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ABSTRACT 

S i n c e  t h e  l a u n c h  o f  t h e  E a r t h  R e s o u r c e s  Techno logy  
S a t e l l i t e  (ERTS-1) i n  J u l y  1 9 7 2 ,  o v e r  300 NASA-approved s c i e n t i f -  
i c  i n v e s t i g a t i o n s  u s i n g  ERTS d a t a  h a v e  b e e n  c o n d u c t e d  o r  a r e  on- 
g o i n g .  These  i n v e s t i g a t i o n s  s e r v e  t o  d e f i n e  a l o w e r  l i m i t  o f  
t h e  t e c h n i c a l  c a p a b i l i t y  o f  E a r t h  R e s o u r c e  S u r v e y  (ERS) s a t e l -  
l i t e s .  T h i s  r e p o r t  a d d r e s s e s  t h e  economic  v a l u e  o f  a n  ERS s y s t e m  
w i t h  a  t s c h n i c a l  c a p a b i l i t y  s i m i l a r  t o  ERTS, a l l o w i n g ,  however ,  
f o r  i n c r e a s e d  c o v e r a g e  o b t a i n e d  t h r o u g h  t h e  u s e  o f  m u l t i p l e  
a c t i v e  s a t e l l i t e s  i n  o r b i t .  The economic  v a l u e  o f  a n  ERS s y s t e m  
is  o b t a i n e d  by a g g r e q a t i n g  n o n - o v e r l a p p i n g  b e n e f i t s  d e r i v e d  
from a  v a r i e t y  o f  s p e c i f i c  R e s o u r c e  Management F u n c t i o n s  (RMFs). 
The economic  v a l u e  o f  added  r e m o t e  s e n s i n g  i n  e a c h  RMF i s  
o b t a i n e d  e i t h e r  by  a n  i n - d e p t h  economic  a n a l y s i s  p e r f o r m e d  by 
ECON o r  by  o t h e r  economic  a s s e s s m e n t s  which ECON b e l i e v e s  a r e  
v a l i d .  The b e n e f i t s  a r e  c l a s s i f i e d  i n t o  e i g h t  R e s o u r c e  Manage- 
ment A r e a s  a n d  n i n e  Resource  Management A c t i v i t i e s .  A f u r t h e r  
d i v i s i o n  o f  b e n e f i t s  is made i n t o  t h e  c a t e g o r i e s  o f  e q u a l  cap- 
a b i l i t y ,  i n c r e a s e d  c a p a b i l i t y  a n d  new c a p a b i l i t y .  

T h i s  volume p r o v i d e s  a  d e t a i l e d  breakdown o f  t h e  b e n e f i t s  
summarized i n  Volume I a n d  e s t a b l i s h e s  a  me thodo logy  f o r  t h e i r  
e s t i m a t i o n .  I n  a d d i t i o n ,  a  d e s c r i p t i o n  o f  t h e  ECON c a s e  s t u d i e s  
i n  a g r i c u l t u r e ,  w a t e r  u s e  a n d  l a n d  c o v e r  i s  p r e s e n t e d .  A 
d e s c r i p t i o n  o f  t h e  c u r r e n t  ERTS s y s t e m  a n d  o f  t h e  c o s t s  f o r  a  
p r o j e c t e d  ERS s y s t e m  is  g i v e n  i n  C h a p t e r  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 Aircraft 
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 ikclude 
ali of the ERS programs. Rather, costs and benefits are 
investigated for a potential system for ear,th resources 
observation from space using satellites with capabilities 
similar to those of ERTS-1. 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 system, 
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 f aci- 
lities; (4) an operations control center (OCC) and ( 5 )  the 
NASA Data Processing ~acility (NDPF) . These components are 
described in the above order, and the whole system is dia- 
gramed in Figure l. l. 

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 arc given in Table 1.1. The 
spacecraft makes  bout 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 km (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 80 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 
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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 



i m a g i n g  s e n s o r s  a re  t w o  t y p e s  -- c a m e r a  a n d  s c a n n e r .  A 
t h r ? e - c a m e r a  r e t u r n  b e a n  v i d i c o n  (RBV) p r o v i d e s  i m a g e s  o f  a n  
1 8 5 ' b y - 1 8 5  km (100-by-100 n a u t i c a l  m i .  s q u a r e  area i n  
t h r e e  d i f f e r e n +  s p e c t r a l  bands:  g r e e n ,  r e d ,  a n d  n e a r  i n f r a r e d .  
T h e s e  b a n d s  cia11 be s u p e r i m p o s e d  t o  y i e l d  " f a l s e  color" i m a g e s .  
I m a q i n g  o f  t h e  s c a n n i n g  t y p e  ( s w e e p i n g )  is p r o v i d e d  b y  t h e  
m u l t i s p e c t r a l  s c a n n e r  s u b s y s t e m  (MSS), w h i c h  o p e r a t e s  i n  f o u r  
s p e c t r a l  b a n d s :  g r e e n ,  red, a n d  two  n e a r  i n f r a r e d  b a n d s .  
The  HSS s w e e p i n g  p a t h  i s  p e r p e n d i c u l a r  t o  t h e  o r b i t a l  t r a c k .  
T a b l e  1 . 2  g i v e s  t h e  c h a r a c t e r i s t i c s  o f  t h e  i m a g i n g  s e n s o r s .  
The v i d e o  t a p e  r e c o r d e r s  a re  p r o v i d e d  s o  t h a t  i m a g e s  o b t a i n e d  
when t h e  s a t e l l i t z  i s  o u t  o f  t h e  r e c e i v i n g  r a n g e  o f  t h e  d a t a  
a c q u i s i t i o n  f a c - r i t i e s  c a n  b e  s t o r e d  f o r  l a t e r  t r a n s m i s s i o n .  
The  c o m m u n i c ~ ~ ~ i o n s  s y s t e m  m e n t i o n e d  a s  a p a y l o a d  i t e m  i s  a 
r e l a y  s y s t *  .: w h i c h  co l l e c t s  i n f o r m a t i o n  f r o m  t h e  g r o u n d - b a s e d  
D C P s  and p a s s e s  it o n  t o  N A S A  g r o u n d  s t a t i o n s  f o r  d e l i v e r y  t o  
t h e  u s e - s .  

Tablr 1 . 1  Nominal ERTS-1 Orbi ta l  Parameters 

Orbi t  Parameter Nominal Value 

The  RBV c a m e r a s  o f  t h e  ERTS-1 s y s t e m  h a v e  n o t  p r o v i d e d  
i ~ . , e s  s i n c e  s h o r t l y  a f t e r  l a u n c h  b e c a u s e  o f  a n  e l e c t r i c a l  
. .nomaly. A m a l e u n c t i o n  r e s u l t e d  i n  t h e  e a r l y  f a i l u r e  o f  

Orbftal A l t i t u d e  

I n e l  b a t  i o n  

Peri >d 

Eccc r t r i c i t y  

Local Time a t  Descending Node 
(Equatorial  Cross ing)  

Coverage Cycle  Duration 

Distance Between Adjacent Ground Tracks 

i 

910 km 

33,032 a e g  

103.267 n i n  

0 

9:30 am 

18 d r y s  (251 r e v o l u t i o n s )  

159.38 km 



t ab le  1.2 SlTS Imagiaq Sensor Characterlsticm 

I J 

3 - Camera Iteturm Beam Vidlcon (RBV) 

, e u e r a  1 - c a r e r a  l Camera 3 

Imsolstioa. a t  max. scene contrast,  T V  Llaes 4SOO 4500 3400 

Spoetral bands, mlllimictons 4 7 5 -  . SIO-680 690-010 

Video Laadrid-4. I IYa ' 4 4 4 

tlme between pioture se t s ,  seconds 25 2 s  2s 

alultispectral soamnet ( w s )  

. . B a a  1 mad 2 l 3 @.oil 4 mama I* 

Reoolutloa iles.at. meters t r o r  910 km 00 00 60 00 215 

Spoacral bands. n l l l i r i c r o n r  100-600 . 600-700 700-000 SOO-1100 10400-12600 

Video baadwldtb. U s  42.9 42.9 42.9 42.9 42.9 

l ~ l t s  mnd S i m  r a  op t ion  f o r  matmllitem a f t o r  B m - 8  0.l~ 

t 

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 augment the remote- 
sensed image data. 

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, 
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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 station7 aEe under construction: 
one in Italy, and one in Canada. Each data receiving system 
includes an antenna ahla 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 
capability of ERTS data reception over all of North America 
and mcst of South America. A total of fourteen ERS data 
rece4.ving stations would suffice to provide rec+ption for 
nearly the entire land area of the world (except Antarctica). 
Figtre 1.3 illustrates proposed station locations,* 

1.1.1 The Operations Control Center (OCC) 

The OCC is located at Goddard Space Fligh: 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. 

The NASA Data Processing Facility (NDPF) 

The dcta received from the satellite at the data 
acquisition 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 reqcired 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. 

~eilock, Milton M. Systems for A c q u i s i t i o n ,  P r o c e s s -  
ing, and  iss semi nation o f  E a r t h  R e s o u r c e s  S a t e l l i  te 
D a t a ,  for the UN Outer Space Div., New York, D~c., 1974. - 



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 majelr 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 

XRTS Satm1lit.s (A and D) 

MS Thmrmrl X I  

XR?S Launch Vahiclma 

* 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 life- 
time is assumed. 

The time phased investment and operations 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 1.5. 
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 progrant 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-year satellite lifetime. 

(2) A sixteez 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; 
the three-satellite case requires 27 satellites 
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.l.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 l a u n ~ h  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 ware simply extended from the 
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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 equivalents of the total program costs at a 1Q percent 
discount rate. These numbers are derived by taking the invest- 
ment, operations and civir service costs dis+,ri,buted 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 changesi for example, a five-year satellite ljfetime, 
data relay satellites, MSS only, etc. 

+ 
Table 1.6 Total Program Costs* for an ERS . 

Satellite System 1977-1993 
* 

Program Components 

No. Active Satellites 

Investment Costs 

Operation Costs 

Civil Service Costs 

Total Costs 

Annual Program 
Cost 
(10% Discount Rate) 

* Exclusive of Data Processing Costs 

* *  See Table 1.5 and Volume VI, Land Use Land Cover Case 
Study, for further documentation back-up 

* * *  ECON estimates based upon NASA GSFC data 

Program Costs, $ millions (1973) 

3*** 

645 

150 

58 

853 -- .. - -- 

61.9 

I** 

258 

84 

26 

368 

27.3 

2*+* 

494 

117 

40 

621 

45 .6  
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2 .  A METHODOLOGY FOR ESTIMATING ERS BENEFITS 

The o n l y  t a n g i b l e  p r o d u c t s  o f  an  ERS s y s t e m  are  h a r d  
copy p h o t o g r a p h i c  p r i n t s ,  compute r  c o m p a t i b l e  d i g i t a l  t a p e s ,  
and d a t a  c o l l e c t e d  by e a r t h - b a s e d  d a t a  c o l l e c t i o n  p l a t f o r m s  
( D C P s )  which a r e  r e l a y e d  t o  g r o u n d  s t a t i o n s  by  a  s p a c e - b a s e d  
d a t a  c o l l e c t i o n  s y s t e m  (DCS). T h e s e  p r o d u c t s  h a v e  l i t t l e  i n -  
t r i n s i c  economic  v a l u e ,  b u t  d e r i v e  t h e i r  v a l u e  f rom t h e  u s e s  
t o  which  t h e y  a r e  p u t  as i n f o r m a t i o n .  One way o f  a n a l y z i n g  
t h e  v a l u e  o f  t h i s  i n f o r m a t i o n  is  b a s e d  on  t h e  c o n c e p t s  o f  
s u p p l y  a n d  demand, which are t h e  n a t u r a l  m a j o r  d e s c r i p t o r s  
o f  a m a r k e t  economy. 

Knowledge o f  t h e  s u p p l y  o f  a n d  t h e  demand f o r  a n y  c o m -  
modi ty  p e r m i t s  d e t e r m i n a t i o n  o f  i t s  v a l u e ,  and  t h i s  p r i n c i p l e  
can  b e  a p p l i e d  t o  i h f o r m a t i o n a l  p r o d u c t s  a s  w e l l  as to a n y  
o t h e r s .  The r e q u i r e d  knowledge o f  s u p p l y  c o n s i s t s  o f  t h e  re- 
l a t i o n s h i p  o f  two v a r i a b l e s - - c o s t  a n d  o u t p u t  l e v e l - - f r o m  a  
p r o d u c e r ' s  p o i n t  o f  view. S i m i l a r l y ,  t h e  r e q u i r e d  knowledge 
o f  demand i s  t h e  r e l a t i o n s h i p  o f  t h e  p r i c e  c h a r g e d  a n d  t h e  
q u a n t i t y  p u r c h a s e d ,  from a c o n s u m e r ' s  p o i n t  o f  v iew.  

S e c t i o n  2 - 1  d e v e l o p s  t h e s e  i d e a s  on  t h e  c o n c e p t u a l  
l e v e l ,  i n c l u d i n g  t h e i r  c o n s e q u e n c e s  f o r  t h e  v a l u e  o f  i n f o r -  
m a t i o n a l  p r o d u c t s .  S e c t i o n  2.2 p r e s e n t s  t h e  p r a c t i c a l  methodo- 
l o g y  b a s e d  on t h i s  c o n c e p t u a l  f o u n d a t i o n ,  a n d  e x p l a i n s  how i t  
i s  u s e d  I n  t h e  p r e s e n t  s t u d y .  S e c t i o n  2 - 3  d i s c u s s e s  t h e  
p r o b l e m  o f  " d i s t r i b u t i o n a l  b e n e f i t s , "  and  t h e  f i n a l  s e c t i o n  o f  
t h i s  c h a p t e r ,  2 . 4 ,  t r e a t s  t h e  i m p o r t a n t  s u b j e c t  o f  t h e  r e q u i r e - ,  
men t s  f o r  t h e  r e a l i z a t i o n  o f  t h e  p o t e n t i a l  economic  b e n e f i t s .  

Economic Va lue  -- S u p p l y  o f  a n d  Demand f o r  I n f o r m a t i o n  

I t  i s  n e c e s s a r y  t o  e s t i m a t e  t h e  demand f o r  E a r t h  
R e s o u r c e s  Survey (ERS) s e r v i c e s .  T h i s  i s  e x t r e m e l y  d i f f i c u l t  t o  
do.  F i r s t ,  a n  EXS s y s t e m  i n v o l v e s  new t e c h n o l o g i e s  a n d  u s e s ,  
many o f  which  c a n n o t  be p r e d i c t e d  w i t h  c o n f i d e n c e .  Any e s t i -  
m a t i o n  p r o c e d u r e  w i l l  b e  g u i l t y  o f  many s i n s  o f  o m i s s i o n  s i n c e  
i t  i s  u n r e a l i s t i c  t o  t h i n k  t h a t  o n e  c a n  f o r e s e e  a l l  t h e  i m -  
p o r t a n t  p o t e n t i a l s  o f  a new t e c h n o l o g y .  Second ,  many o f  t h e  
b e n e f i t s  o f  an  ERS s y s t e m  i m p a c t  s o - c a l l e d  p u b l i c  g o o d s ,  f o r  
which  a m a r k e t  d o e s  n o t  r e a l l y  e x i s t .  A p u b l i c  good is  u s u a l l y  
c h a r a c t e r i z e d  i n  e i t h e r  o f  two ways: i f  o n e  i n d i v i d u a l  consumes 
i t ,  t h e n  o t h e r s  c a n  a l s o  consume i t  a t  e s s e n t i a l l y  no  i n c r e a s e  
i n  s u p p l y  c o s t s ,  o r  i f  o n e  i n d i v i d u a l  consumes i t ,  it i s  a l m o s t  
i m p o s s i b l e  t o  p r e v e n t  o t h e r s  f rom consuming i t .  E s t i m a t i n g  t h e  
b e n e f i t s  o f  p u b l i c  goods  p r e s e n t s  d i f f i c u l t i e s  e v e n  f o r  s y s t e m s  
t h a t  a l r e a d y  e x i s t .  N o t w i t h s t a n d i n g  t h e s e  d i f f i c u l t i e s ,  e s t i -  
mates  o f  t h e  p o t e n t i a l  demand f o r  ERS s e r v i c e s  c a n  s t i l l  b e  
made. 



