This copy contains

black and white
reproductions of color
ERTS inages shown in

Touy 1.

PIRE———

P
R T T
S

D e
L d

=t

v
L
|

¥
n, 5
.

-

: ¢
¢ . &

(NASA-CR-141193) THE ECCNOMIC VALUE OF
REMOTE SENSING BY SATELLITE: AN ERTS

. |!, » ’.<,r1’|;
. =" :S<-'l3?h‘| (N
® ;

LR,

SERVICE. VCLUME 2: SOUECE (ECON, Inc.,
o Princeton, N.J.) 186 p HC $7.00 CSCL 05C G3/43 06877

: N = oS,

- : iy ¥
-

a

* \
™
.‘g’ -
» '/_ 4
., £
»




413 NORTH HARRISON STREET

ECON
PRINCETON, NEW JERSEY 08540

INCORPORATED Tetephone 609-924-8778

REPORT NO. 74-2002-10-2

THE ECONOMIC VALUE OF REMOTE
SENSING BY SATELLITE: AN ERTS
OVERVIEW AND THE VALUE OF
CONTINUITY OF SERVICE

VOLUME I1I

SOURCE DOCUMENT

Prepared for the
Office of thz Administrator

National Aeronautics and Space Administration
Under Contract NASW - 2580

September 30, 1974
Updated December 20, 1974

ELOMOMICS, OPERATIONS RESEARCH, SYSTEMS ANALYS!S, POLICY STUDIES TECHNOLOGY A5SESGMINT

[N — e - [T ———

f
[y

P ST o

e e = ]

st B,

ST sy Awiactianinds % A4

pr



WS

NOTE OF TRANSMITTAL

This Source Document is prepared for the Office of the
Administrator, National Aeronautics and Space Administration,
under Article I.C.l of Contract NASW-2580. It contains data
which back up summary statements of Volume I. Material
contained in this source volume is further backed up by detailed
analysis documented in Volumes III to X of this report. The
interested reader is referred to these documents for substanti-
ation of all data presented herein.

The data presented in this volume are based upon the
best information available at the time of preparaticen. This
includes a survey of existing studies. Four case studies, two
in agriculture and one each in water use and land use are
discussed in this summary. Others are discussed in the support-
ing volumes (Volumes III through X). Throughout the analysis,
a conservative viewpoint has been maintained. Nonetheless,
there are, of course, uncertainties associated with any pro-
jection of future economic benefits, and these data should be
used only with this understanding.

ECON acknowledges the contributions of John Andrews,
Alan Donziger, George Hazelrigg, Klaus Heiss, Francis Sand, and
Peter Stevenson, who authored this volume.

Dr. &Leorge A. Hazelri%g,
Study Manager

Dr. Klaus P. Heiss
Study Director
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ABSTRACT

Since the launch of the Earth Resources Technology
Satellite (ERTS-1) in July 1972, over 300 NASA-approved scientif-
ic investigations using ERTS data have been conducted or are on-
going. These investigations serve to define a lower limit of
the technical capability of Earth Resource Survey (ERS) satel-
lites. This report addresses the economic value of an ERS system
with a tachnical capability similar to ERTS, allowing, however,
for increased coverage obtained through the use of multiple
active satellites in orbit. The economic value of an ERS system
is obtained by aggregating non-overlapping benefits derived
from a variety of specific Resource Management Functions (RMFs).
The economic value of added remote sensing in each RMF is
obtained either by an in-depth economic analysis performed by
ECON or by other economic assessments which ECON believes are
valid. The benefits are classified into eight Resource Manage-~
ment Areas and nine Resource Management Activities. A further
division of benefits is made into the categories of egqual cap-
ability, increased capability and new capability.

This volume provides a detailed breakdown of the benefits
summarized in Volume I and establishes a methodology for their
estimation. 1In addition, a description of the ECON case studies
in agriculture, water use and land cover is presented. A
description of the current ERTS system and of the costs for a
projected ERS system is given in Chapter 1.
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1. THE ERTS PROGRAM AND ERS PROGRAM COSTS

The Earth Resources Technology Satellite (ERTS) Program
is part of the Earth Resources Survey Program (ERSP) which
also includes the continued analysis of Skylab Earth Resources
Experiment Package {EREP) data and the Earth Resources Airxcraft
Program (ERAP). The stated purpose of the ERTS Program is "“to
conduct experiments in the interpretation and utilization of
earth resources survey data from space." This program includes
ERTS~1, a satellite launched on July 23, 1972 and still in
operation, a backup satellite, ERTS-B, and over 300 NASA-approved
scientific investigations.

The discussion of costs and benefits in the present
study is not limited to the ERTS Program, nor does it irclude
ali of the ERS programs. Rather, costs and benefits are
investigated for a potential system for earth resources
observation from space using satellites with capabilities
similar to those of ERTS~-1l. Such a system is what is meant
by an "ERS system” in this report.

1.1 The ERTS System

The current national (United States) ERS systen,

built around the ERTS satellites, is made up of the following
components: (1) the satellites; (2) some 150 ground-based data
collection platforms (DCPs); (3) three data acquisition faci-
lities; (4) an operations control center (OCC) and (5) the
NASA Data Processing Facility (NDPF). These components are
described in the above order, and the whole system is dia-
gramed in Figure 1l.1.

1.1.1 The ERTS Satellite

The ERTS spacecraft is shown in Figure 1.2. It has
a mass of 891 kg (1965 pounds) and flies in a polar, retro-
grade orbit, the parameters of which are given in Table 1.1l. The
spacecraft makes About 14 orbits a day, collecting image data
over a swath of earth 185 km (100 nautical miles) wide. The
image data collected are cut to form frames covering about
34,000 square xm (10,000 square nautical miles) each. Poten-
tially the ERTS orbit provides global image coverage every
18 days for all latitudes from 80 degrees N to B0 degrees S.
Images are not collected over the entire world during every
18-day period, however, primarily because of limitations
in data acquisition and processing capacity. Complete
coverage of the North American continent can be obtained, but
only selected strips over portions of the orbit track are

B R LN
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imaged in the rest of the world. These strips, amounting

to about 26,000 km per day, are chosen according to inves-
tigator requirements and forecasts of cloud cover.

The payload carried by ERTS includes imaging sensors,
wide band video tape recorders, and a communications system
(which is not part of the remote sensing experiment). The
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Table 1.1 Nominal ERTS-1 Qrbital Parameters

Orbit Parameter Nominal Vvalue
orbital Altitude 910 km
Incltnation 99,092 deg
Peri»a 103.267 min
Eccuatricity : 1) :
Local Time at Descending Node 9:30 an
(Equatorial Crossing) :
Coverage Cycle Duration 18 days (251 revolutions)
Distance Between Adjacent Ground Tracks 159.38 km

ima ying sensors are two types -- camera and scanner. A

thr 2e-camera return bean vidicon (RBV) provides images of an
185 by-185 km (100-by-100 nautical mi.) sguare area in

three different spectral bands: green, red, and near infrared.
These bands can be superimposed to yield “"false color" images.
Imaging of the scanning type (sweeping) is provided by the
multispectral scanner subsystem (MSS), which operates in four
spectral bands: green, red, and two near infrared bands.

The MSE sweeping path is perpendicular to the orbital track.
Table 1.2 gives the characteristics of the imaging sensors.
The video tape recorders are provided so that images obtained
when the satellita is out of the receiving range of the data
acquisition fac.iities can be stored for later transmission.
The communic-*ions system mentioned as a payload item is a
relay syst: : which collects information from the ground-based
DCPs and passes it on to NASA ground stations for delivery to
the users.

The RBV cameras of the ERTS-1 system have not provided
ir - ,es since shortly after launch because of an electrical
-nomaly. A malfunction resulted in the early failure of

T,



Table 1.2 ERTS Imaging Seasor Characteristics
.W

3 - Casera Retura Beam Vidicoa (RMV)

R Canera 1 - Camera 2 Camera 3
Resolution, at max. scene contrzrast, TV lines 4500 4300 3400
Spectral bdands, millimiczens 47%-57% . 580-680 690-830
Video bandwid-n, Nz - L} 4 4
Time betveen picture sats, seconds 23 23 2s

Nultispectral Scanner (MSS)
. "Band 2 BSand 2 Sand 3 Sand 4 Bamd §*
Resolution element, meters frow 910 km 80 [ 1] 80 80 215

Spectral bands, millizicrons $00-600 - §00-700 700-800 $00-1100 10400-12600
video bandwidth, KNz 42.9 42.9 42.9 42.9 42.9

e uSS Band S is an option for satellites after ERTS-3 ouly .

-

one of the video tape recorders, while the other tape recorder
functioned until March, 1973, when it also experienced an
anomaly. Complete failure of the second tape recorder occurred
in 1974. Thus, ERTS-1 can presently obtain images only

within the receiving range of the ground stations; however,

‘images are still provided for nearly all of the North American

continent (see Figure 1.3).

1.1.2 The Ground-Based Data Collection Platforms

The DCPs take automatic measurements of several quan-
tities including stream flow, snow depth, soil moisture, and
volcanic activity, generally in remote locations. The data
are relayed through the satellite to NASA ground stations and
are often used to provide ground truth to augmant the remote-
sensed image data.

1.1.3 The Data Acquisition Facilities

Three national data acquisition facilities are located
in the United States - at Fairbanks, Alaska, at Goldstone,
California, and at Greenbelt, Maryland. As of May, 1974,

sl
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there were two operating ground stations outside the United
States: one in Canada at Prince Albert, Saskatchewan; and
one in Brazil. Two more stationt are under construction:
one in Italy, and one in Can=2Ca. Each data receiving system
includes an antenna ahl: to track the satellite over a large
range, with elevation down to about 5 degrees. This permits
data reception over an area of about 23 million square km.
The five receiving stations now in operation provide the
capaiility of ERTS data reception over all of North America
and mest of South America. A total of fourteen ERS data
rece’ving stations would suffice to provide reception for
nearly the entire land area of the world (except Antarctica).
Figir2 1.3 illustrates proposed station locations. *

1.1.4 1The Operations Control Center (0CC)

The OCC is located at Goddard Space Flight Center in
Greenbelt, Maryland, together with the NDPF. The <CCC func-
tions include overall system scheduling, command communica-
tions with the satellite, and monitoring and evaluation of
orbital operations.

1.1.5 The HASA Data Processing Facility (NDPF)

The dcota received from the satellite at the data
acquisitiun facilities go to the NDPF for processing. The
output of this processing is of two kinds -- hard copy prints
and transparencies, and computer compatible tapes. Several
steps are required to obtain these products from raw satellite
data. Some of the important steps include geometric correct-
ion and radiometric calibration. For many applications, color
composites are desirable, combining several spectral bands
represented by colors chosen to facilitate interpretation.

For other applications, greatest accuracy is obtained by
analyzing the data in the digital form from which the images
are derived. These data are accessible on computer compatible
tapes provided for automatic data processing. The NDPF
includes a storage and retrieval system for all data and pro-
vides for delivery of output products to the Department of
Interior's Earth Resources Observation Systems Data Center

at Sioux Falls, South Dakota. At this point, the data are

in the public domain and copies are available for purchase by
anyone. NASA also sends data directly from the NDPF to the
ERTS-1 investigators located in 43 states, the District of
Columbia, 31 foreign nations, and two international organi-
zations.

* Beilock, Milton M. Systems for Acquisition, Process-
ing, and Dissemination of Earth Resources Satellite
Data, for the UN Outer Space Div., New York, Dec., 1974.
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1.2 ERTS Program Costs

To date more than $420 million has been spent in the
ERSP and related supporting research and technology. Of this
amount, NASA has provided over $414 million and the Department
of Interior has contributed over $6 million. Funding has also
come from the Department of Agriculture, NOAA and the Environ-
mental Protection Agency. Table 1.3 gives a breakdown of the
identifiable sunk costs. Included in the sunk costs are the
costs of majnr ground facilities, including data acquisition
stations at Alaska and California, the NDPF and the EROS Data
Center, which will most likely continue to be useful well
beyond the ERTS Program.

1.3 Projected ERS Costs

Cost projections for the elements of an ERS system are
strongly dependent upon the technical capabilities of the
system desired. The costs for a system with capabilities
similar to ERTS are given in Table 1.4*. The particular

Table 1.3 Cost of the Earth Rescurces Program

Program Element Cost to Date, * Cost at Completion,

$ million $ million

ERTS Satellites (A and B) 170.4 187.8
NSS Thermal IR 0.8 6.8

ERTS Launch Vehicles 8.9 8.9
BRAP (86.9) il
Skyladb EREP Sensors 64.1 64.1
BRRP Investigations S.0 11.3
Support Resaarch and Tachnology (717.9) ate

& <Through PY 1974
*¢ g16-million per year foracasted beyond PY 1974
*e¢ glé-million per yesar forecasted beyond PY 1974 .
source of Data: NASA, Jan, 1974

* Costs are for Mission Configuration 3 in Earth Resources

Survey (ERS) Operational System Study Final Report, Re-
view Copy, September, 1973, Goddard Space Flight Center,
Greenbelt, Maryland.
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system costed carries two sensors, a Panchromatic Return Beam
Vidicon and a Multispectral Scanner. In addition, the satel-
lite carries two wide band video tape recorders to provide for
coverage outside the range of the ground receiving stations.
There are two tracking and data acquisition stations and the
data processing is all digital. A two-year satellite 1life-
time is assumed.

The time phased investment and operat.ons costs given .
in Table 1.4 correspond to a five and one-half year operating .
period. Costs for each major hardware element are shown
separatel,, together with NASA Civil Service Cost. Based upon
the data in Table 1.4, the time phased costs for a sixteen and
one-half year program have been projected as shown in Table 1l.5.
In addition, cost projections were made 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-satellite system program extending over
a sixteen and one-half year period are shown in Table 1.6 for
a two-year lifetime satellite.

The following assumptions lead to the cost figures of
Table 1.6:

(1) A two-vear satellite lifetime.
{2) A sixteern and one-half year program (1977-1993)

(3) Costs incurred up to data on tapes at a ground
receiving station are included.

(4) The one-satellite case requires nine satellites
operating over 16 years; the two-satellite case '
requires 18 satellites operating over 16 years:; 4
the three-satellite case requires 27 satellitas
operating over 16 years.

(5) All investment costs are assumed to be incurred
as shown in Tables 1.5, 1.7, and 1.8.

Comparing Tables 1.4 and ‘1.5 as a basis for the numbers
in Table 1.6 it is seen that the sixteen and one-half year pro-
gram would involve three identical procurement cycles for
spacecrafts and payloads, and launch vehicles are procured as
required. In the cases of two-satellite and three satellite
systems, the values for these cost items were scaled by 2 or )
3, respectively, accounting for learning effects. Operations ¢
costs for the one-satellite system were simply extended from the
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Table 1.6 Total Program Costs* for an ERS
Satellite System 1977-1993

| W
Program Components Program COStS, s millions (1973)
No. Active Satellites 1> 2R kR L2
Investment Costs 258 494 645
Operation Costs 84 117 150
Civil Service Costs 26 40 58
Total Costs 368 621 853
Annual Program
Cost
(10% Discount Rate) 27.3 45.6 61.9
* Exclusive of Data Processing Costs
** See Table 1.5 and VYolume VI, Land Use Land Cover Case

Study, for further documentation back-up
*** ECON estimates based upon NASA GSFC data

values given in Table 1.4. For the two- and three-satellite
systems, judgments were made concerning the extent to which the
various components of cost would be impacted by two or three
satellites orbiting at one time. Tables 1.7 and 1.8 present
the cost estimates for the two- or three~satellite systems.

The scaling factors assumed are provided in Table 1.9.

The cost annuities shown in Table 1.6 are the yearly
cost eéquivalents of the total program costs at a 10 percent
discount rate. These numbers are derived by taking the invest-
ment, operations and civil service costs distributed as shown
in the backup Tables 1.5, 1.7 and 1.8. The costs given in
Table 1.6 are estimates based upon NASA GSFC data for a one-
satellite system. Thus, the estimates given in columns two
and three of this table represent upper bounds of costs for
these systems since these systems would probably incorporate
cost-saving changes; for example, a five-year satellite lifetime,
data relay satellites, MSS only, etc.
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2. A METHODOLOGY FOR ESTIMATING ERS BENEFITS

The only tangible products of an ERS system are hard
copy photographic prints, computer compatible digital tapes,
and data collected by earth-based data collection platforms
(DCPs) which are relayed to ground stations by a space-based
data collection system (DCS). These products have little in-
trinsic economic value, but derive their value from the uses
to which they are put as information. One way of analyzing
the value of this information is based on the concepts of
supply and demand, which are the natural major descriptors
of a market economy.

Knowledge of the supply of and the demand for any com-
modity permits determination of its value, and this principle
can be applied to informational products as well as to any
others. The required knowledge of supply consists of the re-
lationship of two variables--cost and output level--from a
producer's point of view. Similarly, the required knowledge
of demand is the relationship of the price charged and the
quantity purchased, from a consumer's point of view.

Section 2.1 develops these ideas on the conceptual %
level, including their consequences for the value of infor- :
mational products. Section 2.2 presents the practical methodo- 3
logy based on this conceptual foundation, and explains how it
is used in the present study. Section 2.3 discusses the
problem of "distributional bhenefits,” and the final section of

this chapter, 2.4, treats the important subject of the require-
ments for the realization of the potential economic benefits.

PRV

2.1 Economic Value -~ Supply of and Demand for Information.

It is necessary to estimate the demand for Earth
Resources Survey (ERS)Services. This is extremely difficult to
do. First, an ERS system involves new technologies and uses,
many of which cannot be predicted with confidence. Any esti-
mation procedure will be guilty of many sins of omission since
it is unrealistic to think that one can foresee all the im-
portant potentials of a new technology. Second, many of the
benefits of an ERS system impact so-called public goods, for
which a market does not really exist. A public good is usually
characterized in either of two ways: if one individual consumes
it, then others can also consume it at essentially no increase
in supply costs, or if one individual consumes it, it is almost
impossible to prevent others from consuming it. Estimating the
benefits of public goods presents difficulties even for systems
that already exist. Notwithstanding these difficulties, esti-
mates of the potential demand for ERS services can still be
made.

2-1
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The essential ideas can be stated as follows. The
gross value of a product is just what a user would be willing
to pay for it. But when one is concerned with value to the
nation as a whole, a net value concept is required, to account
for the costs to the producer of making the product available.
The net value of a product is thus the difference between the
amount a user would be willing to pay for it and its production
cost. In appiying these concepts to important cases, a com-
plexity arises immediately. Both the users' willingness to
pay (demand) and the producers' cost of supplying a unit of
some product depend on (among other things) the amount of the
product that has already been produced. For example, whatever
the users of ERTS images are willing to pay to meet their
minimal data requirements, they are not likely to continue to
pay at that rate for more images.

To quantify relationships like these, it is useful to
define demand curves and supply curves.

Figure 2.1 represents a typical demand curve for a
given commodity. The vertical axis represents the price per
unit of the commodity, while the horizontal axis represents
the number of units consumed. A point (Q,P) on the curve is
interpreted to mean that when Q units are consumed, there
are users who would be willing to pay price P for the next unit
produced. The properties of the curve depend upon the users'
resources, tastes, preferences, and needs, and the availabil-
ity of substitute products.

The particular prices marked on the vertical axis
(P1 ’ Pi +» and P ) represent the price that could be obtained
for the first unit, the price that could be obtained for the
i th unit, and the existing price, respectively. It is assumed
that all units (totalling Q ) are actually sold at price P .
Since the units up to and iﬁcluding Q - 1 are sold for 1egs
than the users would be willing to pay, part of the gross value
(willingness to pay) is realized by the users. This part is
called the “consumer surplus®” and is measured by the shaded
area of Figure 2.1. Another component of the gross value of
the product may be realized by the producer. To analyze this
component, the "supply curve" is constructed as shown in
Figure 2.2.

The supply curve plots the cost of the next unit pro-
duced (called marginal cost) as a function of the total number
of units already produced. In a competitive environment the
quantity produced is determined by the condition that the sell-
ing price equals the marginal cost of production, so that the
point of intersection of the supply and demand curves represents
the actual state of affairs. Thus the nroducer obtains total
revenues of P times Q, the product of the price per unit and the

2-2
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total number of units produced. This tocal revenue is the
area of the rectangle in Figure 2.2 with vertices (0,0),
(@,0), (¢,P), and (O,P). The area of the part of this rec-
tangle below the supply curve is the producers' cost of pro-
viding Q units, so that the shaded part of the rectangle is
the part of the gross value of the product which is realized
by the producers. The area enclosed by the vertical axis,
the supply curve, and the demand curve represents the net
economic value of the product.

In applying these value concepts to the determination
of benefits of improvements in products or substitution of new
products for old ones, one is concerned with the change in the
net economic value due to the improvement or substitution.
Such a change is reflected in a change in the supply curve,
the demand curve, or both.

2.1.1 Xnown Nemand Structure

If the change affects cost factors without affecciny
the qualities determining user valuation of the product, the
supply curve shows a change, while the demand curve does not.
This happens, fcr instance, when a lower-cost process is em-
ployed in making a product of unchanged specifications.
Figure 2.3 portrays the associated change in net value--the
benefit of the improvement or substitution.

Unchanged Demani Curve

Original Supgply Curve

New Supply Curve

e c——

Benefits due to
Increased Consumption

Unit Price and Unit Cost

Producer Cost Savings
at Constant Production

Quantity, Q

Figure 2.3 The Benefit of a Change in Cost Factors
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In the case where the marginal cost of production is
independent of the quantity already produced, the supply curves
are both horizontal lines, completely specified by that margi-
nal cost. Since the marginal cost is the selling price of the
product, the benefit can be obtained simply from knowledge of
the demand curve and the original and new prices. 1In
Figure 2.4, such a situation is diagrammed with the benefit
indicated by the shaded area. Part of the benefit, represented
by the area to the left of the vertical dotted line, can be
determined without knowledge of the shape of the demand curve.
That part of the benefit is given by (P, - P_) x Q., and is
simply the cost saving (realized in this casé by t%e consumers)
for the guantity of the product produced at the original price.
Regardless of the details of the demand curve, this cost savings
benefit is a lower bound for the total benefit due to the price
reduction.

For calculation of the remainder of the benefit, repre-
sented by the triangular area to the right in Figure 2.4, some
knowledge of the structure of demand is required. In some cases,
particularly when the price change is small, the knowledge can
be obtained directly. Users can be asked, for example, how
much more of a product they would purchase if the price were
lower.

Sometimes it is possible to predict with considerable

Benefit of a Price Reduction

$

Unit Price,

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

1O fnoms o wm ;

1 Q
Quantity, Q 2
Figure 2.4 Benefit of a Price Change when

Marginal Cost is Independent of
Level of Production
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confidence that the demand will follow one of several familiar
patterns. One of these patterns is called "perfectly inelastic
demand”. In this case, the total quantity purchased does not
increase with the reduction in price. Then the demand curve

is vartical and the total benefit is just (P1 - P_.) x 0. This
is often the situation when the demand is institutionalized.

As an example in the context of informational products, a
government agency directed by law to obtain maps of a particu-
lar region will not be likely to invest in more maps in re-
sponse to a lower unit price. Another common pattern is called
"unit-elastic demand." In this case, the total amount of
money spent on the product by the buyers is the same at the
higher or the lower price. This implies that the demand curve
has a hyperbolic shape and is described by the formula

PQ = constant. Unit elastic demand also is often a good
description of institutional buying behavior. For example,

the United States Forest Service has targets. on forest inven‘ory
cycles, but does not meet them under its current budget.

If inventory procedures were made less costly, it is likely
that the savings realized would be used for the "purchase" of
more inventory activity, at least up to the point of meeting
the target cycle times. In the course of the benefit estimates
of this study, the unit elastic demand case occurs frequently.
A simple formula gives the total benefit for this case when the
price reduction is known; it is presented here. Figure 2.5
represents a unit elastic demand curve, with the consequences
of a price reduction. The new price is a fraction £ of the old
price, and because of the unit elasticity, the new quantity is
the old quantity divided by £. The total benefit B represented
by the shaded area, is easily calculated by integration, as
follows:

P
B = PQ f%}'— = PQ {1n(P)- 1n(i°)]
fp

= - PQ 1In(f)

where 1n refers to the natural logarititm. In application, cne
often determines the part of the benefit corresponding co produc~
tion level Q first. If this part cf the benefit is denoted 3,,
then since B; = PQ(1-f), the total benefit can be written

B =By [ Z1In(f})
1-f

and the remaining part of the benefit, denoted By, is given by

BZ=B-BI=B1[;%%—€).~1]
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Figure 2.5 The Equal Capability and New Capability
Benefits When Demand Is Unit Elastic

2.1.2 Unknown Demand Structure

So far the discussion has considered the impact of a
cost change only in markets that already exist. However, a new
technology will often lead to changes in addition to those in
the costs and quantities of goods being produced at the time of
implementation. One of the major problems involved in the
analysis of new technologies is tha tendency to create new
markets and needs. Although the estimation problem is much
more difficult, the conceptual framework is similar to the one
for the case where a market already exists. One postulates the
existence of a demand for the new product and the economic
benefit is the area between the supply curve for the new product
and the demand curve for the new product.

The numerical estimation of the demand curve can be
based on an analysis of the needs or objectives of the potential
users of the new product. When the product is a form of infor-
mation, two important general principles guide this analysis.
First, the need for information arises in the course of produc-
tion or acquisition of other products, for which supply and



demand analysis may be feasible. Second, the economic benefit of
information is in making decisions relating to those products,
by which is meant committing economic resources in one way

rather than in another. Thus, information has economic value

to a user only if it permits him to make a better decision

than he could in its absence. 1In view of these two principles,
the determination of a given users's demand for information
requires an analysis of (1) his decision alternatives and their
consequences and (2) the value of the products in the market

he is operating in.

An excellent example of the interactions under dis-
cussion here is the situation with respect to winter wheat,
which Kansas farmers generally use as a cover crop to be plowed
under in the spring. The increased price of wheat due to the
Russian grain deal, however, has recently led several farmers
to harvest their wheat instead. An informational product of
importance hera2 is the forecast of the current crop yield.
Illustrating the first principle above, need for this informa-
tion arises within the context of the wheat market, for which
supply and demand analysis is feasible and productive. Second,
the farmers use information of this type in making decisions
on whether to harvest the winter wheat or to plow it under.
Consequently, to estimate how much a farmer would be willing
to pay for crop yield forecasts of a given quality, it is
necessary to determine how he would use the forecast in making
his harvest-or-plow decision and what profits he can look for-
ward to after making the decision.

It is important to consider whether a farmer's increased
profits constitute a benefit to the nation as a whole, and if
so, how much. 1In this regard it is clear that good decisions
made by farmers are also good for consumers. If, in fact, there
exists a potential shortage of wheat, this can rxesult in higher
wheat prices. By harvesting his wheat crop rather than plowing
it under, the farmer can take advantage of the higher price
and, at the same time, keep the price from going even higher
by adding his wheat to the total wheat supply.

2.1.3 The Attributes of Information

In the analyses of the present study, the subject is
often the substitution of information derived from one source
for information derived from another. For example, sometimes
consideration is given to the direct substitution of ERTS frames
for aerial photographs. A more intricate case is the substit.-
tion of statistics such as rangeland coudition assessments
gathered with the aid of ERS data products for similar statis-
tics gathered entirely by conventional means. Whenever vaiue
comparisons are made between information derived from different

2-8
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data sources, consideration must be given to the attributes of
information which determine its usefulness in decision making,
and hence its economic value. These attributes are both eco-
nomic and technical in nature and are five in number:

1. Cost - Cost is an economic attribute of information,
affecting its value directly. Information that
costs as much as or more than its contribution to
good decision making is of zero economic¢ value.

