Y. 03
8,67 0.56 n.67
7.58 6.22 007
€,50 0,72 [NY3
(%) 0. (U8 TS
Dz 0.74 ",0%
S.30 0.4 0.0k
", 8,32 G
LN TM 0,13 g4
LTS 0,23 v.u3
18108 18,52 by

-
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P
S

FISCAL
YEAR
1975
1916
1977
19718
1979
1980
1981
1982
1983
1984
1985
1966
1967
1988
1989
1990
1991
1992
1993

F1SCAL
YEAR
1975
1976
1917
1978
1979
1980
1981
1982
1983
19846
1985
198%
1987
1988
1989
1990
1991
1992
1993

FisCat
YEAR
1975
1976
1977
1978
1979
1980
1981
RELH
1983
19846
1965
V08
1987
1983
J687
1950
}991
102
1943

LIFE CYCLE COSTS

MILLIONS OF UNDISCOUNTED 1973 DOLLARS
SYSTEM ALTERNATIVE -- AIRCRAFT/GROUND
ALLOWABLE CLOUD COVER -- 0-10%

RDILE
0,00
0,00
.00
0.00
0.00
0.00
0,00
0,00
0,00
0.00
0,00
0,00
0.00
0,00
0.00
0.00
0,00
0,00
0.00

0,00
0.00
0,00
0,00
0,00
0,00
0.00
0,00
0,00
0.00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00

SAT
0,00

C.00
0. 00
0,00
0,00
6,00
0o 00
C.00
0.00
G.00
0,00
0409
08.00
[ ]
9.00

© NON=RECUKRING COSTS

INVESTRENY

0.00
22,38
15,54
13.7¢
13,66
15,54
15,12
15.12
15,12
15.12
1S5.12
31.95
15.12
15.12
15.12
17,22
i1S.12

15,12
15.12
296,20

RDTLE
HA
0.00
0.00
0.00
0.00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0400
0.00
0.00
0,00
0,00
0.00
0400
0.00

ACTIVITY
LEVEL
DEPENDENT
"A
8,00
0,00
63,21
57467
57.87
S57.87
6Bo&2
Thekd
88,062
68,062
68,02
63,62
Thetbd
(T4
LT
60
€hohd
Thekt
Or o h?
EXRETT 2

Iv-40

ACTIVITY
LEVEy

DEPEND:NT
0e00
000
156433
153470
153,79
153,79
202494
204,18
202,94
202.94
202.94
202,94
204,18
202,94
202.94
202.%4
202.94
204,18
202.9a
3257.57

0.00
0.00
0.00
0,00
0.00
0.00
0.00
0.00
0,00
0,00
0.00
0,00
0,00

(Y
0,00
.00
9l.12
99,92
95,92
95,92
13,52
127,72
134,52
134,52
134,82
136,.%2
129,72
1Yo, b2
124,62
.4
JdsLYe
| I ¥4
PIn.5¢

RECURRING COSYS

ACTIVITY
LEVEL ARNUAL
INDEPENDENT COSTS
0,00 0.00
0,00 22,38
0.21 170.18
0.21 167,76
0,21 167,40
0,21 169,54
0.2} 218,27
0,21 219,51
0,21 218,27
0,21 21a,27
0,21 218,27
0.21 235,10
0,21 219,51
0,21 218,27
0.21 218,27
0.21 220,37
0,21 218.27
0,21 219,51
0.21 218,27
3.57 3557,38
INVESTMENT
SAY HA
0,00 0,00
0,00 22.38
0,00 15,66
0,00 13,76
0,00 13,46
0,00 15,54
0.60 15.)2
0,00 15.12
0.00 15.12
0,00 15,12
0,00 15,12
0,00 31,95
0,00 15,12
0,00 15.12
0,00 1S5.12
0,00 17.22
0,90 15.12
8,00 15,12
0.00 1S5.12
0,00 236,24
ACTIVITY
LEVEL
INDEPENDENT
SAav HaA
0.00 0,00
0,00 0,00
0.06 0,21
0,00 [ 4]
0,00 6,21
9,00 0,2)
0,00 .21
6,00 0,21
$.00 0.21
0,00 0,21
0,00 0,21
0,00 0,21
0.60 0.21
0,00 0,21
0,00 0,2)
0,00 0.2}
0,60 0,21
C.00 0.21
0,29 0,21
Contl 13-Y4