The e s s e n t i a l  i d e a s  c a n  be s t a t e d  a s  f o l l o w s .  The  
g r o s s  v a l u e  o f  a  p r o d u c t  i s  j u s t  w h a t  a u s e r  w o u l d  b e  w i l l i n g  
t o  p a y  f o r  i t .  Bu t  when o n e  i s  c o n c e r n e d  w i t h  v a l u e  t o  t h e  
n a t i o n  a s  a  w h o l e ,  a n e t  v a l u e  c o n c e p t  i s  r e q u i r e d ,  t o  a c c o u n t  
f o r  t h e  c o s t s  t o  t h e  p r o d u c e r  of mak ing  t h e  p r o d u c t  a v a i l a b l e .  
The  n e t  v a l u e  o f  a p r o d u c t  i s  t h u s  t h e  d i f f e r e n c e  b e t w e e n  t h e  
amount  a u s e r  wou ld  b e  w i l l i n g  t o  p a y  f o r  it  a n d  i t s  p r o d u c t i o n  
cost. I n  a p p l y i n g  t h e s e  c o n c e p t s  t o  i m 2 o r t a n t  c a s e s ,  a  com- 
p l e x i t y  a r ises  i m m e d i a t e l y .  B o t h  t h e  u s e r s '  w i l l i n g n e s s  t o  
p a y  (demand) a n d  t h e  p r o d u c e r s '  cost  o f  s u p p l y i n g  a u n i t  o f  
some p r o d u c t  d e p e n d  o n  (among o t h e r  t h i n g s )  t h e  amount  o f  t h e  
p r o d u c t  t h a t  has a l r e a d y  b e e n  p r o d u c e d .  F o r  e x a m p l e ,  w h a t e v e r  
t h e  u s e r s  o f  ERTS i m a g e s  are w i l l i n g  t o  p a y  t o  meet t h e i r  
m i n i m a l  d a t a  r e q u i r e m e n t s ,  t h e y  are n o t  l i k e l y  t o  c o n t i n u e  t o  
p a y  a t  t h a t  r a t e  f o r  more i m a g e s .  

To q u a n t i f y  r e l a t i o n s h i p s  l i k e  t h e s e ,  i t  i s  u s e f u l  t o  
d e f i n e  demand curves a n d  supply curves. 

F i g u r e  2 . 1  r e p r e s e n t s  a t y p i c a l  demand c u r v e  fo r  a 
g i v e n  commodity.  The v e r t i c a l  a x i s  r e p r e s e n t s  t h e  p r i c e  p e r  
u n i t  o f  t h e  commodi ty ,  w h i l e  t h e  h o r i z o n t a l  a x i s  r e p r e s e n t s  
t h e  number o f  u n i t s  consumed.  A p o i n t  ( Q , P )  o n  t h e  c u r v e  i s  
i n t e r p r e t e d  t o  mean t h a t  when Q u n i t s  are consumed,  t h e n e  
a r e  u s e r s  who wou ld  b e  w i l l i n g  t o  p a y  p r i c e  P f o r  t h e  n e x t  u n i t  
p r o d u c e d .  The  propert ies  o f  t h e  c u r v e  d e p e n d  upon t h e  u s e r s '  
r e s o u r c e s ,  t a s t e s ,  p r e f e r e n c e s ,  a n d  n e e d s ,  a n d  t h e  a v a i l a b i l -  
i t y  o f  s u b s t i t u t e  p r o d u c t s .  

The p a r t i c u l a r  p r i c e s  marked  o n  t h e  v e r t i c a l  a x i s  
(P1 , P  a n d  P  ) r e p r e s e n t  t h e  p r i c e  t h a t  c o u l d  be o b t a i n e d  i ! f o r  t h e  f x r s t  u n F t ,  t h e  p r i c e  t h a t  c o u l d  be o b t a i n e d  f o r  t h e  
i t h  u n i t ,  a n d  t h e  e x i s t i n g  p r i c e ,  r e s p e c t i v e l y .  I t  is  as sumed  
t h a t  a l l  u n i t s  ( t o t a l l i n g  Q ) are  a c t u a l l y  s o l d  a t  p r i c e  P . 
S i n c e  t h e  u n i t s  up  t o  a n d  i $ c l u d i n g  Q - 1 are  s o l d  f o r  l egs  
t h a n  t h e  u s e r s  wou ld  be w i l l i n g  t o  pa$, p a r t  o f  t h e  g r o s s  v a l u e  
( w i l l i n g n e s s  t o  p a y )  i s  r e a l i z e d  b y  t h e  u s e r s .  T h i s  p a r t  i s  
c a l l e d  t h e  "consumer  s u r p l u s "  a n d  is m e a s u r e d  b y  t h e  s h a d e d  
a r e a  o f  F i g u r e  2.1.  A n o t h e r  componen t  o f  t h e  g r o s s  v a l u e  o f  
t h e  p r o d u c t  n a y  b e  r e a l i z e d  b y  t h e  p r o d u c e r .  To a n a l y z e  t h i s  
componen t ,  t h e  " s u p p l y  c u r v e "  i s  c o n s t r u c t e d  as  shown i n  
F i g u r e  2.2.  

The  s u p p l y  c u r v e  p l o t s  t h e  c o s t  o f  t h e  n e x t  u n i t  p r o -  
d u c e d  ( c a l l e d  m a r g i n a l  cos t )  as  a f u n c t i o n  o f  t h e  t o t a l  number  
o f  u n i t s  a l r e a d y  p r o d u c e d .  I n  a c o m p e t i t i v e  e n v i r o n m e n t  t h e  
q u a n t i t y  p r o d u c e d  i s  d e t e r m i n e d  by  t h e  c o n d i t i o n  t h a t  t h e  s e l l -  
i n g  p r i c e  e q u a l s  t h e  m a r g i n a l  c o s t  o f  p r o d u c t i o n ,  s o  t h a t  t h e  
p o i n t  o f  i n t e r s e c t i o n  o f  t h e  s u p p l y  a n d  demand c u r v e s  r e p r e s e n t s  
t h e  a c t u a l  s t a t e  o f  a f f a i r s .  Thus  t h e  ~ r o d u c e r  o b t a i n s  t o t a l  
r e v e n u e s  o f  P t i m e s  y, t h e  p r o d u c t  o f  t h e  p r i c e  p e r  u n i t  a n d  t h e  
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t o t a l  number o f  u n i t s  p r o d u c e d .  T h i s  t o t a l  r e v e n u e  i s  t h e  
a r e a  o f  t h e  r e c t a n g l e  i n  F i g u r e  2 . 2  w i t h  v e r t i c e s  ( 0 , 0 ) ,  
(Q,O), (Q,P), and  (0,P). The a r e a  o f  t h e  p a r t  of t h i s  r e c -  
t a n g l e  be low t h e  s u p p l y  c u r v e  i s  t h e  p r o d u c e r s '  c o s t  o f  p r o -  
v i d i n g  Q u n i t s ,  s o  t h a t  t h e  s h a d e d  p a r t  of t h e  r e c t a n g l e  is 
t h e  p a r t  o f  t h e  g r o s s  v a l u e  o f  t h e  p r o d u c t  which  i s  r e a l i z e d  
by t h e  p r o d u c e r s .  The a r e a  e n c l o s e d  by t h e  v e r t i c a l  a x i s ,  
t h e  s u p p l y  c u r v e ,  and  t h e  demand c u r v e  r e p r e s e n t s  t h e  net 
economic  v a l u e  o f  t h e  p r o d u c t .  

I n  a p p l y i n g  t h e s e  v a l u e  c o n c e p t s  to  t h e  d e t e r m i n a t i o n  
o f  b e n e f i t s  o f  improvements  i n  p r o d u c t s  or s u b s t i t u t i o n  o f  new 
p r o d u c t s  f o r  o l d  o n e s ,  o n e  i s  c o n c e r n e d  w i t h  t h e  change i n  t h e  
n e t  economic  v a l u e  d u e  t o  t h e  improvement  o r  s u b s t i t u t i o n .  
Such a c h a n g e  is r e f l e c t e d  i n  a c h a n g e  i n  t h e  s u p p l y  ccrve, 
t h e  demand c u r v e ,  o r  b o t h .  

2.1.1 Known Demand S t r u c t u r e  

I f  t h e  change  a f f e c t s  cost  f a c t o r s  w i t h o u t  a f f e c t i n g  
t h e  q u a l i t i e s  d e t e r m i n i n g  u s e r  v a l u a t i o n  o f  t h e  p r o d u c t ,  t h e  
s u p p l y  c u r v e  shows a  c h a n g e ,  w h i l e  t h e  demand c u r v e  d o e s  n o t .  
T h i s  h a p p e n s ,  f c r  i n s t a n c e ,  when a  l o w e r - c o s t  p r o c e s s  i s  e m -  
p l o y e d  i n  making a  p r o d u c t  o f  unchanged  s p e c i f i c a t i o n s .  
F i g u r e  2 .3  p o r t r a y s  t h e  a s s o c i a t e d  c h a n g e  i n  n e t  v a l u e - - t h e  
benefit o f  t h e  improvement  o r  s u b s t i t u t i o n .  

Original Su#ply Curve 

A /New Supply Curve 

Benefits due to 

\ Increased Consumption 

producer Cost Savings 
at Constant Production 

Quantity, Q 

F i g u r e  2 . 3  The B e n e f i t  o f  a Change i n  C o s t  F a c t o r s  



I n  t h e  c a s e  w h e r e  t h e  m a r g i n a l  c o s t  o f  p r o d u c t i o t ~  i s  
i n d e p e n d e n t  o f  t h e  q u a n t i t y  a l r e a d y  p r o d u c e d ,  t h e  s u p p l y  c u r v e s  
a r e  b o t h  h o r i z o n t a l  l i n e s ,  c o m p l e t e l y  s p e c i f i e d  b y  t h a t  m a r g i -  
n a l  c o s t .  S i n c e  t h e  m a r g i n a l  c o s t  is t h e  s e l l i n g  p r i c e  o f  t h e  
p r o d u c t ,  t h e  b e n e f i t  c a n  be o b t a i n e d  s i m p l y  f r o m  k n o w l e d g e  o f  
t h e  demand c u r v e  a n d  t h e  o r i g i n a l  a n d  new p r i c e s .  I n  
F i g u r e  2 . 4 ,  s u c h  a  s i t u a t i o n  i s  d iagrammed w i t h  t h e  b e n e f i t  
i n d i c a t e d  by  t h e  s h a d e d  a r e a .  P a r t  of t h e  b e n e f i t ,  r e p r e s e n t e d  
b y  t h e  area t o  t h e  l e f t  o f  t h e  v e r t i c a l  d o t t e d  l i n e ,  c a n  be 
d e t e r m i n e d  w i t h o u t  knowledge  of t h e  s h a p e  o f  t h e  demand c u r v e .  
T h a t  p a r t  o f  t h e  b e n e f i t  i s  g i v e n  b y  (P - P2) x Q , a n d  i s  

1 s i m p l y  t h e  c o s t  s a v i n g  ( r e a l i z e d  i n  t h i s  case b y  t i e  c o n s u m e r s )  
f o r  t h e  q u a n t i t y  of t h e  p r o d u c t  p r o d u c e d  a t  t h e  o r i g i n a l  p r i c e .  
R e g a r d l e s s  o f  t h e  d e t a i l s  o f  t h e  demand c u r v e ,  t h i s  cost  s a v i n g s  
b e n e f i t  i s  a l o w e r  bound  f o r  t h e  t o t a l  b e n e f i t  d u e  t o  t h e  p r i c e  
r e d u c t i o n .  

F o r  c a l c u l a t i o n  o f  t h e  r e m a i n d e r  o f  t h e  b e n e f i t ,  r e p r e -  
s e n t e d  b y  t h e  t r i a n g u l a r  area t o  t h e  r i g h t  i n  F i g u r e  2.4,  some 
knowledge  of t h e  s t r u c t u r e  o f  demand i s  r e q u i r e d .  I n  some c a s e s ,  
p a r t i c u l a r l y  when t h e  p r i c e  c h a n g e  is s m a l l ,  t h e  k n o w l e d g e  c a n  
be o b t a i n e d  d i r e c t l y .  U s e r s  c a n  b e  a s k e d ,  f o r  e x a m p l e ,  how 
much more o f  a p r o d u c t  t h e y  w o u l d  p u r c h a s e  i f  t h e  p r i ce  w e r e  
lower, 

Somet imes  i t  i s  p o s s i b l e  t o  p r e d i c t  w i t h  c o n s i d e r a b l e  

Ql 
Q u a n t i t y ,  Q Q2 

F i g u r e  2 . 4  B e n e f i t  o f  a P r i c e  Change  when 
M a r g i l l a l  C o s t  i s  I n d e p e n d e n t  o f  
L e v e l  of P r o d u c t i o n  



c o n f i d e n c e  t h a t  t h e  demand w i l l  f o l l o w  o n e  o f  s e v e r a l  f a m i l i a r  
p a t t e r n s .  One o f  t h e s e  p a t t e r n s  i s  c a l l e d  " p e r f e c t l y  i n e l a s t i c  
demand". I n  t h i s  c a s e ,  t h e  t o t a l  q u a r r t i t y  purchased d o e s  n o t  
i n c r e a s e  w i t h  t h e  r e d u c t i o n  i n  p r i c e .  Then t h e  demand c u r v e  
i s  v e r t i c a l  a n d  t h e  total b e n e f i t  i s  j u s t  (P1 - P 1 x Q.  T h i s  
i s  o f t e n  t h e  s i t u a t i o n  when t h e  demand i n  i n s t i t u $ i o n a l i z e d .  
A s  a n  e x a m p l e  i n  t h e  c o n t e x t  o f  i n f o r m a t i o n a l  p r o d u c t s ,  a  
g o v e r n m e n t  a g e n c y  d i r e c t e d  b y  l a w  t o  o b t a i n  maps o f  a p a r t i c u -  
l a r  r e g i o n  w i l l  n o t  b e  l i k e l y  t o  i n v e s t  i n  more maps i n  r e -  
s p o n s e  t o  a l o w e r  u n i t  p r i c e .  A n o t h e r  common p a t t e r n  i s  c a l l e d  
" u n i t - e l a s t i c  demand." 'En t h i s  c a s e ,  t h e  t o t a l  amoun t  o f  
money s p e n t  o n  t h e  p r o d u c t  b y  t h e  b u y e r s  i s  t h e  same a t  t h e  
h i g h e r  o r  t h e  l o w e r  p r i c e .  T h i s  i m p l i e s  t h a t  t h e  demand c u r v e  
h a s  a h y p e r b o l i c  s h a p e  a n d  i s  d e s c r i b e d  b y ' t h e  f o r m u l a  
PQ = c a n s t a n t .  U n i t  e l a s t i c  demand a l s o  i s  o f t e n  a g o o d  
d e s c r i p t i o n  o f  i n s t i t u t i o n a l  b u y i n g  b e h a v i o r .  F o r  e x a m p l e ,  
t h e  U n i t e d  S t a t e s  F o r e s t  S e r v i c e  h a s  t a r g e t s .  o n  f o r e s t  i nvena -o ry  
c y c l e s ,  b u t  d o e s  n o t  m e e t  t hem u n d e r  i t s  c u r r e n t  b u d g e t .  
I f  i n v e n t o r y  p r o c e d u r e s  w e r e  made l e ss  c o s t l y ,  it i s  l i k e l y  
t h a t  t h e  s a v i n g s  r e a l i z e d  w o u l d  b e  u s e d  f o r  t h e  " p u r c h a s e "  of 
more  i n v e n t o r y  a c t i v i t y ,  a t  l e a s t  up  t o  t h e  p o i n t  o f  m e e t i n g  
t h e  t a r g e t  c y c l e  t i m e s .  I n  t h e  c o u r s e  o f  t h e  b e n e f i t  e s t i m a t e s  
o f  t h i s  s t u d y ,  t h e  u n i t  e l a s t i c  demand c a s e  o c c L r s  f r e q u e n t l y . .  
A s i m p l e  f o r m u l a  g i v e s  t h e  t o t a l  b e n e f i t  f o r  t h i s  c a s e  when t h e  
p r i c e  r e d u c t i o n  i s  known; i t  i s  p r e s e n t e d  h e r e .  F i g u r e  2 . 5  
r e p r e s e n t s  a u n i t  . e l a s t i c  demand c u r v e ,  w i t h  t h e  c o n s e q u e n c e s  
o f  a p r i c e  r e d u c t i o n .  The new p r i c e  i s  a  f r a c t i o n  f  of t h e  o l d  
p r i c e ,  a n d  b e c a u s e  o f  t h e  u n i t  e l a s t i c i t y ,  t h e  new q u a n t i t y  i s  
t h e  o l d  q u a n t i t y  d i v i d e d  b y  f .  The t o t a l  b e n e f i t  B r e p r e s e n t e d  
by  t h e  s h a d e d  a r e a ,  i s  e a s i l y  c a l c u l a t e d  b y  i n t e g r a t i o n ,  as . 