2. Accuracy - Accuracy is a technical attribute of
information that expresses the extent to which
data (inputs to information) are correctly in-
terpreted. Information loses value as its accuracy
is decreased. As some point, information substi-
tutes take over and the information loscs all
economic value.

3. Completeness - Completeness is a technical attri-
bute of information that expresses its degree of
fulfilment of the total information requirement.

For example, in the context of timber harvest
management net growth of timber for an entire Nation-
al Forest is less complete than the same information
given by location within the forest.

4. Dependability - Dependability is a technical attri-
bute of information that relates to its consistency
from sample to sample. If information is not depend-
able, then even when it is inexpensive, accurate,
complete, and timely, its economic value may be
lessened.

5. Timeliness - Timeliness is a technical attribute of
information that relates to its period of availabil-
ity. Information that is available after a decision
is made is of little value to the decision maker.

In order for certain information to have increased eco-
nomic value over alternative information, at least one of its
attributes must be improved. Information with the sam. technical
attributes but lower cost, for example, has the value of cost
savings. Other information may have the same or higher cost but,
because of improved technical attributes, allows improved deci-
sions to be made, thus obtaining added value.

In comparing information prepared using ERS satellite

data with information prepared using high-altitude aircraft
images, attribute differences are typically found in cost,

2-9
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completeness, timeliness aud sometimes accuracy. The higher
resolution of aircraft images may result in greater accuracy,
but the cost is higher. But in some situations the information
requiiement is such that satellite images provide greater
accuracy. For instance, when information is required on the
location and shape of large geological structures (as in oil
exploration), or in the areal extent of particular earth
phenomena (such as forest vegetation or ocean coverage), the
synoptic viewpoint provided through the satellite's altitude
results in greater accuracy than can be obtained by means of
aircraft. In the case of timeliness of information, the satel-
lite may have an advantage for most routine information collect-
ing activities, but it cannot be rerouted to fill an immediate
need for coverage of an area it passed over two days ago,
whereas an aircraft could be dispatched to the site.

It would be a mistake to limit the evaluation of ERS
satellite information to an assessment of its ability to meet
specifications established before it was available. This is
because specifications on the requirements for information and
on its attributes have no absolute validity; they are, at most,
valid in connection with a particular method of using the infor-
mation in decision making. In the final analysis, the only
information requirement is the answer to the question, "What is
the right decision?" For example, in the case of timber harvest
management, this question takes the form, "How much timber
(if any) should be cut from each location?" The standard
methods of making this decision call for information on annual
timber growth, removals, and mortality, obtained through stacis-
tical sampling procedures. As part of standard procedures,
accuracy specifications have been developed for the measurements
(actually estimates) of these three quantities. When consider-
ing the possible benefit that can be attributed to ERS satellite
information, it is not sufficient to ask whether the satellite
data alone can be used to make estimates of the quantities within
the specifications already established. A better question is
whether the whole sampling procedure can be modified :o0 include
satellite data, as well as data collected conventionally, but in
a manner designed to complement the satellite data. The accu-
racy targets of the new sampling procedure would be stated for
the output information, not for the measurements made from the
satellite data tapes.

Thus, the analysis of the attributes of information is
not applied to the input information of the sampling process,
but to its output. However, the expanded question still may
fail to locate significant benefits of new information. The
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timber harvesting decision is made primarily on the basis of
the single quantity =-- annual addition to timber. The three
components of this quantity are growth, removals, and
mortality. If it is possible to measure the annual addition

by a procedure that does not depend on precise measurements of
the components, a benefit may be thereby achieved. Frequent
satellite coverage suggests alternative procedures for making
the desired estimate -- such as by taking the difference of
volume estimates made at different times. If satellite data
can be used in such a procedure to improve efficiency of harvest
management, a benefit is achievable whether or not benefits can
be achieved in the other ways discussed above.

The timmber management case is a very simple example of
a phenomenon that occurs in connection with many other resource
management functions. The general principle suggested by this
example is that the use of satellite data can always be viewed
as part of a multi-stage statistical sampling procedure, and
the best use of the satellite data tec provide information to
support a given management function depends on designing the
entire sampling procedure with the management function in mind.

2.2 The Practical Methodology

To assure comprehensiveness and precision, and to assist
in the organization of data for the present study, the benefit
estimates are carried out for individual resource management
functions (RMF). The RMFs are classified on two levels. At the
highest level, the classification system defines eight resource
management areas. At the next level, each resource management
area is divided into nine resource management activities,
Finally, the RMFs themselves are selected to focus on distin-
guishable functions within the activities. The classification
system is all-inclusive through the first two levels. The
resource management areas form a comprehensive (and mutually
exclusive) list of earth resources, while the resource manage-
ment activities are comprehensive, and, are ordered according to
tl.e sequence in which they are ordinarily performed. Tables 4.1
and 4.2 in chapter 4 list all of the areas, activities, and
functions of the resource management classification system.

Within a given RMF the procedure is to estimate benefits
of three types, which are: (1) equal capability benefits:
(2) increased capability benefits; and (3) new capability
benefits. These three types correspond to the properties of the
demand curves discussed in section 2.1. Each RMF is involved
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with the production of some economic commodity. For example,
RMF 1.1.3 (Domestic Soil Surveys) involves the publication of
statistical information, while RMF 3.4.1 (iManagement of Water-
Impoundment Systems - for Power Generation) involves the
production of electrical powexr. Whatever the product associated
with the RMF, whether informational or otherwise, th . demand for
that product is investigated for the benefit estimation. 1In the
cases where some quanti.y of the product is presently being
produced, or wiii be soon because of statutory requirements,
equal capability benefits are estimated. The equal capability
benefits (shaded area left of the dotted line in Figure 2.4)
consists of the cost savings due to ERS information for the
quantity of the product presently produced. When the demand
curve is consi"ered to be (or is approximated as) unit elastic,
the increased capability benefit is calculated. It consists of
the benefit due to the increased production cof the same product
made possible by the lower cost of production. New capability
benefits ave calculated when analysis of potential users'
decision processes and their economic consequences have been
accomplished, so that the needed demand curve information can

be estimated. In most cases this analysis requires in-depth
case studies. The case studies prepared by ECON to support the

‘present analysis of ERS system benefits are discussed in Chapter

D

3 while those of other authors which provided useful results are.
treated in Chapter 4.

In the above discussion, the assumed supply curve is
horizontal, describing a situation in which the mar ‘inal cost
of production is independent of the amount already produced.
There is a reason for this use of a horizontal supply curve.
Jdver the long run it is to be expected that industry supply
curves will tend to be flat since the existence of a producer
surplus will serve to attract new producers who will erter the
market so long as the costs of entry are less than the producer
surplus that can be earned. For the case of government it is
to be hoped that pricing is based on incremental cost and that
no producer surplus exists. This stems from the assumption that
the government will not try to make a profit from its services,
but rather that it tries to maximize the benefits of those
services to society and its members.

For most commodities, the shape of the demand curve is
not known accurately. However, for the programs of the federal
government, the two special cases of perfectly inelastic demand
(equal capability benefits alone) and unit elastic demand
(benefit calculation assumes equal budget) are most important.
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2.3 ERS Benefits from Improved Distribution

Many people find it difficult to believe that an
iwmprovement in information can result in an economic gain to
the nation as a whole, even though the quantiiy of goods and
services produced remains the same. It can indeed be shown
that society may be made better off by a change in the distri-
bution of a fixed quantity of goods. To the extent that better
information allows a bett~r distribution of these goods among
people, or among countries, then this information has improved
society's well-being.

If for example, two countries, I and II are potential
trading partners in the agricultural sector, "information"
concerning each others' crops would be necessarily exchanged
before trade was commenced. To be a bit more definite, suppose
Country I grows soybeans while Country II grows wheat exclus-
ively. The situation prior to trade may be represented by the
production-consumption table:

Table 2.1 Pre-trade Pattern of Crop
Production~-Consumption
e e e e |
———————————— =
Soybeans Wheat Cornisvrmnt 0.
Country I X 0O X
Country II (o] Y Y
Production X Y X + Y
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Following the trade agreement, there might be no change in
production in this simplified model, but consumption changes
as Table 2.2 shows.

In the conventional language of the economist each
country's consumption preferences may be expressed by an
Indifference Curve (Figure 2.6). The country is indifferent
between any of the soybeans-wheat consumption patterns repre-
sented by points on the curve I, such as point B or D.
Implicitly, the countryv also considers point C as preferable to
point A because both the gquantity of wheat and the quantity of
soybeans increase in moving from A to C. Putting these two
concepts together, the country is said to possess an indifference
map (Figure 2.7). Although indifferent bhetween any two points
on a member of the family of curves, the country prefers to be
on a curve which is further from the origin (e.g., III is pre-
ferred over II).

Figure 2.8 presents indifference curves for Countries I
and II on the same graph with the origin for Country I at the
upper right and the origin for Country II at the lower left.
The interior of the rectangle consists of exactly those points
representing possible distributions of the fixed quantities of
wheat and soybeans between Countries I and II. Points toward
the left represent distributions in which Country I consumes
more wlieat and Country II consumes less, while points toward
the right represent distributions in which Country II consumes
more of the wheat. Similarly vertical differences represeni
the consumption of soybeans. Points toward the top of the rec-
tangle represent distributions in which Country II consumes
more soybeans while Country I consumes less, while points
toward the bottom represent distributions in which Country I
consumes moyre of the soybeans.

Table 2.2 Post-trade Pattern of Crop
Production-Consumption
Soybeans Wheat Consumption
Country 1 X - S W X - S + W
Country II s Y - W Y+ 8 - W
Production X Y X + Y
2-14
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In figure 2.8, the pre-trade situation is represented by
point A with Country I having most of the soybeans and Country
IT having most of the wheat. After exchanging crop information,
they trade with each other and move to a point such as B. Since
each country is on a higher indifference curve at B, they are
both better off even though the total quantity produced of each
crop has not changed.

Soybeans

Wheat

Figure 2.6 An Indifference Curve

Soybeans

Iv

I1X

Wheat

Figure 2.7 An Indifference Map
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Figure 2.8 Two Individual Indifference Curves--
The Benefits from Trade

Many resource situations are very similar to the wheat/
soybean situation discussed above. For example, the consumption
of wheat is a process in which the alternatives are to eat the
wheat today or to store it for future consumption. The extent
to which wheat is stored is a function of its price with
expected higher prices resulting in more storage. The wheat
futures market consists of a group of individuals who make
decisions to buy (store) or sell (release to consumption) wheat.
They will buy wheat in the spot market if they believe that
the price of wheat will increase, for example, due to a small
wheat crop, and sell if they believe that the price will fall
(due to a large crop). The consumers are a group of individ-
uals with money that they can trade for wheat. Better crop
yield information allows both the future investors and the
consumers to achieve a better state of trade. This benefit
of achieving a better state of trade is entirely independent
of changes in production, but it is a very real economic
benefit to both perties,.



2.4 The Realization of ERS Benefits

The Earth Resources Survey Program has, to date,
focused on the requirements of the scientific community. This
community has a broad requirement for data with objectives
primarily oriented toward a better understanding of man's
total environment; that is, all the resources that affect man's
existence on planet Earth. Clearly, man's present understanding
of these resources is very limited: it is not known how much
of each resource exists, where it exists, what its use implies,
and so on. In the past, this information was not necessary.
But as world population increases and the Earth is strained to
provide a comfortable life for everycne, a better understanding

of Earth resources and timely information on the present state
of these resources becomes vital.

Knowledge of the quantity and distribution of a resource
is information which, in itself, has potential economic value to
all people. However, as discussed in section 2.1 and 2.2, it is
not the knowledge itseéelf that produces the economic value: the
economic value depends on new or different actions based upon
this knowledge. These actions are taken by individuals who
manage or deal with resources-~they are not taken, in general,
by the scientists who are studying the resources. Thus, before
the benefits of a remote-sensing Earth resources satellite
system of any sort can be realized, there must be a transition
of focus from the scientific community to the user or resource
manager community. This is not to say that scientists must
reduce or cease their involvement or that the satellite system
must become non~-responsive to the scientist's needs. The
scientists very well might increase their activity level as this
transition occurs. But they will certainly become more respon-
sive to the needs of the users.

The evolutionary process from development of scientific
theory through verification, application and transferral to the
user community is a natural and proper process. It involves a
variety of individuals with different talents and specialties
from scientist to engineer to economist to manager. To proceed
smoothly and efficiently requires careful planning and a con-
tinuity of effort.

Where we stand today in this evolutionary process
depends, of course, on the particular resource management
function under consideration. In many applications, scientific
theories are themselves only in a very formative or embryonic
state. 1In other areas, applications of remote-sensed data are
already in use by managers.
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The type of research required at each step in the imple-
mentation process has its own special peculiarities. Consider,
for example, the application of information by a farmer who
nust decide whether or not to spray his fields to protect
against a particular type of insect. Clearly, if he knows that
there is no danger of infestation, he will not spray, and he
will spray if there is a definite indication of danger. But
levels of information between these limits carry a degree of
uncertainty which represents a source of disbenefits. If the
farmer sprays when he does not have to, he loses the cost of
spraying and if he does not spray when he should have he suffers
loss of crops. Uncertainty in the information available can be
interpreted as meaning that at least some farmers will make the
wrong decision.

In order to apply remote-sensed data to this management
function, it is first necessary to establish a method for
measuring the danger of insect infestation. Can insect larvae
be detected? Can insect damage be detected? Can the spread of
insect infestation be monitored? These questions require
research on identifying, quantifying and monitoring events
present in the data and, indeed, much research of this type is
ongoing. However, recognizing insect infestations in one ERS
image does not mean that a technique is ready for application.

The next step is to verify that the technique produces
valid results under varying conditions, across a sizable set of
images. Now it is necessary to address questions pertaining to
the reliability and dependability of the information derived.
What is the detection rate? What is the false alarm rate?

What is the accuracy of the information derived?

Given that a technical capability which satisfies these
requirements can be developed, it is then necessary to provide
for the application of this capability to the management
functions. In the example cited, this means primarily that
satellite and ancillary data must be collected, analyzed and the
resultant information must be distributed to the farmer on a
timely basis. Then, if the farmer has confidence in the infor-
mation, he will act accordingly.

Several important points are made in the above example.
First, it is not adequate to occasionally detect a phenomenon,
given that it is in the data; it must be detected and supplied
to the user with at least some minimal dependability. Second,
low reliability or false alarms can severely degrade the value

of the information. Third, the user is interested in information
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directly applicable to his management function, not data.
Fourth, the information must be supplied on a timely basis and,
fifth, the user must have confidence that the information is
correct.

In light of these requirements, it is understandable
that the major transition from scientific investigation to user
application of earth resources satellite data has not yet
occurred. The purpose of this section is to quantify the
requirements necessary for this transition to take place and to
establish a methodology for establishing the value of maintain-
ing continuity of satellite sexvices.

2.4.1 Data Processing and Distribution

Satellite imaging instruments gather primary (thermal IR)
and reflected radiation, filter these radiations into various
spectral bands and measure the radiation intensity radiance on
an image element-by-element (pixel-by-pixel) basis. These data
are then converted into a digital data stream interspersed with
identifiers, frame sync and line sync data, and other data and
transmitted to a ground receiving station. The data received
by the ground station are referred to as raw data and, as such,
they present no interpretable information. The raw data are
next processed to the extent of decoding the received bit stream,
computing the appropriate radiances and providing a spatial
correlation of imagz2 data to geometrical location in an image.
The resulting data comprise the least complex or lowest level of
information obtainable from the satellite system.

It is now important to distinguish between data and
information in the economic sense. Information is knowledge
upon which decisions can be based: for example, there is a 75%
chance of insect infestation in a particular field. Data are
the substance from which information is created. Information
derives from processing data in models and algorithms, both
primary data and ancillary or supporting data, and it can be
characterized in the economic sense by the attributes discussed
in section 2.1, which distinguish economically "good" information
from economically "bad" information. Also, it is worth noting
that what constitutes information for one decision function may
only be data for another. For example, a thematic map maker
may want to know which image pixels contain wheat and which do
not. To him a simple yes-no identification is information. But
to a statistician who is trying to compute acreage of wheat crops,
this is only data. And one step further, wheat acreage information
is only data in the determination of a wheat yield forecast.
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From the initial point that remote-sensed data become low
level information, repetition of data retrieval, higher level
processing and mixing with other data lead to higher and higher
levels of information. At each point that information results,
that information has economic value if and only if it is
economically good information and it is used to influence an
action which has an associated economic worth. Thus, if an
earth resources satellite system is to provide benefits to
users, it must produce economically good information for use in
actions which have associated economic worth. Data contained
on an ERTS image which delineate areas of insect infestation,
for example, are of no value to the farmer unless they are pro-
cessed into information indicating the need for action and
distributed to the farmer on a timely basis.

The processing of data into appropriate information and
its subsequent distribution on a timely basis is a problem of
considerable magnitude. First, it is necessary to know what
information is required for various actions. In many areas of
important economic application, Zor example, in agriculture; a
comprehensive list of desired information products does not
exist. Nor is it necessarily appropriate to construct such a
list at the present time, as the list must obviously be based on
a set of capabilities many of which are yet undefined and more
scientific investigation may be required even to obtain a com-
prehensive list of potential applications.

The second problem, having established a list of desired
information goals, is to formulate algorithms, that is, data
processing procedures, for obtaining these information products.
Now the engineering particulars of the satellite system become
important. The ERTS multispectral scanner, for example, produces
image data at the rate of about one million pixels per second.
And ERTS is only a first-generation experimental satellite. It
is not at all inconceivable that later generation satellites or
even ERTS-like systems using multiple satellites could produce
image data at the rate of ten million to perhaps one billion
pixels per second. Indeed, the potential benefits of remote
sensing increase substantially with both increased resolution
and frequency of coverage thus arguing for higher data rates.

In terms of modern high speed digital computer technology
and near-term projections of this technology, it is impractical
to think in terms of meeting the earth resources data processing
requirements using general purpose computers. However, a
technology does exist that can meet these requirements. It is
the technology of "pipeline" computers. As opposed to a general
purpose computer which operates on individual data blocks by
applying generalized sequences of programmed instructions
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which may operate repetitively on the stored data, pipeline com-
puters pass the data block sequence once through a set of program-
med instructions.

Programming of a pipeline computer is limited in two
ways. First, not all mathematical manipulations can be performed
on a pipeline computer; and second, programming changes are
limited by the hardware limitations of the device. Thus, one
must have a fairly well formulated algorithm of the proper form
in advance of procuring a pipeline computer. Until the infor-
mation requirements are well established and algorithms and
models fully developed and tested, so that procurement of ade-
quate computing hardware can be accomplished, the needs of users
requiring fast service must go largely unfulfilled.

The third problem arises from the question of who should
have the responsibility to obtain and distribute information.
For example, should the Department of Agriculture be the
agency responsible for agricultural information? If so, to
what level of quality, detail, timeliness, et cetera? Where the
government does not provide adequate service, private industry
might very well find profit incentives to act as either a
supplier of information or, may exploit the information them-
selves. The problem of responsibility leads also to the problem
of information interchange between agencies, especially where
information outputs depend on many data inputs of widely
different sorts. This interaction is shown schematically in
Figure 2.9. It should be noted that a third dimension also
exists, but is not shown on this figure: that of time. As data
are processed into higher and higher levels of information,
time is consumed by ancillary data collection, interagency com-
munications and the computational procedures. Distrikution to
the user can also be a time consuming process. Yet for the
information to be useful, the entire process leading to infor-
mation in the hands of the user must be set up to occur on a
timely basis.

Now the first time that a user is given new or better
information, he cannot be expected to immediately begin to use
that information, let alone use it in an optimal way. The
example of weather forecasting serves to make the point. If the
local weather announcer stated that a major breakthrough had
occurred and from now on all weather forecasts would be 100%
correct, this improvement in information should clearly affect
the actions of nearly everyone. And yet, probably only the
actions of a very few pecple will be affected during the next
day or the next few days. It will not be until people believe
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the new forecasts that they will actually adjust their actions
accordingly. This takes time. In the case of something as
overt as a change to 100% accurate weather forecasting, it is

not unreasonable to think in terms of the adjustment taking on
the order of months to occur. For something far less overt,

such as an improvement in crop yield forecasts by, say, 3% on a
monthly (rather than daily) basis, the period of adjustment could



take on the order of years. This process of acceptance of new
or better information can, in fact, be modeled as a problem in
the statistics of perception probabilities.

2.4.2 The Value of Continuity of ERS Service

This section deals with the economic benefits foregone
in the event of a one~year gap or a two-year gap in ERS cover-
age providing at least the capabilities of an ERTS system. The
benefits foregone can be expressed as the sum of two parts,
the value of a continuing benefit stream beyond ERTS-B and the
value of continuity of service in providing a more rapid build-
up rate of the benefit stream prior to and during the Z=RTS-B
mission, and this in turn depends largely on the projected
future of ERS systems. Thus, the mere assurance of a follow-on
program beyond ERTS-B can and probably will affect the benefits
derived directly from an ERS program.

At the moment, NASA is committed to launch the ERTS-B
satellite, tentatively in February 1975. If ERTS-B fails to
orbit and function properly, there is, of course, no backup
satellite and ERS services will be interrupted. There exist,
no doubt, many individuals and groups whose interest in the ERS
Program is dampened by this uncertainty.

In this analysis, we assume that ERTS-B is successfully
launched and activated as scheduled. The satellite is expected
to last for two years, and there is every reason to believe that
it will, but no guarantee that this is the case. In any event,
ERS users face even greater uncertainty beyond ERTS-B: Will
there exist a satellite to take over the ERS data-gathering
function when ERTS~-B fails? Will it be successfully launched
and activated? What happens if it fails? What comes after it?

In principle, a program of phased growth of some sort
should interest the largest number of users. First, it is
recognized that the ERTS satellite is a first-generation, R & D
experimental vehicle. But its potential usefulness, capabilities
and reliability are now demonstrated. An abrupt advance to a
more sophisticated ERS satellite without continuing the ERTS
Program is fraught with uncertainties that could very easily
overshadow its improved capabilities in the short-term. Thus,
independent of the sophistication of the second-generation ERS
system, there is value to a continuation of the ERTS Program,
even into an overlap period. Second, it is clear that, until
the risk of interruption of ERS service is removed, many poten-
tial users will choose not to make use of ERS data.
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The effect of risk »n a rational investor is a quantity
that can be measured. It is well established that most indi-
viduals will pay, that is, forego profits, to reduce risk.

For example, most people are not averse to obtaining as little
as $1.03 or §1.04 for a guaranteed short-term investment of
$1.00. However, this would certainly be unacceptabie if there
were a 50% chance of getting $0 back. In the latter case, a
rational person would not invest $1.00 unless, with 50% prrb-
ability, more than $2.00 were returned (but with 50% probability
of zero return). Conservative or risk averse individuals will
insist on substantially more than $2.00 return even on a very
short-term investment particularly if the $1.00 constitutes a
large portion of his net worth. The amount beyond $2.00
required to entice the individual into the venture is

a measure of his cost of risk or, conversely, a measure or what
the individual is willing to pay to reduce risk. Most success-
ful investors are quite risk averse.

‘ At the present time, the ERS Program contains a great
deal of risk to the potential user. Will the program continue?
Will there be gaps in service? Will the nature of the service
change drastically? . These risks impose a perceived cost on
present and potential users that cause them to exercise this
new (ERS) capability in only a very cautious and limited manner,
thus foregoing many of its potential benefits. Elimination of
gaps in ERS services will certainly reduce this risk and thus
increase the benefit stream. Only a long-term commitment to
continuity of service can create an environment in which £full
realization of the ERS potential as reported in this study will
be possible.

It is necessary to take a brief look at where remote-
sensing of Earth resources stands today and what factors can
influence the rate at which the ERS benefit stream matures.

The ERTS investigations to date have focused on a scientific
evaluation of the general capabilities of an ERTS-type satellite.
Can wheat, corn, rice, etc. be recognized? Can acreage be
measured and to what accuracy? Can snow and clouds be differen-
tiated? Can forest insect infestations be observed? Some
transfer from scientific investigation to the user has occurred,
but it is minimal compared to the ultimate potential. Part of
the reason for this is the sequence of events that must trans-
pire before this transfer can be accomplished.

First, after establishing scientific feasibility of an
activity, for example, obtaining wheat acreage from an image,
it is necessary to validate the results across many images, of
many different areas, under differing meteorological conditions.
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A new set of questions, operational questions, must be answered.
How dependable is the ERS system for this activity? With what
reliability can wheat be recognized? What is the false alarm
rate? How can recognition based on spectral signatures be
extended to areas with little or no on-ground observations? It
may be possible to observe some phenomenon 100% of the time when
it occurs but, because there may be a high false alarm rate,
there is no guarantee that there is any associated economic
value.

Second, given that validation of an activity is complete,
it is next necessary to provide for the application of the
activity to meet the needs of a user. For example, given that
wheat acreage could be mea-ured over a large area, dependably,
reliably, accurately, these data must still be put into some
useful context. To the farmer, this may mean biweekly estimates
of wheat crop production yield and acreage. Thus, ERS data must
be combined with other supporting data (it ray very well be that
the ERS data are the "supporting" data), processed into the
information that the farmer needs and distributed to him on a
timely basis. Because of the magnitude of this problem, improved
wheat crop forecasts cannot come about over night after the
launch of an ERTS satellite. Appropriate government agencies
must set up new operations to handle the new, better and greater
volume of data. Often, this will involve interagency coopera-
tion, for example, between USDA and NOAA.* It will also
frequently involve a considerable expansion of computer and
other data processing facilities.

It is important to remember that providing for infor-
mation dissemination is an important component of the application
process. The best inform: ion on wheat crop acreage and yield
is of no value to the farmer after he has harvested and sold his
crop--0or plowed it under.

The above two steps, validation and application, are
sequential and come only after scientific and technical feasi-
bility has been demonstrated. Clearly, these steps can require
two~to-five years or more for various activities depending upon
the scope, complexity and difficulties encountered. Yet, when
they are complete, the benefit still does not emerge immediately,
"off the shelf."

* To obtain this interagency cooperation there exists the
Interagency Coordinating Committee Earth Resources Survey
Program.
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The last step is transferral to the user. Again, this
is a process that takes time. Assume that USDA is suddenly
able for example, using an ERS system, to improve its arnual
wheat crop forecasts by, say, 2% (a reduction in expected error
by 2% of the established expected error in any month). One
could expect that farmers would take advantage of this improved
information, but not immediately. First, the farmer must
become aware that an improvemen* has indeed occurred and learn
to make full use of the improved information. He has to gain
confidence in the information.

In summation of the above qualitative analysis, it is
apparent that anywhere from two to maybe ten years will pass
before some major operational applications of ERS data are pro-
viding significant benefits. It is also apparent that this
process is deterred somewhat by a present lack of a firm, long-
term commitment to continuity of ERS satellite services,
especially by a potential, imminent gap in service following the
useful lifetime of the ERTS-B satellite.

Two distinct catgeories of Earth-resources activities
are complemented with ERS information: mapping and monitoring.
Mapping activities are those which include the use of ERS infor-
mation in an open loop decision process.* ERS and nther data are
combined to provide timely information for a decision. Follow-up
on the decision is then exclusive of the ERS system. A peculiar
aspect of a mapping application from th~ user's point of view lies
in the risk associated with the use of the ERS system. Many map-
ping applications are such as to permit the user to wait until the
satellite has collected adequate data for his application before
making any investment. His investment may, in fact, come as late
as the time at which he actually has the ERS data in his hands.
Furthermore, since there is ro need to follow-up on his subsequent
decisions using ERS data, he has now essentially eliminated all
elements o' risk associated with the data collection process. It
remains only for him to process the data that he has in hand.