67

0,00
0,00
0.00
°'°°
€.00
0.00
0.00
0.00
0,00
0.00
0,00
0.0¢
0.00
0,00
0400
0.00
0.00
¢.00
0.00
C.00

0,00
0,00
0,00
0.00
0,00
0,00
0.00
0,00
8. 00
0,00
0,09
0,00
0,00
0.00
.00
0.C
.09
0.00
0,00
0.00C




LIFE CYCLE COSTS

MILLIONS OF 1973 DOLLARS DISCOUNTED TO 1974 AT 10%
SYSTEM ALTERNATIVE -- AIRCRAFT/GROUND
ALLOWABLE CLOUD COVER -~ 0-10%

NON=RECURRING COSTS

RECURRING COSTS

ACYIVYTY ACTIVITY
FISCAL LEVEL LEVEL ANNUAL
YEAR RDTEE INVESTMENT DEPENDENT INDEPENDENT €OS1s
1975 0,00 0,00 6.00 0,00 0.00
197% Q.00 18,50 0400 0.00 18,50
1977 0.00 11.75 115498 0.16 127,86
1978 0.00 9,38 105.04 0.14 114,57
1979 0,00 8,35 95449 0.13 103,97
1980 0.00 8,77 86,8y 0.12 95,70
198} 0,00 T.76 106,10 0.1 112,00
19862 0,00 T.05 95.25 0.10 102,40
1983 0,00 6,61 86,06 0,09 92,57
1984 0.00 5.82 T8e26 0,08 R, 15
1985 ¢, 00 $.,30 7112 0.07 76,50
1586 0,00 10.18 686,66 0,07 T4.91
1987 0,00 4,38 5914z 0,06 63,58
1988 0,00 3,98 S3.44 0,06 57,48
1939 0.00 3.62 48.58 0,05 52,25
1990 0,00 3,75 bbyle e 0,05 47,96
1891 0,00 2.99 “C.15 0,06 43,18
1992 0,00 2.72 36.7> 0.06 39,48
1993 0,00 2467 33.1a 0,02 345,69
0.00 123,20 1218,1a 1.39 1342.76
FisCatL RDTLE INVESTHENTY
YEAR SAT HA GY SAT HA
1978 0,00 0,00 0,00 0.00 0.00
197 0.00 0.00 0.00 0.00 18,50
1977 0,00 0.00 0,00 0.00 11,75
1978 0,00 0.00 0,00 0,00 9.38
1979 0,00 0.00 0.00 0,00 8,35
1980 0,00 0.00 0,00 0,00 8,77
198) 0,00 0.00 0,00 0,00 Te76
1982 0,00 0,00 0,00 0,00 7.05
1983 0.00 0,00 0,00 0,00 [ 9]
1984 0,00 0.00 0,00 0.00 S.83
1985 0.00 0.00 0,00 0,00 5.30
1985 0,00 0,00 0,00 0.00 10,18
1987 0.00 0.00 0,00 0,00 be38
1988 0.00 0.00 0.00 0,00 3,98
1989 0,00 000 0,00 0,00 3462
1990 0.00 000 0.00 0,00 3,75
1991 0,00 0,00 0,60 0,00 2,99
1992 0,00 0400 0,00 0,00 ?.72
1992 0,00 0.00 0,00 0,00 2447
: 0,00 0,00 0.00 0,00 123.20
ACTIVITY ACTIVETY
LEVEL LEVEL
FISCaL OEPENDENT IRPEPENDENT
YEAR SAY HA 67 SAT HA
1975 0.00 0.00 0.00 ¢,00 0,00
1976 0,00 0,00 9.00 .00 Goll0
1977 0,00 6T 449 68,06 2.00 0,10
1978 0,00 39.5) 65,51] 0,00 [ IS L]
1979 0,00 35,9 $9.56 0,00 0,13
1980 0,00 32,67 b4, 14 0,00 0,12
194) 0,00 35.11 6,03 0,00 0,11
1582 0,00 3%, Th 60451 0,00 0,10
19682 0,00 27,02 57,05 0,00 0.09
P11 0.00 26438 S1l.86 0,00 0,08
1985 9,00 343 “7415 0,0¢ 0,07
1966 0,00 21.80 42,86 ¢,60 0.07
1087 0,00 21517 37,97 0.0J [ 191.]
Jvis 0.to In.02 MNH.62 Q.00 006
1949 n,on 16.38 32,20 0,00 0.0%
Joun 0,00 Vo, e ey 21 (281 0,25
1991 0.00 13,56 eb.h) 0,00 00
yo92 6,00 13,39 23.3) 6,00 0,06
1993 0,00 11,17 2199 L9 0.0
. 0,00 €3340 T12,23 0.0 1.4
Iv-41

GT

0,00
0.00
0,00
0.00
0,00
0,00
0,00
o.oo
0,00
0,00
0.00
0.00
0.00
0,00
6,00
0.00
0,00
0,00
0.00
0,00

0,00
0,00
0,00
6.00
0,00
0,00
0.00
°'°o
0,00
0,00
0.6¢¢
0.00
6,00
c.00
0.0C
0. 00
C.00
0,00
0,00
0.¢0