f o l l o w s  : 

- - - PQ l n ( f )  

w h e r e  I n  r e f e r s  t o  t h e  n a t u r a l  1ogari :ha.  I n  a p p l i c a t i g n ,  o u r  
o f t e n  d e t e r m i n e s  t h e  p a r t  o f  t h e  b e n e f i t  c o r r e s p o n d i n y ;  ;o p r o d u c -  
t i o n  l e v e l  Q f i r s t .  I f  t h i s  p a r t  c f  t h e  b e n e f i t  i s  d e n o t e d  d l ,  
t h e n  s i n c e  B1 = P Q ( 1 - f ) ,  t h e  t o t a l  b e n e f i t  c a n  b e  w r i t t e n  

a n d  t h e  r e m a i n i n g  p a r t  o f  t h e  b e n e f i t ,  d e n o t e d  B 2 ,  i s  g i v e n  b y  



Q u a n t i t y ,  Q 

F i g u r e  2 . 5  The E q u a l  C a p a b i l i t y  a n d  New C a p a b i l i t y  
B e n e f i t s  When Demand Is U n i t  E l a s t i c  

2 .1 .2  - Unknown Demand S t r u c t u r e  

S o  f a r  t h e  d i s c u s s i o n  h a s  c o n s i d e r e d  t h e  i m p a c t  o f  a  
c o s t  c h a n g e  o n l y  i n  m a r k e t s  t h a t  a l r e a d y  e x i s t .  However ,  a new 
t e c h n o l o g y  w i l l  o f t e n  l e a d  t o  c h a n g e s  i n  a d d i t i o n  t o  t h o s e  i n  
t h e  c o s t s  a n d  q u a n t i t i e s  o f  g o o d s  b e i n g  p r o d u c e d  a t  t h e  t i m e  o f  
i m p l e m e n t a t i o n .  One o f  t h e  m a j o r  p r o b l e m s  i n v o l v e d  i n  t h e  
a n a l y s i s  o f  new t e c h n o l o g i e s  i s  t h e  t e n d e n c y  t o  c r e a t e  new 
m a r k e t s  a n d  n e e d s .  A l t h o u g h  t h e  e s t i m a t i o n  p r o b l e m  i s  much 
more d i f f i c u l t ,  t h e  c o n c e p t u a l  f r amework  i s  s i m i l a r  t o  t h e  o n e  
f o r  t h e  c a s e  w h e r e  a  m a r k e t  a l r e a d y  e x i s t s .  One p o s t u l a t e s  t h e  
e x i s t e n c e  o f  a demand f o r  t h e  new p r o d u c t  a n d  t h e  e c o n o m i c  
b e n e f i t  i s  t h e  a r e a  b e t w e e n  t h e  s u p p l y  c u r v e  f o r  t h e  new p r o d u c t  
a n d  t h e  demand c u r v e  f o r  t h e  new p r o d u c t .  

The n u m e r i c a l  e s t i m a t i o n  o f  t h e  demand c u r v e  c a n  b e  . 

b a s e d  o n  a n  a n a l y s i s  o f  t h e  n e e d s  o r  o b j e c t i v e s  o f  t h e  p o t e n t i a l  
u s e r s  o f  t h e  new p r o d u c t .  When t h e  p r o d u c t  i s  a  f o r m  o f  i n f o r -  
m a t i o n ,  two i m p o r t a n t  g e n e r a l  p r i n c i p l e s  g u i d e  t h i s  a n a l y s i s .  
F i r s t ,  t h e  n e e d  f o r  i n f o r m a t i o n  a r i s e s  i n  t h e  c o u r s e  o f  p r o d u c -  
t i o n  o r  a c q u i s i t i o n  o f  o t h e r  p r o d u c t s ,  f o r  w h i c h  s u p p l y  a n d  



demand a n a l y s i s  may b e  f e a s i b l e ,  S e c o n d ,  t h e  economic  b e n e f i t  of 
i n f o r m a t i o n  i s  i n  mak ing  d e c i s i o n s  r e l a t i n g  t o  t h o s e  p r o d u c t s ,  
b y  w h i c h  i s  mean t  c o m m i t t i n g  e c o n o m i c  r e s o u r c e s  i n  o n e  way 
r a t h e r  t h a n  i n  a n o t h e r .  Thus ,  i n f o r m a t i o n  h a s  e c o n o m i c  v a l u e  
t o  a u s e r  o n l y  i f  i t  p e r m i t s  h im t o  make a b e t t e r  d e c i s i o n  
t h a n  h e  c o u l d  i n  i t s  a b s e n c e .  I n  v i ew o f  t h e s e  t w o  p r i n c i p l e s ,  
t h e  d e t e r m i n a t i o n  o f  a  g i v e n  u s e r s ' s  demand f o r  i n f o r m a t i o n  
r e q u i r e s  a n  a n a l y s i s  o f  ( 1 )  h i s  d e c i s i o n  a l t e r n a t i v e s  a n d  t h e i r  
c o n s e q u e n c e s  a n d  (2) t h e  v a l u e  o f  t h e  p r o d u c t s  i n  t h e  m a r k e t  
h e  i s  o p e r a t i n g  i n .  

An e x c e l l e n t  e x a m p l e  o f  t h e  i n t e r a c t i o n s  u n d e r  d i s -  
c u s s i o n  h e r e  is  t h e  s i t u a t i o n  w i t h  r e s p e c t  t o  w i n t e r  w h e a t ,  
w h i c h  K a n s a s  f a r m e r s  g e n e r a l l y  u s e  as  a c o v e r  c r o p  t o  b e  p lowed  
u n d e r  i n  t h e  s p r i n g .  The  i n c r e a s e d  p r i c e  o f  w h e a t  d u e  t o  t h e  
R u s s i a n  g r a i n  dea l ,  however ,  h a s  r e c e n t l y  l e d  s e v e r a l  f a r m a r s  
t o  h a r v e s t  t h e i r  w h e a t  i n s t e a d .  An i n f o r m a t i o n a l  p r o d u c t  o f  
i m p o r t a n c e  h e r e  i s  t h e  f o r e c a s t  o f  t h e  c u r r e n t  c r o p  y i e l d .  
I l l u s t r a t i n g  t h e  f i r s t  p r i n c i p l e  a b o v e ,  n e e d  f o r  t h i s  i n f o r m a -  
t i o n  arises w i t h i n  t h e  c o n t e x t  o f  t h e  w h e a t  m a r k e t ,  f o r  w h i c h  
s u p p l y  a n d  demand a n a l y s i s  i s  f e a s i b l e  a n d  p r o d u c t i v e .  S e c o n d ,  
t h e  f a r m e r s  u s e  i n f o r m a t i o n  o f  t h i s  t y p e  i n  mak ing  d e c i s i o n s  
o n  w h e t h e r  t o  h a r v e s t  t h e  w i n t e r  w h e a t  o r  t o  p l o w  i t  u n d e r .  
C o n s e q u e n t l y ,  t o  e s t i m a t e  how much a farmer w o u l d  be w i l l i n g  
t o  p a y  f o r  c r o p  y i e l d  f o r e c a s t s  o f  a g i v e n  q u a l i t y ,  i t  i s  
n e c e s s a r y  t o  d e t e r m i n e  how h e  wou ld  u s e  t h e  f o r e c a s t  i n  mak ing  
h i s  h a r v e s t - o r - p l o w  d e c i s i o n  a n d  w h a t  p r o f i t s  h e  c a n  l o o k  f o r -  
ward t o  a f t e r  mak ing  t h e  d e c i s i o n .  

I t  i s  i m p o r t a n t  t o  c o n s i d e r  w h e t h e r  a  f a r m e r ' s  i n c r e a s e d  
p r o f i t s  c o n s t i t u t e  a b e n e f i t  t o  t h e  n a t i o n  a s  a  w h o l e ,  a n d  i f  
s o ,  how much. I n  t h i s  r e g a r d  i t  i s  c l ea r  t h a t  g o o d  d e c i s i o n s  
made b y  f a r m e r s  a r e  a l s o  good  f o r  c o n s u m e r s .  I f ,  i n  f a c t ,  t h e r e  
e x i s t s  a p o t e n t i a l  s h o r t a g e  o f  w h e a t ,  t h i s  c a n  r e s u l t  i n  h i g h e r  
w h e a t  p r i c e s .  By h a r v e s t i n g  h i s  w h e a t  c r o p  r a t h e r  t h a n  p l o w i n g  
it u n d e r ,  t h e  f a r m e r  c a n  t a k e  a d v a n t a g e  o f  t h e  h i g h e r  p r i c e  
a n d ,  a t  t h e  same t i m e ,  k e e p  t h e  p r i c e  f r o m  g o i n g  e v e n  h i g h e r  
b y  a d d i n g  h i s  w h e a t  t o  t h e  t o t a l  w h e a t  s u p p l y .  

2 . 1 . 3  The A t t r i b u t e s  o f  I n f o r m a t i o n  

I n  t h e  a n a l y s e s  o f  t h e  p r e s e n t  s t u d y ,  t h e  s u b j e c t  i s  
o f t e n  t h e  s u b s t i t u t i o n  o f  i n f o r m a t i o n  d e r i v e d  f r o m  o n e  s o u r c e  
f o r  i n f o r m a t i o n  d e r i v e d  f rom a r , o t h e r .  F o r  e x a m p l e ,  s o m e t i m e s  
c o n s i d e r a t i o n  i s  g i v e n  t o  t h e  d i r e c t  s u b s t i t u t i o n  o f  ERTS f r a m e s  
f o r  a e r i a l  p h o t o g r a p h s .  A more i n t r i c a t e  case i s  t h e  s u b s t i t d -  
t i o n  o f  s t a t i s t i c s  s u c h  a s  r a n g e l a n d  c o ~ ~ d i t i o n  a s s e s s m e n t s  
g a t h e r e d  w i t h  t h e  a i d  o f  ERS d a t a  p r o d u c t s  f o r  s i m i l a r  s t a t i s -  
t i c s  g a t h e r e d  e n t i r e l y  by  c o n v e n t i o n a l  means.  Whenever  v a i u e  
c o m p a r i s o n s  a r e  made b e t w e e n  i n f o r m a t i o n  d e r i v e d  f rom d i f f e r e n t  



d a t a  s o u r c e s ,  c o n s i d e r a t i o n  mnst  b e  g i v e n  t o  t h e  attributes o f  
i n f o r m a t i o n  which d e t e r m i n e  i t s  u s e f u l n e s s  i n  d e c i s i o n  making,  
and h e n c e  i t s  economic  v a l u e ,  These  a t t r i b u t e s  a r e  b o t h  eco-  
nomic and  t e c h n i c a l  i n  n a t u r e  and  a r e  f i v e  i n  number: 

1, Cost - c o s t  i s  an  economic  a t t r i b u t e  o f  i n f o r m a t i o n ,  
a f f e c t i n g  i t s  v a l u e  d i r e c t l y .  I n f o r m a t i o n  t h a t  
c o s t s  a s  much a s  o r  more t h a n  j t s  c o n t r i b u t i o n  t o  
good d e c i s i o n  making i r  o f  z e r o  economic  v a l u e .  

2. Accuracy - Accuracy  i s  a  t e c h n i c a l  a t t r i b u t e  o f  
i n f o r m a t i o n  t h a t  e x p r e s s e s  t h e  e x t e n t  t o  which 
d a t a  ( i n p u t s  t o  i n f o r m a t i o n )  a r e  c o r r e c t l y  i n -  
t e r p r e t e d .  I n f o r m a t i o n  l o s e s  v a l u e  a s  i t s  a c c u r a c y  
i s  d e c r e a s e d .  As some p o i n t ,  i n f o r m a t i o n  s u b s t i -  
t u t e s  t a k e  o v e r  a n d  t h e  i n f o r m a t i o n  loses a l l  
economic  v a l u e .  

3. Completeness - C o m p l e t e n e s s  i s  a  t e c h n i c a l  a t t r i -  
b u t e  o f  i n f o r m a t i o n  t h a t  e x p r e s s e s  i t s  d e g r e e  o f  
f u l f i l m e n t  o f  t h e  t o t a l  i n f o r m a t i o n  r e q u i r e m e n t .  
F o r  example ,  i n  t h e  c o n t e x t  o f  t i m b e r  h a r v e s t  
management n e t  g r o w t h  o f  t i m b e r  f o r  a n  e n t i r e  N a t i o n -  
a l  F o r e s t  i s  less c o m p l e t e  t h a n  t h e  same i n f o r m a t i o n  
g i v e n  by l o c a t i o n  w i t h i n  t h e  f o r e s t .  

4. Dependability - D e p e n d a b i l i t y  i s  a  t e c h n i c a l  a t t r i -  
b u t e  of i n f o r m a t i o n  t h a t  r e l a t e s  t o  i t s  c o n s i s t e n c y  
from sample  t o  sample .  I f  i n f o r m a t i o n  i s  n o t  depend- 
a b l e ,  t h e n  e v e n  when it is  i n e x p e n s i v e ,  a c c u r a t e ,  
c o m p l e t e ,  and  t i m e l y ,  i t s  economic  v a l u e  may b e  
l e s s e n e d .  

5. Timeliness - T i m e l i n e s s  i s  a t e c h n i c a l  a t t r i b u t e  o f  
i n f o r m a t i o n  t h a t  r e l a t e s  t o  i t s  p e r i o d  o f  a v a i l a b i l -  
i t y .  I n f o r m a t i o n  t h a t  i s  a v a i l a b l e  a f t e r  a  d e c i s i o n  
i s  made i s  o f  l i t t l e  v a l u e  t o  t h e  d e c i s i o n  maker.  

I n  o r d e r  f o r  c e r t a i n  i n f o r m a t i o n  t o  h a v e  i n c r e a s e d  eco-  
nomic v a l u e  o v e r  a l t e r n a t i v e  i n f o r m a t i o n ,  a t  l e a s t  o n e  o f  i t s  
a t t r i b u t e s  must  b e  improved.  I n f o r m a t i o n  w i t h  t h e  Sam- t e c h n i c a l  
a t t r i b u t e s  b u t  l o w e r  c o s t ,  f o r  e x a m p l e ,  h a s  t h e  v a l u e  o f  c o s t  
s a v i n g s .  O t h e r  i n f o r m a t i o n  may h a v e  t h e  same o r  h i g h e r  c o s t  b u t ,  
b e c a u s e  o f  improved t e c h n i c a l  a t t r i b u t e s ,  a l l o w s  improved d e c i -  
s i o n s  t o  b e  made, t h u s  o b t a i n i n g  a d d e d  v a l u e .  