Figure 2.1Q0 shows the above process schematically. Since
the user does not begia his investment until after the satellite
has completed (or nearly completed) the required data collection,

the time of satellite failure, interruptions in service, what comes
next, etc., are all largely irrelevant to him. He has elimin-

ated, by merely waiting for the appropriate time to invest,
the risks associated with continuity of service.

* Not to be confused with map making.
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Monitoring applications are substantially different
from the above point of view. Monitoring decisions are made
on the basis of data presented at a variety of points in time.
The effects of previous decisions are evaluated using new
sa*ellite data in a closed-~-loop process and future decisions
der.va their bases from the effect of (monitored) previous
decisions. Here, the investment must be made in anticipation
of satellite data - often even before satellite launch - to
insure an operational application capability early in the
mission. Fiqgqure 2.11 details the monitoring application. It
is now generally impossible for the user to protect himself
against the uncertainties of the satellite launch and deploy-
meat, and the useful lifetime c¢f the satellite. Furthermore,
monitoring applications typically involve larger initial
investments and have a longer time to break even. Thus the
user often cannot help but to be concerned over potential
interruptions in service and the nature of the follow-on pro-
gram. Almost all large-benefit ERS applications are monitor-

ing applications.

Monitoring applications comprise two tyres of information

gathering requirements:

(1) Complete area converage requirement: This require-
ment is typical of land use planning functions.
The requirement in this case is to cover, with
assurance, a total, contiguous area (a state, a
drainage basin, an estuary). Under this require-
ment the incidence of cloud cover is an important
and limiting factor in determining total system
configuration (space, aircraft, ground). The
economic issues arising from this requirement are
addressed comprehensively in the land cover case
study (Volume VI, Part II).

(2) Sampling of observations for national, regional
or worldwide estimation requirements: Require-
ments of this type are typical for purposes of
national, regional or worldwide crop inventorying
and forecasting purposes, among others. In th.s
application requirement all that is necessary is
an assurance that enough statistically valid
observations are made from each subregion, often
"floating" sample observations, to allow a statis-

tically significant regional, natiunal or worldwide
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measurement, inventory or forecast. Under this
requirement cloud cover poses no major problems
tu observations from space in the United States
in the main application areas.

The above discussion provides the basis for an assessment
of the value of continuity of ERS service. The assessment is
presented in Volume I, Section 4.1.



3. KEY FINDINGS OF ECON CASE STUDIES

In this chapter the relevant case studies performed by
ECON are summarized. These include two case study reports on
agriculture (under Contract NASW-2558), one ad hoc case study
on water management, and a land cover cost effectiveness study
of ERS systems (under Contract NASW-2558).

3.1 Case Study on the Value of Improved (ERS) Information
Based on Domestic Distribution Effects of U.S. Agricul-
ture Crops (Wheat)

In this case study the theory necessary to evaluate
improvements in the measuring system used to produce grain
crop harvest forecasts is developed. Crop forecasts are used
by a variety of agents in an economy for consumption and pro-
duction planning. Two classes of agents of particular impor-
tance are singled out: farmers (in their planning decisions
process) and inventory holders (in determining how much to holcd).
Of these, in turn, the uses of better information by the second
group are likely to generate the larger share of benefits. 1In
addition, it turns out that the way in which a theory of inven-
tory determination leads to a value of information is somewhat
simpler than that required to incorporcete producer decisions.
In this case study, only the benefits derived from improved in-
ventory decisions are considered.

This is not the same thing as considering only benefits
to inventory holders. Quite the contrary is the case of the
economic system studied most closely, the competitive market
system. The tendency of competition to eliminate super-normal
profits causes the benefits of improved information to be trans-
mitted to those buaying and selling from inventory holders. 1In
_our model, because production decisions are considered as fixed,

this means that only distribution benefits to consumers of wheat,
either directly, as in cereal and bread, or indirectly in the
form of meat, are included.

Actually, very little grain can be said to be consumed
"directly," since milling and baking are necessary to produce
bread, breakfast cereal, noodles, etc. The use ¢f grain as an
input to some further production process is considered to be
"consumption,” as distinguished from storage. Since the de-
L.«.iders of wheat from the inveuntory system include such pro-
ducers, some of what is labelled "consumption benefits" will
actually occur in the form of increased producers' surpluses
(rents), although, again, in a market system competition tends
to lead to a further passing along of such gains to ultimate
consumers.

3~-1



The “objective” form of the benefits derivable from
better information is taken to be a smoothing of the flow of
consumption. In a market system this corresponds to more
stable prices. The value attributable to reduced variability
of the grain consumption flow derives from the phenomenon of
diminishing marginal valuation, the tendency for increments of
a good to be more highly valued when little is available, and
less highly valued when a great deal is available.

Although there is a world grain market, and our theo-
retical model applies as well to that system as to a single
national market, in applying oux analysis we chose to confine
attention to the benefits generated for U.S. residents arising
from improvements in forecasting U. S. harvests of wheat.
(Note that one could sensibly consider the benefits gernerated
for world residents from better forecasting of U.S. wheat
harvests, or benefits for U.S. residents from bctter neasure-
ments of world wheat harvests. The same methods apply, although
different econometric problems would be encountered.) The
concentration on the United States was influenced in part by
the obvious concern U.S. policymakers will have for benefits
within the country, and in part by the availability of reason-
ably good data with which to estimate crucial parameters for
this system.

For similar reasons, the modeling effort is directed at
inventory determination in a market system. Crop estimates
are, obviously, produced and used in economies organized in
other ways. 1Indeed, the active intervention of the U.S.
government in the domestic market system means that even in
the United States the market model has not been the appropri-
ate one for many periods. However, at the present, the
competitive market mechanism dominates the determination of
grain inventories in the United States. This is fortunate,
since modeling the political determination of inventories
poses more difficult problems.

3.1.1 Overview of Case Study

The layman understands well that information can be
valuable, but that the value to one individual may be at the
expense of another. The football defense based on a
knowledge of the other team's signals is sure to be a good
one, but that gain due to better information comes at the
expense of the offense. On the other hand, some information,
such as the timing of the crest of a flood, is clearly of
general social value. In the case study, first an informal



discussion of the value of more accurate crop forecasts is
presented with an attempt to isolate the concepts subsequently
incorporated into the formal model.

The "better" information gained from data obtained by
advanced technology methods does not lend itself immediately
to better forecasts. The remote sensing devices and associ-
ated data processing systems produce data which may allow
for improved accuracy of measurement of such phenomena as
planted acreage, crop stress, harvested acreage, etc. This
information is then used to produce forecasts by incorporation
into a forecasting model. There is a tendency to equate short-
comings of forecasts with shortcomings of input information or
data, but the first may arise through bad forecasting models
and through the sheer randomness of events occurring through
the time between forecast and outcome. Then the model of
crop forecasting used in the study is described. The notion
of "ideal forecast” at a point in time is introduced. This
is the forecast which could be constructed on the basis of
perfect information about the things which are knowable at
that time. The measurement error component of a forecast is
assumed to arise from imperfect perception of the "state" of
nature, when the measurement is made. Measurement improve-
ments result in better estimates of ideal forecasts.

Information may be improved in another way as well,
by reducing the lag between the date of measurement and the
availability of the resulting information in the form of a
forecast. The framework established in the case study
(Volume III) makes it easy to keep track of this aspect of
information guality, which seems likely to be an important
one in the application to satellite systems.

Next, the way is shown in which better information in
the guise of improved forecasts has socially valued effects
as transmitted through improved inventory decisions. The
important point is established that the value of information
depends upon the rule by which such transmissions take place.
If the use of information is not appropriate, "improved"
information may be valueless. Using a one-nation world,

a measure of the value of information and a theory of the
nation's ircorporation of information into inventory deci-
sions are developed.

The nation's choices are taken to be optimizing behav-~
ior. With only minor modification, however, the general form
of the problem can be used to describe that of inventory
determination in a market system. Whereas one could simply
assume an objective function for the nation depending upon the
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monthly grain consumption, it is necessary to derive a social
objective function. One can use the area under.tve demand.
curve to represent the dollar value of ény specxgled qua?tlty
of grain consumed. The benefits of an improved information
‘system are taken to be measured by the expected value of .
annual grain consumption (by month) less storage costs.. This
is set out in Section 4 of the case study (Volume III) in

detail.

While the inventory decisions could be derived from
the optimizing behavior, the rule by which forecasts influe?ce
jpventories in a market system must be determined from profit-
maximizing behavior of many competitive inventory holders.
Competitive inventory holders earn profits by.the capital.
gains on their stocks. 1If the increase in price from pe;;od
to period is large enough to compensate for storage and-lnte-
rest costs they hold additional inventories. If the price
increase expected is too little, inventory holders sell off
their stocks. The price is determined by the amount made
available to consumers, which is the sum of heldover inven-
tories and current-period harvests, less inventouries carried
forward. Thus in order to predict prices, inventory holders
must predict their own future decisions. The way in which
this system can be closed is then shown. Along the way.fu—
tures markets are introduced to coordinate the expectations

of inventory holders as a group.

A full theory of the relationship between information
as translated into forecasts and competitive inventories is
developed. All of the pieces are then put together in an
empirical application, calculating the value of improved
information in the case of the U.S. wheat market. Most of the
required parameters are estimated with reasonable cor.fidence.
An exception is the current ard prospective degree of accuracy
of measurement systems. The final estimated results are
therefore presented in parametric form.

The accuracy of current agricultural crop forecasts
was estimated with the assistance of published results such
as the Goddard Task Force on ERTS*. For a single crop, win-
ter wheat, the accuracy of USDA-SRS forecasts of the total
U.S. crop is about +14% at 5 months and +2.10% at 0 month
forecast lag.

The performance of USDA for the years 1969-1972 is
shown in Figure 3.1. However, all of these accuracy numbers
refer to annual crop estimates. The errors include measure-

* D. B. Wood. The Use of the Earth Resources Technology
Satellite (ERTS) for Crop Production Forecasts, Draft of
Final Report, Goddard Space Flight Center, July 2, 1974
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ment errors, errors due to the time lag between measurement

and publication of estimate, and nature's randomness before
the actual harvest.

However, taking USDA estimates at completed harvest
(for winter wheat) and accepting the December estimate of
USDA of the same calendar year as completely accurate (i.e.,
ignoring the fact that one never really knows precisely the
crop of any year), the measurement errors of USDA crop esti-
mates at completion of the U.S. harvest season are still 2.2%
for winter wheat and 4.4% for spring wheat. 1In order to
achieve these measurement accuracies for the annual harvest,

much larger measurement errors are implied for the harvest as
it comes onto the market.

Each crop is harvested over several months. Crop-
specific monthly harvest patterns based on 1969 USDA data
have been taken by ECON as typical of the crop. The task
force on agricultural forecasting estimated that at completed
harvest, ERTS type systems can improve USDA estimated by
50-70%. Furthermore, ERS systems can observe fields through-
out the growing season. Whenever the harvest occurs, the
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measurement accuracy of ERS systems at completed harvest in
any one major region should be the same, irrespective of
whether the harvest occurs in May, June, or August. This is
so0 since the sample size (numbers of pixels in any crop area)
is potentially unlimited. Thus, even with no improvement by
the ERS beyond the actual USDA crop estimate accuracies at
completed annual harvest substantial improvement can be ex-
pected from ERS systems in terms of better month-by-month
harvest estimates, and this improvement will have economic
value. A 4.4% ERS crop measurement accuracy at harvest for
spring wheat in 1969 would imply a reduction of the monthly
harvest measurement error from approximately 16% to 4.4%, an
improvement substantially larger than 50%. A 2.2% accuracy
of ERS crop measurement accuracy at harvest for winter wheat
in 1969 would allow a potential reduction of monthly harvest
measurement from 8% to 2.2%, again an improvement substanti-
ally more than 50%. It is likely that thorough statistical
analysis will yield similar improvements for other years.

The current accuracies of crop estimates for winter
and spring wheat are not precisely known except for the range
of numbers just given. For ERS systems, divergent claims are
made, ranging from "no improve:. ent” of USDA arnual estimate
accuracies to 50-70% improvemeut as claimed by the task force
on agricultural forecasting.

Given these divergent technical claims for purposes
of this analysis and to arrive at the basic estimate of ERS
benefits, it is assumed* that monthly harvest estimate errors
can be reduced for winter wheat from 7.5% to 3.75% in spite
of the likely potential of ERS systems to achieve 2.2% accu-
racy; and for spring wheat frcm 15.8% to 7.9% instead of 4.4%
ERS potential accuracy. The ranges of likely economic bene-
fits resulting from such improvements in accuracy of the
estimates are listed in Table 3.1 at a 95% confidence level.
The calculations are based only on the benefits resulting
from im_roved information on the U.S. wheat crop.

Table 3.1 indicates how this particular measurement
improvement would be affected by various changes in the
underlying parameters. Although the range noted there is
large, this is the result of including for comparison purposes
a parameter value used in other studies (that of the elasticity
of demand) which is replaced by new econometric work.

* To the extent that the pattern of monthly harvesting cdeparts
from the 1969 wheat crop pattern, the economic benefits of
an ERS system in agricultural forecasting will also be
affected.
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Table 3.1 The Value of Reducing Measurement Error Based on
Goddard Task Force Results on ERTS: Wheat Crop

Benefits in millions of 1973 dollars associated with
a, 95% confidence limit for percentage error in
monthly harvest measurement
Price Elasticity a/ . / h/
for Wheat Demand ~ 7.92¢ & 10s 15.84% ~
1. -.065%/ 95.1 151.7 380.4
2. -.10 & 61.8 98.6 247.2
3. -.25 & 24.8 39.5 99.2
. -.s0 ¥ 12.4 19.7 49.6
s. -0.75%/ 8.2 13.2 32.8
a. United States domestic demand for all wheat, except as noted.
b. The authors of Vol. IXII, Part II have estimated this value
for "human purposes®” (food) elasticity of demand for whaat.
c¢. EarthSat estimate in recent report to U.S. Department of the
Interior.
d. 50% reduction in the basic estimate, No. 4: for sensitivity
analysis.
e. The basic estimite obtained by the authors for the price
elasticity of unconditional demand for wheat (1971 data).
£f. 50% increase in the basic estimate, No. 4: for sensitivity
analysis. *
g. @ derived from 2.2% error in annual harvest (May crop
measurement error for Winter Wheat).
h. a derived from 4.4% error in annual harvest (September crop

measurement error for Spring Wheat).

elasticities,

Taking into account the wide range of estimated

and the previously noted 95% confidence limit

nf benefits calculated for each elasticity and each percent-
age error, we find that the U.S. gains annually from the
ERS improvement of wheat crop information:

° 8.2 - 95.1 million dollars for Winter wheat
e 32.8 - 380.4 million dollars for Spring wheat
3-7
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To achieve a narrower range of plausible distribution
benefits using round numbers, we would suggest adopting a
single median value of 10% monthly measurement error with a
range of elasticities from -.50 to -.10 which leads to
potential annual ERS benefits of:

e 19.7 - 98.6 million dollars

3.1.2 Informal Discussion of the Value of Accurate Forecasts

The subject of the value of information is a broad one
and usually concerns the current value of certain measurable
quantities. An ERS space system is expected to provide more
accurate information about the current status of different
agricultural crops, which will enable one to predict with
greater accuracy the quantity of those crops that will emerge
from the farm at specified times in the future. Information
of this kind may be distinguished at least for practical »nur-
poses from information about new technonlogies, which in princi-
Ple might never be revealed at all.

A forecast of the future is expressable, explicitly
or implicitly in the form of a probability distribution.
Such a distribution may be thought of as representing the
degree of certainty of a person's beliefs about the future.

Of course, a forecast is usually summarized by a single
number: the wheat harvest forecast for the year 1975 will be
a number such as 2,000 million bushels. This number is the
mean of the distribution of harvests characterizing the belief
of the person making the forecast. Equivalently, one may
think of the beliefs as characterized by this number plus a
distribution of errors, the various deviations between the
2,000 million bushels forecast and what the forecaster anti-
civates will actually occur. Corresponding to this subjective
distribution js an observable distribution (in principle) of
deviations between the forecast and what is known to have
occurred after the fact. These observable quantities are what
are normally referred to as "forecast error." The subjective
distributuion is the one relevant for decision-making. For
the most part the term forecast error is used to refer to both
concepts, refering to the distinction only where confusion
may otherwise result. It is assumed that such distributuions
are completely determined by specification of mean and vari-
ance; sometimes these are treated as Gaussian normal.
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Forecasting error variance expresses the degree of
uncertainty, which may arise from two sorts of sources.
First, one may not have a very good idea of what the state of
the world is now or has been in the past. for example, one
may have only a crude thermometer available to assist us to
forecast the afternoon tewmperature. Second, there may be
events which are genuinely random, or may be treated as such,
which will occur between now and the time point to which the
forecast is directed, which make it impossible to know the
future with certainty, no matter how clear the picture of the
present state of affairs: no matter how accurate the know-
ledge of the starting point of the roulette ball, one may not
be able to narrow the forecast error on its ultimate stopping
point. (The example illustrates the ambiguity of the dis-
tinction. Presumably if one really anderstood the roulette
wheel and could calculate well enough, one could improve the
forecast.) The "information" here is directed toward reducing
the variance due to the first source. Improved information
allows one to make more accurate forecasts, expressible as a
reduction in the dispersion of a subjective distribution of
forecast quantities before the fact and, correspondingly, a
reduction in the dispersion experienced b: forecast error
(deviation between forecast and actual quantities) after the
fact. Such a reduction might be achieved by obtaining from
the farmer precise information about the amcunt ¢f wheat he
plans to plant in June 1974. While, before the harvest, the
uncertainty about the outcome resulting from weather variabi-
lity remains, the information about the planting allows one to
construct a guess about the resulting outcome in September
which is more accurate than the guess in the absence of the
information. The degree to which an estimate is improved can
be expressed by a reduction in the variance of the subjective
distribution and of the forecast errors.

The value of information thus depends upon the value
of good forecasts. In the remainder of this section a
discussion is presented why forecasts are valuable and to
whom. This will form the basis for the formal theory used in
the case study measurements.

3.1.3 The Meaning of the Value of Forecasts

When one speaks of the value of forecasts one must
distinguish carefully between value to the entire economy and
the value to a single individual. It is often possible for
an individual to reap large gains from a possession of know-
ledge of greater accuracy than that possessed by others.

This is illustrated by the example of a price prediction,
say of a painting by Rembrandt which is to come up at auction
in September, 1974, and which is now on the market for



purchase in January, 1974. Knowing exactly what the Rem-
brandt will sell for 8 months hence, one can make a certain
decision now what price it is worth paying. The accurate
forecast of the future allows one to make with certainty

a gain now. However, should the information lead one to
decide to buy the painting now, in January, the effect is to
shift the profit obtained by the difference between the
selling price now and that 8 months hence, but at the most of
an equivalent gain in the hand of someone else who might have
purchased the painting. The opportunity would obviously have
been lost to the former were the information about the price
to rule in September available generally instead of available
to one person alone.*

In this illustrative case one sees that the sole
effect of improved information in the hands of a single
individual is to alter the incidence of a gain from one per-
son to another. Presumably the ultimate purchaser of the
Rembrandt in September would have ended up holding the
painting in any case, and the only effect of improved informa-
ion is to place the gain in the hands of one person rathe.
than in someone else's hands. It is usual in applied welfare
economics, although not always justifiable, to equate equiva-~-
lent dollar amounts of gains by one person with the same
amount of gains by someone else. In this case there has been
a private gain offset by an equivalent loss from the improved
information about the price of the Rembrandt in September,
1974. Though there have been possibly large changes in
private wealth as a result of this information one can say,
loosely speaking, there is no social gain whatsoever,.

This distinction between private gain and social gain
may be even more dramatically illustrated by pointing out the
possible advantage to an individual of misinformation in the
hands of others. Thus, if one person wishes to purchase a
piece of property it may be greatly to his advantage that

* It would be desirable to have different terms for the
various meanings of the word "information" occurring in
this study. Strictly speaking, the word is intended to
refer to an estimate of some observable quantity, such as
the number of acres planted in wheac. In this sense, a
forecast is not "information," at least given the current
development of normal human perceptions. It seems rather
pedantic, however, to enforce this distinction throughout
the text; hopefully no confusion will result from this
usage.



everyone else in the world thinks it highly likely that

a major highway is going to be built across that property,
even though he knows with certainty that this is not the
case., Even though other people may be caused by the mis-
information to make various bad choices, that person stands
potentially to make a substantial gain. Again the cr' ial
point for estimating private gain is the degree of iu. ri1al-
ity or asymmetry of information in the hands of different
individuals. In this illustrative case it should be clear
that there is in no sense a possible social social gain

to be had from the promulgation of misinfoimation, even
though this might be greatly to one individual's private
advantage.

3.1.4 Sources of Social Gain from Improved Forecasts

There are two broad sorts of social gain from a
general reduction in crop forecesting error. First, by
virtue of good forecasts of forthcoming crops a society
is able to make improved allocative decisions. Both by
making better timed disposition of inventories of available
farm products, and by making planted quantities take into
account anticipated harvests the society can optimize the
flow of consumption over time. The underlying idea is
that it is desirable to have a smooth flow of consumption
of commodities, rather than an irregular one. This i~ the
familiar principle that the value of increments to consump-
tion of a good decreases as the quantity consumed incre=.-
es: The value of an additional bushel of tomatoes in the
presence of a large crop in August is much smaller than
the value of an increment of a bushel in the middle of
winter when few tomatoes are available.

Secondly, a reduction in the dispersion of the
subjective distribution of forecast errors, i.e., an in-
crease in the degree of certainty, may be valued in itself.
One customarily assumes that economic agents prefer a cer-
tain outcome to situations in which the average of expected
outcome is the same but with some variance. It is this
value which is referred to when one speaks of individuals
having risk aversion, the prevalence of which is suggested
by such phenomena as insurance and portfolio diversifica-
tion. ' .

In this study only the gain of the first sort is
considered: that arising from an ability to make decisions
which are less likely after the fact to have rroved incorrect.
The value of reduced undertainty per se will be ignored. In
the context of models to follow of behavior of agents in mar-
kets under uncertainties, this assumption that uncertainty



per se 1is not a source of loss of value will be embodied in

tne assumption that agents act to maximize expected mon:tary
profits.

3.1.5 Measurement of Inventory Adjustment Gains Only

Within the class of allocative gains we further re-
strict our attention to those resulting from improved inven-
tory choices. There are two reasons for this. The first is
that ia the case of wheat, the crop to which our analysis is
applied empirically, the possibility for significantly adjust-
irg production within the crop year appears limited. This
means that we are guessing that the size of the gain from this
source is small relative to that available from the inventory
improvements. It would, r doubt, be most desirable to test
this guess by carrying out the analysis and measurements,
which brings us to the second reason for starting with a con-
centration on inventories, The analysis of this prollem is
simpler than that of the case of endogenous supply druvisions.
Since the chain of reasoning and calculatiors trace in the
study is already rather long, there is a great advantage in
resisting the further complication. At the same time, while
our expectation was fulfilled that it is porsible to obtain
highly convincing econometric estimates of demand parameters,
there is every reason to expect great difficulty in estimating
supply parameters. Thus both reasons of theoretical complexity
and estimation problems reinforce our preference on grounds
of expected relative potential gain for considering the pure
inventory adjustment model. The inteyrated systems ecffects
of improved (ERS) information in U.S. Agriculture will be ex-
amined in the second case study.

3.1.6 The Distribution of Gains from Improved Information

It may be thought that the gainers and losers from
the production of new and better information are affected
by the way in which the new information is introduceci into
the system, and this indeed appears to be the case. Clearly
from our discussion of the possibilities for private gain from
asymmetry of information above, it should be clear that the
particular agents to whom new information is first communi-
cated tend potentially to reap large personal benefits, exact-
ly how large is a matte: which appears rather difficult to
settle.

An example might be made of a discovery by a corpora-
tion of large deposits of some mineral. This discovery will
be reported to the general public on a specified date in the
future; in the meantime it is of extraordinary value to an
insider who may be able to capture enormous speculative cains,



much as our Rembrandt purchaser was able tc in the earlier
illustration. By the same token it is clear that it is pos-
sible to introduce informa“ion in some ways which is actually
harmful to individuals, at least in the ex post sense. In
this case, for example, thie individual who sells his stock
in the company which has discovered the large mineral deposit
after the fact will certainly be less well off than he would
have been had all of the information become available cn the
date in the future when it was to be made generally public.

Of course even information in the hands of a stock
market insider is transmitted at least partially to the
general public via the very process by which that individual

capitalizes on his advantage, in this case through the resulting

increase in the price of the stock of the corporation in ques-
tion due to his purchases. 1In this way information in the
hands of the insider is related to decisions of other people
by their observation of the market price of the stock.

Similarly in the case of improved forecasting the
potential for speculative gains in the hands of individuals
in possession of improved information are obvious distribu-
tional consequences, shifting gains from one group to another.
Here too the information would in part be made available to
the general public, at least in its crucial aspects, via the
rovements in price which would be generated by it: possession
in a single individual's hands. Just &#s in the case of the
Rembrandt painting, however, the speculative gains may be
entirely offset by speculative losses and the net social
benefit might be zero or very small. The implications for
social policy o. the precise method of releasing information
therefore appear nontriwvial.

At the opposite pole from the stock market insider
archetype is the government statistical information made
available in a carefully controlled way to an entire group
of people at once. The ideal picture of this sort of informa-
tion release is a report on our corporation with the large
new mineral deposit appearing for the first time in a Sunday
newspaper on which day the market in which the company's stock
is traded is closed. Now we have no price changes occuring
during a period in which information is asymmetrically dis-
tributed. Rather, the market opens ci. Monday morning with
2ll of the agents in possession of the same new knowledge.

Who gains and who loses? Paradoxically, in ex post facto
sense, it would appear that there do exist possible losers
from introduction of better inf-~rmation. Let us suppose, for
example, that the information an increase in the forth-
coming supply of some crop. s - holder of the stock of this
commodity I had planned on Monday morning to sell my entire
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inventory on the market. The new information will cause the
market price of this commodity to decline and I will there-
fore have been made worse off by its introduction. Again,

for every such loser there is a corresponding gainer, and

it is difficult to make a strong case for a particular dis-
tribution of such gains and losses without going into consid-
erably greater detail along normative lines. There seems to

be some normative advantage to avoiding extra gains and losses
attributable to asymmetrical information, but it is not entire-
ly clear that this is well grounded.

If we consider a more prior sense of gains and losses,
and imagine that we can all choose whether the government
should make available at some date in the future a particular
report abou+ forthcoming crops, we expect intuitively a pref-
erence for the system where this report is made. (Counter
cases could be constructed, however.) On the other hand, if
we imagine that the crop information is going to be made avail-
able to an insider, it is not at all hard to imagine our
wishing rather that the information not be made available at
all. It might be fruitful to examine in greater detail the
difference between these two cases.

There is one important group of people who woul“? be
averse to the government's introducing a new statistical
service, for example, and these are the people now engaged
in producing information and marketing it. Obviously, such
information producers are potentially hurt by the introduction
of a new information source.

3.1.7 The Model of Forecasting Used in This Case Study

The construction of a forecast involves two main
elements: information about what is the current status of
various features of the world and a model of how the currently
observable features influence the variable, that being the
forecast. Suppose, to po<e an illustrative example, we are
interestaed in knowing into which of seven holes a pinball will
roll at the end of its run down an inclined plane studded with
the usual obstacles. Let us consider how a forecast is con-
structed.