“r
L 14
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g LIFE CYCLE COSTS
| MILLIONS OF UNDISCOUNTED 1973 DOLLARS
o SYSTEM ALTERNATIVE -- 3 SATELLITE/AIRCRAFT/GROUND
: ALLOWABLE CLOUD COVER -~ 0-10%
: HON-RECURRING COSTS PECURRING COSTS
H
RETIVITY HCTIVLTY
A FISCAL LEVEL LEVEL FAIAL
: VERR FOTSE INVESTMENT  DEPENDENT  JNOEPEMDENT COSTS:
: 1975 0.00 21.49 0.00 1.7 23,10
1926 0.00 82,42 0.00 s.20 &7.62
1072 0.00 €9, 96 £3.63 .01 156,60
§ 1978 0.00 1,66 wW.z7 z.9 124,84
o 1579 0.00 32.7% 90,07 2.5 12%,34
N 1960 0.00 15,66 90.07 1.2 106,95
) 1961 6.00 S1.69 108,89 2.0 164,59
s 1982 0.00 &8, 33 107,65 5.21 181, 2%
. : 1962 0.00 62,08 108,89 4. 61 175,78
: 195M 0.00 M8 108.£9 2,94 145,98
ooy 19as 0.00 .28 108, 8% 2.21 42,38
" 1986 0.00 25.55 108,89 1.21 135,65
: V982 ¢.00 51.68 107.65 2.61 163, 14
: 19ee 0.00 €8, 38 108,89 5.21 122,48
. 1989 - 0,00 62,08 108,89 %.81 175,78
- 1990 0.00 36.28 10€. 89 2.9 g, 08
i 1991 0.00 36.32 108,89 2.51 © 7R
: 1992 0.00 16,08 107.65 1.21 129,94
, 1993 0.00 30.78 102,89 2.21 YT
: : 0.00 €28. 64 1765.90 5o X7 265%. 11
: G
X FISCAL FOTSE INVESTHENT
; VEAR SAT HA 91 SAT HA ()
. 1975 0.00 0.00 0.00 21.%0 0.00 0.00
: 1976 0.00 0.00 0.00 70.€0 11.62 0.00
: 1977 . 0.00 0.00 0.00 . 62.4%0 7.56 ©.60
: 1978 0.00 6.00 6.60 4,10 7,56 G060
- R 1979 0.00 0.66 0.00 25.20 7.56 G.00
, ) 1680 0.00 0.90 0.00 €.00 a.66 0.00
- 1921 0.00 0.00 0.00 Y1.60 10,29 0.00
2 1982 0.00 0.00 6.60 52,30 10.68 0,00
! 1983 0.00 0.00 0.00 52.00 10.08 0.00
' toEY 0.00 0.00 0,00 24.10 10.0% 0.00
: 1985 0.60 0.900 0.00 2t.20 16.66 0.00
. 1286 0.00 6.00 0.00 6.00 19,55 8.00
H 1487 6.00 0.0¢C 9.00 Y160 0,68 0.00
’ 15ma 9.00 0.00 0.00 5. 30 10,08 ¢.00
[ 1989 0.00 0.00 0.00 52,00 10,60 0,00
: Co o 1990 0.00 0.00 0.60 24.10 12,18 6.60
: i 1994 0.00 0.00 0.60 25.20 11,13 0.00
. : 1992 .00 0.00 0,00 6.00 10,00 0.00
: ! 1992 0.00 0.00 0.90 20.70 10,08 0.00
: 0.60 0.00 0.09 641,00 187, a4 0.00
¢ RCTIVITY HCYIUITY
i LEVEL LEVLL
3 ) ' . FISCAL DEPENDENT INOL PEHUENT
. VERR AT i) GT SAT bt GT
1 1975 0.00 0.00 0.00 1.70 1,60 0,00
: V975 0,00 0.060 0.00 5.2 o.60 6.00
5 1977 %60 27.75 27,27 2,50 c.ot 0.u0
E 1978 1%.01 otony Y, @ 2,70 nLozh 0.60
Lo 1979 13,29 V.27 Y, 9% P ne 2t §.00
s 1989 N oV.27 54,93 1,00 0.4 ©.00
[ 1939 1Y, %3 30,132 63,03 2,66 0.2 6.00
) o touz L3 25.68 TR S.uh 6.2 n,00
g ) 1953 14,93 013 63,03 Y. o v.21 P
1oy 1HL,N W2 £330 Za7h 6.21 0.u0
19405 14, 93 OISR 64,03 2,00 3 6.00
Vo8¢ 1, 9% PR K 1.00 0.0 .00
. b oyagy 1y, 0 T tot .40 0,21 n.o0
. 1% [ X KPR Bt .00 [P | )
y Yaah X Ry .0 9.2 0N
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