I n  compar ing  i n f o r m a t i o n  p r e p a r e d  u s i n g  ERS s a t e l l i t e  
d a t a  w i t h  i n f o r m a t i o n  p r e p a r e d  u s i n g  h i g h - a l t i t u d e  a i r c r a f t  
images ,  a t t r i b u t e  d i f f e r e n c e s  a r e  t y p i c a l l y  f o u n d  i n  c o s t ,  



c o m p l e t e n e s s ,  t i m e l i n e s s  otrd somet imes  a c c u r a c y .  The h i g h e r  
r e s o l u t i o n  o f  a i r c r a f t  images  may r e s u l t  i n  g r e a t e r  a c c u r a c y ,  
b u t  t h e  c o s t  i s  h i g h e r .  But  i n  some s i t u a t i o n s  t h e  i n f o r m a t i o n  
r e q u i i s m e n t  i s  s u c h  t h a t  s a t e l l i t e  images  p r o v i d e  g r e a t e r  
a c c u r a c y .  F o r  i n s t a n c e ,  when i n f o r m a t i o n  i s  r e q u i r e d  on  t h e  
l o c a t i o n  and s h a p e  o f  l a r g e  g e o l o g i c a l  s t r u c t u r e s  ( a s  i n  o i l  
e x p l o r a t i o n ) ,  o r  i n  t h e  a r e a l  e x t e n t  o f  p a r t i c u l a r  e a r t h  
phenomena ( s u c h  a s  f o r e s t  v e g e t a t i o n  o r  o c e a n  c o v e r a g e ) ,  t h e  
s y n o p t i c  v i e w p o i n t  p r o v i d e d  t h r o u g h  t h e  s a t e l l i t e ' s  a l t i t u d e  
r e s u l t s  i n  g r e a t e r  a c c u r a c y  t h a n  c a n  b e  o b t a i n e d  b y  means o f  
a i r c r a f t .  I n  t h e  c a s e  o f  t i m e l i n e s s  o f  i n f o r m a t i o n ,  t h e  s a t e l -  
l i t e  may h a v e  a n  a d v a n t a g e  f o r  mos t  r o u t i n e  i n f o r m a t i o n  c o l l e c t -  
i n g  a c t i v i t i e s ,  b u t  i t  c a n n o t  b e  r e r o u t e d  t o  f i l l  a n  immedia te  
need  f o r  c o v e r a g e  o f  a n  a r e a  i t  p a s s e d  o v e r  two d a y s  a g o ,  
w h a r e a s  a n  a i r c r a f t  could b e  d i s p a t c h e d  t o  t h e  s i t e .  

I t  would b e  a  m i s t a k e  t o  l i m i t  t h e  e v a l u a t i o n  o f  ERS 
s a t e l l i t e  i n f o r m a t i o n  t o  a n  a s s e s s m e n t  o f  i t s  a b i l i t y  t o  meet  
s p e c i f i c a t i o n s  e s t a b l i s h e d  b e f o r e  i t  was a v a i l a b l e .  T h i s  is 
b e c a u s e  s p e c i f i c a t i o n s  on t h e  r e q u i r e m e n t s  f o r  i n f o r m a t i o n  and  
on  i t s  a t t r i b u t e s  h a v e  no a b s o l u t e  v a l i d i t y ;  t h e y  a r e ,  a t  m o s t ,  
v a l i d  i n  c o n n e c t i o n  w i t h  a  p a r t i c u l a r  method o f  u s i n g  t h e  i n f o r -  
m a t i o n  i n  d e c i s i o n  making.  I n  t h e  f i n a l  a n a l y s i s ,  t h e  o n l y  
i n f o r m a t i o n  requirement i s  t h e  a n s w e r  t o  t h e  q u e s t i o n ,  "What i s  
t h e  r i g h t  d e c i s i o n ? "  F o r  example ,  i n  t h e  c a s e  o f  t imber h a r v e s t  
management, t h i s  q u e s t i o n  t a k e s  t h e  fo rm,  n H o ~  much t i m b e r  I 

( i f  any)  s h o u l d  b e  c u t  f rom e a c h  l o c a t i o n ? l b  The s t a n d a r d  
methods  o f  making t h i s  d e c i s i o n  c a l l  f o r  i n f o r m a t i o n  o n  a n n u a l  
t i m b e r  g r o w t h ,  r e m o v a l s ,  and m o r t a l i t y ,  o b t a i n e d  t h r o u g h  s t a c i s -  
t i c a l  s a m p l i n g  p r o c e d u r e s .  A s  p a r t  o f  s t a n d a r d  p r o c e d u r e s ,  
a c c u r a c y  s p e c i f i c a t i o n s  h a v e  b e e n  d e v e l o p e d  f o r  t h e  measurements  
( a c t u a l l y  e s t i m a t e s )  o f  t h e s e  t h r e e  q u a n t i t i e s .  When c o n s i d e r -  
i n g  t h e  p o s s i b l e  b e n e f i t  t h a t  c a n  b e  a t t r i b u t e d  t o  ERS s a t e l l i t e  
i n f o r m a t i o n ,  it  i s  n o t  s u f f i c i e n t  t o  a s k  w h e t h e r  t h e  s a t e l l i t e  
d a t a  a l o n e  c a n  b e  u s e d  t o  make e s t i m a t e s  o f  t h e  q u a n t i t i e s  w i t h i n  
t h e  s p e c i f i c a t i o n s  a l r e a d y  e s t a b l i s h e d .  A b e t t e r  q u e s t i o n  i s  
w h e t h e r  t h e  whole  s a m p l i n g  p r o c e d u r e  c a n  b e  m o d i f i e d  :o i n c l u d e  
s a t e l l i t e  d a t a ,  a s  w e l l  a s  d a t a  c o l l e c t e d  c o n v e n t i o n a l l y ,  b u t  i n  
a  manner d e s i g n e d  t o  complement t h e  s a t e l l i t e  d a t a .  The accu-  
r a c y  t a r g e t s  o f  t h e  new s a m p l i n g  p r o c e d u r e  would  b e  s t a t e d  f o r  
t h e  o u t p u t  i n f o r m a t i o n ,  n o t  f o r  t h e  measurements  made from t h e  
s a t e l l i t e  d a t a  t a p e s .  

Thus ,  t h e  a n a l y s i s  o f  t h e  a t t r i b u t e s  o f  i n f o r m a t i o n  i s  
n o t  a p p l i e d  t o  t h e  i n p u t  i n f o r m a t i o n  o f  t h e  s a m p l i n g  p r o c e s s ,  
b u t  t o  i t s  o u t p u t .  However, t h e  expanded q u e s t i o n  still may 
f a i l  t o  l o c a t e  s i g n i f i c a n t  b e n e f i t s  o f  new i n E o r m a t i o n .  The 



t i m b e r  h a r v e s t i n g  d e c i s i o n  i s  made p r i m a r i l y  on t h e  b a s i s  o f  
t h e  s i n g l e  q u a n t i t y  -- a n n u a l  a d d i t i o n  t o  t i m b e r .  The t h r e e  
components  o f  t h i s  q u a n t i t y  a r e  g r o w t h ,  r e m o v a l s ,  a n d  
m o r t a l i t y .  I f  i t  i s  p o s s i b l e  t o  measure  t h e  a n n u a l  a d d i t i o n  
by a  p r o c e d u r e  t h a t  d o e s  n o t  depend on p r e c i s e  measurements  o f  
t h e  components ,  a  b e n e f i t  may b e  t h e r e b y  a c h i e v e d .  F r e q u e n t  
s a t e l l i t e  c o v e r a g e  s u g g e s t s  a l t e r n a t i v e  p r o c e d u r e s  f o r  making 
t h e  d e s i r e d  e s t i m a t e  -- s u c h  a s  by  t a k i n g  t h e  d i f f e r e n c e  o f  
volume e s t i m a t e s  made a t  d i f f e r e n t  times. I f  s a t e l l i t e  d a t a  
c a n  b e  u s e d  i n  s u c h  a  p r o c e d u r e  t o  improve e f f i c i e n c y  o f  h a r v e s t  
management, a  b e n e f i t  i s  a c h i e v a b l e  w h e t h e r  o r  n o t  b e n e f i t s  c a n  
b e  a c h i e v e d  i n  t h e  o t h e r  ways d i s c u s s e d  above .  

The t i m b e r  management c a s e  i s  a  v e r y  s i m p l e  example  o f  
a  phenomenon t h a t  o c c u r s  i n  c o n n e c t i o n  w i t h  many o t h e r  r e s o u r c e  
management f u n c t i o n s .  The g e n e r a l  p r i n c i p l e  s u g g e s t e d  by t h i s  
example  i s  t h a t  t h e  u s e  o f  s a t e l l i t e  d a t a  c a n  a l w a y s  be v iewed  
as p a r t  o f  a m u l t i - s t a g e  s t a t i s t i c a l  s a m p l i n g  p r o c e d u r e ,  and 
t h e  b e s t  u s e  o f  t h e  s a t e l l i t e  d a t a  t o  p r o v i d e  i n f o r m a t i o n  t o  
s u p p o r t  a g i v e n  management f u n c t i o n  d e p e n d s  on  d e s i g n i n g  t h e  
e n t i r e  s a m p l i n g  p r o c e d u r e  w i t h  t h e  management f u n c t i o n  i n  mind. 

2.2 The P r a c t i c a l  Methodo logy  

To a s s u r e  c o m p r e h e n s i v e n e s s  and p r e c i s i o n ,  and  t o  a s s i s t  
i n  t h e  o r g a n i z a t i o n  o f  d a t a  f o r  t h e  p r e s e n t  s t u d y ,  t h e  b e n e f i t  
e s t i m a t e s  a r e  c a r r i e d  o u t  f o r  i n d i v i d u a l  r e s o u r c e  management 
f u n c t i o n s  ( R M F ) .  The RMFs a r e  c l a s s i f i e d  on  two l e v e l s .  A t  t h e  
h i g h e s t  l e v e l ,  t h e  c l a s s i f i c a t i o n  s y s t e m  d e f i n e s  e i g h t  r e s o u r c e  
management a r e a s .  A t  t h e  n e x t  l e v e l ,  e a c h  r e s o u r c e  management 
a r e a  i s  d i v i d e d  i n t o  n i n e  r e s o u r c e  management a c t i v i t i e s .  
F i n a l l y ,  t h e  RMFs t h e m s e l v e s  are s e l e c t e d  t o  f o c u s  on  d i s t i n -  
g u i s h a b l e  f u n c t i o n s  w i t h i n  t h e  a c t i v i t i e s .  The c l a s s i f i c a t i o n  
s y s t e m  i s  a l l - i n c l u s i v e  t h r o u g h  t h e  f i r s t  two l e v e l s .  The 
r e s o u r c e  management a r e a s  fo rm a  c o m p r e h e n s i v e  ( a n d  m u t u a l l y  
e x c l u s i v e )  l i s t  o f  e a r t h  r e s o u r c e s ,  w h i l e  t h e  r e s o u r c e  manage- 
ment a c t i v i t i e s  a r e  c o m p r e h e n s i v e ,  a n d ,  a r e  o r d e r e d  a c c o r d i c g  t o  
t1.e s e q u e n c e  i n  which t h e y  a r e  o r d i n a r i l y  p e r f o r m e d .  T a b l e s  4 . 1  
and 4 .2  i n  c h a p t e r  4 l i s t  a l l  of  t h e  a r e a s ,  a c t i v i t i e s ,  and  
f u n c t i o n s  o f  t h e  r e s o u r c e  management c l a s s i f i c a t i o n  s y s t e m .  

W i t h i n  a  g i v e n  RMF t h e  p r o c e d u r e  i s  t o  e s t i m a t e  b e n e f i t s  
of t h r e e  t y p e s ,  which a r e :  (1) e q u a l  c a p a b i l i t y  b e n e f i t s :  
( 2 )  i n c r e a s e d  c a p a b i l i t y  b e n e f i t s ;  and ( 3 )  new c a p a b i l i t y  
b e n e f i t s .  T h e s e  t h r e e  t y p e s  c o r r e s p o n d  t o  t h e  p r o p e r t i e s  o f  t h e  
demand c u r v e s  d i s c u s s e d  i n  s e c t i o n  2.1.  Each RMF i s  i n v o l v e d  



w i t h  t h e  p r o d u c t i o n  o f  some economic  commodity. F o r  example ,  
RMF 1 . 1 . 3  (Domes t i c  S o i l  S u r v e y s )  i n v o l v e s  t h e  p u b l i c a t i o n  of 
s t a t i s t i c a l  i n f o r m a t i o n ,  w h i l e  RMF 3.4 .1  (idanagement o f  Water-  
Impoundment S y s t e m s  - f o r  Power   en era ti on) i n v o l v e s  t h e  
p r o d u c t i o n  o f  e l e c t r i c a l  power.  Whatever  t h e  p r o d u c t  a s s o c i a t e d  
w i t h  the  RMF, w h e t h e r . i n f o r m a t i o n a 1  o r  o t h e r w i s e ,  t h .  demand f o r  
t h a t  p r o d u c t  i s  i n v e s t i g a t e d  f o r  t h e  b e n e f i t  e s t i m a t i o n .  I n  t h e  
c a s e s  where  some q u a n t i - y  o f  t h e  p r o d u c t  is p r e s e n t l y  b e i n g  
p r o d u c e d ,  o r  ?!fil be soon  b e c a u s e  o f  s t a t u t o r y  r e q u i r e m e n t s ,  
e q u a l  c a p a b i l i t y  b e n e f i t s  a r e  e s t i m a t e d .  The e q u a l  c a p a b i l i t y  
b e n e f i t s  ( s h a d e d  a r e a  l e f t  o f  t h e  d o t t e d  l i n e  i n  F i g u r e  2.4)  
c o n s i s t s  o f  t h e  c o s t  s a v i n g s  d u e  t o  ERS i n f o r m a t i o n  f o r  t h e  
q u a n t i t y  o f  t h e  p r o d u c t  p r e s e n t l y  p r o d u c e d .  When t h e  demand 
c u r v e  is c o n s i i ' e r e d  t o  b e  ( o r  is a p p r o x i m a t e d  a s )  u n i t  e l a s t i c ,  
t h e  i n c r e a s e d  c a p a b i l i t y  b e n e f i t  i s  c a l c u l a t e d .  I t  c o n s i s t s  o f  
t h e  b e n e f i t  d u e  t o  t h e  i n c r e a s e d  p r o d u c t i o n  o f  t h e  same p r o d u c t  
made p o s s i b l e  b y  t h e  l o w e r  c o s t  o f  p r o d u c t i o n .  N e w  c a p a b i l i t y  
b e n e f i t s  a y e  c a l c u l a t e d  when a n a l y s i s  o f  p o t e n t i a l  u s e r s '  
d e c i s i o n  p r o c e s s e s  and  t h e i r  economic  c o n s e q u e n c e s  h a v e  been  
a c c o m p l i s h e d ,  s o  t h a t  t h e  needed  demand c u r v e  i n f o r m a t i o n  c a n  
b e  e s t i m a t e d .  I n  mos t  c a s e s  t h i s  a n a l y s i s  r e q u i r e s  i n - d e p t h  

. . 
c a s e  s t u d i e s .  The c a s e  s t u d i e s  p r e p a r e d  by ECON t o  s u p p o r t '  t h e  

' 

p r e s e n t  a n a l y s i s  o f  ERS s y s t e m  b e n e f i t s  a r e  d i s c u s s e d  i n  C h a p t e r  
3 w h i l e  t h o s e  o f  o t h e r  a u t h o r s  which p r o v i d e d  u s e f u l  r e s u l t s  a r e .  
t r e a t e d  i n  C h a p t e r  4. .. . -  - . . - . .  