3.1.7.1 Nature's Randomness

We start with a model of now the ball will roll
starting from a given [ int with a given velocity. This model
consists of the laws of motion and of knowledge about the
positions and physical characteristics of the obstacles, by
which it is possible to compute the path of the ball. Typi-
cally there will be unknown or imperfectly known elements of



the physical system. Furthermore shocks may be anticipated
from outside the system which will influence the path of the
ball; the pinball machine may be located just above a subway
tunnel. As a result, even if we know the starting point our
physical model of the system that does not generally allow

us to predict exactly the path of the ball. We might typically
express our forecast of the final location of the ball in the
form of a single number (e.g., "hole number 3"), but this norm-
ally is simply the central tendency of an implied probability
distribution.

If we have precise knowledge of the position and ve-
locity of the ball at a given point in time we can predict
its position at any later time using this physical model, which
is what we referred to above as a model of how the currently
observable features (position and velocity) influence the
variable (future position of the ball) being forecast. Because
of what may be regarded as truly random aspects of the systems
vithin which the ball is moving, our forecast itself must be
in the form of a probability distribution, even though we may
express it in the form of a single number. Furthermore, because
of the cumulative nature of the random shocks through time, the
dispersion of our forecast distribution of the positions of the
ball is likely to increase as the distance into the future over
which we are attempting to forecast increases. In looser and
more commonplace language, long-term forecasts are "less accu-
rate” than short-term forecasts owing to the greater inter-
vention of random influences.

3.1.7.2 Measurement Errors

As was suggested above, there is in addition to
nature's randomness, another source of “inaccuracy"” of fore-
casts, associated with inadequacy ofinformation about the
current state of the system, in this case the current position
and velocity of the ball. Let us suppose, for example, that
these are obtained by the observer using a ruler on top of the
glass cover of the pin-ball run and a stop watch. Assuming
that the observer is capable of instantaneous calculation of
the forecast once he is given position and velocity, he can
convert his observation of these variables into a prediction
at once. However, the procedure for obtaining position and
velocity is itself subject to error, which we shall refer to
as sampling error or measurement error. Measurement error
would cause forecasts to be random variables, with some degree
of dispersion, even if the model of the system were perfect
and the system itself not subject to outside shocks. The
dispersion or inaccuracy of actual forecasts is thus a com-
pound of nature's randomness and measurement error.
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This study is primarily concerned with the value of
reducing the monthly measurement error in the construction of
crop forecasts. It is clear that this is only a part of the
source of dispersion in crop forecasts. However, even though
variability due to nature's randomness is great, and there is
correspondingly a large potential for improving forecasts by
improvements in the model of the crop production system (e.g.,
by deeper understanding of the determinants of weacher), we
shall see that relatively small measurement errors are sur-
prisingly costly. AS A RESULT THERE ARE SUBSTANTIAL GAINS

TO BE MADE BY REDUCING THE MEASUREMENT ERROR AT COMPLETED
HARVEST (MONTHLY).

3.1.7.3 Availability lL.ag of Information

There is a further way in which information can be
improved, and one which may prove in the present application
to be of greater importance than reduction in measurement
error. This is the reduction in the time between the obser-
vaticn or measurement of the state of the system and the
availability of the information for use in the form of a fore-
cast. Such a reduction seems particularly likely in shifting
from methods of sampling involving postal or telephonic com-
minucation of observations to a central calculating unit--as
when field units report to the U.S.D.A. -~ by an advanced
technology method based on satellite observation, in which
information is handled electronically as a matter of course
at every stage.

We refer to the time elapsed between the actual
observation of the state of the system and the production
and transmission of a useful forecast based on that informa-
tion as the availability lag associated with a forecasting
procedure. This may be illustrated with our pinball machine.
Suppose that the initial procedure involves measurements,
using the ruler and stop-watch, which are then entered into
a mechanical calculating machine to produce a fo. -ast of
the path of the ball. Imagine that the usual ru: - the ball
lasts thirty seconds and that the measurements are nade after
tern seconds have elapsed, i.e., with twenty seconds remaining.
By the time the calculation of a forecast has been made the
ball is no longer at the point on which the forecast is based.
The forecast, in other words, is constructed on the position
and velocity of the ball at some time in the past. The longer
is this lag the less useful is the forecast for two reasors.
First, the longer the time which has elapsed, the less useful
is the historical position and velocity of the ball as a pre-
dictor of its current position and velocity, because it has

in ihe meantime been subject to nature's random shocks. Second,

the lnnger is the delay, the less remains of the ball's path
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to be predicted. If the delay is long enough the forecast
arrives after the ball has already reached the end of its
run! The forecast is then of use only in checking the ade-
quacy of the model of the system, It arrives too late to
help the person wanting to place a bet on the final position

of the ball.

The two 2spects of improving the information base
for forecasting are thus interrelated. The shorter is the
availability lag the more valuable is any given reduction
in measurement error.

3.1.7.4 The Crop Forecasting Problem

A rough analogy exists between the pinball forecasting
problem and the idealized version of crop forecasting used in
this study. We take time to be broken into discrete months.
The problem of crop forecasting is not to follow a single
ball through time but rather several balls in the form of
monthly harvests. Let G (sometimes we shall write this
equivalently as G(t)) denote the quantity of the grain of
interest harvested during month t. This notation will be
used throughout, although later, when exports are introduced,
we shall let G stand for "effective harvest," or actual

harvest less exports.

It is assumed that, on the basis of perfect information
about conditions on the ground, numbers of acres planted in
the specified grain in each of several geographical regions,
visible conditions of ripeness, etc., forecasts can be con-
structed of the quantities to be harvested for each of a
certain succession of coming months, using a model of how
grains .r~lve over time as they mature. Such forecasts are
subject to error due to nature'-. randomness. We speak of this
set of ideal forecasts, which would be made in a given month
on the basis of perfect information about what is in principle
knowable in that month, as the st te of the system. The state
of the system as of period t is denoted by st . St is a

vector of ideal forecasts, its first component is SE ¢ A
"forecast" of Gt ; its second component is S:+1 ¢ a forecast
£ .t
(o] Gt+l . etce
t _t+1 t+M+1
3.1.1 = ...
( ) St (st'st ' .St ) .

Note that the superscript which identifies a component of §
identifies the period for which an ideal forecast is being
made.



Actual forecasts of crops are based not upon perfect
information but upon measurements and samples of such gquanti-
ties as acres under cultivation, height of stalks, etc, These
are subject to sampling or measurement error. These errors,
when the data are fed into the model which produces forecasts,
result in deviation between the actual set of forecasts of
monthly harvests and the ideal set of forecasts represented
by Sg. Great simplification in our analysis is effected by
regarding S, itself as the object of measurement.

It is important to be clear about this device. When
we speak of sampling or measurement error, we refer to an
error of measurement of S,, not directly to the underlying
erxrors of measurement of acreage, growth, etc. Since su:ch
underlying errors translate directly into errors in estimation
of S, this analytical convenience does not affect the gener-
ality of the results. However, some caution must be exercised
when we come to specification of a probability distribution
of percentage errors in measurement of S,, a distribution
which need not be identical to that of percentage errors in
any of the components from which forecasts are calculated.

A forecast based on month t informatiog then, is
here taken to be an estimate of .- Denote by S¢ such an
estimate. We shall assume that .he measuring devices and
procedures introduce an error wt such that

(3.1.2) S, = S, + ..

The measurement error, Y., is thus a vector, with components

t t+1 t+M+1
Moo Y reeeen B )

At this point we should explain the meaning of the

- parameter M which occurs in the specification of S,. We

refer to this parameter as the "maturation period"”, a name
motivated by a simple mod:1, whereby the grain harvested in
any period must have been planted exactly M periods earlier.
If we take the quantity planted as exogenously given, not
endogenously determined, in this model it is not possible to
forecast the harvest of any month more than M periods into
the future on the basis of currently observable features of
harvests, but this is not dependent upon an input of current
information.

In fact, this simple model is only a very rough

approximation to the case of wheat, the grain to which our
analysis will be applied in this study. The numbér of months
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between planting and harvesting varies greatly with the type
of wheat and the region of the country in which it is planted.
There is no reason one could not take this into account in
the model, allowing M to be itself a function of t. Rather
than carry along this complication, however, we have chosen
to work with a constant M . It can in any case always be
interpreted as the maximum number of months into the future
one can forecast harvests, with the forecast depending upon
features at least in principle currently observable.

Under this interpretation we see that the last
component of the measurement error vector in (3.1.2):
will be identically zero. This is so because by “efinition
of M the forecast of G¢+M+1 cannot depend upon features
observable at time t.

\yt+M+l

14

We have very nearly completed the description of the
model of forecasting. It remains to put the availability lag
back into the story. Let the symbol AL stand for availa-
bility lag. Then S._p; is the vector of forecasts available
at time t. To be more precise, the components of S,_pg
referring to harvests occurring beyond month t are taken
to be the forecasts available at time t. Thus, for example
S%s would be the forecast of 626 available in month 25 if the
availability lag were 2.

This model of forecasting is then used throughout
the case study as documented in Volume III of this report.

3.1.8 Measurement Errors and Value of Information Due
to Improvements in Measurement Capabilities

Available studies, such as that by Gunnelson, Dobson,
and Pamperin* tend to focus on forecast error, which is a
compound of Nature's variance and variance introduced by the
measurement system. Statistics on forecast error contain, of
course, some information constraining measurement error, but
drawing implications from them requires very strong assump-
tions as to the underlying model. For our purposes these data
are no* suitable.

* Gunnelson, G., W. D. Dobson, and S. Pamparin, "Analysis of
the Accuracy of USDA Forecasts," American Journal of
Agricultural Economics, November, 1972, pp. 639-645.
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In their study of the value of improved statistical
reporting, Hayami and Peterson encountered much the same sort
of problem.* 1In their Table 1 (p. 125) they present data on
"typical sampling error" in major U.S. farm commodities pre-~
pared by the Statistical Reporting Service, U.S. Department of
Agriculture. The methods by which the U.S.D.A, calculated
these statistics are not specified, nor are definitions of the
usual sort provided. By making some assumptions, however, we
can use these data as the basis for plausible illustrative
values in exploring our own results. Again, we would stress

that these figures should be regarded as far from well-
established,

According to Hayami-Peterson, the U.S.D.A. as of the
time of their writing, conducted their surveys with a goal of
attaining an average sampling error of 2 percent. Hayami-
Peterson's Table 1 indicates that this overall average per-
formance corresponds to a sampling error of 2.1 percent for
wheat. The error refers to annual harvests, and we may regard
1t as applying to a sum of twelve monthly harvests. Denote by
M the error in measuring the annual harvest, AH, and by Wuj
the error in measuring H; , the ideal forecast of the harvest

in monch i . Using "hats" (") to denote measured quantities
we have

(3.1.3) AH = AH + 4
B, = H o+
AH = L H,
i=1

implying, if the measurement errors are independent,

12
(3.1.4) a2 = z a2
H i=1 M3
* Hayami, Yujiro, and Willis Peterson, "Social Returns to

Public Information Services: Statistical Reporting of
U.S. Farm Commodities,"American Economic Review ,
March 1972, pp. 119-130.
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By our assumption,

2
(3.1.5) a“i 1758

i}

Interpreting "average sample error" as the ratio of the
standard deviation of § to AH, we have, from Hayami-Peterson

(3.1.6) o = (2.1 am)?2

Substituting into (3.1.6), we have

(1.96) (2.1)

(3.1.7) @ =
12
T hi
i=1 g

where h; refers to the fraction of the annual crop har-
vested in the ith month. Using the percentage distribution
of the wheat harvest as described previously the value of a
can be calculated to be given by

(1.96) (2.1) = 7.559

V' (.2964)

The Task Force on Agricultural Forecasting at Goddard
attempts to assess likely improvements of ERS systems measur-
ing crop acreage in perspective to present USDA performance.
(See Figure 3.1 of this section.) Based on those results we
may use the likely improvement in monthly measurement by 50%
from a = 7.6 percent to 0 = 3.8 percent for winter wheat
and from ¢ = 15.75 percent to 0 = 7.9 percent for spring
wheat as a convenient basis for sensitivity analysis of
the results. Table 3.1 gives the value of this improvement
(not including cost savings by USDA if new methods are
introduced and, of course, not netting out additional
measurement costs) under a variety of changes in the para-
meters of the model.

(3.1.8) = 7.6%

R>
1
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The results described in Table 3.1 indicate both the
possibility of very substantial gains frxrom reducing measure-
ment errors in the crop forecasting system and the extreme
sensitivity of the results to the values of current and poten-
tial measurement error variances.

Even relatively conservative assumptions (zero popula-
tion growth, better current measurement, smaller percentage
gain in accuracy) seem to suggest a rather substantial poten-
tial for gain from improved measurement accuracy. However,
the great sensitivity of the results to variations in percent-
age accuracy, indicate that to obtain reliable estimates an
effort must be made to discover more about current and poten-
tial measurement error.

At the same time the results described should make us
sanguine about extending the measurements to other crops.
The procedures generalize without any difficulty, and there is
no obvious impediment to obtaining reasonably accurate mea-
surements of all of the important parameters, with the except-
ion, again, of the distributions of errors of measurement.

3.1.9 Data Sources Used in the Empirical Estimation of
ERS Information Distribution Benefits

The following is a comprehensive list of the economic
data sources used for this case study:

1. Chicago Board of Trade, Statistical Annual (1956-
1972), henceforth SA.

2. Federal Reserve Board, Federal Reserve Bulletin
(March 1963, February 1965, March 1966, March 1967),
henceforth FRB.

3. --- Business Statistics (1971, 1973), henceforth BS.

4. --- and the Massachusetts Institute of Technology,
Quarterly Econometric Model (January 1973), hence-
forth FMP.

5. U. S. Department of Agriculture, Economic Research
Service, Feed Statistics (September 1967) and
Supplement for 1971 (July 1972), henceforth FS.

6. --- Food Grain Statistics, henceforth FGS.

7. =--- Supplement to Food Grain Statistics (1971),
henceforth SFGS.
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10.

-~= Wheat Situation (May 1973), hencefoxth WS.

U. S. Department of Agriculture Statistical Report-
ing Service, Statistical Bulletin 277 (January 1961),
387 (Jannary 1967), and 503 (December 1972), hence-
forth SB.

--- Cattle on Feed (January 1973, January, 1974),
henceforth COF.

The above references supplied the following infurmation

1.

for this case study:

Quantities

Visible Supply of Grains (millions of bushels)
Monthly: SA

Total Stocks of Grains (millions of bushels)
Quarterly: SA

Domestic Disappearances of Corn, Grain Sorghum, Oats,
and Barley (millions of bushels)
Quarterly: FS

Total Domestic Wheat Disappearance (millions of
bushels)

1. July 1964 - June 1970, Quarterly: WS

2. July 1955 - June 1963, Semi-annually: FGS

Food and Industrial Disappearance of Wheat (millions
of bushels)

1. July 1964 - June 1970, Quarterly: WS

2., July 1955 -~ June 1963, Semi-annually: FGS

Total Domestic Rye Disappearance (thousands of
bushels)

1. July 1966 - June 1971, Quarterly: SFGS

2. July 1955 - June 1966, Semi~annually: FGS

Cattle and Calves on Feed in the States of Ohio,
Indiana, Illinois, Minnesota, Iowa, Missouri, South
Dakota, Nebraska, Kansas, Texas, Colorado, Arizona
and California (thousands of head)

Quarterly: SB and COF
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2. Prices

High and Low Futures Prices
Monthly: SA

Average Price per Bushel of
Minneapolis (dollars)
Monthly: FS

Average Price per Bushel of
at Chicago (dollars)
Monthly: FS

Average Price per Bushel of
Minneapolis (dollars)
Monthly: FS

(pennies)

Number Three Barley at

Number Three Yellow Corn

Number Two White Oats at

Average Price per Hundred Pounds of Number Two Yellow
Grain Sorghum at Kansas City (dollars)

Monthly: FS

Average Price per Bushel of Wheat at the Farm (dollars)

Monthly: SFGS

Average Price per Bushel of Number Two Rye in Minne-

apolis (dollars)
Monthly: SFGS and FGS

3. Other

Open Market Rate for Prime Commercial Paper, 4 to 6

Months Duration (points)
Monthly: FRB and BS

Gross Nat‘onal Product (billions of dollars)

Quarterly: FMP

Unemployment Rate (points)
Quarterly: FMP

Consumer Price Index (1958 =

Quarterly: FMP

1)

Population of the U.S. (miilions of persons)

Quacterly: FMP

Consumer Price Index (1967 =

Monthly: BS

100)



3.1.10 Concluding Remarks on this Case Study

All of the calculations in Chapter 6 of the Case Study
Report* were directed toward evaluating a reduction in meas-
urement error. However, as our discussion of forecasting
in general in Section 3.1.3 makes clear, the timeliness of in-~
formation aldo importantly affects its value. This would be
expressed in our model as reduced availability lag. This
is an area in which satellite technology clearly promises
substantial improvement, and it is one which may even have the
potential for more substantial gains ‘than .found for measuremént
error reduction. Our estimates suggest rather substaential month
to month variability in ideal forecasts, Nature's randomness.
By reducing the availability lag by one month, we, in effect,
eliminate one month's worth of variance. 1The value of this
should be comparable to that of a similar reductinn of variance
due to measurement error improvement.

The componentcs of this calculation are much the same as
those assembled in Chapter 6 of the Case Study Report*. However,
the formulae are more complex, owing to certain interactions
among terms which take place when variance is reduced in this
way. Programming and carrying out these calculations should
be a high priority follow-up research item.

Other extensions of the research are suggested by a
review of the results described in Chapter 6 of the Case Study
Report* which comes at the end of a long and complex chain of
reasoning and calculation. It is appropriate to «nnsider here
in summary fashion the links of the chain, to assess their
strength, and to indicate how new ones can be added.

The basic logic of the model is simpler than its many
details may lead one to believe. Grain production is taken
to be exogenously given, but subject to random shocks obeying
a (possibly complex) stationary stochastic law. Production in
any period can be allocated to consumption (including use in
the production of other goods) or additions to inventory. 1In-
ventories are determined hy profit-seeking competitive agents,
who base their decisions on forecasts of forthcoming grain har-
vests. In order to determine their current inventory levels,
these agents must anticipate the future inventory levels as well
as future harvests. They do this by assuming that all inventory

* See Vol. IIT, Part II of this report.

A ot e



holders understand the underlying demand and marginal storage
cost relationships, and hence they in effect look for a mar-
ket clearing set of spot and future prices.

Given these facts, and having equipped ourselves with
knowledge of the demand and marginal storage cost functions,
we can describe the functional dependence of inventory deci-
sions produced by the market system . nd forecast harbests.
This being the case, we can determine the relationship be-
tween measurement errors, as leading to forecast errors, and
the average amount of va.iability to be expected in the grain
consumption flow. Variability is a source of dirutility--
margiral quantities of grain are more highly valued when con-
sumption levelis are low than when they are high, as reflected
in the demand curve. Hence we can calculate the loss in value
due to measurement error, and the gain due to its amelioration.

The weakest links in this chain are probably the early
ones, for example, the vi.ry first one, which assumes grain
production is exogenously given. We have argued in the text
that a good case can be make for taking this assumption as
a working hypothesis. Nevertheless, we should expect the
results to be altered by the introduction of an endogenous
production decision model of farmer beinavior. That smoothing
out of consumption and hance price movements over time is
likely to have value to farme—-3 should be obvious, given the
history of the search for farm price stability. This will be
done in the second agricultural case study, which actually
coafirms our basic results ($19.7 - $98.6 million per year).

The second link shows a related weakness in leaving
out a set of decision makers. It was noted in the text that
production is allocated not simply to consumption and inven-
tory changes, but also to net exports, and in fact, the
empirical parameters of a very simple model of export deter-
mination importantly influenced the nu. erical results, as
summarized in Table 3.1. A final important group of agents
is omitted at the third link at which it is assumed that grain
inventories are determined by private entrepreneurs. 1In fact,
certainly in the United States over the past twenty years, the
government has been a major agency determining the quantity of
grain in inventory.

How greatly theabsence of these decision ag=2nts from
the model affects the results is difficult to say. Surely,
leaving out the dependence of production on prices causes our
procedures to understate the value of improved information.
On the other hand, the fact that farmers must make their
planting decisions several months before harvesting leads =
to guess that the additional benefit which will be found vrnon
incorporating production to the model will be small relati:e
to that attributed here to improved inventory decisions.
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Again the r=sults of the second agricultural case study do
take these effects into account and confirm broadly the re-
sults of this case study.

The dirxection in whicl the results are biased by our
naive treatmeunt of the export sector appears indeterminate.
One could estimate the gain to the rest of the world attri-
butable to improved inventory choices in the United States
alone, and this would be expected to add to the total benefit.
On the other hand, the extent to which the export sector acts
to dampen the variance of domestic consumption arising from
variance in domestic production is too cursorily treated here
to give a reliable indication of the results of a more careful
study. Perhaps more important than these effects will be the
consequences of more accurate forecasting of world-wide pro-
duction. Since net exports can be treated as negative har-
vests in the U.S., and since world production will greatly
influence net exports, the ability to predict world production
has implications for even domestic inventory allocation im-
provement much like thoce studicd here. (A whole-world model,
on the other hand, is in principle simpler again, since there
are no net =xports.)

The policy of t.e U.S. government was, at least in
large measure, directed toward price stabilizaticon of grains
over the past three or four dec.des. Insofar as the govern-
ment is completely successful in this effort, the role of the
private inventory holder is superseded, and speculative inven-
tories will not be held. This would clearly affect the analy-
sis in a major way, presumably in the direction of reducing
the value of improved informatio:, except, perhaps, as it
deteruwines the gcvernment's decisions. The most recent expe-
rience, of high grain prices, has temporarily, at least,
taken the government out of the grain inventory business, and
the broad outlines of the competitive model appear to hold.

Extending this model to production decisions by compe-
titive farmers is not likely to involve more than complication
in thzs form of higher order difference eguations, etc. While
the computational problems this can pose can be formidable,
we would not anticipate major theoretical uifficulties. The
more challenging task is incorporating government and export
sectors, particularly the former. The problems one can anti-
cipate in the case of international demand are partly, again,
those of s:rting out the interactions of competitive producers
and inventory holders. The behavior of governments er ters in
the dete¢ mination of international movements of grain (as the
famous Russian wheac deal made abundantly clear), as well as
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into the nominally "government" sphere already alluded to,

and it is in modeling the behavicr of the important political
actors, including the major agencies, that exceedingly inte-
resting and possibly intractable problems lie.

3.2 The Integrated Impact of Improved (ERS) Information
on U.S. Agricultural Commodities

In vecent years, the prices of agricultural products
have fluctuated widely. 1In part, these price movements have
been the result of general inflationary pressures that have
plagued the economy since the late sixties. A significant
portion of these vrice movements, however, are the result of
other structural shifts in the economy. Paramount among these
other considerations is the increased exposure of American
agricultural supplies to foreign demand. Owing to the impre-
cision surrounding expected foreign demand for American agri-
cultural products, the domestic market has been caught off
balance on numerous occasions. Notable among these occasions
have been the Russian Wheat deals of the early sixties and
seventies. Even when foreign net exports are not a large
percentage of domestic harvests and/or stocks, the information
about their likely future profile is markedly less available,
accurate and timely than similar information about future do-
mestic demands and supplies. For these reasons, it has been
argued that net exports often have a large disturbaing influ-
ence on domestic spot and futures price movements.

As a result of foreign demand pressures, and rising
domestic channels, the U.S. markets for agricultural commodi-
ties have shown an increased sensitivity to domestic and
foreign crop production projections. To the extent that the
spot and futures markets have accurate information, the market
process in a free economy will distribute resources efficient-
ly across uses and over time. Obversely, unexpected surges in
demand or unusually poor production forecasts will lead to
inefficient resource allocations. Reporting delays, weather
aberrations, etc. introduce imprecision and risk into both
the spot and future markets. Insolar as more accurate crop
projectic. . improve efficiency and as each degree of coordi-
nation is reflected by an appropriitely altered set of pric.s,
improved information will be reflec-ted in market prices and
benefits to society. Reflection, however, is not synonymous
with useful understanding.

Many examples of market responses to increased demand
pressures and imprecise information can be found, yet each
episode is sufficiently di“ferent to deny the formulation of
a hard and fast bromide to combat any such future episodes.

W
)

28



The reason for this apparent intractabilitv, when viewed in
the large, lies in the structure of the commodities markets
and the multi-channeled economic dialogue that takes place
within “hem. When approached as a single message, the signal
from the commodities markets may easily be misconstrued as
just so much noaise. In fact, the activity of the commodities
markets is a logically structured process of rational economic
behavior.

3.2.1 Objective of the Study

There are fonr general objectives of this case study:

® To specify “he general structure of the agricultural
commodities markets in order to better understand
the market process with special emphasis on the
influence of crop forecast information and foreign
trade.

e To measure the influence of cropr forecasts and net
export demand on domestic agricultural commodity
prices.

e To develop an empirically supported structure from
which to assess the market impacts of government
policy actions.

® To provide information needed to weigh the benefits
of improved crop projections to society, and to iden-
tify linkages and guidelines for an analysis of the
world markets.

3.2.2 Analytical Structure

The study, of course, does not attempt to tie together
the myriad intricacies of the U.S. spot and futures markets
in order to resolve *he above issues in minute detail. Data
considerations aione rule out such an ambitious task. Recog-
nizing the emp.rical constraints on our mission, our research
strategy is aimed at robust findings and conclusions about
major issues, leaving more detailed analyses of secondary
issues for some futnre study. With this operating thesis in
mind, we integrate the three major analytical dimensions of
the study without losing sight of our empirical imperative.
The three anzlytical dimensions at the core c¢f the study are:

® The basic market influences and their avenues of in-
troduction. Here, the principal task is to identify
the various factors acting through supply, demand,
and geneval economic conditions on the spot and
futuresr markets.
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e The principal behavioral hypotheses and institu-
tional characteristics. These relationships and
analytical contructs tie togethar the various market
influencas into a formal portrait of the agricul-
tural commodities markets.

® The distinction between long- and short-run deci-
sions and patterns of market behavior. This dis-
tinction is crucial in order to weigh properly the
impacts and incidence of exogenous influences on
the commodities markets.

With respect to the first dimension, the market factors
studied include domestic consumption, net exports, government
stockpiling, domestic and foreign production, stock adjust-
ments in the private sector, government parity price opera-
tions, commodity substitutes and complements, and general
economic conditions such as the availability of credit and the
rates of inflation on commodities and farm production items.
Naturally, the factors influencing demand and supply are set
forth separately for the spot and futures markets.

The behavioral hypotheses invoked to tie together the
various market factors into a portrait of the commodities
markets fall into two broad categories: general economic
concepts that are not intrinsic to the commodities mackets
and constructs specific to these markets. The general assump-
tions include the following:

e Investment decisions are based on both return and
risk considerations.

e Intertemporal decisions are based in part on
expectations and these expectations may be in-
fluenced by known technical forecasts of physical
outcome.

® The rate of change in prices is determined by
imbalance between supply and demand.

® Future values are discounted back to the present.

The hypotheses intrinsic to the commodities markets
include:

® Futures prices on the average tend to be reliable
estimates of what should be expected on the basis
of available informatior concerning present and
future demand and supply. However, these prices



may not reflect market expectations at each point

in time owing to technical rigidities in the mar-

kets' response to changes in information on supply
and demand prospects.

e Futures prices change i n response to market imba-
lances between short hedging and long speculation.

@ Intertemporal price spreads reflect, in part, the
costs of storage and decay.

Finally, with regard to the third dimension:
e The causal structures of long-run patterns of
behavior are distinct from their short-run counter-

parts.

3.2.3 Model Overview

Within the above framework, the number of possible
analytical constellations or specific models that can be con-
structed is enormous. In keeping with our operating thesis,
the myriad possible relationships have been combined into more
general constructs that iransmit the majo- analytical dialogue
between the various market forces and factors. It is from
these foundations that the empirical effort is launched.

The product of our blending of behavioral hypotheses
and market influences is summarized in a sizeable set of
equations, identities, and constraints. The full simultaneous
interaction of this modsl is set forth in the main body of the
study and a detailed redescription is beyond the scope of this
summary. However, the dominant characteristics of the model
are portrayed in the flow diagram presented in Figure 3.2.
Hence,  the principal structural Jinkages and directions of
causality that define the architecture of the model are
illustrated. The lines connecting the major variables of
interest indicate the structural linkages, and the arrows
denote the major directions of influence or causality. The
simultaneity of the model can be verified by starting at any
point (variable) in the mainstream of the model (any one of
those variables determined within the model) and following the
arrows full course through the model back to the starting
point.

For the most part, the flow diagram does not illustrate
the numerous exogenous influences that feed che various struc-
tures. The exceptions to this pedogogical stylistic are the
major "policy" variables. These variables are government
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exports, GS,, government domestic purchases G( ) for sales
c(-), Gq, and United States Department of Agriculture crop
production forecasts, G.

3.2.4 The Valuea of Improved Information: The ERS System

In the following paragraphs we present our estimates
of the annual dishoarding benefits to consumers from potential
ERS improvement over current crop forecast accuracy on soybeans
and wheat. These estimates are based or likely ERS accuracy
improvements (to te presented), the elasticities presented in
Volume IIXI, Part III and on 1973 prices and quantities. The
actual calculation of these _.nefits is illustrated in the
flow chart in Figure 3.3. Here, an assumed change of forecast
error variation (a reduction) 1is traced through the system of
elasticities to determine relative price and quantity impacts.
These impacts then are combined with 1273 prices and
quantities to provide the benefiis estimates. It should be
noted that conservative upper and lower bounds are given.
The “"upper bound"” indicates the direct benefits to consumers
using the estimated coefficients. The lower bound represents
an estimate of the direct benefits to consumers where the
"slope" portion of the elasticities have been lowered or
raised two standard deviations in order to obtain an unlikely
low be 2fits value.

The size of the benefits from improved information
depend in part on the assumed improvements in forecast
accuracy. Outrageous assumptions as to accuracy improvements,
of co.rse, would invalidate the benefit figures. The
imprcvements assumed here are thought to be conservative and
are discussed further below.

a. Likely Accuracy Improvements from an ERS System

An analysis of the accuracy of c-rop forecasts by
Gunnelson et al* concludes that the USDA tends to (1) under-
estimate crop size, (2) underestimate the size of changes in
production from year-earlier levels and {3) underccipensates
for error in previous forecasts when developing revised crop
forecasts. Absolute forecasting errors are a function of the
length of the forecasting period. Examples of average fore-
casting errors by month of forecast for various commodities are
presented in Table 3.2 below.

* Gunnelson, G. et al, "Analysis of the Accuracy of USDA
Crop Forecasts," American Journal of Agricultural
Economics, Vol. 54, No. 4, Part 1, November 1972:
pp. 693-645.
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Crop production estimates are generally arrived
at as the product of two components: acreage and yield per
acre. Approximately one-half of the inaccuracy of U.S.
wheat and soybean production forecasts is in the estimation
of the acreage component. Thus, even if remote sensing could
improve only the acreage portion of the reduction estimate,

a significant improvement in the production forecast would
result. Based on the Task Force on Agricultural Forecasting
Report,* current data strongly suggest that ERS may improve
acreage forecasts by at least 50 percent throughout the
forecast period. That is, ERS~-based acreage forecasts would
have less than half the error variation of current U3DA
acreage projections. Thus, in the benefits estimates to be
presented, the calculations assume only a 25% improvement

in production forecast error variation. Since studies of
ERTS-1 yield estimates suggest that similar improvements may
be made here and since timing, completeness and dependability
improvements have not been considered, the assumed ERS
improvement in production forecasts are considered to be
conservative.

The potential accuracy iaprovements in ERTS-1
over current USDA methods are shown in Figure 3.4. It is on
the basis of these data that our ERS accuracy improvement
assumptions were made.

b. Benefits Estimates

The estimated direct benefits to consumers from
a 25% reduction in forecast error variation are summarized in
Table 3.3. These values were calculated using the assumed
ERS accuracy improvement together with the elasticities
presented in Vol. III, Part III and 1973 prices and gquantities.

The actual calculation of the benefits are set
forth in Tables 3.4 and 3.5. The upper bound benefits value
is based on the reported estimation coefficients. The 1lower
bound benefits were calculated using impulse response
coefficients two standard deviations below (or above) their
estimated value. 1In a statistical sense it is highly unlikely
that the consumer benefits from a 25% reduction in crop
forecast error variation will fall below the lower bound
benefits values. Moreover it is worth noting that these bene-
fit estimates are especially conservative insofar as they only
reflect the direct benefits to consumers and do not include
the likely yield estimate improvements and secondary effects
such as those brought about by the increased availability of
loanable funds.

* Wood, D.B., et al, "The Use of the Earth Resources
Technology Satellite (ERTS) for Crop Production Forecasts,"
Task Force on Agriculture Forecasting, Goddard Space Flight
Center, Draft Final Report, July 24, 1972.

3-36



s e

70

60

50

40

a0

20

Table 3.3 Estimates of Annual ERTS Benefits
Based ¢n a Reduction in Crop Production
Forecast Error Variation as Dectermined
by Agriculture Task Force Raport

——

Crop Annual Benefits, § million (1973)
‘Lower Bound Upper Bound
Soybeans 71 K 337
Wheat 3 212 -
TOTAL 106 ' 549

Tne data sources and assumptions used for estimating
these effects and benefits are numerous and they are
fully listed in Volume III, Part 1II of this report.

Percent Improvement in
Annual Production Forecast

Perfect
Acreage
Estimation

/ 5% Acreage
Error in April,
/ Declining to 2%

. \\ / in August

10 }- \\ I
Source:
. ~
Wood, D.B. [92]
| | : 1 i |
April May June July August

Figure 3.4 1Illustrative ERTS-1 Accuracy Improvenent
In Crop Frrecasts '

-



EERE P R AR A N T T P BT G, et FPE s e

UOTTTII® L =
“aq-TrTe g8z’ 1\ f25- 98 z9z-e
; ‘9 T £373uend tevy
h»qu:dsav oov24 Uy 9bucyd y1 v wosz 8 T 9z0° st* .
3 ¥12035 s1eATid 3o buybpon 310
4s jJo SUOTIVTITA 2 s 1
EL6T/ \NTL61/ "9372d 30ds uy ebuwyd A3ravasetra busbpon/ \Kayorasera Aseansoy «-a“ou>fonmwu“w-”
punog xamo0q .
m
]
™
UOTTTIT® LECS =
"R 1i¥w £82°( ¢ \ LU
‘ 5°9 1 A313uend .
aumu:qsoVAw.:uﬁv ut abueys o vetr /1 0c0" sz
1 © wmwoay} 832038 dIvA, 24 3O buybpoy 3aoys s
, Jo suo
€L61 €61/ \92324 30ds uy obucyd 3 A3toyaser3 Guybpoy £375738e13 Aovinooy uwmwnnacuoumﬂnwmm - n
punog aeddn
e S -
sur9qhos x03 ..uu-luu-w $37jouag I0WNWUOD 3ID8ITQ h + § orqel

P
v 4

ld

T T B T - —

e e PRI . 3 N



VOTTIITE ¢S -

‘Rq-IYE 9°98¢L te-zs §5°/1 Aayavend uy zev e/t [ A §Z° .

Aytzuend d2at112g abueyd AT © ®oi1j 235035 sieajzg 3o buybpor 3aoys 3o UoI“PTIIPA 20134 IEERD - n

€L6t cLet 2324 uyr obueyd 1. /\K3itoyasera buibpon KA31at1aseta Lowanooy, -8204 ut abuwyd o 1

. PUNCl X3RO
. UOTTTIIW mnﬂw =

‘nq 1@ 9-9g¢N freczs ¥6C°/1 Aiyauend ug 286°1/1 s9¢° ’ sT* - I:
Aatauend ac>yad abueyd 31 ° woij $)2035 23ivalad jo buydpan jzoys jo UOFITTICA I0AXIT IS5¥D
tL6T cLSt 22724 uy obuwyl 31o2139e1yd buibpon K312736e1d Loeandoy -21203 uy abuvyl

punoq aoddn

IPOUM 20] SO9IPWTILI SIUTJIUIY 20WNBUOD 3I29XTA  S°§ orqel




3.2.5 Estimation Ltrategy

Estimating the model presents a number of practical and
methodological difficulties. lle so-called practical problems
centered around the data requirements. 1In order to distin-
gulsh betvseen long-and short-term pattza2rns of behavior, data
with a monthly fregquency are selected. However, many of the
data series are inconsistent cr non-existert. In the latter
case, representative monthly series are constructed from
quarterly data using accounting ident’ .ies and/or linear pro-
rating schemes. Ir the former case, the most important data
construct is a futures price irdex. No attempt has been made
to develop an nptimal price index here. Instead, the generally
accepted "near futures" price are employed as the represent-
ative price.

In addition vo the problems of data construction, turce
methodological issues warrant some mention. First, the identi-
fication of, and distinction between, long-and short-run
patterns of behavior., Secondly, the identification of the
dynamic structures to be estimated. Finally, the interdepen-
dence of the structures and their simultaneous estimates.

1. Frequency Band Model Building:
The Distinction Between the Long-and Short-Run

Any economic model must be specified with respect to
the length of the dec’'sion interval (e.g., days. weeks, etc.).
Decision rules conventionally are defined relative to a
specitic time horizon since the causal structure of the
decision process may d°ffer with these various timc perspec-
tives.

Following, at least in spirit, the approach take» by
Labys and Granger, and suggested by G:.:anaer and Hatanaka,
the variables in the model are separated irto a long-run trend/
cycle component and a short-run, seasonal, and irregular com-
ponent. Long-run trend/cycle and short-run seasonal and
irregular models then are estimated separately. The complete
time series profile of the model is obtained by combining the
two distinct "frequency-band" models after their estimation.

2., Dynamic Structures and Theixr Estimation

In ecnnomics, the relatio;,.ship between ar impulse and
a respounse rarely is ._nstantane.us. Instead, the rosnsase
tends tn build up over time., Typically, these "dynamic"
relationships are explained by some combin. .ion ¢f koth 1l.cged



dependent variables and distributed lags on other explanatory
variables. Often, either of these lag structures contain an
i--finite number of parameters. However, for practical purposes,
these relationships must 1.» replaced by "parsimonious" finite
parameter approximations. In this regard, the approach of Box
and Jenkinsg is followed to identify the trend/cycle and

seasonal relationships.

3. An Approach to System Estimation

The model 2_veloped includes a number of jointly depen-
“ent vari~»les in .nhe structures. That is to say, many of the
4 _pendent variables are to be "explained" in part by cther
variables to be explained. These interdependencifs can lead
to serious estimation problems if single equation :stimation
methods are used. However, 210t all system estimation techni-
gues are equally desirable.

3.2.6 Empirical Results and Policy Conclusion

Following the estimation strategy outlined above, models
are estimated for soybean and wheat using monthly data. 1In
general the statistical results are most encouraging. The
squared correlation coefficients on the trend cycle eguations
all exceed 90 per cent and the series of estimation residuals
do not exhibit statistically significant serial correlation.
The estimating equations for the seasonal movements all have
squared correlation coefficients in excess of fifty percent
and with one technical exception have serially uncorrelated
residuals. It must be noted that the seasonal and irregular
series contain a majority of the "noise"™ in the original data
series. From the estimation results obtained, the following
general conclusion can be made:

® The general structure of the spot and futures
markets for agricultural commodities are very simi-
lar. That is not to say that the impulse response
relationships are idertical but rather that the
structural linkages are similar as hypothesized.

® The accuracy of crop forecasts, as measured by their
error variation, exert a statistically significant
influence on the futures market in both the long-
and short-run.

) Hedging activity is closely related to physical
stocks of agricultural commodities.
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Movements in cash or spot prices are closely related
to movements in physical supplies.

Net private exports are highly responsive to U.S.
prices and per capita foreign food production.

Domestic private demands for wheat and soybeans are
responsive to the spot prices for those commodities.

Production of soybeans and wheat is responsive to
both cash and futures prices.

Prices of commodities move directly with crop
forecast accuracy. That is, increases in forecast
inaccuracy lead to higher commodity prices, ceterus
paribus and obversely, improvements in crop fore-
cast accuracy lead to lower commodity prices.

Domestic production is very responsive to prices
and increases in foreign demand will create upward
pressures on prices.

Foreign demand for U.S. soybean and wheat closely
reflects foreign per capita food production.

Regular seasonal patterns exist in the futures
markets for soybeans and wheat.

Long-term credit availability is an important in-
fluence in the commodities markets and is influ-
enced by inflation and the factors influencing the
rate of inflation.

In addition to the general conclusions presented above
there are at least three importar‘ conclusions that warrant
special mention:

Improvements in Crop Forecast Accuracies as ana-
lyzed by the Agriculture Task Force Report in

the accuracy of wheat crop production forecasts
promise tens of millions of dollars benefit to society
when applied to wheat and soybean forecasts.

The likely improvements promised by an ERS system
are shown in Figure 3.4 and the benefit estimates
for wheat and soybeans are shown in Table 3.3.
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Improved crop production forecasts will not impinge
on U.S. government domestic agricultural policy
objectives and operations. In fact, improved crop
forecasts will enhance the soundness of those ob-
jectives and the precision of these operations.

Improved estimates of foreign food production used
wisely by all trading parties can lead to "pareto

optimal” exchange where neither party is worse off
and at least one part is better off.

3.2.7 Data Sources Used in this Case Study for Empirical

Estimation of ERS Information Benefits

The following publications constitute the major
sources of data used in this case study:

Weekly Grain Market News. This source is one of
the most complete data libraries for the grain
markets in general. Included in its lists are
weekly price changes, CCC sales, domestic stocks,
exports, and crop forecasts.

The Grain Market News. This source provides both
weekly and monthly summarias of the weeks markets,
exports of wheat and flour, Government activity,
and U.S. prospective plantings.

The Quarterly Stock of Grain in All Positions Re-
port. This source provides a quarterly breakdown of
the stocks of wheat by size, location, and owner-
ship.

Commitments of Traders in Commodity Futures. This
source contains monthly figures for total futures
trading volume, open interest and long and short
hedging and speculative positions.

The Statistical Annual of the Chicago Board of
Trade. The source contains . monthly U.S. stocks of
wheat, corn and soybeans.

Food Grain Statistics. The USDA publication reports
monthly CCC exports and quareterly U.S. supply
and disappearance.

Crop Production Reports, Prospective Plantings
Report, and Annual Summary. These publications
give monthly planting intentions, acreage, yield
for all crops including soybeans.
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) Fats and QOils Situation Reports. This data source
includes soybean oil prices, the prices of other
oils, exports, and Government buying and selling
operations.

. The Feed Situation Report. This publication includes
price, export and Government operations data for
soybean meal and competing animal feeds.

® The Monthly Report of the Federal Reserve System.
This publication contains weekly and monthly credit
and interest rate statistics.

® The Survey of Current Business. This publication
includes monthly GNP, and commodity price index
numbers, among other statistics.

) Food and Agricultural Organization: Production
Yearbook. This United Nations publication includes
annual food production and population figures for
all major regions of the world as well as index num-
bers of their per capita food production.

® Food and Agricultural Organization: Trade
Yearbook. This United Nations Publication
reports annual trade figures for all major
regions of the world. Included here are annual

prices.

3.3 The Distributional Benefits of Improved Grain Crop
Forecasts in U.S. World Trade. (Rough Order of
Magnitude Estimate)

Grain distribution benefits arise from the smoothing
out of the flow of a commodity from grower to user resulting
from improved forecasts. Figure 3.5 illustrates this pheno-
menon where Q* is assumed to be the true availability of a
commodity which is associated with the price P*. If the
forecast has an error of +E, then the forecasted quantity is
0., with an associated price P_, and the benefit, defined as
tﬁe consumer welfare is given gy the area E(P*+P_)/2. However,
since the actual quantity available is Q* rather than Qz, the
erroneous market price P, results in a shortage in the next
period, when the quantity available in the market becomes Ql
instead of Q*. The corresponding price becomes P. with a
resulting disbenefit represented by the area E(P*iP )/2. Hence,
the resultant disbenefit is represented by the area of the
shaded rectangle, EAP where AP = P_~-P* = P*-p_. If, instead
of a straight line, a hyperbolic demand curve is drawn which

e e bt Bt Rt



corresponds to a constant elasticity of demand, the result
ceases to be exact in the sense that the areas of triangles
cease to be equal. However, if the error E is small compared
to Q*, the result remains within an acceptable bound of
approximation. 1In any case, the benefit accruing from an
improved forecast is the amount by which the area of the
shaded rectangle decreases with the improvement of forecast.

This study is restricted to a particular agricultural
commodity, viz. - wheat. The rationale for this selection
is that the volume of production of wheat is the highest
among all the staple crops of the world. 1In this study,
the quantity of wheat available for U.S. domestic con-
sumption is expressed in terms of the production . and consump-
tions in different parts of the globe. Forecast errors, both
under the conva:ntional as well as under the improved forecast
system, are imposed on the production figures of the different
parts of the world and the compilation is made of the corres-
ponding ranges of uncertainty over which the quantity available
for local consumption varies as a result of forecast errxrors.
Next, the disbenefits under the conventional as well as the
improved systems are calculated as explained in Figure 3.5.
The difference between the two is the net benefit of the im-
proved system over the conventional system. It should be
noted that with an earth resources observation system, the
forecast all over the world improves significantly, especially
for those countries for which the conventional forecast methods
used at present are too simplistic to be accurate. However,

in this analysis the benefit has been studied under the assump-
tion that the improved forecast facilities are available to the
United States alone, with the rest of the world maintaining

the conventional forecast methods. Thus, the benefits calcu-
lated in this section are significantly smaller than what could
be realized in the case of world-wide improvement of forecast
accuracy.

3.3.1 Mathematical Model

Historical data on wheat flow for the last thirteen
years show that the main producers of wheat are the United
States, Canada, Argentina, and Australia. This is based on
the fact that hardly ever go these countries import wheat.

Accordingly, the countries of the world are divided
into the following classes:

Class 1: U.S.A.
Class 2: Canada, Australia, and Argentina

Class 3: The rest of the world

S
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Figure 3.5 Effect of Crop Forecast Uncertainties

The flow of wheat among the various countries can be repre-
sented by the following variables and assumptions:

le The wheat available in the domestic market for
U.S. consumption

sz The export of U.S.
Q3: The inventory of U.S.

Q4: The wheat available in the domestic market of
Class 2 countries for their consumption

QS: The export of Class.z countries
QG: The inventory of Class 2 countries

Q7: The production of Class 3 countries
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Assumptions:

l. There is no export from U.S. to Class 2 countries

2. There is no export from Class 2 countries to U.S.

3. There is no export from Class 3 countries to either
U.S. or Class 2.

4. There is no carry-over inventory associated with
Class 3 countries.

Thus:
Tl = total U.S. production = Q1 + Q2 + Q3'
T2 = total production of Class 2 = Q4 + Q5 + QG
T3 = total production of class 3 = Q7
T4 = wheat available in the domestic market of

Class 2 = Q4

TS = total consumption of Class 3 = Q2 + QS + Q7
The variables T; through T5 are treated as exogenous variables.
The endogenous variables are Q; through Q5, out of which Q,;

is of relevance in calculating the U.S. domestic benefit. 1In
order to compute the exogenous variables, they are first ex-
pressed as linear combinations of all the prices in the form

of demand equations. The coefficients of these demand egqua-
tions are estimated in the least squares sense from historical
data on various flow quan:ities and their corresponding prices.
out of the seven flow variables described above, the
inventories (i.e., Q3 and Qg) are not tagged with any price,
the remaining five quantities get associated with their corres-
ponding price tags. These five prices are now solved from the
five equations that describe the five exogenous variables.
Next, these prices are inserted in the demand c<yuation Jes-
cribing Q; to compute the value of Q;. ‘

It is.clear that if forecast errors are superimposed
on the exogenous variables T;, T, and T3 (i.e., the produc-
tion figures of the various countries), the computed value of
Qy will vary accordingly. Hence, an upper and a lower bound
on Qg can be obtained for any given range of forecast errors
on Ty, T2, and Tj3.
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3.3.2 Results

It is assumed from Figurce 3.1 that the forecast error
for the United States, under the conventional forecast system,
is typically *5% at the beginning of the growing season, and
+2.5% at the end of the season. Assuming that 50% of these
errors are due to sampling which can be significantly improved
under an earth observation satellite system, i%t can be expected
that the errors for the U.S. under improved forecast system
will be +2.5% at the beginning of the season and +1.25% at the
end of the season. The forecast errors for the Class 2
countries are comparable to those of the United States. For
some of the Class 3 countries, the forecast errors can be as
high as 24%. However, this high percentage does not apply to
some of the countries of Western Europe. Further, due to the
averaging effect, the cumulative error of all the countries
in Class 3 will rarely hit such ¢ high value.

A typical value of the error of class 3 countries under
the conventional system is assumed to be 12% at the beginning
of the season, and 6% at the end of the season.

Wwhen these errors, as experienced under the conventional
system at the end of the growing season are imposed on T3, T3,
and T3, the bounds on Ql as computed from the model become:

17.63 ¢ 9, < 24.17 .

The disbenefit associated with this uncertainty on Q, is
cai7ulated as explained in connection with Figure 3.5 using

a hyperbolic demand curve with constantprice elasticity of 0.1,
and is given by

Cend (conventional) = $365.68 million

It is clear that in a hypothetical situation, where
perfect information is available all over the world, Cg,q (per-
fect) becomes zero which implies an annual U.S. benefit of
365.68 million dollars.

However, under the assumption that only U.S. enjoys
the benefit of improved forecast (i.e., the range of error
gets reduced to half its present value), and the rest of the
world carries on with the conventional forecasting procedure,
the upper and lower bounds on Q3 become:

17.86 S a; S 23.94

The corresponding disbenefit becomes:

Cend (improved) = $329.51 million

e b g



Thus, the annual benefit to U.S. due to improvement on U.S.
forecast alone at the end of the season is given by

365.68 - 329.51 = $36.17 million

The same analysis is done for the impyrnvement on U.S.
forecast at the beginning of the season, and the corresponding
benefit turns out to be $70.16 million. Assuming that
these two benefits are weighted equally, the average annual
U.S. benefit due to improvement of U.S. forecast alone turns
out to be $53.16 million. It ‘should be noted that the
U.S. benefit due to world-wide improvement on wheat forecast
is much higher, as indicated earlier.

3.4 An Ad Hoc Case Study in Water Management

The Feather River Project, primary components of which
are the Oroville Dam and Oroville-Thermalito Power Facilities,
represents a key segment of the California State Water Plan and
has a major impact on flood control, irrigation, and hydro-
electric power genération. 1In order to determine the potential
benefits that could accrue with ERS satellites for this project,
it is necessary to understand the manner in which the current
system is operated. With this understanding, it is possible to
calculate how ERS would impact on the system and the economic
consequences of such an impact. The Feather River Project
provides three major economic benefits, i.e., flood control,
irrigation, and power generation.

3.4.1 Forecasting Water Runoff in the Absence of ERS

An accurate prediction of the monthly inflow rates for
the Oroville Reservoir is necessary for better management of
the Oroville Reservoir and the California Water Project. Cur-
rently, predictions are provided on February 1lst for the entire
water year (October 1 - September 30) and updated monthly
through May 1st. Figure 3.6 shows the April to July forecast
results for the October 1972 to September 1973 water yeor.

This figure points out several interesting phernomena
which indicate the potential need for more and better informa-
tion on which to base forecast runoff. From the diagram, it is
apparent that forecast accuracy does no’. improve from month to
month as might be expected. Also it is seen that the eighty
percent confidence bound diverges from the actual runoff with
each new forecast up to April and apparently does not begin to
converge until actual runoff data are available.
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Current pred ' cting techniques provide accuracy to with-
in approximately twenty-five percent for both short term and
long term predictions. The uncertainty of the "correctness" of
these predictions is an important factor in the supply of economic
water and can in itself either provide significant quantities of
economic water or, for every poor predictions, limit the supply
drastically. Currently, the percentage uncertainty seems rela-
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Figure 3. 6 Unimpaired Runoff into Oroville Reservoir
for the Period 1 April 1973-31 July 1973:
Predicted vs. Actual (Without ERTS)

tively large (note the eighty perceut band on Figure 3.6) and it
appears that much fruitful work could be done on obtaining im-
proved data and methods of prediction. The investigation of
remote sensing (ERS) applications to the management of the
Feather River therefore, holds great promise.

The problem of current prediction accuracy and timing
leads one to question the process by which information is
gathered and related to the forecast runoff. Current predict-
ions are based on historical data leading one to assume that
flow rates from year to year are similar in nature. However,
as shown by Figure 3.7 different years can produce substantially
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different flow patterns, thereby limiting the accuracy of using
historical records to predict future runoffs. Also, in support
of this assertion is Figure 3.8 which plots the historical
runoff rates for another area of the California Water Project.
From the "typical" example, it is apparent that any attempt to
work with an average year would produce large prediction errors.
It is necessary therefore to take a much closer look at the
mechanics of runoff and its prediction.

From Figure 3.8, it is clear that there is a large
variation in the April to July runoff, with the average runoff
for the lowest of the trimodal peaks being less than a third
of the value for the highest of the trimodal peaks. If ERS,
early enough each year, can contribute to predicting which of
these peaks is the relevant one for that year, a large economic
benefit would result.

3.4.2 Economic Benefits from ERS Information

The direct activities that benefit from improved ERS
information are shown by Figure 3.9. With or without ERS
information, the Oroville Dam wil® be managed in such a way
as to insure, with virtual certai.ty, the absence of flooding.
Better water management will not show up directly in terms of
flood control, but will be effected in the other economic
activities shown in Figure 3.9. Therefore, the value of ERS
information in flood control of the Feather River will be
treated as zero.

Som— 1972 Watex Year

omunemes 1973 Water Year
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Figure 3.7 Comparison of Monthly Runoffs at Oroville
Reservoir for 19,7 and 1973 (Without ERS)
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Water that is used for hydroelectric power generation,
subsequently can be used for other activities such as recreation,
navigation, residential, industrial, and agricultural programs.,
Tha bulk of this water, about 90%, is used for agricultural pur-
poses, both in the Feather River System and for the U.S. in
general.
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Figure 3.9 Activities That Benefit From Improved Water
Maragement

Current and improved operations due to better inform-
ation can be illustrated partly by Figure 3,10. Instead of
managing the water level in the absence of ERS information such
that the expected water level at the dam is at point C, with
ERS information the water level is at point B. Both cases pro-
vide the same degree of safety, but with ERS information an
additional amount of water (given by the distance BC)is avail-
able for economic use. The distance A minus C corresponus to
some specified level of required unfilled flood control water
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{Sforage Capacity of the Croville Dam
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Representative Water Depth

With ERS Satellite Information
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Figure 310 Effect of Improved Information on
Steady State Water Levels

volumes given by Figure 3.11. For example, level C may represent
a flood control reservation of 550 thousand acre-feet, which
corresponds to a oround wetness level of 7.0. It is assumed in
this study that a ground wetness of 7.0 is representative of
average conditions during winter and spring months.

3.4.3 Estimated Improvement in Forecasting with ERS
Information

If ERS data cuts the information and modeling error by
20% then an additional 110 thousand acre-feet of economic water
are available, as represented by the distance BC on Figure 3.10.
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That ERS can perform to this degree appears to be supported by
the recent reports of a number of principal investigators.
Some of these principal investigators are Alexander, Burgy,
Cooper, Hoffer, Holgren, and Meier. A description of their

reports is given in Volume V, Appendix G.