I n  t h e  above  d i s c u s s i o n ,  t h e  assumed s u p p l y  c u r v e  i s  
h o r i z o n t a l ,  d e s c r i b i n g  a  s i t u a t i o n  i n  which t h e  m a r ; i n a l  c o s t  
o f  p r o d u c t i o n  i s  i n d e p e n d e n t  o f  t h e  amount a l r e a d y  p r o d u c e d .  
T h e r e  is a  r e a s o n  f o r  t h i s  u s e  o f  a  h o r i z o n t a l  s u p p l y  c u r v e .  
Over t h e  l o n g  r u n  i t  i s  t o  b e  e x p e c t e d  t h a t  i n d u s t r y  s u p p l y  
c u r v e s  w i l l  t e n d  t o  b e  f l a t  s i n c e  t h e  e x i s t e n c e  o f  a  p r o d u c e r  
s u r p l u s  w i l l  s e r v e  t o  a t t r a c t  new p r o d u c e r s  who w i l l  e ~ t e r  t h e  
m a r k e t  s o  l o n g  as  t h e  c o s t s  o f  e n t r y  a r e  l e s s  t h a n  t h e  p r o d u c e r  
s u r p l u s  t h a t  c a n  b e  e a r n e d .  For  t h e  case o f  government  it i s  
t o  b e  hoped t h a t  p r i c i n g  i s  b a s e d  on  i n c r e m e n t a l  c o s t  and  t h a t  
no  p r o d u c e r  s u r p l u s  e x i s t s .  T h i s  s t e m s  f rom t h e  a s s u m p t i o n  t h a t  
t h e  government  w i l l  n o t  t r y  t o  make a  p r o f i t  f r o m  i t s  s e r v i c e s ,  
b u t  r a t h e r  t h a t  i t  t r i e s  t o  maximize  t h e  b e n e f i t s  o f  t h o s e  
a e r v i c e s  t o  s o c i e t y  and i t s  members. 

F o r  mos t  c o m m o d i t i e s ,  t h e  s h a p e  o f  t h e  demand c u r v e  i s  
n o t  known a c c u r a t e l y .  However, f o r  t h e  p r o g r a m s  o f  t h e  f e d e r a l  
government ,  t h e  two s p e c i a l  c a s e s  o f  p e r f e c t l y  i n e l a s t i c  demand 
( e q u a l  c a p a b i l i t y  b e n e f i t s  al .one) and u n i t  e l a s t i c  demand 
( b e n e f i t  c a l c u l a t i o n  assumes  e q u a l  b u d g e t )  a r e  mos t  i m p o r t a n t .  
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Many p e o p l e  f i n d  it d i f f i c u l t  t o  b e l i e v e  t h a t  a n  
i ~ n p r o v e m e n t  i n  i n f o r m a t i o n  c a n  r e s u l t  i n  an  economic g a i n  t o  
t h e  n a t i o n  a s  a  whole ,  even t h o u g h  t h e  q u a n t i i l y  o f  goods  and 
s s r v i c e s  p roduced  r e m a i n s  t h e  same. I t  c a n  i n d e e d  b e  shown 
t h a t  s o c i e t y  may b e  made b e t t e r  o f f  by a  c h a n g e  i n  t h e  d i s t r i -  
b u t i o n  o f  a  f i x e d  q u a n t i t y  o f  goods .  To t h e  e x t e n t  t h a t  b e t t e r  
i n f o r m a t i o n  a l l o w s  a  b e t t q r  d i s t r i b u t i o n  o f  t h e s e  goods  among 
p e o p l e ,  o r  among c o u n t r i e s ,  t h e n  t h i s  i n f o r m a t i o n  h a s  improved 
s o c i e t y ' s  w e l l - b e i n g .  

I f  f o r  example ,  two c o u n t r i e s ,  I and  I1 a r e  p o t e n t i a l  
t r a d i n g  p a r t n e r s  i n  t h e  a g r i c u l t u r a l  s e c t o r ,  " i n f o r m a t i o n u  
c o n c e r n i n g  e a c h  o t h e r s *  c r o p s  would b e  n e c e s s a r i l y  exchanged  
b e f o r e  t r a d e  was commenced. To be a  b i t  more d e f i n i t e ,  s u p p o s e  
C o u n t r y  I grows s o y b e a n s  w h i l e  C o u n t r y  I1 grows whea t  e x c l u s -  
r v e l y .  The s i t u a t i o n  p r i o r  t o  t r a d e  may b e  r e p r e s e n t e d  by t h e  
p r o d u c t i o n - c o n s u m p t i o n  t a b l e :  

. " 

T a b l e  2 . 1  P r e - t r a d e  P a t t e r n  o f  Crop  
Produc t ion-Consumpt ion  
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F o l l o w i n g  t h e  t r a d e  a g r e e m e n t ,  t h e r e  m i g h t  b e  no  c h a n g e  i n  
p r o d u c t i o n  i n  t h i s  s i m p l i f i e d  model ,  b u t  c o n s u m p t i o n  c h a n g e s  
a s  T a b l e  2.2 shows. 

I n  t h e  c o n v e n t i o n a l  l a n g u a g e  o f  t h e  e c o n o m i s t  e a c h  
c o u n t r y ' s  consumpt ion  p r e f e r e n c e s  may b e  e x p r e s s e d  by a n  
I n d i f f e r e n c e  Curve  ( F i g u r e  2 .6 ) .  The c o u n t r y  i s  i n d i f f e r e n t  
be tween a n y  o f  t h e  soybeans -whea t  c o n s u m p t i o n  p a t t e r n s  r e p r e -  
s e n t e d  by p o i n t s  o n  t h e  c u r v e  I, s u c h  a s  p o i n t  B o r  D, 
I m p l i c i t l y ,  t h e  c o u n t r y  a l s o  c o n s i d e r s  p o i n t  C  as  p r e f e r a b l e  t o  
p o i n t  A b e c a u s e  b o t h  t h e  q u a n t i t y  o f  whea t  a n d  t h e  q u a n t i t y  o f  
s o y b e a n s  i n c r e a s e  i n  moving f rom A t o  C. P u t t i n g  t h e s e  t w o  
c o n c e p t s  t o g e t h e r ,  t h e  c o u n t r y  i s  s a i d  t o  p o s s e s s  a n  i n d i f f e r e n c e  
map ( F i g u r e  2 .7) .  A l t h o u g h  i n d i f f e r e n t  be tween  a n y  two  p o i n t s  
o n  a member o f  t h e  f a m i l y  o f  c u r v e s ,  t h e  c o u n t r y  p r e f e r s  t o  b e  
o n  a c u r v e  which i s  f u r t h e r  f rom t h e  o r i g i n  (e .g . ,  I11 i s  p r e -  
f e r r e d  o v e r  XI). 

F i g u r e  2.8 p r e s e n t s  i n d i f f e r e n c e  c u r v e s  f o r  C o u n t r i e s  I 
and  I1 on  t h e  same g r a p h  w i t h  t h e  o r i g i n  f o r  C o u n t r y  I a t  t h e  
u p p e r  r i g h t  a n d  t h e  o r i g i n  f o r  C o u n t r y  I1 a t  t h e  l o w e r  l e f t .  
The i n t e r i o r  o f  t h e  r e c t a n g l e  c o n s i s t s  o f  e x a c t l y  t h o s e  p o i n t s  
r e p r e s e n t i n g  p o s s i b l e  d i s t r i b u t i o n s  o f  t h e  f i x e d  q u a n t i t i e s  o f  
whea t  and  s o y b e a n s  be tween  C o u n t r i e s  I a n d  I f .  P o i n t s  t o w a r d  
t h e  l e f t  r e p r e s e n t  d i s t r i b u t i o n s  i n  which  C o u n t r y  I consumes 
more w k e a t  and  C o u n t r y  I1 consumes less ,  w h i l e  p o i n t s  t o w a r d  
t h e  r i g h t  r e p r e s e n t  d i s t r i b u t i o n s  i n  which C o u n t r y  I1 consumes 
more o f  t h e  whea t .  S i m i l a r l y  v e r t i c a l  d i f f e r e n c e s  r e p r e s e n i  
t h e  consumpt ion  o f  s o y b e a n s -  P o i n t s  t o w a r d  t h e  t o p  o f  t h e  rec- 
t a n g l e  r e p r e s e n t  d i s t r i b u t i o n s  i n  which  C o u n t r y  I1 consumes 
more s o y b e a n s  w h i l e  C o u n t r y  I consumes l e s s ,  w h i l e  p o i n t s  
toward  t h e  b o t t o m  r e p r e s e n t  d i s t r i b u t i o n s  i n  which  C o u n t r y  I 
consumes &>re  o f  t h e  s o y b e a n s .  

T a b l e  2.2 P o s t - t r a d e  P a t t e r n  o f  C r o p  
Produc t ion-Consumpt ion  
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In figure 2.8, the pre-trade situation is represented by 
point A with Country 1 having most of the soybeans and Country 
I1 having most of the wheat. After exchanging crop information. 
chey trade with each other and rove to a point such as 8. Since , 

each country is on a higher indifference curve at 8, they are 
both better off even though the total quantity produced of each ~ - 

crop has not changed. 

Soybeans 

Wheat I 
Figure 2.6 An Indifference Curve 
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Soybeans 
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Wheat I 

Figure 2.7 An Indifference Map 



S o y b e a n s  

C o u n t r y  

c o u n t r y  

Wheat  

F i g u r e  2 - 8  Two I n d i v i d u a l  I n d i f f e r e n c e  Curves - -  
The  B e n e f i t s  f r o m  T r a d e  

Many r e s o u r c ' e  s i t u a t i o n s  a r e  v e r y  s i m i l a r  t o  t h e  w h e a t /  
s o y b e a n  s i t u a t i o n  d i s c u s s e d  a b o v e .  F o r  e x a m p l e ,  t h e  c o n s u m p t i o n  
o f  w h e a t  i s  a p r o c e s s  i n  w h i c h  t h e  a l t e r n a t i v e s  a re  t o  e a t  t h e  
w h e a t  t o d a y  o r  t o  s t o r e  it f o r  f u t u r e  c o n s u m p t i o n .  The  e x t e n t  
t o  w h i c h  w h e a t  i s  s t o r e d  i s  a f u n c t i o n  o f  i t s  p r i c e  w i t h  
e x p e c t e d  h i g h e r  p r i c e s  r e s u l t i n g  i n  more s t o r a g e .  The  w h e a t  
f u t u r e s  m a r k e t  c ~ n s i s t s  o f  a g r o u p  o f  i n d i v i d u a l s  who make 
d e c i s i o n s  t o  buy  (store) or s e l l  ( release t o  c o n s u m p t i o n )  w h e a t .  
They  w i l l  buy  w h e a t  i n  t h e  s p o t  m a r k e t  i f - t h e y  b e l i e v e  t h a t  
t h e  p r i c e  o f  w h e a t  w i l l  i n c r e a s e ,  f o r  e x a m p l e ,  d u e  t o  a  s m a l l  
w h e a t  c r o p ,  a n d  s e l l  i f  t h e y  b e l i e v e  t h a t  t h e  p r i c e  w i l l  f a l l  
( d u e  t o  a l a r g e  c r o p ) .  The  c o n s u m e r s  a re  a  g r o u p  o f  i n d i v i d -  
u a l s  w i t h  money t h a t  t h e y  c a n  t r a d e  f o r  w h e a t .  B e t t e r  c r o p  
y i e l d  i n f o r m a t i o n  a l l o w s  b o t h  t h e  f u t u r e  i n v e s t o r s  a n d  t h e  
c o n s u m e r s  t o  a c h i e v e  a  b e t t e r  s t a t e  o f  t r a d e .  T h i s  b e n e f i t  
o f  a c h i e v i n g  a b e t t e r  s t a t e  o f  t r a d e  is  e n t i r - e l y  i n d e p e n d e n t  
o f  c h a n g e s  i n  p r o d u c t i o n ,  b u t  i t  i s ' a  v e r y  r ea l  e c o n o m i c  
b e n e f i t  t o  b o t h  p a r t i e s .  



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 itself 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. In other areas, applications of remote-sensed data are 
already in use by managers. 



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 
must 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 



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 services. 

2.4.1 Data Processing and Distrtbution 

Satellite imaging instruments gather primary (thermal IR) 
and reflected radiation, filter these radiations inl.0 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 imaqs 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. 



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 hieher 
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, for 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 gcneral 
purpose computer which operates on individual data blocks by 
applying generalized sequences of programmed instructions 



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. Distribution 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 people 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 cagabilfties 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 3RTS-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 o= 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. 



The effect of risk 3n 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 unacceptabLe 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 contin.ue? 
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 t o  t h e  u l t i m a t e  p o t e n t i a l .  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 differj.ng meteorological conditions. 



A new s e t  o f  q u e s t i o n s ,  o p e r a t i o n a l  q u e s t i o n s ,  mus t  b e  a n s w e r e d .  
How d e p e n d a b l e  i s  t h e  ERS s y s t e m  f o r  t h i s  a c t i v i t y ?  With what  
r e l i a b i l i t y  c a n  whea t  b e  r e c o g n i z e d ?  What i s  t h e  f a l s e  a l a r m  
r a t e ?  How c a n  r e c o g n i t i o n  b a s e d  on  s p e c t r a l  s i g n a t u r e s  b e  
e x t e n d e d  t o  a r e a s  w i t h  l i t t l e  o r  no  on-ground o b s e r v a t i o n s ?  I t  
may b e  p o s s i b l e  t o  o b s e r v e  some phenomenon 100% of  t h e  t i m e  when 
i t  o c c u r s  b u t ,  b e c a u s e  t h e r e  may be a h i g h  f a l s e  a l a r m  r a t e ,  
t h e r e  i s  no g u a r a n t e e  t h a t  there i s  any  a s s o c i a t e d  economic  
v a l u e .  

Second ,  g i v e n  t h a t  v a l i d a t i o n  o f  a n  a c t i v i t y  i s  compl .e te ,  
i t  i s  n e x t  n e c e s s a r y  t o  p r o v i d e  f o r  t h e  a p p l i c a t i o n  o f  t h e  
a c t i v i t y  t o  mee t  t h e  n e e d s  o f  a u s e r .  F o r  example ,  g i v e n  t h a t  
whea t  a c r e a g e  c o u l d  b e  mearured  o v e r  a  l a r g e  a r e a ,  d e p e n d a b l y ,  
r e l i a b l y ,  a c c u r a t e l y ,  t h e s e  d a t a  must  s t i l l  b e  p u t  i n t o  some 
u s e f u l  c o n t e x t .  To t h e  f a r m e r ,  t h i s  may mean b i w e e k l y  e s t i m a t e s  
o f  wheat  c r o p  p r o d u c t i o n  y i e l d  and  a c r e a g e .  Thus ,  ERS d a t a  m u s t  
b e  combined w i t h  o t h e r  s u p p o r t i n g  d a t a  ( i t  r a y  v e r y  w e l l  b e  t h a t  
t h e  ERS d a t a  a r e  t h e  " s u p p o r t i n g "  d a t a ) ,  p r o c e s s e d  i n t o  t h e  
i n f o r m a t i o n  t h a t  t h e  f a r m e r  n e e d s  and d i s t r i b u t e d  t o  him on a  
t i m e l y  b a s i s .  Because  o f  t h e  m a g n i t u d e  o f  t h i s  p r o b l e m ,  improved 
whea t  c r o p  f o r e c a s t s  c a n n o t  come a b o u t  o v e r  n i g h t  a f t e r  t h e  
l a u n c h  o f  an  ERTS s a t e l l i t e .  A p p r o p r i a t e  government  a g e n c i e s  
mus t  s e t  up  new o p e r a t i o n s  t o  h a n d l e  t h e  new, b e t t e r  a n d  g r e a t e r  
volume of  d a t a .  O f t e n ,  t h i s  w i l l  i n v o l v e  i n t e r a g e n c y  c o o p e r a -  
t i o n ,  f o r  example ,  be tween U S D A  and N O A A . *  I t  w i l l  a l s o  
f r e q u e n t l y  i n v o l v e  a c o n s i d e r a b l e  e x p a n s i o n  o f  compute r  and  
o t h e r  d a t a  p r o c e s s i n g  f a c i l i t i e s .  

I t  i s  i m p o r t a n t  t o  remember t h a t  p r o v i d i n g  f o r  i n f o r -  
m a t i o n  d i s s e m i n a t i o n  i s  an  i m p o r t a n t  component  o f  t h e  application 
p r o c e s s .  The b e s t  i n f o r m i  i o n  on whea t  c r o p  a c r e a g e  a n d  y i e l d  
i s  o f  no v a l u e  t o  t h e  f a r m e r  a f t e r  h e  h a s  h a r v e s t e d  and  s o l d  h i s  
c r o p - - o r  plowed i t  u n d e r .  