From another standpoint it can be stated that ERS will
improve forecasting accuracy. The sampling error of area men-
suration is inversely related to a power of area. In certain
cases where the area in question is geometrically regular enough:

b
X

b = a function of resolution,
technique used, etc.

Errox, ¢ =

A = geographical area of coverage ;

If, with the same b coefficient for ERS and aircraft, ERS pro-
vides an area of snow coverage and ground wetness coverage 16
times that currently monitored by aircraft, then, by using ERS,
the percentage error in the snow cover and ground wetness in-
formation content is reduced by 75 percent. For more complicated
cases the reduction of percentage error may be even greater since
sampling error will then be inversely related to a large power

of A (between 1/2 and 1).

Of course, snow cover and ground cover information is
only a part (but a major part) of the information required to
make accurate runoff forecasts. Accuracy of forecasts also
will be degraded by inaccuracies in the runoff model. There-~
fore, a 20% increase in the accuracy of forecasts is a con-
servative estimate, given the proven capabilities of ERS, the
likely extent of increase in area coverage by ERS and the
numbers used in the EarthSat Report. 1In the EarthSat Report
on Inland Water Management, estimate benefits presented in
the‘r tables are based on a 25%, 50%, and 75% increase in fore-
casting accuracy.

3.4.4 Benefits in Irrigation

Agricultural studies analyzing the value of water for
irrigation were conducted by Brown and McGuire in 1967. From
this analysis, they obtained estimates from two sets of data of
approximately $15 and $19 per acre-foot of water. For the
Feather River Area, the total equivalent unit charge per acre-
foot is $13.46, which is low in comparison to the rest of the

state.

The value of 110,000 additional acre-feet of water at
$13.46 per acre-foot is $1,480,000 per annum. Since the price
of crops has increased by at least 50% since 1967, when the
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value of $13.46 per acre-foot of water was calculated, an in-
crease of 40% for the value of water is conservative. Multi-
plying the value per acre-foot by the number of acre-feet
yields the annual benefit from increased water for irrigation
and othaer non-hydroelectric power purposes in 1973 dollars of
$2,070,000.

The other reservoirs in the California State Water
Project have a combined capacity that is approximately two-
thirds of Lake Oroville. Therefore, an additional $1,380,000
per annum can be assigned to irrigation benefits in California.
From the EarthSat report on v-ter management* (p.99), the
potential net benefit for irrigation activities in California
is approximately 40% of the total for ten Western states.
Therefore, an estimate of the total benefit from additioral
irrigation is $8,580,000 per annum. .

3.4.5 Benefits in Hydroelectric Power Generation

To calculate the value of 110,000 acre-feet of water
for power generation, it is necessary to (a) determine the
amount of kilowatt-hours (kwh) that can be generated by this
amount of water and to (b) determine the incremental value per
kilowatt-hour (kwh). Potential hydroelectric power is a func-
tion of the volume of water and the average height of that
water. Given the gross static-head at Oroville of 615 feet,
and a gross static-head of 103 feet at Thermalito, and using
a power conversion efficiency of 90%, an acre-foot of water
at Oroville-Thermalito is equivalent to 658 kilowatt hours
of electricity. The total amount of additional hydroelectric
power is therefore 72,400,000 kwh.

Because of the highly regulated nature of the utility
industry, a serious problem arises in determining the true
incremental economic value of a kilowatt-hour. According to
the EarthSat Report, the additional power generated can be used
for peak power generation, where the value of a kwh is much
higher than for off-peak power generation. The value of this
power is equal to the value of such power generated by the
least expensive alternative means. This value, based on the
latest available information, appears to be at least two cents
per kwh. The annual value of this hydroelectric power is
therefore equal to or greater than $1,450,000.

In order to calculate the potential increase in hydro-
electric power for the U.S., based on the Feather River results,
an examination was made of those major U.S. drainage basins
where snowmelt would be an important determinant of water

®*TarthSat, Corp., Report on Water-Resources Management, undated.




runoff. Within these drainage basins, only large hydroelec-
tric power plants (i.e., those with a generating capacity over
100,000kw) were included in the calculation.

The Oroville-Thermalito power plants generated an annual
average of 2.45 billion kw of electricity in the years 1971 and
1972 (i.e., 3.264 billion in 1971 and 1.635 billion in 1972).
This avirage represents 2.29% of the estimated total production
of .arue hydroelectric plants in the six designated drainage
basint in 1973. Results for the Feather River increased by a
factor of 43.6 gives an annual nationwide benefit of
$63,00),000. However, to be conservative, it is assumed that
only two-thirds of these large plants in the six designated
river basins benefit from ERS. This adjustment yields an
annual benefit to the U.S. of $42,000,000.

3.5 Land Cover Case Study

3.5.1 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 maintenance of
a nationwide land cover information system in the post-1977
time frame. As envisioned in this study, the national informa-
tion system must be capable of satisfying at least the land
cover information requirements of all Federal civilian agencies
under existing Federal statutes. The study examines several
alternative acquisition systems for land cover data and the
relerrant information acquisition, data processing and interpre-
taticn costs associated with each alternative. The basic
probiem was to determine, on a total life cycle cost* basis,
under which cor itions 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.

Major conclusions of this study are:

1. An E'™S type satellite is a cost-effective system
for satisfying the expected level of demand for land
cover .nformation in the post-1977 period. This is
prec.cated upon an annual demand level of six times
c.verage of the continental United States plus Alaska,
-ith each mapping mission to be completed within

60 days and the mapping information classified to
Level II detail, (USGS - Circular 671 classification
scheme) anil more detailed coverage (Level III) of the

* Throughout this report we refer to life cycle costs which
wa.e computed over the period 1975-1993 in 1973 dollars
discounted at 10% to 1974.



O

same area once every five years. To satisfy this
demand level, the cost-effective 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 II, with each mapping
mission to be completed within 30 days and Level III
coverage of the U.8. once every five years.

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

4. The expected annual cost savings that accrue from
an operational ERTS as a component of a Nationwide
Land Cover Information System is $23 million of
undiscounted 1973 dollars (as compared to an aircra“’t
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
accompli.shing 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 post-1977 time frame, and what are the
technical alternatives fur satisfying these demands? Finally,
what are the major variables which impact the life cycle cost of
the alternative data acgquisition systems and which systems
alternatives are economically preferred at various levels of
demand for land cover information?
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3.5.2 The Need for a Nationwide Land Cover Information System

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

| existing data collection programs of various Federal civil

agency and military domestic mapping programs, and (2) an
investigation of systems and procedures to achieve both improved
economies in these data collection programs and increased

i 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

e a growing mass of unmet national demand for mapping
data and products

® the inability of the present structure of data
collection programs to deal efficiently and
responsively with growing and changing demand
requirements.

Throughout our own study we have repeatedly confirmead
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 cover information in the
: United States far exceeds the present day data collection
i 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.

3.5.3 Conceptual Description of a Future Nationwide Land
Cover Information System

Figure 3.12 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.

* PReport of the Federal Mapping Task Force on Mapping,
Charting, Geodesy and Surveying, July, 1973.
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We have not undertaken in this strdy a systems engineering
analysis of a Nationwide Land Cover Information System. We have
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. 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 support network of user
service 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.

Table 3.6 lists the remote sensing platforms which acquire data
for the national information system. The projected 1977
capabilities of the several sensors for acquiring information

at various levels of detail are shown in Table 3.7. The method
of processing and classification, manual or automatic (computer)
techniques has a major influence in this regard. Using manual
interpretation methods, ERTS images can provide Level I
information, as has been demonstrated by several ERTS investiga-
tors (See References 1, 6, 8 and 9 on page III - 18 of Appendix III
in Vol. VI, Part II). Many investigators reported manual mapping of
some Level II 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 703. Computer processing
and classification techniques are relatively new and the state
of the art is in its 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, specifically, Urban-commercial, Urban-
industrial and Urban services. With the exception of these Urban
subcategories, computer processing of ERTS images will
undoubtedly permit the mapping of Level II information* at 90%
accuracy standard. Figure 3.13 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.

3.5.4 Overview of the Study Approach

Figure 3.14 depicts the study approcach 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

* See References 10, 13, 14, 15 and 17 on page III-19 of
Volume VI, Part II.
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Tahle 3.6 Remote Sensing Data Acquisition Elemenis for A
Nationwide Land Cover Information System

Platform

Sensor

Satellite - ERTS ~type
Righ Altitude Aircraft-U-2

Low Altitude Aircraft -
Commercially Available

Multispectral scanner
Return Beam Vidicon

Multispectral Scanner
6 inch metric camera

graphic images

9* x 9% 1:24,000 photo-

Table 3.7 Projected Sensor Capabilicies For Acquiring
Information At Various Levels of Detail

Manual Processing

Autonatic (cOmputér) Processing

ERTS HA GT ERTS. HA GT
Level X 4 4 v Level I Y Y v
Level II v / Level IIX / 4 Y
Levol IIX 4 Level IIX v

[
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only demand which requires full target coverage is considerea
Thus, demand requirements which can be 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, 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 user demand into one of four area require-
ment categories: 100%, 10%, 1% or.l1l% of the United States.
Timeliness of information (also called user time window) r«<ers

to the maximum allowable elapsed time (in days) during * : 2 the
remote sensing of land cover information must be comple «n
order to satisfy the user. This important characterisi: + ries

from once every five years to weekly. The fregquency of c(.verage
refers to the number of times that targets of a given size,
timeliness and level of detail requirement 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-time coverage of targets of a given
size which are geographically or temporally distinct. The level
of information detail reflacts 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 III, 1:24,000.

Using the above four demand characteristics, a search
was made of the existing Federal statutes that either mandate
or enable Fede.al civil agency land cover mapping programs.
An analysis of Federal Agency demand for remotely sensed land
cover information in the 1977 time frame (under existing
Federal statutes) was made for the "land use planning community"
and separately, for "all land cover users." Detailed find-
ings are documented in Chapter 3 and Appendix III of Volume VI,
Part II of this report. After eliminating overlapping data
gathering requirements of the various Federal agency users, we
conclude that most of the Federal demand requirements for both
user groups is for Level IT 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 I information for either
the land use planning community or other Federal land cover users.
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In any event, however, it should be noted that Level II mapping
information can readily be aggregated to provide Level I
information. We did find substantial Federal demaud for

Level III information, but full coverage of the United States
is required only once every five yewurs.

Demands upon a national land cover information system
will be limited to Federal users only. A separate ECON study
documents the need for earth resource management data from
state, regional and local 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 & range of future demand levels, from two times coverage
of the U... 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
alternativr 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 components; namely an ERTS-1 type satellite,
high altitude aircraft 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 3.8.

For purposes of this analysis, each of the two and
three tier technology choices listed in Table 3.8 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 -.f a given technoclogy choice.
ror example, the S/HA/GT tech:uology implies that in our
analytical models *he satellite component will satisfy as much
of the user demand as is possible, consistent with its
capability to satisfy the level of information detail regquire-
ment of the user, 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
altitvde aircraft and whatever demand is left unsatisfied by
that component is assigned to the ground truth system. To
illustrate, if the user demand were to obtain Level II informa-
tion over one tenth the area of the U.S. within a specific
30-day period then, given an 18 day satellite revisit time,
the satellite would acquire only a fraction, say p , of its
assigned target, where p depends on the amuunt of cloud
interference that it encounterr i over the target during
1-2/3 passes. In this case, the high altitude aircraft
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Table 3.8 Alternative Data Collection Systems For

Nationwide Land Cover Information Systen
Three Tier Systems Two Tiér Systems
1. S/HA/GT 1. BA/GT
2. 28/RA/GT . 2. s/G1
3. 3S/EA/GT 3. 2s/GT
. 4. 3s/GT

Legend: S refers to an ERTS type satellite
- HA refers to high altitude aircraft (U2)
GT refers to low altitude aircraft and ground
survey follow up teans

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 due to
cloud cover problems and tight time requirements; in which
case, the ground truth component (GT) consisting of low
altitude aircraft and svpporting 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 in Chapter 4 of Volume VI, Part II of
this report.

The analytical models depicted in Figure 3.14 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 been allocated to the three basic remote
sensing components, the costs of satisfying these demands are
ralculated 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.

3-6"
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3.5.5 Results

Life cycle costs were computed for each of the two
and three tier data acquisition systems previously described.
Total program cost comparisons were made for the alternative
systems (1) over a range of land cover demand levels,

(2) using automatic and manual data processing and intrepre-
tation 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 begins 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 projections 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 evaluatc 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
analvses 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 3.9 for the
“land use plaining community” and, separately, for "all land
cover users."” The projected 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 fregquent time intervals.

The projected 1977 Federal agency-All Land Cover Users demand¥*
encornasses the Land Use Planning demand and additional
fractional coverage of the U.S. at Lavel IXI and Level III at
more freguent intervals. Two different user cloud cover
requirements, 0-30% and 0-10% allowable cloud coverage, were
also considered. The cost-effectiveness analysis of the
technical alternatives for satisfying Federal agency informa-
tion demands revealed two important results:

* Precise descriptions of demand are provided in Tables 3.4
and 3.5 of Chapter 3, Vol. VI, Part II of this report.

B

R R



(zn)

PLET O3 YOT IP PAIUNOISTQ.
suesl dn moTT03 Asaxns punoxb pur FEXOITV OPNITITY MOT O $1939x 1D
339I0XTR APNITITY UBTY O $21979X WH
#33TTe3es odA% SLYZT UY O3 8X933X §

LO/¥H/8T 9°100
19/XR L°S¢C0

iS/¥YH/S T PSP
1D/¥H 0BT

I0/VH/S T°06CT
I0/¥H T°0LTT

LO/NH/8 L°98L
19/¥R L°919

ID/YH/S @g°10L
19/¥H g°g19

1D/¥H/S T°LEE
19/¥H 6°91¢

I9/NH'S z 01T
IO/NH 2 1¢6

19/¥YH/S 6°689
LO/VYH 6°8TS

sxos
X9A0D0 puel T1TV

ATuo Ajpunuwod
butuyuwId osn puvy

uo33¥302d293UT | uoyawgexdaeaug uorsewaiszdiesur uotavanxdaojuy
233vwolny Tenuey 27IvWOAINY Tenuen
(801-0 spoaN) STqEemOTTY (80E-0 SPOIN) oTqEemOTTIV

Juswezynbey 19400 PNOTD 298N

suocwosxynboy 10A2

J pnold aasn

»(EL6T) SUOTTITW § ‘380D weaboayg

$93aN3C38 1@

20pod buyasixy

29PUA UOTIVWIOIUY IDA0D DURT JI03 DuUvWI] TRILPOJ
LL6T A3staes 03 380) wraboxd TvaIOL PSIUNCOSIQ

dnoas
z08N

6't at1quy

I

o S BRARA A LA S e RSP 4 o Vil a4 5 A e SR MAn rom T e

3-70




l. 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.

2. Automatic data processing techniques are economi-
cally preferred over manual methods.

The fact that a satellite component does not emerge as an
essential component of a cost-effective system for satisfying
Federal agency demand can be attributed to the Level III
information requirements of Federal users. While these require-
ments cannot be satisfied by ERTS, they can be satisfied by

high altitude aircraft and at less cost than would be required
by low altitude aircraft and ground survey teams. Subsequent
analysis shows that the satellite component becomes economically
attractive with increasing Level IX 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 3.9 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 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 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.

Table 3.9 also provides some interesting insights into
the effects of users' cloud free coverage requirements. As
one would expect, the more stringa=nt cloud free coverage
requirement of 0 to 10% causes a major increase in total program
costs. This is due to the fact that in order to satisfy a
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 of the satellite and high altitude aircraft systems, one
is forced to increase the activity level of the 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 require-
ment is tightened. Subsequent results quantify this effect.
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Federal statutory demand for land cover information
constitutes only a segment of the national dcmand. State
governments, regional and local governmental units, industrial
and academic users will also contribute to the total demanad.
It is difficult to project, quantitively, the scope and nature
of the total national demand. Consequently, a parametric set 3
of demand requirements were considered which focused on 3
increasing Level Il information requirements for continental )
U.S. and Alaska. The annual Level II coverage requirement was -
varied from two times coverage within 180 days each to twelve
times coverage within 30 days for each coverage. In addition
to varving the full U.S. Level II requirement, the
parametric demand analysis includes t“e other information
requirements* that were projected for the 1377 Fedreral agency ;
demands (A4ll Land Cover Users) under existing Fedecsal statutes. )

The results of the parametric demand -- cost analysis
is shuwn in Table 3.10. 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 cos"-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 3.27.
The more stringent cloud cover requirement (0-10%) reduces
the multiple satellite system breakdown demand level. Table 3.10.
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 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 demard
for Level II information increases beyond six times coverage
of the U.S.

Figure 3.15 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 5
locus of the lowest program cost alternatives for varying
capability levels. The full cost ERTS curve represents the
cost-capability frontier under the asumption that the total
program cost are borne entirely by a U.S. coverage mission.
The incremental cost ERTS line represents the cost capability
frentier under the assumption that the investment costs for a

RN

Vm o thee

* See Table 3.5 of Chapter 3, Volume VI, Part II of this i
report.
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one satellite system would be incurred in any event for a
global coverage mission.

Thus far, the analysis has identified the cost-
effective mixture of satellites, high and low altitude aircraft
and ground truth for satisfying various demand requirements
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 nationw.de demand, we have
defined three demand scenarios that we believe will bracket
the actual future nationwide demand for land cover information.
Each demand projection includes all the projected information K
requirements of Federal agency users in 1977 except the full i
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 within 60 days each
during the period 1977-1993 to six times coverage within 60 days
over the period 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 economically preferred over
manual methods. Table 3.1ldisplays the total program costs for
the lowest cost "with" and "without"™ satellit= systems to
satisfy these future demand levels given a user allowable cloud
cover requirements 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 undiscounted annual cost savings of
the "with" satellite system over the period 1977-1993.

Table 3.12provides corresponding results for an allowable cloud
cover requirement of 0-10%. 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 cos* savings that accrue

to ERTS is probably defined by the middle of the projected
range of cost savings, this being $23 million.

3.5.6 Recommended Future Study Efforts

This study has not attempted to answer all major
guestions 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:
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® The treatment of the clo d-cover-data acquisition
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 satellite, the
gsatellite system configuration analyzed in this report is not
an economically optimum one for satisfying both the U.S. and
global coverage mission. A joint systems engineering and
economic analysis of various satellite configurations for
accomplishing both missions should be 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 subsystemnms,

on-board 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 possiblity of realizing further cost
reduction by the introduction 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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4, OVERVIEW OF ERS APPLICATION AREAS

The survey presented here of potential ERS benefits
differs from previous studies in using a three-level classi-
fication structure oriented to economic benefits. Through
the first two levels, the structure is all-inclusive. oun the
first level, management functions are divided into eight
classes called Resource Management Areas, selected to en-
compass all economic earth resources. On the second level,
each Resource Management Area is divided into nine Resource
Management Activities. The Resource Management Activities
are defined to be an all-inclusive list of activities that are
undertaken in the management ot resources and are ordered
sequentially in the natural progressicn by which they
generally occur. The Resource Management Areas and Activi-
ties are listed in Table 4.1. Notice that the activity names
are the same for the various areas. Differences occur only
on the third level.

Table 4.1 List of Resource Management Areas and Resource
Management Activities

W

Rescurce Management Areas

Intensive Use of Living Resources: Agriculture

Extensive Use of Living Resource-: Forestry, Wildlife
and Rangeland

Inland Water Resources

Land Use

Nonreplenishable Natural Resources: Minerals, Fossil
Fuels and Geothermal Energy Sources

6. Atmosphere

7. Oceans

8. Industry

N

hw

[Vnd
.

Resource Management Activity

L, Cartography, Thematic Maps and Visual Displays
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 & Legislative

4-1
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The set of Resource Management Areas and Resource
Management Activities forms a matrix (area=-activity). With-
in each element of this matrix, specific Resource Management
Junctions (RMFs) are performed. The economic benefits attri-
butable to remote sensing are achieved throvyh these functions.
Clearly, the list of RMFs in each element of the matrix cannot
be exhaustive. Nonetheless, an attempt is made to include all
such functions considered in previous reports and on which
remote sensing makes a m2asurable impact. Table 4.2 lists the
set of RMPs considered in this study. It should be obvious
that some of these RMFs result in rather small benefits attri-
butable to remote sensing whereas others have a very large
potential benefit. Needless to say, it is not possible to
claim either finality or complete objectivity for the scheme,
but perusal of the following complete list of RMFs studied by
ECON, Table 4.2 will give some fe ling for its merits. The
RMFs are classified uniquely; any related RMF in another area
must differ significantly to be included.

Within each Resource Management Area, benefit esti-
mates are made. These estimates of egual capability, increased
capalility, and new capability benefits are given in
Tables 4.3 and 4.4. The remainder of this chapter summar.zes
the benefit evaluation process under each Resource Management
Area.

4.1 Intensive Use of Living Resources: Agriculture

Present annual farm value of living resources in terms
of domestic agricultural crops and livestock represent over
6.0% of cur gross national product (over $60 billions). The
present worldwide shoxrtage of food resources and the great
fluctuation in the prices of agricultural and livestock com-
modities make it imperative that thes: resources be managed
better than they are at present. Currently economic losses to
the general public resulting from poor management of these ve-
sources can be attributed directly to incomplete, insufficient
and erroneous knowledge of the state (e.g., expected production,
both domestic and worldwide, pest and disease infestation) of
these resources.

Major public benefits can result from data available
from a state~of~-the-art ERS system.* Benefits of ERS data

* See Volume 3, Appendix A, RMF 1.2.1
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Table 4.2 Resource Management Functions
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1.1

l. Intensive Use of Living Resources: Agriculture

Cartography, Thematic Maps and Visual Displays

1.1.1 wWorldwide survey of agricultural land

1.1.2 Thematic mapping by crop type and soil type
1.1.3 Soil surveys

1.1.4 Monitor agricultural land use change

1.1.5 Pest and weed surveys

Statistical Services

1.2.1 Domestic crop acreage and yield measurements:
(a) distribution effects
(b) minus distribution

1.2.2 Worldwide crop acreage and yield measurements:
distribution effects

1.2.3 Livestock inventories

Calendars

Optimize planting schedules

Optimize harvesting schedules

Determine regional cyclical pest and insect
infestations

P
.

W W w
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Allocation

1.4.1 Allocation of agricultural land to specific
crops
1.4.2 Allocation of stock breeding areas

Conservation
1.5.1 Soil conservation
Damage Prevention and Assessment

1.6.1 Agricultural crop disease prevention

1.6.2 Agricultural crop insect infestation prevention
1.6.3 Agricultural crop weed infestation prevention
1.6.4 Agri~v tural crop stress reduction

1.6.5 Assessment of damage to agricultural crops

due to disease, insect and weed infestation,
stress, frost and other weather phenomena




1.8.1
l.8.2

2.1.1

2.1.2
2.1.3
2.1.4

2.2.1

~
L
N
*
~
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1.7 Unique Event Recognition and Early Warning

1.8 Research

1.9 Administrative, Judicial and Legislative

2. Extensive Use of Living Resources: Forestry, Wildlife
and Rangeland

2.1 Carpography, Thematic Maps and Visual Displays

2.2 Srt.utistical Services

Table 4.2 (continued)

=======================ﬁ

Reduction of damage to agricultural crops due

to massive unexpected insect or disease infestation
Climate changes affecting agricultural crop
production

Unique internation trade events

Monitor new agricultural practices
Monitor remedial actions taken in areas subject
to climatological and soil changes o

Monitor compliance with federal and local
agricultural regulations

Monitor compliance with federal farm income
stabilization programs

Thematic mapping of forests and rangeland by
vegetation type and characteristics
Rangeland mapping

Wildlife® habitat mapping

Soil mapping of forests and rangelands

Determine forest timber volume by type, location,
and ownership

Determine forest land areas

Measure forest timber growth and removals by
type and location

Forecast forest timber supplies by type and
location

Determine commercial characteristics of
standing timber

Determine proportions of timber destruction
due to various natural agents

Prepare rangeland inventories

o NR—
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Table 4.2 (continued)

2.2.8 Measure rangeland yielad
2.2.9 Forecast rangeland yield
2.2.10 Assess range forage conditions
2.2.11 PFPorecast range forage conditions
2.2.12 Assess wildlife habitats
Calendars
2.3.1 Establish green wave ana brown wave calendars
by forest or rangeland vegetation type
2.3.2 Establish calendar for cyclical patterns of
insect infestation in forests
2.3.3 Determine schedule of grazing opportunities
on rangelands
2.3.4 Establish calendar of wildlife habitat changes
Allocation
2.4.1 Manage timber harvest
2.4.2 Manage livestock grazing
2.4.3 Manage timber production investments
2.4.4 Manage forage production investments
2.4.5 Make multiple-use allocation decisions
Conservation

NN
L N I I
nurmuon,m
L I B
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Design and monitor forest rehabilitation
Design and monitor rangeland rehabilitation
Monitor and limit damage to wetlands

Monitor and limit damage in the Giant Redwood
and Sequoia forests

Prevention and Assessment

Assess and reduce disease, weed, insect, and
animal damage to forests

Assers and reduce disease, weed, insect, and
animal damage to rangelands

Assess and reduce erosion damage to forests and
rangelands

Assess and reduce fire damage to forests and
ringelands

Assess and reduce po.lution damage to wildlife
areas




2.7

3.1

f e m

3. Inland Water Resources

Table 4.2 (continued)

Unique Event Recognition and Early Warning

2.7.) Monitor impact of the Alaskan Pipeline on

wildlife

Research

2.8.1 Research forest management practices

2.8.2 Research forest and range fire-control
techniques

2.8.3 Research rangeland maragement practices

2.8.4 Research methods of disease control and animal

damage reduction in forest and rangelands
2.8.5 Research ecological relationships relating
to wildlife

Administrative, Judicial and Legislative

2.9.1 Design forestry legislation and monitor com-
pliance

2.9.2 Design rangeland legislation and monitor com-
pliance

2.9.3 Design legislation related to wildlife and
monitor compliance

Cartography, Thematic Maps and Visual Displays

1 Map and survey free water areas

2 Map and survey snow, ice and glaciers

3 Map and survey ground water and aquifers
.4 Map watershed areas

5 Map water pollution

6 Map potential water impoundment areas

Statistical Services

1 Predict fresh water supplies and floods

2 Inventory fresh water supplies and snow cover
3 Gather information for hydrological models

.4 Inspect water impoundment areas

5 Monitor water salinity and pollution

6 Monitor thermal pollution of free water
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Table 4.2 (continued)
—_——e——
3.3 Calendars
3.3.1 Monitor changes in free water areas
3.3.2 Monitor changes in snow, ice and glaciers
3.3.3 Monitor changes in ground water and aquifers
3.3.4 Monitorxr evapo-transpiration, soil moisture
and drainage patterns
3.3.5 Monitor cyclical pollution patterns
3.4 Allocation
3.4.1 Manage water impoundment systems - for power
generation
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 systems - for agri-
cultural water supply
3.4.5 Manage water impoundment systems - for re-
creational purposes
3.4.6 Manage water impoundment systems - for navi-
gation
3.4.7 Plan changes in drainage and water impoundment
systems
3.5 Conservation
3.5.1 Conserve fresh water resources
3.6 Damage Prevention and Assessment
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
3.7 Unique Event 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 surface water supply due
to geological changes

[ESUE—
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Table 4.2 (continued)

4.