The above  two s t e p s ,  v a l i d a t i o n  and  a p p l i c a t i o n ,  a r e  
s e q u e n t i a l  a n d  come o n l y  a f t e r  s c i e n t i f i c  and t e c h n i c a l  f e a s i -  
b i l i t y  h a s  b e e n  d e m o n s t r a t e d .  C l e a r l y ,  t h e s e  s t e p s  c a n  r e q u i r e  
t w o - t o - f i v e  y e a r s  o r  more f o r  v a r i o u s  a c t i v i t i e s  d e p e n d i n g  upon 
t h e  s c o p e ,  c o m p l e x i t y  and d i f f i c u l t i e s  e n c o u n t e r e d .  Y e t ,  when 
t h e y  a r e  c o m p l e t e ,  t h e  b e n e f i t  s t i l l  d o e s  n o t  emerge  i m m e d i a t e l y ,  
" o f f  t h e  s h e l f  .I' 

* To o b t a i n  t h i s  i n t e r a g e n c y  c o o p e r a t i o n  t h e r e  e x i s t s  t h e  
I n t e r a g e n c y  C o o r d i n a t i n g  Committee E a r t h  R e s o u r c e s  S u r v e y  
Program. 



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 improvemenC 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 ~ t h e r  data Ere 
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 thq- 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 PO 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 2.10 shows the above process schematically. Since 
the user does not begin his investment until after the satellite 
has completed (or nearly completed) the require? data collection, 
the time of satellite failure, interruptions in ser~rice, 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 
satellite data in a closed-loop process and future decisions 
derrva 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. Figure 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- 
ment, and the useful lifetime cf 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 types of information 
gathering requirements : 

(1) Complete area coverage 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 
3rainage basin, an estuary). Under this require- 
nent 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 11). 

(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 statis4ically valid 
observations are made from each subregion, often 
nfloating" sample observations, to allow a statis- 
tically significant regional, national or worldwide 



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. K E Y  FINDINGS O F  ECON CASE STUDIES 

I n  t h i s  c h a p t e r  t h e  r e l e v a n t  c a s e  s t u d i e s  p e r f o r m e d  by 
ECON a r e  summarized.  These  i n c l u d e  two c a s e  s t u d y  r e p o r t s  on 
a g r i c u l t u r e  ( u n d e r  C o n t r a c t  NASW-25581, o n e  a d  hoc  c a s e  s t u d y  
on  water management, a n d  a l a n d  c o v e r  c o s t  e f f e c t i v e n e s s  s t u d y  
o f  ERS s y s t e m s  ( u n d e r  C o n t r a c t  NASW-2558). 

3 .1  C a s e  S t u d y  o n  t h e  Value  o f  Improved (ERS) I n f o r m a t i o n  
Based on  Domest ic  D i s t r i b u t i o n  E f f e c t s  o f  U.S. A g r i c u l -  
t u r e  C r o p s  (Wheat)  

I n  t h i s  c a s e  s t u d y  t h e  t h e o r y  n e c e s s a r y  t o  e v a l u a t e  
improvements  i n  t h e  m e a s u r i n g  s y s t e m  u s e d  t o  p r o d u c e  g r a i n  
c r o p  h a r v e s t  f o r e c a s t s  i s  d e v e i o p e d .  Crop f o r e c a s t s  a r e  u s e d  
by a v a r i e t y  o f  a g e n t s  i n  a n  economy f o r  c o n s u m p t i o n  a n d  p ro -  
d u c t i o n  p l a n n i n g .  Two c l a s s e s  o f  a g e n t s  o f  p a r t i c u l a r  impor-  
t a n c e  are s i n g l e d  o u t :  f a r m e r s  ( i n  t h e i r  p l a n n i n g  d e c i s i o n s  
~ r o c e s s )  and  i n v e n t o r y  h o l d e r s  ( i n  d e t e r m i n i n g  how much t o  h o l 2 ) .  
Of t h e s e ,  i n  t u r n ,  t h e  u s e s  o f  b e t t e r  i n f o r m a t i o n  by t h e  s e c o n d  
g r o u p  a r e  l i k e l y  t o  g e n e r a t e  t h e  l a r g e r  s h a r e  o f  b e n e f i t s .  I n  
a d d i t i o n ,  i t  t u r n s  o u t  t h a t  t h e  way i n  which  a t h e o r y  o f  i n v e n -  
t o r y  d e t e r m i n a t i o n  l e a d s  t o  a  v a l u e  o f  i n f o r m a t i o n  i s  somewhat 
s i m p l e r  t h a n  t h a t  r e q u i r e d  t o  i n c o r p o r ~ t e  p r o d u c e r  d e c i s i o n s .  
I n  t h i s  c a s e  s t u d y ,  o n l y  t h e  b e n e f i t s  d e r i v e d  f rom improved i n -  
v e n t o r y  d e c i s i o n s  a r e  c o n s i d e r e d .  

T h i s  i s  n o t  t h e  s a k e  t h i n g  a s  c o n s i d e r i n g  o n l y  b e n e f i t s  
t o  i n v e n t o r y  h o l d e r s .  Q ' l i t e  t h e  c o n t r a r y  i s  t h e  c a s e  o f  t h e  
economic  s y s t e m  s t u d i e d  most  c l o s e l y ,  t h e  c o m p e t i t i v e  m a r ! c e t  
s y s t e m .  The t e n d e n c y  o f  c o m p e t i t i o n  t o  e l i m i n a t e  s u p e r - n o r m a l  
p r o f i t s  c a u s e s  t h e  b e n e f i t s  o f  improved i n f o r m a t i o n  t o  b e  t r a n s -  
m i t t e d  t o  t h o s e  b n y i n g  a n d  s e l l i n g  f rom i n v e n t o r y  h o l d e r s .  I n  
o u r  model ,  b e c a u s e  p r o d u c t i o n  d e c i s i o n s  a r e  c o n s i d e r e d  as  f i x e d ,  
t h i s  means t h a t  o n l y  d i s t r i b u t i o n  b e n e f i t s  t o  consumers  o f  w h e a t ,  
e i t h e r  d i r e c t l y ,  a s  i n  c e r e a l  and  b r e a d ,  o r  i n d i r e c t l y  i n  t h e  
form o f  mea t ,  a r e  i n c l u d e d .  

A c t u a l l y ,  v e r y  l i t t l e  g r a i n  c a n  b e  s a i d  t o  b e  consumed 
" d i r e c t l y , "  s i n c e  m i l l i n g  a n d  b a k i n g  a r e  n e c e s s a r y  t o  p r o d u c e  
b r e a d ,  b r e a k f a s t  c e r e a l ,  n o o d l e s ,  e t c .  The u s e  o f  g r a i n  a s  a n  
i n p u t  t o  some f u r t h e r  p r o d u c t i o n  p r o c e s s  i s  c o n s i d e r e d  t o  b e  
" c o n s u m p t i o n , "  as d i s t i n g u i s h e d  f rom s t o r a g e .  S i n c e  t h e  d e -  
r..-.lders o f  w h e a t  f rom t h e  i n v e i l t o r y  s y s t e m  i n c l u d e  s u c h  p r o -  
d u c e r s ,  some o f  what  i s  l a b e l l e d  "consumpt ion  b e n e f i t s "  w i l l  
a c t u a l l y  o c c u r  i n  t h e  form o f  i n c r e a s e d  p r o d u c e r s '  s u r p l u s e s  
( r e n t s ) ,  a l t h o u g h ,  a g a i n ,  i n  a  m a r k e t  s y s t e m  c o m p e t i t i o n  t e n d s  
t o  l e a d  t o  a  f u r t h e r  p a s s i n g  a l o n g  o f  s u c h  g a i n s  t o  u l t i m a t e  
consumers .  



The "objective" form of the benefits derivable from 
better information is taken to be a smoothing of the flow of 
consumption. In a market systea this corresponds to mare 
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 our 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 gerierated 
for world residents from better forecasting of U.S. wheat 
harvests, or benefits for U.S. residents from Sctter 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. Indeed, 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. 

Overview of Case Study 

The layman understands well that information can be 
valuable, hut 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 obtqined 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 m e a s u r e s e n t  error component of a forecast is 
assumed to arise from imperfect perception of the "staten 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 111) makes it easy to keep track of this aspect of 
information quality, 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, '*improvedw 
information may be valueless. Using a one-nation world, 
a measure of the value of information and a theory of the 
nation's iccorporation of information into inventory deci- 
sions are developed. 

The nation's choices are taken to be optimizingbehav- 
l o r .  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 



m o n t h l y  g r a i n  c o n s u m p t i o n ,  i t  i s  n e c e s s a r y  t o  d e r i v e  a soc i a l  
o b j e c t i v e  f u n c t i o n .  One c a n  u s e  t h e  area u n d e r  t h e  demand 
c u r v e  t o  r e p r e s e n t  t h e  d o l l a r  v a l u e  of a n y  s p e c i f i e d  q u a n t i t y  
o f  g r a i n  consumed. The b e n e f i t s  o f  a n  i m p r o v e d  i n f o r m a t i o n  

' s y s t e m  are t a k e n  t o  b e  n e a s u r e d  by t h e  e x p e c t e d  v a l u e  o f  
a n n u a l  g r a i n  c o n s u m p t i o n  (by  month)  less s t o r a g e  c o s t s .  T h i s  
i s  set  o u t  i n  S e c t i o n  4 of t h e  case s t u d y  (Volume 111) i n  

d e t a i l .  

Whi le  t h e  i n v e n t o r y  d e c i s i o n s  coulc? be d e r i v e d  f r o m  
t h e  o p t i m i z i n g  b e h a v i o r ,  t h e  r u l e  by  w h i c h  forecasts  i n f l u e n c e  
i n v e n t o r i e s  i n  a m a r k e t  s y s t e m  m u s t  b e  d e t e r m i n e d  f r o m  p r o f i t -  
max imiz ing  b e h a v i o r  o f  many c o m p e t i t i v e  i n v e n t o r y  h o l d e r s .  
C o m p e t i t i v e  i n v e n t o r y  h o l d e r s  e a r n  p r o f i t s  b y  t h e  c a p i t a l  
g a i n s  o n  t h e i r  s t o c k s .  I f  t h e  i n c r e a s e  i n  p r i ce  f r o m  p e r i o d  
to p e r i o d  is  l a r g e  enough  t o  c o m p e n s a t e  f o r  s t o r a g e  a n d  i n t e -  
rest costs t h e y  h o l d  a d d i t i o n a l  i n v e n t o r i e s .  I f  t h e  p r i c e  
i n c r e a s e  e x p e c t e d  i s  t o o  l i t t l e ,  i n v e n t o r y  h o l d e r s  s e l l  o f f  
t h e i r  s t o c k s ,  The p r i c e  i s  d e t e r m i n e d  b y  t h e  a m o u n t  made 
a v a i l a b l e  t o  c o n s u m e r s ,  w h i s h  i s  t h e  sum o f  h e l d o v e r  i n v e n -  
t o r i e s  a n d  c u r r e n t - p e r i o d  h a r v e s t s ,  less i n v e n t o r i e s  c a r r i e d  
f o r w a r d .  Thus i n  o r d e r  t o  p r e d i c t  p r i c e s ,  i n v e n t o r y  h o l d e r s  
m u s t  p r e d i c t  t h e i r  own f u t u r e  d e c i s i o n s ,  The way i n  ~ c h i c h  
t h i s  s y s t e m  c a n  be c l o s e d  i s  t h e n  shown. A l o n g  t h e  way f u -  
t u r e s  m a r k e t s  a re  i n t r o d u c e d  t o  c o o r d i n a t e  t h e  e x p e c t a t i o n s  
o f  i n v e n t o r y  h o l d e r s  as  a g r o u p .  

A f u l l  t h e o r y  o f  t h e  r e l a t i o n s h i p  be tween  i n f o r m a t i o n  
as t r a n s l a t e d  i n t o  f o r e c a s t s  and c o m p e t i t i v e  i n v e n t o r i e s  i s  
d e v e l o p e d .  A l l  o f  t h e  p i e c e s  a r e  t h e n  p u t  t o g e t h e r  i n  an  
e m p i r i c a l  a p p l i c a t i o n ,  c a l c u l a t i n g  t h e  v a l u e  o f  improved 
i n f o r m a t i o n  i n  t h e  c a s e  o f  t h e  U.S. w h e a t  m a r k e t .  Most o f  t h e  
r e q u i r e d  p a r a m e t e r s  a r e  e s t i m a t e d  w i t h  r e a s o n a b l e  c o n f i d e n c e .  
An e x c e p t i o n  i s  t h e  c u r r e n t  a z d  p r o s p e c t i v e  d e g r e e  of a c c u r a c y  
of m e a s u r e m e n t  s y s t e m s .  The f i n a l  e s t i m a t e d  r e s u l t s  a r e  
t h e r e f o r e  p r e s e n t e d  i n  p a r a m e t r i c  form. 

The a c c u r a c y  o f  c u r r e n t  a g r i c u l t u r a l  c r o p  f o r e c a s t s  
was e s t i m a t e d  w i t h  t h e  a s s i s t a n c e  o f  p u b l i s h e d  r e s u l t s  s u c h  
a s  t h e  Goddard Task F o r c e  on ERTS*. F o r  a s i n g l e  c r o p ,  win- 
t e r  w h e a t ,  t h e  a c c u r a c y  o f  USDA-SRS f o r e c a s t s  o f  t h e  t o t a l  
U.S. c r o p  i s  a b o u t  +14% a t  5 months  and +2.10% a t  0 month - 
f o r e c a s t  lag. 

The p e r f o r m a n c e  o f  USDA f o r  t h e  y e a r s  1969-1972 i s  
shown i n  F i g u r e  3.1.  However, a l l  o f  t h e s e  a c c u r a c y  numbers 
r e f e r  t o  annual c r o p  e s t i m a t e s .  The e r r o r s  i n c l u d e  measure -  

* D .  B .  Wood. The Use o f  t h e  E a r t h  R e s o u r c e s  T e c h n o l o g ~  
S a t e l l i t e  (ERTS) f o r  Crop P r o d u c t i o n  F o r e c a s t s ,  D r a f t  o f  
F i n a l  R e p o r t ,  Goddard Space  F l i g h t  C e n t e r ,  J U ~ ~  2 ,  1974 



Figure 3.1 Published USDA - SRS Forecast Accuracy 
Winter Wheat -- Total U .  S. Crop 

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 c o m p l e t e d  h a r v e s t  
(for winter wheat) and accepting the December e s t i m a t e  of 
USDA o f  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. In 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 m o n t h l y  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 c o m p l e t e d  
h a r v e s t ,  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 



m e a s u r e m e n t  a c c u r a c y  o f  E R S  s y s t e m s  a t  c o m p l e t e d  h a r v e s t  i n  
a n y  o n e  m a j o r  r e g i o n  s h o u l d  be t h e  same,  i r r e s p e c t i v e  o f  
w h e t h e r  t h e  h a r v e s t  o c c u r s  i n  May, J u n e ,  o r  A u g u s t .  T h i s  i s  
s o  s i n c e  t h e  s a m p l e  s i z e  ( n u m b e r s  o f  p i x e l s  i n  a n y  c r o p  a r e a )  
i s  p o t e n t i a l l y  u n l i m i t e d .  T h u s ,  e v e n  w i t h  no improvemen t  by  
t h e  E R S  beyond  t h e  a c t u a l  U S D A  c r o p  e s t i m a t e  a c c u r a c i e s  a t  
c o m p l e t e d  annual  h a r v e s t  s u b s t a n t i a l  i m p r o v e m e n t  c a n  b e  e x -  
p e c t e d  f r o m  E R S  s y s t e m s  i n  t e r m s  o f  b e t t e r  month-by-month 
h a r v e s t  es t imates ,  a n d  t h i s  improvemen t  w i l l  h a v e  economic  
v a l u e .  A 4 . 4 %  E R S  c r o p  m e a s u r e m e n t  a c c u r a c y  a t  h a r v e s t  f o r  
s p r i n g  w h e a t  i n  1 9 6 9  wou ld  i m p l y  a  r e d u c t i o n  o f  t h e  m o n t h l y  
h a r v e s t  m e a s u r e m e n t  e r r o r  f r o m  a p p r o x i m a t e l y  1 6 %  t o  4 . 4 % ,  a n  
improvemen t  s u b s t a n t i a l l y  l a r g e r  t h a n  50%.  A 2 .2% a c c u r a c y  
o f  E R S  c r o p  m e a s u r e m e n t  a c c u r a c y  a t  h a r v e s t  f o r  w i n t e r  w h e a t  
i n  1 9 6 9  would  a l l o w  a  p o t e n t i a l  r e d u c t i o n  o f  m o n t h l y  h a r v e s t  
m e a s u r e m e n t  f r o m  8% t o  2 . 2 % ,  a g a i n  a n  improvemen t  s u b s t a n t i -  
a l l y  more  t h a n  5 0 % .  I t  i s  l i k s l y  t h a t  t h o r o u g h  s t a t i s t i c a l  
a n a l y s i s  w i l l  y i e l d  s i m i l a r  i m p r o v e m e n t s  f o r  o t h e r  y e a r s .  

The  c u r r e n t  a c c u r a c i e s  o f  c r o p  e s t i m a t e s  f o r  w i n t e r  
a n d  s p r i n g  w h e a t  a r e  n o t  p r e c i s e l y  known e x c e p t  f o r  t h e  r a n g e  
o f  number s  j u s t  g i v e n .  F o r  E R S  s y s t e m s ,  d i v e r g e n t  c l a i m s  a r e  
made,  r a n g i n g  f r o m  "no  i m p r o v e r e n t "  o f  USDA a ~ n u a l  e s t i m a t e  
a c c u r a c i e s  t o  50-70% i m p r o v e m e ~ t t  a s  c l a i m e d  b y  t h e  t a s k  f o r c e  
o n  a g r i c u l t u r a l  f o r e c a s t i n g .  

G i v e n  t h e s e  d i v e r g e n t  t e c h n i c a l  c l a i m s  f o r  p u r p o s e s  
o f  t h i s  a n a l y s i s  a n d  t o  a r r i v e  a t  t h e  b a s i c  e s t i m a t e  o f  E R S  
b e n e f i t s ,  it i s  a s sumed*  t h a t  m o n t h l y  h a r v e s t  e s t i m a t e  e r r o r s  
c a n  b e  r e d u c e d  f o r  w i n t e r  w h e a t  f r o m  7 . 5 %  t o  3 . 7 5 %  i n  s p i t e  
o f  t h e  l i k e l y  p o t e n t i a l  o f  E R S  s y s t e m s  t o  a c h i e v e  2.2% a c c u -  
r a c y ;  a n d  f o r  s p r i n g  w h e a t  f r c m  15 .8% t o  7 .9% i n s t e a d  o f  4 . 4 %  
E R S  p o t e n t i a l  a c c u r a c y .  The r a n g e s  o f  l i k e l y  e c o n o m i c  bene -  
f i t s  r e s u l t i n g  f r o m  s u c h  i m p r o v e m e n t s  i n  a c c u r a c y  o f  t h e  
e s t i m a t e s  a r e  l i s t e d  i n  T a b l e  3 . 1  a t  a  9 5 %  c o n f i d e n c e  l e v e l .  
The c a l c u l a t i o n s  a r e  b a s e d  o n l y  o n  t h e  b e n e f i t s  r e s u l t i n g  
f r o m  i m - r o v e d  i n f o r m a t i o n  o n  t h e  U . S .  w h e a t  c r o p .  

T a b l e  3 . 1  i n d i c a t e s  how t h i s  p a r t i c u l a r  m e a s u r e m e n t  
improvemen t  w o u l d  b e  a f f e c t e d  by  v a r i o u s  c h a n g e s  i n  t h e  
u n d e r l y i n g  p a r a m e t e r s .  A l t h o u g h  t h e  r a n g e  n o t e d  t h e r e  i s  
l a r g e ,  t h i s  i s  t h e  r e s u l t  o f  i n c l u d i n g  f o r  c o m p a r i s o n  p u r p o s e s  
a  p a r a m e t e r  v a l u e  u s e d  i n  o t h e r  s t u d i e s  ( t h a t  o f  t h e  e l a s t i c i t y  
o f  demand)  w h i c h  i s  r e p l a c e d  b y  new e c o n o m e t r i c  work .  

* To t h e  e x t e n t  t h a t  t h e  p a t t e r n  o f  m o n t h l y  h a r v e s t i n g  d e p a r t s  
f r o m  t h e  1 9 6 9  w h e a t  c r o p  p a t t e r n ,  t h e  e c o n o m i c  b e n e f i t s  o f  
a n  E R S  s y s t e m  i n  a g r i c u l t u r a l  f o r e c a s t i n g  w i l l  a l s o  b e  
a f  2 e c t e d .  



T a k i n g  i n t o  a c c o u n t  t h e  w i d e  r a n g e  o f  e s t i m a t e d  
e l a s t i c i t i e s ,  a n d  t h e  p r e v i o u s l y  n o t e d  95% c o n f i d e n c e  l i m i t  
of b e n e f i t s  c a l c u l a t e d  f o r  e a c h  e l a s t i c i t y  a n d  each p e r c e n t -  
age e r r o r ,  w e  f i n d  t h a t  t h e  U . S .  g a i n s  a n n u a l l y  f r o m  t h e  
ERS improvemen t  o f  w h e a t  c r o p  i n f o r m a t i o n :  

T a b l e  3 .1  The Value  o f  Reducing Measurement E r r o r  Based o n  
Goddard Task Force  E e s u l t s  o n  ERTS: Wheat Crop  

8 . 2  - 9 5 . 1  m i l l i o n  d o l l a r s  f o r  W i n t e r  w h e a t  

P r i c e  E l a s t i c i t y  
for Wheat Demand 5' 

1. - . 0 6 5 ~ '  

c/ 2. -.lo - 
3. -.25 g' 

4. -.SO 

5. - 0 . 7 5 ~ '  

3 2 . 8  - 380 .4  m i l l i o n  d o l l a r s  f o r  S p r i n g  w h e a t  

a. U n i t e d  S t a t e s  d o m e s t i c  demand f o r  a l l  whea t ,  e x c e p t  as  n o t e d .  

b. The a u t h o r s  o f  Vol. 111, P a r t  I1 have  e s t i m a t e d  t h i s  v a l u e  
f o r  "human p u r p o s e s *  ( f o o d )  e l a s t i c i t y  o f  Cenand f o r  uhaat. 

c. E a r t h S a t  e s t i m a t e  i n  r e c e n t  r e p o r t  t o  U . S .  Depar tment  o f  t h e  
I n t e r i o r .  

d. 508 r e d u c t i o n  i n  t h e  b @ s i c  e s t i m a t e ,  No. 4:  f o r  s e n s i t i v i t y  
a n a l y s i s .  

8. The b a s i c  e s t i m a t e  o b t a i n e d  by t h e  a u t h o r s  f o r  t h e  p r i c e  
e l a s t i c i t y  o f  u n c o n d i t i o n a l  demand f o r  wheat  (1971  d a t a ) .  

f .  50. i n c r e a s e  i n  t h e  b a s i c  e s t i m a t e ,  No. 4: f o r  s e n s i t i v i t y  
a n a l y s i s .  , 

g. a d e r i v e d  from 2.2% e r r o r  i n  a n n u a l  h a r v e s t  (Hay c r o p  . 
measurement  e r r o r  f o r  Win te r  Wheat). 

h. a d e r i v e d  from 4.4% e r r o r  i n  a n n u a l  h a r v e s t  (September  c r o p  
nreasurement e r r o r  f o r  S p r i n g  Wheat) .  

B e n e f i t 8  i n  m i i l i o n s  of  1973 d o l l a r s  a s s o c i a t e d  w i t h  
a ,  95% c o n f i d e n c e  l i m i t  f o r  p e r c e n t a g e  e r r o r  i n  

monthly  h a r v e s t  measurement 

7.92. s' 

95.1 

61.8 

24.8 

12.4 

8.2 

1 0 %  

151.7 

98.6 

39.5 

19.7 

13.2 

1 5 - 8 4 ,  k' 

380.4 

247.2 

99.2 

49.6 

32.8 



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 -.lo which leads to 
potential annual ERS benefits of: 

19.7 - 98.6 trillion 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 ?ur- 
poses from information about new technologies, which i:~ 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- 
c i ~ a t e s  will actually occur. Corresponding t o  this subjec t ive  
d i s t r ibu t ion  is an observable d i s t r ibu t ion  (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 determine2 by specification of mean and vari- 
ance; sometimes these are treated as Gaussian normal. 



F o r e c a s t i n g  e r r o r  v a r i a n c e  e x p r e s s e s  t h e  d e g r e e  o f  
u n c e r t a i n t y ,  wh ich  may a r i s e  f r o m  two s o r t s  of s o u r c e s .  
F i r s t ,  o n e  may n o t  h a v e  a v e r y  good i d e a  o f  w h a t  t h e  s t a t e  o f  
t h e  w o r l d  i s  now o r  h a s  b e e n  i n  t h e  p a s t .  i?or e x a m p l e ,  o n e  
may h a v e  o n l y  a  c r u d e  t h e r m o m e t e r  a v a i l a b l e  t o  a s s i s t  u s  t o  
f o r e c a s t  t h e  a f t e r n o o n  t e m p e r a t u r e .  S e c o n d ,  t h e r e  may b e  
e v e n t s  w h i c h  a r e  g e n u i n e l y  random,  o r  may b e  t r e a t e d  as s u c h ,  
w h i c h  w i l l  o c c u r  b e t w e e n  now a n d  t h e  t i m e  p o i n t  t o  w h i c h  t h e  
f o r e c a s t  i s  d i r e c t e d ,  w h i c h  make i t  i m p o s s i b l e  t o  know t h e  
f u t u r e  w i t h  c e r t a i n t y ,  n o  m a t t e r  how c l e a r  t h e  p i c t u r e  o f  t h e  
p r e s e n t  s t a t e  o f  a f f a i r s :  n o  matter how a c c u r a t e  t .he know- 
l e d g e  o f  t h e  s t a r t i n g  p o i n t  o f  t h e  r o u l e t t e  b a l l ,  o n e  may n o t  
b e  a b l e  t o  n a r r o w  t h e  f o r e c a s t  e r r o r  o n  i t s  u l t i m a t e  s t o p p i n g  
p o i n t .  (The e x a m p l e  i l l u s t r a t e s  t h e  a m b i g u i t y  o f  t h e  d i s -  
t i n c t i o n .  P r e s u m a b l y  i f  o n e  r e a l l y  - ~ n d e r s t o o d  t h e  r o u l e t t e  
w h e e l  a n d  c o u l d  c a l c u l a t e  w e l l  e n o u g h ,  o n e  c o u l d  i m p r o v e  t h e  
f o r e c a s t . )  The  " i n f o r m a t i o n "  h e r e  i s  d i r e c t e d  t o w a r d  r e d u c i n g  
t h e  v a r i a n c e  d u e  t o  t h e  f i r s t  s o u r c e .  Improved  i n f o r m a t i o n  
a l l o w s  o n e  t o  make more  a c c u r a t e  f o r e c a s t s ,  e x p r e s s i b l e  a s  a  
r e d u c t i o n  i n  t h e  d i s p e r s i o n  o f  a s u b j e c t i v e  d i s t r i b u t i o n  o f  
f o r e c a s t  q u a n t i t i e s  b e f o r e  t h e  f a c t  a n d ,  c o r r e s p o n d i n g l y ,  a  
r e d u c t i o n  i n  t h e  d i s p e r s i o n  e x p e r i e n c e d  b: f o r e c a s t  e r r o r  
( d e v i a t i o n  b e t w e e n  f o r e c a s t  a n d  a c t u a l  q u a n t i t i e s )  a f t e r  t h e  
f a c t .  Such  a r e d u c t i o n  m i g h t  b e  a c h i e v e d  by  o b t a i n i n g  f r o m  
t h e  f a r m e r  p r e c i s e  i n f o r m a t i o n  a b o u t  t h e  amcun t  o f  w h e a t  h e  
p l a n s  t o  p l a n t  i n  J u n e  1974 .  W h i l e ,  b e f o r e  t h e  h a r v e s t ,  t h e  
u n c e r t a i n t y  a b o n t  t h e  ou tcome  r e s u l t i n g  f r o m  w e a t h e r  v a r i a b i -  
l i t y  r e m a i n s ,  t h e  i n f o r m a t i o n  a b o u t  t h e  p l a n t i n g  a l l o w s  o n e  t o  
c o n s t r u c t  s g u e s s  a b o u t  t h e  r e s u l t i n g  o u t c o m e  i n  S e p t e m b e r  
w h i c h  i s  more a c c u r a t e  t h a n  t h e  g u e s s  i n  t h e  a b s e n c e  o f  t h e  
i n f o r m a t i o n .  The d e g r e e  t o  w h i c h  a n  e s t i m a t e  i s  i m p r o v e d  c a n  
b e  e x p r e s s e d  by a r e d u c t i o n  i n  t h e  v a r i a n c e  of t h e  s u b j e c t i v e  
d i s t r i b u t i o n  a n d  o f  t h e  f o r e c a s t  e r r o r s .  

The v a l u e  o f  i n f o r m a t i o n  t h u s  d e p e n d s  upon t h e  v a l u e  
o f  good f o r e c a s t s .  I n  t h e  r e m a i n d e r  o f  t h i s  s e c t i o n  a  
d i s c u s s i o a  i s  p r e s e n t e d  why f o r e c a s t s  a r e  v a l u a b l e  a n d  t o  
whom. T h i s  w i l l  f o r m  t h e  b a s i s  f o r  t h e  f o r m a l  t h e o r y  u s e d  i n  
t h e  c a s e  s t u d y  m e a s u r e m e n t s .  