Land

‘—:—-:g
Research
3.8.1 Conduct hydrological research
3.8.2 Conduct flood control research
3.8.3 Conduct water pollution research

Administrative, Judicial and Legislative

3.9.1 Design government programs to reduce flood
damage

3.9.2 Increase compliance with water pollution
regulations

3.9.3 Aid in designing legislative controls for
policy implementation

3.9.4 Aid in planning government projects for
future water supply

Use

Cartography, Thematic Maps and Visual Displays

4.1.1 Worldwide cartography and thematic map making

4.1.2 Land use maps of the United States -~ Federal
and State levels

4.1.3 Cadastral surveys

4.1.4 Federal and State thematic and topographic
map making

4.1.5 Fault zone and lineament mapping

4.1.6 Improve and update existing Federal and State

maps - U.S. Coast and Geodetic Survey
Statistical Services

4.2.1 Provide census estimates - demographical
services

4.2.2 Regional and local land use inventories

4.2.3 Land use change statistics

4.2.4 Monitor changes in land use - Federal and State

4.2.5 Monitor land movements - sand dunes, wetlands,
etc.

Allocation

4.4.1 Selection of Federal and State parks and re-
creational areas

4.4.2 Location of new towns or other developments

4.4.3 Local and regional zoning

4-8
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Table 4.2 (continued)

4.4.4 Allocation of land for highways and other
public construction programs
4.4.5 Selection of areas for land reclamation
4.4.6 Site location of airports and other major
transportation modes
4.5 Conservation
4.5.1 Protection of agricultural and forest lands
4.5.2 Protection of wilderness areas
4.6 Damage Prevention and Assessment
4.6.1 Map sink, landslide and other hazardous
areas
4.6.2 Assess impact of earthguakes and volcanic
eruptions
4.6.3 Assess landslide damages
4.7 Unique Event Recognition and Early Warning
4.7.1 Monitor polar ice formations
4.8 Research
4.8.1 Determine efficient patterns of land use
4.9 Administrative, Judicial and Legislative

4.9.1 Manage Federal, State and Local Aid programs

4.9.2 Regulate land use in areas of critical environ-
mental concern

4.9.3 Regulate land sales and land development pro-

jects

4.9.4 Manage Federal and State parks and recreational
areas

4.9.5 Manage and plan Federal, State and local
taxation

5. Nonreplenishable Natural Resources: Minerals, Fossil Fuels
and Geothermal Enexrgy Sources

5.1

Cartography, Thematic Maps and Visual Displays

5.1.1 Geological mapping
5.1.2 Map areas of potential geothermal energy
sources
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Table 4.2 (continued)

5.2 Statistical Services
5.2.1 Detect and inventory geographic areas of
potential mineral deposits
5.2.2 Detect and inventory geographic areas of
potential fossil fuel deposits
5.4 Allocation
5.4.1 Manage mineral exploration and extraction
$.4.2 Manage fossil fuel exploration and ex-
traction
5.5 Conservation
5.5.1 Monitor strip and auger mining land re-
clamation
5.6 Damage Prevention and Assessment
5.6.1 Mine fire damage assessment
5.6.2 Prevent mine tailing slides
5.6.3 Detect fractures in mining areas
5.8 Research
5.8.1 Develop new methods of locating minerals
5.8.2 Develop new methods of locating hydrocarbon
fuels
5.9 Administrative, Judicial and Legislative
5.9.1 Establish and enforce mine safety regulations
5.9.2 Establish policies for and administer offshore
0oil and gas lease sales
Atmosphere
6.1 Cartography, Thematic Maps and Visual Displays

6.1.1 Cloud location

6.1.2 Smoke and haze distribution

6.1.3 Sand and dust storm location

6.1.4 Thermal map of atmosphere

6.1.5 Noxious gas air pollution monitoring




Table 4.2 (continued)

Statistical Services

6.2.1 Cloud. cover and cloud shadow statistics
6.2.2 Air quality monitoring

6.2.3 Weather forecasting

6.2.4 Wind mapping

Conservation

6.5.1 CO_, concentration and greenhouse effect
monitoring

6.5.2 Monitor jet contrail water vapor condensation
and carbon dioxide effects on weather and air

Damage Prevention and Assessment

6.6.1 Monitor effects of thermal and other pollu-
tion sources on weather

6.6.2 Monitor airborn pollution effects on the
environment

6.6.3 Monitor effects of volcanic eruptions on air
quality

Unique Event Recognition and Early Warning

6.7.1 Determine clear air turbulence location
6.7.2 Provide severe storm warnings

6.7.3 Monitor climatological changes

Research

6.8.1 Research on effects of thermal sources on

weather

6.8.2 Research on air - sea interactions

6.8.3 Research on dispersion of pollution in the
atmosphere

6.8.4 Research on weather phenomena
Administrative, Judicial and Legislative

Control of particulate pollution

Control of noxious gas sources

Provide a data base for establishing appro-
priate air quality regulations

6
6.
6.

9
9
9
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Table 4.2 (continued)

W

7. Oceans
7.1 Cartography, Thematic Maps and Visual Displays
. Oceanographic mapping

7.1.1
7.1.2 Thermal mapping of the oceans
7.1.3 Mapping ocean ice and polar caps

- -

7.2 Statistical Services
7.2.1 Monitor ocean food supply

7.3 Calendars
7.3.1 Monitor tides and currents in coastal waters
7.3.2 Monitor the movement of the major oceanic
currents

7.4 Allocation

7.4.1 Optimize ocean fisheries management

7.4.2 Optimize ocean pla-~t food harvesting

7.4.3 1Improve coastal zone management

7.4.4 Optimize ocean shipping routes

7.5 Conservation

Improve shoreline protection programs

1
2 Control ocean pollution
3 Monitor oil slicks

7.5.
7.5.
7.5
7.6 Damage Prevention and Assessment

7.6.1 Reduce ocean resource losses due to man-made
coastal engineering changes

7.7 Unique Event Recognition and Early Warning

7.7.1 Early warning of oceanic and coastal area
disasters )

7.8 Research

Research on ocean parameters

7.8.1
7.8.2 Research on estuarine ecology

T



Table 4.2 (continued)

7.9 Administrative, Judicial and Legislative
7.9.1 Aid in enforcing national and international
regulations and agreements
7.9.2 Aid in designing legislative controls and
administrative procedures
Industry
8.1 Cartography, Thematic Maps and Visual Displays
8.1.1 Mapping ice build-up and break-up in shipping
lanes.
8.2 Statistical Services
8.2.1 Aids to the survey of industrial growth and
decline
8.3 Calendars
8.3.1 Long range temperature cycles
8.4 Allocation
8.4.1 Site selection for industry, residential and
institutional construction
8.4.2 Transportation of commodities
8.7 Unique Event Recognition and Early Warning
8.7.1 Monitoring the environmental impact of
construction and operation of the Alaskan
pipeline
8.9 Administrative, Judicial, and Legislative

8.9.1 Monitor compliance with zoning and con-
struction permits
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Table 4.3

Measured Annual Potential U.S.
(Firm Benefit Estimates Derived from In-Depth Case Studias Only)

ERS Benefits, by, Say, 1985+

Benefits by Type. § millions (1973)

Resource Managanent Equal Increasad New R
Areas Capability Capability Capability TOTAL
Y. Intensive use of Living
Resouxces: Agriculture 5.5 106-247 141-302 252.5-554.5
2. Extensive Use of Living 4.0 3.7 54.5 62.2
Resources: Forestry,
wildlife, & Rangeland
3. Inland Water Resouxces 3.3 3.3 ° 50.6 57.2
4. Land Use 53 .5k* 53.5%»
5. Nonreplenishable Maturall 1.6-3.9 1.6-3.9
Resources: Minerals, ) *
Fossil Fuels, and
Geothermal Energy .
Sourcces
6. Atmosphere 1.5-10.5 1.5-10.5
7. Oceans .55 1.2-3.7 1.75-4.25
8. Industry + + + +
TOTAL 26.3-27.7 | 167.6-311.1] 246.1-407.1 430-746

*All rumbars in this tuble are substartiated in dctail by case studies

cdocunented in Volunmes XII thr. 3h X.

Assunes assured continuity of service.

**7his numbar derives from legal and statutory requirements outlined in
Volume VI.

+Substantial benefits may be possible due to renote sensing from space

buwt have not been quantified nov,

to ER>. See Voiume X for discussion,

specifically, were, they attributed
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Table ‘.4t Total Prejeeted Annual botential 0.5, KRR henefits by, Say, 19456
4.3+ Plus Expected Rencfits Hot

R e Eth R B AT

TR
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Benoafits by Typo, § nillaons (1973)

Equal Increcased Hew
Rosource M X t .
¢ Ar::aqcncn Capability Cajprability Capabilicy Totual
l.. Intensive Use of Living
Resources: hgriculture 58.3 164.4-479.4 503.6-974 726.3-2511,7
2. ‘Extensive Uss of Livirg 4.0 3.7 84.5 92.2
Ressurces: Forestry,
Wildlife, & Rangeland
3. Inland Water Resouxces 29.1-65.2" 27.6-62.5 50.6 107.3-17a.13
4. Land Use 53,50 53.5**
5. DlNonreplenishable Matural 34.6-80.9 34.6-80.9
Resources: Mincrals,
Fossil Fuels, and-
Geothermal Energy
Sources
6. Atmosphere 1.5-16.6 .5-1.2 5.1-27.3 7.1-39.1
7. Oceans 5,6-13.3 1.2-3.7 i+ 6.8-17,0 %+
8. industry t g + % t
TOTAL 133,1-232.3 250.5-604.0 643.8-1136.411027.8-1972.7

*All numbers in this tebdle are substantiated in detail in Volumes III through X. This tablae
includes all benefitc reported in Table 4,3 plus additional benefits which are generally
valid order of magnitude nunbers but which are nat backed up by in-depth case studies.

Assunes assured continuity of service.

**This nuvber dorives from legal and statutory requireaents ontlined in Velume VI.

fsubstantial benofits may bo possible due to remote scusing from space but have’ not been

quantified neor,

specifically, were they attributed to ERS.

See Volume X for discussion.

ttBenefite resul. from hich resolution therral monitoring of the North Pacifiec to

the United States.
satellites with greater capadbility are in usa in this area.

fits are not included here.

They will not be captured by an ERTS~like ERS system if other
Thercfore these bene-
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applications in the management of living resources will
result in two main areas.

(1) Cost savings by the Federal government in ob-
taining the same quality data on the state of
living resources. These amount to 5.5 million.

(2) Public benefits derived from better manayement
decisions as a result of improved and/or
previously unavailable data on the state of our
living resources. These increased and new
capability benefits are est.mated to be between
$106 and 247 million annually for increased and,

additionally, between $141 and 302 million
annually for new capability benefits.

In general, U.S. cost saving benefits have been esti-
mated at the Federal level only and accrue mainly to the
Department of Agriculture (US.a). Hard benefits result only
from cost savings requiring no staff reductions in USDA. These
include 4.2 million in savings to State lepartments of Agri-
culture in crop forecasting and $1.3 million in the assessment
of crop damage.

Additional potential benefits of $52.8 million are
possible. These include up to 337 million per year in domestic
soil survey activities presently subcontracted by the Soil
Conversation Service of USDA that could be accomplished by an
ERS system, and an additional transfer of activities to an ERS
system which could save the Agricultural Stabilization and
Conservation Service $15.8 million per year in costs in the en-
forcement of provisions of the Agricultural Adjustment Act of
1938.

. The substantial benefits of improved management deci-
Slons accrue from sources of improved agricultural cCrop zcatis-
tics (increased capability benefits) and previously unavailable
agricultural crop data (new capability benefits). Increased
capability benefits result primarily from improvements to USDA's
domestic crop production forecasts through a demonstrated ERS

capability of improving acreage and yield estimates. Better
decisions by inventory holders of major U.S. crops result in at

least $106 million dollars annual benefits. The U.S. benefits
of reliable worldwide crop production forecasts are estimatco
at between $265 and $471 million per year. These benefits
are based on two models for estimating the public benefit

of improved information in the agricultural sector developed
by ECON.* The ability of ERS to identify crop vigor would
lead to a substantial benefit in reducing crop losses.

* See Chapter 3 of this volume and Volume III, Appendix A,
RMF 1.2.1.
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Benefits derived from improved management dacisions,
based on a capability to provide previously unavailable data,

are also substantial.

Data provided by ERS satellites will enable

farmers to make better location of agricultural lands. An
economic model developed by ECON* estimates the public bene-
fits due to improved allocation of agricultural lands to be
$15.4 -.118.8 million per year.

For the interested reader we include as a footnote a
recent exchange between members of the U.S. Congress and appro-
priate government officials.** The above estimates are
summarized in Table 4.5

* See Volume IYI1, Appendix A, RMF 1.4.1

|

«+* House Appropriations Com. Hearings (FY'74 DOA Pt.l,

Page 354):

"MR. SCHERLE. I have always been vitally concerned
about the statistics and methods of reporting. As
you admit, they have not berr too accurate, some-
times you appear to throw a dart at a board and

see wvhat you come up with, even though we give
additional money each year for betterment of the

system.

"You say that you have sample methods. Why don't

you take one State,

Iowa, or Illinois--it doesn't

make any differaance~--where your agriculture pro-
duction is heavy and why don't you let the land-
grant collecge in that particular State run the
statistical reporting service for you for a
quarter of 6 months or even a year? Why don't

you use the county agents in every single county
that travel that whole county day after day?

"I have farmed for 25 years and even to this date
I don't know how you get your samples. When I get

them in the mail I file them in a bucket and pay
no attention to them. I am sure there are thou-

sands that do that so there is no way you could
get an accurate picture. If I keep more cows or
heif~rs I am going to lie to you, so-and-so, as
did my neighbor. We are not going to tell you
the truth, and you know that, Doctor.

"MR. PAARLBERG. No,

I don't know that.

"MR. SCHERLE.- We want to throw you off base as far
as you possibly can so you are coming up with fig-
ures which are rather long than short.

"MR. WHITTEN. What you are saying Dr.'Paarlberg is

that you know these
them?

factors, and how to allow for

*MR. PAARLBERG. That is precisely the point.

“MR. WHITTEN. That is the art of it? How big a tale
they are going to tell you? :

*MR. PAARLBERG. We have a correction factor we apply
to gentlemen like Congressman Scherle."
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Tabel 4.5 MNagnitude and Types of Net Annual Benefits by Resource Maonagement
Activities~Intensive Usce of Living Resources: Agraculture (cont'ad)

Benefits, $ millions (1973)

Resource Management Fuaction Equal Increased New
Capability Capability Capabilicy

1.7 Unique Event Recognition and
Early Wazrning

1.7.1 EReduction in Crop Damage Due

to Massive Insect Infestation ’ .
1.7.2 pdique International Trade . £ .
Events - M N : -

1.8 Reseazrch

1.8.2 Monitor Remedia) Actions
Taxen in Areas Subject to
Climatological & Soil

Changes . - . Sce R%F 1.5.1
1.9 Administrative, Judicial, and
Legislative .
1.9.1 Monitor Compliance with - .
Federal & Local Agricultural ¥
Regulations : Small

1.9.2 Monitor Compliance with
Federal Fara Incons

Stabilization Programs (15.8)
Total: . ’ ..
Hard benefits documented in ECON Case
StNAL@S .....ccccccccsvnsrcosvananans 5.5 . 106-247 141-302
Soft Benefits ........cccccantannones (52.8) (58.4-232.4) (363-672)

€ Potential bencfits of up to $200-500 willion every 2-4 years as periods
of controllable stress might occur, but not counted in totals shown here.

f Potential benefits of .up to $200-500 nillion cvery 2-4 years as unique
events occur, but not counted in totals shown here.
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In addition to the benefits reported above,
additional benefits are likely if the ERS system can differen-
tiate between different levels of crop vigor. Reduced pro-
duction losses due to insect disease and weed infestation
result in an additional $58 million_in public be

nefits pe
year, as estimated by rough order of magnitude mogeis iR 5olume III.

Other less detailed analyses reported in Volume III
imply the existence of other larger benefits to the United
States and potential colossal benefits to the world community
if the ERS data arxe made available t¢ all.

4.2 Extensive Use of Living Resources: Forestry, Wildlife,
and Rangeland

In preparing benefit estimates for the resource manage-
ment functions of this resource area, a review of all available
previous studies wcs made. These included the EarthSat case
studies in forestry and in rangeland management (in draft form)
being prepared for the U.S. Geological Survey and the Frank and
Heiss* study prepared for RCA in 1968. Relevant conclusions of
these studies supported some of our estimates.

The original work of the present study is concentrated
in the areas where previous work appears inconclusive but
substantial benefits seem likely. This is the situation with
regard to forestry applications, for which significant ERTS-1
capabilities have been demonstrated, but benefit calculations
have not been published except for small cost savings in
inventory applications for federal agencies.

EarthSat** compares the costs of forest inventory work

as currently performed by the U.S. Forest Service and the

Bureau of Land Management with expected costs of an inventory
procedure suggested by ERTS-1 investigator Jim Nichols at the
University of California. The resulting cost savings estimates
are significant compared with the total inventory budgets, but
small on an absolute basis. The total annual budget of the
Forest Survey (the data collection and statistical analysis arm
of the Forest Service) is less than $4 million. For the national
inventory work of the Forest Survey, EarthSat calculated an
annual benefit of between $400,000 and $1,300,000. Similar
small benefits are calculated for.forest inventories of the
Bureau of Land Management and the Timber Management and Planning
Division of the Forest Service (the last is for timber manage-
ment in the National Forest System).

* Heiss, K. P., Frank, F., Cost-Benefit Study of the Earth
Resources Satellite Program: Grazing Land Applications, under
contract to RCA-Astro Electronics Div., Princeton, N.J., 1968,

** +The EarthSat estimates are based on existing draft reports.:
No final estimates were ,available to ECON as of the time of

this review.
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The EarthSat Rangeland Case Study calculates cost
savings benefits for rangeland inventories on an equal capabi-
lity basi- in the range of $2.7 million to $3.4 million.

These figures represent present value of constant annual
benefits of $435,000 to $548,00C, assumed to continue from
1977 through 1986, and discounted to 1976.

The annual figures are calculated as a difference
between conventional rangeland inventory costs (including
aerial photography costs) and estimates of costs using ERS
system information.

These cost savings benefits are very small compared
to possible benefits achieved through the use of improved
rangeland inventories in other statistical activities and in
management activities such as scheduling of livestock grazing
and purchases, management of forage production, conservation,
research, and the legislative process. The EarthSat study
presents estimates of some of these new capability benefits,
classifying them as: (1) range resource reallocation;

(2) range productivity improvement; and (3) livestock inventory
adjustments. In the case of class (1) and class (2) the
assumptions on the contributions of ERS information to the
potential benefits under discussion are entirely arbitrary.
Further, these potential benefits are themselves limited to
those predicted by the Forest Service's FRES* report as result-
ing from implementation of management stra*tegies developed on
the basis of already existing information. Because of these
limitations, we find the benefit estimates for these first two
classes of no help in determining the »notential value of an

ERS system. 1In the case of the third class, however, live-
stock inventory adjustments, the results may be more helpful.
The benefit estimate is $17 million to $28 million, represent-
ing the present value of additional earnings in the cattle
industry from 1977 to 1986, discounted at 10% to 1976,

These figures are derived by extrapolation to the
national level of results of a modification of the Halter-Dean
model. The modification is a rough model of the rancher's use
of ERS system information on range conditions in decision
making, with the assumption that the delay in receiving this
information is cut from 25 to five days on the average.

* Forest Service, "The Nation's Range Resources", Forest Resource
Report No. 19, Washington, D.C.: U.S. Government Printing Office,
1972. FRES is an acronym for Forest-Range Environmental Study-
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Unfortunately, the critical price data used in this
calculation refer to the years 1954 to 1963. The output of
the model is adjusted by use of the wholesale price index,
but this gives no clue to the impact of current or projected
beef or feed prices on the earnings increment that constitutes
the benefit.

EarthSat concludes that a cattle rancher could expect
to improve his earnings per AUM* by $.437 by fully exploiting
ERS range forage condition data, and extrapolates conserva-
tively to the national level, resulting in a total annual
benefi+t of $14.6 million. Though the procedures used to derive
this annual benefit, particularly the use of prices from more
than ten years ago, leave considerable doubt as to the reli-

ability of the fiqure, it may be on the right order of magnitude.

Accordingly, the present study gquotes it as a "soft"™ benefit.

Another "soft" benefit is derived from the Frank and
Heiss report, in which the authors conclude that a benefit of
0.5 percent of the value of the forage resource could be
achieved through the proper use of ERS data in monitoring
range conditions. The present study includes an estimate of
the value of the national forage resource -- $3.0 billion.
Thus, the "soft"” benefit becomes $150 million in present value
or $15 million annually.

In addition to our adaptation of previous work as
outlined above, we estimated new capability benefits in
forestry applications. These benefits are all associated with
the capabilities of an ERTS-like system to make very signifi-
cant improvements in forest inventory statistics.

One improvement is in timeliness. The inventory
cycle for the National Forest Survey is currently between eight
and 15 years depending on region but chese goals are rarely
met. The Forest Service would like to be able to reduce the
cycle time further, to five years or less in the high timber
producing areas. It appears that this goal can be met or
surpassed with the aid of an ERS system. In itself, this is
economically very valuable, since it has the same impact on
management decision making as improved accuracy. The extent
of uncertainty in net growth or volume of timber increases with
the length of the inventory cycle, particularly on account of
the highly variable effects of fire, insect, and disease
damage.

* Animal Unit Month - Roughly: the amount of forage consumed
by one animal in one month, standardized for types and
weights of foragers.

4-23



The precision of the measurements themselves is
significantly improvable through the use of properly designed
multistage sampling procedures. This also results in more
accurate management information.

The fact that ERS data are specific to location
implies that inventory variables can be reported on a location-
specific basis. This also translates into improved accuracy
of management information.

Finally, ERS-aided inventories can be much more compre-
hensive than conventional ones, and approximate inventory data
can be collected for forest and range resources throughout the
world.

Our benefit estimation procedure consists of quanti-
fying the relationship between accuracy of management infor-
mation and the properties of the inventory data mentioned above
and then modeling the value of improved decisions based on the
more accurate management information. This method is applied
to timber harvesting decisions, and several kinds of forestry
investment decisions.

In treating the value of improved timber harvesting
decisions, it is important to realize that non-timber values
such as watershed protection, forage, wildlife, and recrea-
tional use must be considered in the economic evaluation. If
timber values alone are considered, the indicated harvest
policy is to liquidate the asset and invest the proceeds in a
more profitable activity than growing trees. To derive the
correct benefits for this application, we use a value model of
the forest resource which includes the non-timber components.

Our results are shown in Table 4.6. Total annual

kenefits calculated are $92.2 million, of which $62.2 million
is "hard".

4.3 Inland Water Resources

Inland water is one of our most important resources.
In the U.S., it has traditionally been treated as if it had no
cost and as if there were no limits to its availability. 1In
recent years, there has been greater recognition of the adverse
effects of urban and industrial growth on water quality as well
as the possibility of inadequate water -supplies in densely
populated areas. In addition to these new concerns, traditional
water management problems such as flooding take on increased
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importance as the pressures mount to develop flood plains and
other marginal areas. Proper management of this valuable and
potentially scarce resource has thus taken on greater impor-
tance.

The inland water resources of the study include inland
surface and ground water, snow, ice and glaciers, and water
impoundment systems and watersheds. Coastal wetlands and
estuaries are included under other headings.

Benefits to Federal and intergovernmental agencies
are estimated by the following procedure:

1. Equal-capability benefits

a. Programs which mandate ERS-relevant activities
are located by examination of Federal budget
and congressional hearings.

b. The propcrtion of the appropriate program
budget which is devoted to data collection
activities which fall within demonstrated
ERTS capabilities is conservatively estimated
by inference to agency budget justifications,
congressional hearings, and the results of
research by ERTS principal investigators.

The results are then divided among those ERS
activities which employ ERS photographigc,
multispectral scanner (MSS) capabilities,
including thermal infrared, and those which
make use of the ERS remote data-collection
system (DCS).

¢. The cast savings for ERS photographic and MSS
capabilities over aircraft has been conser-
vatively estimated at 80%. (In the case of
DCS-applicable activities, the incremental
cost of data-collection platforms partly
offsets savings due to increased efficiency
of data transmission and collection.)
Savings due to DCS5 are therefore assumed to
be somewhat less than one-third as great as
savings due to ERS photographic and MSS
capabilities. The equal capability benefits
for a given data-collection activity are
therefore

ECB = ,25AD + .8A({(1-D)



where
ECB = equal capability benefit

A = budget allocation to ERTS-applicable data
collection activities

D = fraction of program to be implemented by DCS.

(4) rhe results of (c¢c) are allocated among the
relevant RMFs.

2. Increased-capability benefits

As explained in Chapter 2, benefits due to increased
capability are calculated on the assumption that the budget
appropriation for ERS-relevant activities remain unchanged
after the introduction of ERTS. Under free-market assumptions
this corresponds to a situation in which demand for a good
(in this case, information) is unitary-ela<tic., The increased-
capability benefit is equal to the value to the user of the
additional gquantity of information minus its cost. This
corresponds to the dotted area in Figure 4.1. Since the demand
curve is of unitary elasticity, p = 1/q. Hlence, in the case
of ERS photographic and MSS capabilities;

q

1
ICB ~dq — .8 = .81
P ./;1 q

.24

The increased-capability benefits in this case are thus approx-
imately egual in magnitude to the equal-capability benefits.
For DCS-~applicable activities, the corresponding result is

For these activities the increased-capability benefit is
equal to approximately 15% of the equal-capability benefit,

PR N A R SR



Price, §

§g§ Equal Capability Benefit = .8

Increased Capability Benefit = .81

Sp:
4p
3p
2p |
1p | . (Qz. P,)
| | 1 Jd i
.Qq; .4q -6q -8q q

Quantity

Figure 4.1 Equal Capability and Increased-Capability
Benefits from ERTS Photograph and MSS Functions

In some cases the increased-~capability benefit may be
smaller than that given by the formulae presented above due to
dependence of demand for ERS data-collection activities on
other programs within the same budget category. An attempt
is made to compensate for possible biases from this and other
sources by conservative estimates of the proportion of each
budget for which ERS is likely to be relevant.

In addition to the models just described, a case
study in the management of inland water has been performed by
ECON for the Feather River and the associated Oroville-
Thermalito facilities. This case study is summarized in
Chapter 3 of this volume and is presented in full in Volume V,
Avpendix F, The benefit estimates are summarized in Table 4.7.

4.4 Land Use

The growing Federal statutory demand for land use
information is thoroughly documented in the Land Cover Case
Study* which is appended as Volume VI, Part II of the present
report.

* "The Role of ERTS in the Establishment and Updating of a
Nationwide Land Cover Information System", prepared for
NASA under contract NASW-2558 by ECON, Inc., October 31,
1974.
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This study is the basis for most of the benefits
discussed here, which are cost savings and increased capabi-
lity in the acquisition of dcta needed in land use mapping.
There is also a growing demand generated by state land use
planning. In assessing the potential ERS benefits associated
with meeting this demand, the EarthSat interim report is used
as a source. Also the results of various other applications
of remotely sensed data to land use planning are reviewed.

In this resource area, new capability benef_.ts are
not estimated. Although there certainly are ways in which
the unique features of satellite coverage will produce economic
benefits in better land use planning, the specific estimates
are most conveniently made in the context of the economic
resources being managed, and thus are treated under other
resourc2 areas such as Industry, Agriculture, or Forestry.

Benefits are calculated based on the savings in
mapping costs when performed by ERS relative to the cost of
performing the same mapping by the next best alternative,
namely high-altitude aircraft.

The cost of mapping with ERS per square km is
obtained from the ECON Land Cover Case Study. It does
not include the initial acgquisition cost or annual operating
cost of ERS, but only the incremental costs of the products
themselves. Similarly, the cost of mapping with high-alctitude
aircraft does not include the cost of acguiriag and maintain-
ing the necessary aircraft anrd their bases. The total dollar
benefits from replacing current mapping activities related to
land use at the Federal and State levels are indicated at the
end of Table 4.8.

4.5 Nonreplenishable Natural Resources: Minerals,
Fossil Fuels and Geothermal Enerqy Squrces

This resource area is concerned with the appli-
cation of remote sensing techniques to the mineral and
fossil fuel extraction and extraction-related industries.
Use of remote sensors for locating and implementing geo-
thermal sources of energy is also considered. The ERTS-1
satellite is the prototype sensor and its capabilities
and their relation to economic benefits are discussed.

In these times of energy and raw materials shortages,
techniques which may impact supplies or, at least, provide
superior information for management of existing supplies
will be considered very valuable.



Table 4.8 Federal Statutes
Managcment Function:

in Support of Resource
Land Use

Resource Management Function

Applicable Federal) Statutes

4.1 Cartography, Thematic Map
and Visual Displays
4.1.1 Cartography and Thematic

Map Making

4.1.2 Land Use Maps of the United
States - Federal and State
Levels

4.1.3 rault Zone and Lineament

Mapping
4.2 Statistical Services
4.2.1 Provide Census Estimates -
Demographical Services
4.2.2 Regional and Local Land
Use Inventories
4.2.3 Land Use Change Statistics
£.2.4 Monitor Land Movements -

Sand dunes, Wetlands, etc.

.4 . Allocation

4.1 Selection of Federal and

State Parks and Recreation

Areas

Location of New Towns and

Cther Development

4.4.3 Allocation of Land for
Highways and Other Rights-

" of-Way

Reclamation

4.4.5% Site Location of Airports and

Mther Major Transpoxtation
Modes

.4 selection of Areas for Land

43 UsSC 31

P.L.92-419, 7 USC 1010,

7 USC 427-427i, 43 vusc 31,
43 USC 2, 42 USC 410L-2,
P.L.90-448-Title XIII,

42 USC 4102, P.L. 90-448-
Title VI, 40 USC 461

7 USC 427-427i, 16 USC 742
40 USC 204, 16 USC 567A,

42 USC 410L-2, P.L.90-448
Title XIII, 42 USC 4102,
P.L.90-448 Title VI, 40 USC
461, 16 usc 1001-1009, 33
USC B83E

7 USC 427-427%,
16 USC 1301

43 UsC 31

P.L.90-448 Title VI, 4 wC 461,
16 uUsC 1001-1009, P.C. -

645 Title VII, 33 USC 709a

42 USC 1962 A-1, P.C. 89-80

-

34



Table 4.8 Federal Statutes in Support of Resource
Managemant Function: Land Use (Continued)

|

——

Resource Management Function Applicable Federal Statutes

4.5 Conservation .

4.5.1 Protection of Agricultural P.L.92-419, 7 uUuSC 100,
an¢ Forest Lands 43 USL 315a-31S5f, 43 USC 1181

4.5.2 Protection of Wilderness 16 USC 1301. 16 USC 742
Areas :

4.6 Damage Prevention and <
Assessment

4.6.1 Map Sink, Landslide anrd Other P.L.90-448 Title VI, 40
Hazardous Areas and Assess UsSC 461, P.L.92-367, 16 USC
Damages . 1001-1009, P.L.66-645

L Title YI, 33 USC 709%a
4.6.2 Assess Impact of Earthquakes
and Volcanic Eruptions

4.9 Administrative, Judical, and
Legislative

4.9.1 Manage Federal Revenue -
Sharing Prograns

.4.9.2 'Regulate Land Use in Areas of P.L.88-577, 42 uUsSC 410L-2,
Critical Environmental Concern | P.C.90-448 Title XIII, 42

USC 4102

4.9.3 Regulate Land Development

Projects *
4.9.4 Managenent and Plan Federal,

State and Local Taxation
Undiscounted Annual Cost Savings Benefits 7.9-37.1
1977-1993, from ERTS-like ERS in meeting
Federal Statutory Demand, $ millions {1973) .
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In an industry where approximately 8 billion
dollars is annually poured into exploration, any technique
which can improve upon either the quality or the quantity
of that information, at a very low cost, has a great potential
for reducing costs and expanding output.

The results from studies by the principal investi-
gators have been encouraging, although direct sensing of
minerals or fuels does not have much promise. However,
geology has long been concerned with inferring sub-surface
content from surface structure and earth resources satellites
can, in some cases, provide data on surface structure. ERTS-1
datahave been immediately useful for improving geologic maps,
the basic tool from which all exploration proceeds. In par-
ticular, the synoptic view has proven invaluable at detecting
subtle linears, whose correlation with mineral and fossil fuel
areas is being demonstrated. ERTS-1 imagery has even. un-
covered some interesting structures called "hazy" anomalies
which have not been detected on images from aircraft nor
Skylab and whose nature are not yet known. These anomalies
have shown very high correlation with known oil-bearing areas.

The repetitive nature of ERTS is also useful in this
area. Seasonal variations provide - ~reased information from
geobotanical indicators of minerali .ion. The presence or
absence of vegetation affects the ability to detect geologic
boundaries.

Of primary value in repetitive coverage will be use
of an ERTS-like system for monitoring disturbed land and
reclamation for legal, environmental and safety purposes.
Much stricter laws are being passed at the State and Federal
levels which will require all stripped land to be adeguately
reclaimed. Enforcement of these statutes will be strategically-
and economically aided by the broad overview which an ERTS-like
system can provide.

Among the studies reviewed for this report are the
EarthSat report and Useful Applications of Earth-Oriented
Satellites - Geology by The National Academy of Sciences.
Of great value was the investigation by Eason 0il, "An Evalu-
ation of ERTS Data for the Purpose of Petroleum Exploration.™*

Benefits are found to be mostly in cost savings to
existing geologic and geophysical operations. These benefits
total 1.6 to 3.9 million dollars annually in the "hard” definition,

but another 33 to 77 million dollars of "soft" benefits are indicated
by the Eason 0il Report. These are summarized in Table 4.9.

* McCown, Stonis, Petzel, Everet, "An Evaluation of ERTS Data for
Purposc of Petroleum Exploration,"” Oklahama City; Eason 0il
Company, 1974, NAS 5-21735,
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4.6 Atmosphere

The work performed in this area is an effort to
identify the possible activities in which an earth resources
satellite might impact understanding and control of atmospher-
ic phenomena, to establish how such a satellite might be used,
and to estimate possible economic benefits from an ideal sat-
ellite and the more limited ERTS satellite. Most of the
rescurce management functions described have either little
benefit or unguantifiable benefits. That is not to imply
that they are unimportant: every one represents an area of
current concern which may be impacted by satellite. Small or
unquantifiable benefits only mean that in the current economic
market, the value >f such a function is small, irrelevant, or
unappreciated. As satellite information becomes more depend-
able and more thoroughly interpreted, these benefits may expand.

The major quantifiable benefits fall into the cate-
gory of air pollution largely because there is a substantial
amount of activity in this area. Ten years ago, these bene-
fits would also have had to be listed as ungquantifiable since
no substantial economic¢c foundations had been laid. The hard
numbers arise from the demonstrated capability of the ERTS
satellite to measure aerosol particulates. Such a capability
means that already planned and existing aerosol and particu-
late monitoring stations may be unnecessary. Thus the estimate
of between $1.5 million and $10.5 million is from the replace-
ment of a large number of machines and personnel by a smaller
more specialized group of data interpreters (RMF 6.1.2).

Soft benefits are attributed to anticipated results
of demonstrated capabilities or anticipated but undeveloped
capabilities which have a probable economic impact. Better
interpretation of particulate pollution data and environmental

damage lead to the large 5 to 27 million dollar figure (RMF 6.2.2).

This comes from the increased ability of the society to adjust
to more certain information. Similarly the approximately

1 million dollars from monitoring direct environmental effects
and research reflect an estimate of other benefits of better
data.

Simple economic models are contained in RMF's 6.1.2
and €.2.2. The first merelv discusses the cost of maintaining
pollution monitoring stations and how the satellite might
affect them. The second is more general and develops the notion
of the very real cost associated with the uncertainty being felt
as pressure mounts from automobile manufacturers and the energy
crisis to relax clean air standards. The assumption in this
model is that the satellite will, in some way, better enable
us to estimate air pollution costs. Various satellite images
of pcllution-caused weather modifications and air turbidity
indicate that this assumption is reasonable.



The Interplan, Dynatrend, and EarthSat studies* do ;
not attack the air pollution problem with any depth. The :
first merely assumes a 50% reduction in pollution monitoring
stations, apparently a randomly chosen number yielding a .35
million dollar benefit. Dynatrend argues that satellite sen-
sors in conjunction with ground truth will be able to monitor
regional air pollution, however they rather arbitrarily arrive
at 5.5 million dollars as a benefit. The EarthSat-Booz Allen
report concludes that no benefits are possible because of the
low coverage frequency and low resolution.

The other resource management functions discussed
in this section pertain mostly to weather related phenomena. )
The ERTS satellites are not specifically designed to ohserve X
weather or other atmospheric phenomena, however some of their -
capabilities will complement and extend those of other sat-
ellite systems. Weather prediction from a resources satellite -
is difficult because coverage is only once every 18 days and ?
the field of view is limited. Cloud statistics taken repeat- ;
edly at the same time of day, however, may aid with our under- .
standing of long term weather cycles and regional weather
phenomena. Such information, combined with observations of
ground conditions, may help with our understanding of the
climatic changes that we already know are underway. Quanti-
tative benefits for these functions cannot be derived since
our ability to determine such information from space has not
been demonstrated and earth-based programs are just commencing.
Table 4.10 shows the benefit estimates in this area.

4.7 Oceans

Remote sensing has never had wide applications in
oceanographic studies. The vast area involved and the great
distances from home base have made aircraft sensing logistic-
ally unsound. The oceanographer's historic bias toward the
vertical hampers the use of satellite data. And even if these
difficulties were overcome, less than 10 percent of the ocean's
mass would be probed from the air by passing sensors because
light only penetrates a few hundred meters under ideal condi-
tions.

In spite of these obvious obstacles, the possibilities
from satellite overview are tremendous. Although not all the
ocean's mass is detectable, that part which is sensable is by
far the most significant. Satellite sensors can only detect
that mass where light penetrates. But light is the primary

* Dynatrend, "Final Report Evaluation of Benefits and Systems Features of Earth
Resources Satellite Operational System (ERSOS)", Burlington, Mass., 1974.
EarthSat, "Case Study in Atmosphere”, Beverly, Calif., 1974.

Review and Appraisal: Cost Benefit Analyses of Earth Resources Survey
Satellite Systems, Document No. 7016R, March, 1971, Interplan Corporation,
Santa Barbara, Calif.
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source of the ocean's energy budget. The other sources are
winds and the gravitational pull of the moon which are reflect~-
ed in the detectable surface phenomena of waves and tides.

Detectable from satellite aré the ocean surface and the
upper ocean layers which contain or reflect: the motive forces
that affect all ocean transportation and the safety of lives
and structures in coastal areas; the photosynthetic activities
upon which all marine life depends; the site of tremendous heat/
energy exchange between water and air which significantly affects
all weather; the continental shelves which contain valuable fuels
and minerals; dangerous hazards to navigation in the form of
reefs, shoals, sand bars, and islands; and coastal waters of
great recreational and economic value, waters which are highly
susceptible to contamination.

Most of the benefits accrue in the area of research.

This is largely due to the dynamic nature of oceans. Because

of their quickly changing conditions, usable information is not
in the form of what the sea state is at present, but instead,
what it will be tomorrow. These predictions necessitate involved
forecasting models which are not yet in existence. The need for
this future-oriented type of information holds for almost all
ocean~related activities: weather prediction, fishery manage-
ment and harvesting, marine construction, and ocean shipping.

As a result, immediately quantifiable benefits are few while
potential future benefits are great. In the interim, mathemati-
cal forecasting models must be developed and tested.

A further benefit which is possibly the greatest of
all is information on the ocean food supply. The ocean contains
tremendous gquantities of edible, usable vegetation, which has
been proven to be self-producing and guickly regenerative.
Yet this benefit, too, is difficult to ascertain because present
food demand levels are not sufficient to bring large quantities
of this vegetation into the market. When this food will show
significant or necessary importance depends upon how quickly
mankind outgrows the land's ability to supply all his food.
Remote sensing will designate areas for harvesting and, 'possibly.
for planting too.

Due to the infancy of this remote sensing application,
there have beeu few studies in this rea and very few which try
to find quantifiable benefits. Studies cited in this report
include:

e Greenblat, E.J. and Heiss, K.P., Cost Benefit Study of the Earth

Resources Observetion Satellite System~Estuarine and
Coastal Management, a study report prepared for RCA Astro
Electronics Division, Princeton, New Jersey, 1968.
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© Useful Applications of rarth-Oriented, Satellites--
Oceanography, Nacional Academy of Sciences-National
Research Council for NASA, 1969

e Cost Benefits for a National Data Buov System, an essay,
PTravellers Research Center, Oclober 1997, prepared
under Coast Guard contract TCG~16790-A.

e Economic Benefits from Oceanographic Research, National
Academy of Sciences--National Research Council,
Publication 1228, 1964.

© Comittee on Polar Reseaxrch, 1970: Polar Research, A
Survey, National Academy of Sciences--National
Research Council.

e Final Report on the Space/Oceanographic Study, General
Electric Co., Missile and Space Division, Philadelphia,
1967.

o Applications of ERTS Data to the Regulation, Protection
and Management of New Jersey's Coastal Environmenrt
---An Extension of SR-304 ERTS-1 Investigation,:
New Jersey Department of Environmental Protection
and Earth Satellite Corporation, June 1974.

In spite of the infancy of this application, great
benefits are acknowledged in the area. The National Oceanic
and Atmospheric Administration has several weat: ar satellites
up and many more planned. These satellites monitor the at-
mosphere and also the ocean surface--the source of much of our
weather. A comprehensive ocean satellite system, SEASAT, has
been proposed. This system will provide sensors necessary
for ocean application including infrared and active microwave.

Although ERTS is not an operational satellite, and
definitely not designed for Ocean applications, several bene-
fits are qguantified in this report. These benefits are of
two general types, cost-savings to Federal and State budget
activities, and benefits to coastal management authorities
from improved information. Significant benefits from improved
weather prediction, improved fisheries management, and identi-
fication of future ocean food supplies also exist, but are
unquantified.

Nautical charting can be accomplished more compre-
hensively 2nd munch more <cheaply than with presently available
methods. Cost-savings benefits alone range from $3.3M to $6.7M.
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Much of the ocean's waters permit light penetration sufficient
to detect barriers to navigation; ocean bottom depths as deep

as 60 meters have been seen by Skylab. Cost-gsaving in hydro-
gr-phic mapping range from $1.7M to $6.0M. This does not even
include unquantified benefits from avoidance of ship damaje

and more efficient ship routing. Benefits in pollution-detection
will also be significant. A few of these benefits have been
quantified. §$.19 - .78 million, $.07 - .15 million and $.1
million (one time) have been documented for coastal zone man-
agement, shore-line protec-tion, and new legislation respectively.
See Table 4.11.

4.8 Industry

Industry is a Resource Management Area which covers all
man-made resources of the nation including the industrial plant,
residential and institutional buildings (and the institutions
themselves), and the labor force. Since this study is the first
to recognize industry as an independent Resource Managemz2nt Area,
the effort under this section is only exploratory and the results

inconclusive.

Preliminary survey of the economic activities
falling under "industry" suggests that major benefits could be
expected from an improvement in entrepreneurial decision-making
in the selection of site, design and time of construction of
"industrial" facilities. The notential use of resource
satellite images in the context of such allocational decisions
has been demonstrated recently by two studies.

Gedney and VanWormer of the University of Alaska have
used ERTS data to investigate geologic structures and fault
zones in Central Alaska. A mosaic made up of 6 ERTS images
led to the discovery of several previously undetected faults.
A conjugate fracture system (scene of a 1968 earthquake) was
found to run verv close to a proposed bridge site and the
proposed route of the Alaska pipeline ov:r the Yukon River.
Data derived from this mosiac points to the need for change
in design and siting of these facilities, and is used by local
planners.*

Adbel-Gwad and Silverstein of Rockwell International
have constructed seismic-risk maps from ERTS images of Southern
California, discovering unmapped faults /proved to be active
by seismic date) and evidence of recent movement alony other

* Ralph N. Baker, "ERTS Updated Geology", Geotimes, August
1974, p.21.

L
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Table 4.11 Nagaitude and Types of tict Anwual Bencfits by Kesource Management
Activity - Qceans

Bencfits, § millions (19721)
Resource Managenent Functian Equal Increaned New
Capability Capability Capability
7.1 Cartography, Thematic Map. and Visual
Displays
7.1.1 Oceanozraphic mapping (5.0-12.7)=»
7.1.2 Thermal mapping of the oceans * 4
7.1.3 Mapping ocean ice arn polar caps bl
7.2 Staristical Services
7.2.1 Monitor ocean *ood supply - -
7.3 Calendars
7.3.1 Monitor tides and currents in
coastal waters . -
7.3.2 Monitor the novement of the
major oceanic currents * bl
7.4 Allocation
7.4.1 Optimize ocean fisheries -
sanagenant L]
7.4.3 1Improve coastal zone nanagement .19-.78
7.8.4 oOptinmize ocean shipping *
7.5 Conservation )
7.5.1 1Iaprove shoveline protection
prograns -07~.15
7.5.2 Control ocean poYlultion -62~2.5
7.5.3 Monitor oil stick: <55 .28
7.6 Damag= Preventiosn and Assessnent
7.6.1 Reduce ocean resources losses
dus to naun-nade changes -
L]
7.8 Reseazra
7.8.1 Pesicarch on ocean paramneters LA [
7.9.2 Research on estuarine ecology *e »
7.9 Adnministrative, Judicial and
Legislative
7.9.1 Aid in enforcing national
and international regulaticns
and ag.eeneats hd
7.9.2 Aid in designing legislative o1
controls & ¢ administrative -
procedures
——
Jotal:
Kard benefits documented in ECON .55 " 1.2-3.7
Case Studies..... ...cciveueennncs
Soft BenefitsS....viecuvvencnnnans (5.0-12.7)

S¢ *.ce: ECON

. Approximately $73.4 - 220.8M total bencfits are possible via a satellate with a
t:ernul infrared band for mapping of the North Pacific. MHowever, it is likely tha:t
satellites other than ERTE c.9., SEASAT and NIMBUS G, 111 ob%ain this benafic,

o Parentheses indicate “"sof%™ hanafices




faults previously thought to be inactive. The new-found faults
were undetected from previous ground surveys and conventional
aerial photography. Several engineering firms studying poten-
tial sites for nuclear power plants in California have regquested
ERTS information on fault extensions and lineaments to be used
in the analysis of seismic risks.*

We were unable tc find any current use of ERTS data
for decision-making in construction at the present time; the
potential use, however, is clearly there.

Table 4.12 summarizes the areas of potential benefits
tc "industry" from an ERS systems investigated in this study
classified according to Resou-ce Management Activity.

* Ibid., p. 22.
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S. A NEED FOR FURTHER USER INVESTIGATIONS

The purpose of this study is to provide an overview
of the ERTS program from an eccnonic viewpoint and to deter-
mine (1) the magnitude of "real" or measurable benefits that
can reasonably be expected to flow from an ERS system by
say 1985, given continuity of service, (2) the distribution
of these benefits, and (3) the value of benefits foregone in
the event of a one-year and a two-year gap in ERS service
occurring after the useful lifetime of ERTS-B (1977-1978).
The study has been conducted using a two-sided approach.

On the overview side, a substantial literature search
was conducted to define the demand for ERS services through
laws and statutes demanding land cover information and through
budgetary allocations for ERS-type activities. The demand
for ERS services was further esctablished by investigating
many potential applications of ERS information. The overview
study also included a review of the activities and accom-
plishments of the ERTS-1 principal investigators, especially
as they substantiate technically the capability of an ERTS-
like ERS system for performing functions required to obtain
the estimated benefits.

On the other side, s;pecific applications of ERS infor-
mation were selected for in-deph case studies. Two in-depth
studies in agriculture, a land cover cost-effectiveness study,
and an ad hcc case study in water management were completed.
In some cases, significant contributions to the state-of-the-
art of econometric modeling were made.

These studies confirm, through established economic
principles and through principal investigator demonstrations
of the operational use of ERTS-1 data, a lower bound of annual
benefits of $430 to $746 million (1973) once ERS data are in
use operationally. Moreover, the benefits will, by-in-large,
accrue to society on the whole. Since these minimum benefits
substantially exceed any reasonable estimate of ERS system and
data processing costs, the ultimate desirability of an ERS
system is now established.

In another part of the study, the present value of
benefits foregone in the event of a one-year and a two-year
gap in ERS service after the useful lifetime of ERTS-B was
assessed. The benefits foregone in 1973 dollars are estimated
to lie in the range of $147 million (assuming a one-year gap
and discounting at 15% to 1974) to $420 million (assuming a
two-year gap and discounting at 10% to 1974). These estim.ces
are based only upon the minimum benefit estiwmates cited above

5-1
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and are thus also a lower bound. These results establish the
desirability of maintaining continuity of service.

We believe that the above results reaifirm the need for
further user investigations in the areas of agricultu-al crop
forecasts and water management, in particular, the Laxrge Area
Crop Inventory Experiment currently in progress at the NASA
Johnson Space Center and a water resources management demon-
stration designed by ECON.* These studies can further sub-
stantiate and refine the results obtained above and develop
ERS user technology.

The major ERS issues yet to be faced deal now with the
ultimate characteristics and stxucture that an on-going ERS
system should have and the path by which one gets from ERTS to
an operational system. Several observations, based upon the
ecoromic findings of this study, can be made:

1. A commitment to continuity of ERS service is es-
sential if the economic potential of ERS benefits
is to be achieved.

2. Development of an ERS system should be an evo-
lutionary process that combines a hardware tech-
nology program and a user technology program to
provide for both improving ERS technical services
and improving use of ERS services.

3. ERS system services should be long term
commitments so as to guarantee that services
once begun will have assured continuity. This
encourages user investment in ERS data processing
and information processing equipment necessary
to obtain economic benefits.

Any ultimate ERS system should be thought of as a multi-
tier system, not merely as one, two or three sateltitcs. This
can include ground observers, low, medium and high altitude
aircraft, low altitude satellites (such as EOS, NIMBUS G, and
SEASAT), nigh altitude satel'ites (SEOS, SMS) and communications
relay satellites (for example, TDRS). While the results of this
study are obtained by addressing only the contributions of an

* Design of a Water Resources Management Lemonstration for the
Use and Value of ERTS Information," Report No 74-2002-5,
ECON, Inc. Princeton, New Jersey, April 15, 1974



B e

ERTS-type satellite system, the direct benefits of an ERS sys-
tem arxe substantially greater than the sum of the benefits

attributable to each of its componeats taken separately. Thus,
future studies, especially those related to ERS systems defini-

tion, should address the economic aspects of ERS in this sys-
tems context.



	0001A02.JPG
	0001A02.TIF
	0001A03.TIF
	0001A04.TIF
	0001A05.TIF
	0001A06.TIF
	0001A07.TIF
	0001A08.TIF
	0001A09.TIF
	0001A10.TIF
	0001A11.TIF
	0001A12.TIF
	0001A13.TIF
	0001A14.TIF
	0001b00.TIF
	0001B01.TIF
	0001B02.TIF
	0001B03.TIF
	0001B04.TIF
	0001B05.TIF
	0001B06.TIF
	0001B07.TIF
	0001B08.TIF
	0001B09.TIF
	0001B10.TIF
	0001B11.TIF
	0001B12.TIF
	0001B13.TIF
	0001B14.TIF
	0001C01.TIF
	0001C02.TIF
	0001C03.TIF
	0001C04.TIF
	0001C05.TIF
	0001C06.TIF
	0001C07.TIF
	0001C08.TIF
	0001C09.TIF
	0001C10.TIF
	0001C11.TIF
	0001C12.TIF
	0001C13.TIF
	0001C14.TIF
	0001D01.TIF
	0001D02.TIF
	0001D03.TIF
	0001D04.TIF
	0001D05.TIF
	0001D06.TIF
	0001D07.TIF
	0001D08.TIF
	0001D09.TIF
	0001D10.TIF
	0001D11.TIF
	0001D12.TIF
	0001D13.TIF
	0001D14.TIF
	0001E01.TIF
	0001E02.TIF
	0001E03.TIF
	0001E04.TIF
	0001E05.TIF
	0001E06.TIF
	0001E07.TIF
	0001E08.TIF
	0001E09.TIF
	0001E10.TIF
	0001E11.TIF
	0001E12.TIF
	0001E13.TIF
	0001E14.TIF
	0001F01.TIF
	0001F02.TIF
	0001F03.TIF
	0001F04.TIF
	0001F05.TIF
	0001F06.TIF
	0001F07.TIF
	0001F08.TIF
	0001F09.TIF
	0001F10.TIF
	0001F11.TIF
	0001F12.TIF
	0001F13.TIF
	0001F14.TIF
	0001G01.TIF
	0001G02.TIF
	0001G03.TIF
	0001G04.TIF
	0001G05.TIF
	0001G06.TIF
	0001G07.TIF
	0001G08.TIF
	0001G09.TIF
	0001G10.TIF
	0001G11.TIF
	0001G12.TIF
	0001G13.TIF
	0001G14.TIF
	0002A02.TIF
	0002A03.TIF
	0002A04.TIF
	0002A05.TIF
	0002A06.TIF
	0002A07.TIF
	0002A08.TIF
	0002A09.TIF
	0002A10.TIF
	0002A11.TIF
	0002A12.TIF
	0002A13.TIF
	0002A14.TIF
	0002B01.TIF
	0002B02.TIF
	0002B03.TIF
	0002B04.TIF
	0002B05.TIF
	0002B06.TIF
	0002B07.TIF
	0002B08.TIF
	0002B09.TIF
	0002B10.TIF
	0002B11.TIF
	0002B12.TIF
	0002B13.TIF
	0002B14.TIF
	0002C01.TIF
	0002C02.TIF
	0002C03.TIF
	0002C04.TIF
	0002C05.TIF
	0002C06.TIF
	0002C07.TIF
	0002C08.TIF
	0002C09.TIF
	0002C10.TIF
	0002C11.TIF
	0002C12.TIF
	0002C13.TIF
	0002C14.TIF
	0002D01.TIF
	0002D02.TIF
	0002D03.TIF
	0002D04.TIF
	0002D05.TIF
	0002D06.TIF
	0002D07.TIF
	0002D08.TIF
	0002D09.TIF
	0002D10.TIF
	0002D11.TIF
	0002D12.TIF
	0002D13.TIF
	0002D14.TIF
	0002E01.TIF
	0002E02.TIF
	0002E03.TIF
	0002E04.TIF
	0002E05.TIF
	0002E06.TIF
	0002E07.TIF
	0002E08.TIF
	0002E09.TIF
	0002E10.TIF
	0002E11.TIF
	0002E12.TIF
	0002E13.TIF
	0002E14.TIF
	0002F01.TIF
	0002F02.TIF
	0002F03.TIF
	0002F04.TIF
	0002F05.TIF
	0002F06.TIF
	0002F07.TIF
	0002F08.TIF
	0002F09.TIF
	0002F10.TIF
	0002F11.TIF
	0002F12.TIF
	0002F13.TIF
	0002F14.TIF
	0002G01.TIF
	0002G02.TIF
	0002G03.TIF
	0002G04.TIF
	0002G05.TIF
	0002G06.TIF