3 . 1 . 3  The  Meaning  o f  t h e  V a l u e  o f  F o r e c a s t s  

When o n e  s p e a k s  o f  t h e  v a l u e  o f  f o r e c a s t s  o n e  m u s t  
d i s t i n g u i s h  c a r e f u l l y  b e t w e e n  v a l u e  t o  t h e  e n t i r e  economy a n d  
t h e  v a l u e  t o  a s i n g l e  i n d i v i d u a l .  I t  i s  o f t e n  p o s s i b l e  f o r  
a n  i n d i v i d u a l  t o  r e a p  l a r g e  g a i n s  f r o m  a p o s s e s s i o n  o f  know- 
l e d g e  o f  g r e a t e r  a c c u r a c y  t h a n  t h a t  p o s s e s s e d  by o t h e r s .  
T h i s  i s  i l l u s t r a t e d  b y  t h e  e x a m p l e  o f  a p r i c e  p r e d i c t i o n ,  
s a y  o f  a  p a i n t i n g  by  Rembrandt  w h i c h  i s  t o  come u p  a t  a u c t i o n  
i n  S e p t e m b e r ,  1 9 7 4 ,  a n d  w h i c h  i s  now o n  t h e  m a r k e t  f o r  



p u r c h a s e  i n  J a n u a r y ,  1974 .  Knowing e x a c t l y  wha t  t h e  Retn- 
b r a n d t  w i l l  s e l l  f o r  8 months  h e n c e ,  o n e  c a n  make a  c e r t a i n  
d e c i s i o n  now w h a t  p r i c e  i t  L s  w o r t h  p a y i n g .  The a c c u r a t e  
f o r e c a s t  o f  t h e  f u t u r e  a l l o w s  o n e  t o  make w i t h  c e r t a i n t y  
a  g a i n  now. However ,  s h o u l d  t h e  i n f o r m a t i o n  l e a d  o n e  t o  
d e c i d e  t o  buy  t k e  p a i n t i n g  now, i n  J a n u a r y ,  t h e  e f f e c t  i s  t o  
s h i f t  t h e  p r o f i t  o b t a i n e d  by  t h e  d i f f e r e n c e  b e t w e e n  t h e  
s e l l i n g  p r i c e  now a n d  t h a t  8 mon ths  h e n c e ,  b u t  a t  t h e  most  o f  
a n  e q u i v a l e n t  g a i n  i n  t h e  h a n d  o f  someone e l s e  who m i g h t  h a v e  
p u r c h a s e d  t h e  p a i n t i n g .  The o p p o r t u n i t y  would  o b v i o u s l y  h a v e  
b e e n  l o s t  t o  t h e  f o r m e r  w e r e  t h e  i n f o r m a t i o n  a b o u t  t h e  p r i c e  
t o  r u l e  i n  S e p t e m b e r  a v a i l a b l e  g e n e r a l l y  i n s t e a d  o f  a v a i l a b l e  
t o  o n e  p e r s o n  a l o n e . *  

I n  t h i s  i l l u s t r a t i v e  c a s e  o n e  s e e s  t h a t  t h e  s o l e  
e f f e c t  o f  i m p r o v e d  i n f o r m a t i o n  i n  t h e  h a n d s  o f  a  s i n g l e  
i n d i v i d u a l  i s  t o  a l t e r  t h e  i n c i d e n c e  o f  a  g a i n  f r o m  o n e  p e r -  . 
s o n  t o  a n o t h e r .  P r e s u m a b l y  t h e  u l t i m a t e  p u r c h a s e r  o f  t h e  
Rembrandt  i n  S e p t e m b e r  wou ld  h a v e  e n d e d  u p  h o l d i n g  t h e  
p a i n t i n g  i n  a n y  c a s e ,  a n d  t h e  o n l y  e f f e c t  o f  improved  i n f o r m a -  
i o n  i s  t o  p l a c e  t h e  g a i n  i n  t h e  h a n d s  o f  o n e  p e r s o n  r a t h e -  
t h a n  i n  someone e l s e ' s  h a n d s .  I t  i s  u s u a l  i n  a p p l i e d  w e l f a r e  
e c o n o m i c s ,  a l t h o u g h  n o t  a l w a y s  j u s t i f i a b l e ,  t o  e q u a t e  e q u i v a -  
l e n t  d o l l a r  amoun t s  o f  g a i n s  by  o n e  p e r s o n  w i t h  t h e  same 
amount  o f  g a i n s  by  someone e l s e .  I n  t h i s  c a s e  t h e r e  h a s  b e e n  
a  p r i v a t e  g a i n  o f f s e t  by a n  e q u i v a l e n t  l o s s  f r o m  t h e  improved  
i n f o r m a t i o n  a b o u t  t h e  p r i c e  o f  t h e  Rembrandt  i n  S e p t e m b e r ,  
1974.  Though t h e r e  h a v e  b e e n  p o s s i b l y  l a r g e  c h a n g e s  i n  
p r i v a t e  w e a l t h  a s  a  r e s u l t  o f  t h i s  i n f o r m a t i o n  o n e  c a n  s a y ,  
l o o s e l y  s p e a k i n g ,  t h e r e  i s  no  s o c i a l  g a i n  w h a t s o e v e r .  

T h i s  d i s t i n c t i o n  b e t w e e n  p r i v a t e  g a i n  and  s o c i a l  g a i n  
may b e  e v e n  more d r a m a t i c a l l y  i l l u s t r a t e d  by  p o i n t i n g  o u t  t h e  
p o s s i b l e  a d v a n t a g e  t o  a n  i n d i v i d u a l  o f  m i s i n f o r m a t i o n  i n  t h e  
h a n d s  o f  o t h e r s .  T h u s ,  i f  o n e  p e r s o n  w i s h e s  t o  p u r c h a s e  a 
p i e c e  o f  p r o p e r t y  i t  may b e  g r e a t l y  t o  h i s  a d v a n t a g e  t h a t  

* I t  wou ld  b e  d e s i r a b l e  t o  h a v e  d i f f e r e n t  t e r m s  f o r  t h e  
v a r i o u s  m e a n i n g s  o f  t h e  word " i n f o r m a t i o n "  o c c u r r i n g  i n  
t h i s  s t u d y .  S t r i c t l y  s p e a k i n g ,  t h e  word  i s  i n t e n d e d  t o  
r e f e r  t o  a n  e s t i m a t e  o f  some o b s e r v a b l e  q u a n t i t y ,  s u c h  a s  
t h e  number o f  a c r e s  p l a n t e d  i n  wheac.  I n  t h i s  s e n s e ,  a  
f o r e c a s t  i s  n o t  " i n f o r m a t i o n , "  a t  l e a s t  g i v e n  t h e  c u r r e n t  
d e v e l o p m e n t  o f  n o r m a l  human p e r c e ~ t i o n s .  I t  seems  r a t h e r  
p e d a n t i c ,  h o w e v e r ,  t o  e n f o r c e  t h i s  d i s t i n c t i o n  t h r o u g h o u t  
t h e  t e x t ;  h o p e f u l l y  n o  c o n f u s i o n  w i l l  r e s u l t  f r o m  t h i s  
u s a g e .  



e v e r y o n e  e l s e  i n  t h e  w o r l d  t h i n k s  it  h i g h l y  l i k e l y  t h a t  
a m a j o r  h ighway  i s  g o i n g  t o  b e  b u i l t  a c r o s s  t h a t  p r o p e r t y ,  
e v e n  t h o u g h  h e  knows w i t h  c e r t a i n t y  t h a t  t h i s  i s  n o 4  t h e  
c a s e .  Even t h o u g h  o t h e r  p e o p l e  may b e  c a u s e d  b y  t h e  m i s -  
i n f o r m a t i o n  t o  make v a r i o u s  b a d  c h o i c e s ,  t h a t  p e r s o n  s t a n d s  
p o t e n t i a l l y  t o  make a  s u b s t a n t i a l  g a i n .  A g a i n  t h e  c r l  i a l  
p o i n t  f o r  e s t i m a t i n g  p r i v a t e  g a i n  i s  t h e  d e g r e e  o f  i n :  ~ l a l -  
i t y  o r  asymmetry  o f  i n f o r m a t i o n  i n  t h e  h a n d s  o f  d i f f e r e 1 . t  
i n d i v i d u a l s .  I n  t h i s  i l l u s t r a t i v e  c a s e  it s h o u l d  b e  c l e a r  
t h a t  t h e r e  i s  i n  n o  s e n s e  a  p o s s i b l e  s o c i a l  s o c i a l  g a i n  
t o  b e  h a d  f r o m  t h e  p r o m u l g a t i o n  o f  m i s i n f o r m a t i o n ,  e v e n  
t h o u g h  t h i s  m i g h t  b e  g r e a t l y  t o  o n e  i n d i v i d u a l ' s  p r i v a t e  
a d v a n t a g e .  

3 .1 .4  S o u r c e s  o f  S o c i a l  G a i n  f r o m  Improved  F o r e c a s t s  

T h e r e  a r e  two b r o a d  s o r t s  o f  s o c i a l  g a i n  f r o m  a 
g e n e r a l  r e d u c t i o n  i n  c r o p  f o r e c a s t i n g  e r r o r .  F i r s t ,  by  
v i r t u e  o f  good f o r e c a s t s  o f  f o r t h c o m i n g  c r o p s  a  s o c i e t y  
i s  a b l e  t o  make i m p r o v e d  a l l o c a t i v e  d e c i s i o n s .  B o t h  by 
mak ing  b e t t e r  t i m e d  d i s p o s i t i o n  o f  i n v e n t o r i e s  o f  a v a i l a b l e  
f a r m  p r o d u c t s ,  a n d  b y  making  p l a n t e d  q u a n t i t i e s  t a k e  i n t o  
a c c o u n t  a n t i c i p a t e d  h a r v e s t s  t h e  s o c i e t y  c a n  o p t i m i z e  t h e  
f l o w  o f  c o n s u m p t i o n  o v e r  t i m e .  The u n d e r l y i n g  i d e a  i s  
t h a t  it  i s  d e s i r a b l e  t o  h a v e  a  smoo th  f l o w  o f  c o n s u m p t i o n  
o f  c o m m o d i t i e s ,  r a t h e r  t h a n  a n  i r r e g u l a r  o n e .  T h i s  i? t h s  
f a m i l i a r  p r i n c i p l e  t h a t  t h e  v a l u e  of i n c r e m e n t s  t o  consump- 
t i o n  o f  a  good d e c r e a s e s  a s  t h e  q u a n t i t y  consumed i n c r e a - -  
es: The v a l u e  o f  a n  a d d i t i o n 3 1  b u s h e l  o f  t o m a t o e s  i n  t'le 

p r e s e n c e  o f  a l a r g e  c r o p  i n  A u g u s t  i s  much s m a l l e r  t h a n  
t h e  v a l u e  o f  a n  i n c r e m e n t  o f  a  b u s h e l  i n  t h e  m i d d l e  o f  
w i n t e r  when few t o m a t o e s  a r e  a v a i l a b l e .  

S e c o n d l y ,  a  r e d u c t i o n  i n  t h e  d i s p e r s i o n  o f  t h e  
s u b j e c t i v e  d i s t r i b u t i o n  o f  f o r e c a s t  e r r o r s ,  i . e . ,  a n  i n -  
c r e a s e  i n  t h e  d e g r e e  o f  c e r t a i n t y ,  may b e  v a l u e d  i n  i t s e l f .  
One c u s t o m a r i l y  a s s u m e s  t h a t  e c o n o m i c  a g e n t s  p r e f e r  a  c e r -  
t a i n  ou tcome  t o  s i t u a t i o n s  i n  w h i c h  t h e  a v e r a g e  ~ f  e x p e c t e d  
ou tcome  i s  t h e  same b u t  w i t h  some v a r i a n c e .  I t  i s  t h i s  
v a l u e  w h i c h  i s  r e f e r r e d  t o  when o n e  s p e a k s  o f  i n d i v i d u a l s  
h a v i n g  r i s k  a v e r s i o n ,  t h e  p r e v a l e n c e  o f  w h i c h  i s  s u g g e s t e d  
b y  s u c h  phenomena a s  i n s u r a n c e  a n d  p o r t f o l i o  d i v e r s i f i c a -  
t i o n .  

I n  t h i s  s t u d y  o n l y  t h e  g a i n  o f  t h e  f i r s t  s o r t  i s  
c o n s i d e r e d :  t h a t  a r i s i n g  f r o m  a n  a b i l i t y  t o  make d e c i s i o n s  
w h i c h  are  l e s s  l i k e l y  a f t e r  t h e  f a c t  t o  h a v e  ~ r 0 v e d  i n c o r r e c t .  
The v a l u e  o f  r e d u c e d  u n d e r t a i n t y p e r  se w i l l  b e  i g n o r e d .  I n  
t h e  c o n t e x t  o f  m o d e l s  t o  f o l l o w  o t  b e h a v i o r  o f  a g e n t s  i n  mar-  
k e t s  u n d e r  u n c e r t a i n t i e s ,  t h i s  a s s u m p t i o n  t h a t  u n c e r t a i n t y  



per se i s  n o t  a  s o u r c e  o f  l o s s  o f  v a l u e  w i l l  be embodied i n  
t n e  a s s u m p t i o n  t h a t  a g e n t s  a c t  t o  maximize e x p e c t e d  m o n ? t a r y  
p r o f i t s .  

Measurement o f  I n v e n t o r y  Adjus tmen t  G a i n s  Only  

W i t h i n  t h e  c l a s s  o f  a l l o c a t i v e  g a i n s  we f u r t h e r  r e -  
s t r i c t  o u r  a t t e n t i o n  t o  t h o s e  r e s u l t i n g  f rom improved i n v e n -  
t o r y  c h o i c e s .  T h e r e  a r e  two r e a s o n s  f o r  t h i s .  The f i r s t  i s  
t h a t  i i ~  t h e  c a s e  o f  w h e a t ,  t h e  c r o p  t o  which o u r  a n a l y s i s  i s  
a p p l i e d  e m p i r i c a l l y ,  t h e  p o s s i b i l i t y  f o r  s i g n i f i c a n t l y  a d j u s t -  
i r . g  p r o d u c t i o n  w i t h i n  t h e  c r o p  y e a r  a p p e a r s  l i m i t e d .  T h i s  
means t h a t  we a r e  g u e s s i n 5  t h a t  t h e  s i z e  o f  t h e  g a i n  from t h i s  
s o u r c e  i s  s m a l l  r e l a t i v e  t o  t h a t  a v a i l a b l e  f rom t h e  i n v e n t o r y  
improvements .  I t  would ,  r d o u b t ,  b e  most  d e s i r a b l e  t o  t e s t  
t h i s  g u e s s  by c a r r y i n g  o u t  t h e  a n a l y s i s  and  measurements ,  
which b r i n g s  u s  t o  t h e  s e c o n d  r e a s o n  f o r  s t a r t i n g  w i t h  a  con- 
c e n t r a t i o . 1  on i n v e n t o r i e s .  The a n a l y s i s  o f  t h i s  prof-,lzm i s  
s i m p l e r  t h a n  t h a t  o f  t h e  c a s e  o f  endogenous  s u p p l y  c1 ;c i s rons .  
S i n c e  t h e  c h a i n  o f  r e a s o n i n g  and c a l c u l a t i o n s  t r a c e  i n  t h e  
s t u d y  i s  a l r e a d y  r a t h e r  l o n g ,  t h e r e  i s  a  g r e a t  a d v a n t a g e  i n  
r e s i s t i n g  t h e  f u r t h e r  c o m p l i c a t i o n .  A t  t h e  same t i m e ,  w h i l e  
o u r  e x p e c t a t i o n  was f u l f i l l e d  t h a t  it  i s  p o c s i b l r  t o  o b t a i n  
h i g h l y  c o n v i n c i n g  e c o n o m e t r i c  e s t i m a t e s  o f  dzmand p a r a m e t e r s ,  
t h t r e  i s  e v e r y  r e a s o n  t o  e x p e c t  g r e a t  d i f f i c u l t y  i n  e s t i m a t i n g  
s u p p l y  p a r a m e t e r s .  Thus b o t h  r e a s o n s  o f  t h e o r e t i c a l  c o m p l e x i t y  
and e s t i m a t i o n  p r o b l e m s  r e i n f o r c e  o u r  p r e f e r e n c e  on g r o u n d s  
o f  e x p e c t e d  r e l a t i v e  p o t e n t i a l  g a i n  f o r  c o n s i d e r i n g  t h e  p u r e  
i n v e n t o r y  a d j u s t m e n t  model .  The i n t e 3 r a t e d  s y s t e m s  e f f e c t s  
o f  improved (ERS) i n f o r m a t i o n  i n  U.S. A g r i c u l t u r e  w i l l  b e  ex-  
amined i n  t h e  s e c o n d  c a s e  s t u d y .  

3 .1 .6  The D i s t r i b u t i o n  o f  G a i n s  f rom Improved inform at!^^ 

I t  may b e  t h o u g h t  t h a t  t h e  g a i n e r s  a n d  l o s e r s  f rom 
t h e  p r o d u c t i o n  o f  new and b e t t e r  i n f o r m a t i o n  a r e  a f f e c t e d  
bv t h e  way i n  which t h e  new i n f o r m a t i o n  i s  i n t r o d u c e c i  i n t o  
t h e  s y s t e m ,  and t h i s  i n d e e d  a p p e a r s  t o  be t h e  c a s e .  C l e a r l y  
f rom o u r  d i s c u s s i o n  o f  t h e  p o s s i b i l i t i e s  f o r  p r i v a t e  g a i n  from 
asymmetry o f  i n f o r m a t i o n  a b o v e ,  it  s h o u l d  b e  c l e a r  t h a t  t h e  
p a r t i c u l a r  a g e n t s  t o  whom new i n f o r m a t i o n  i s  f i r s t  cornmuni- 
c a t e 2  t e n d  p o t e n t i a l l y  t o  r e a p  l a r g e  p e r s o n a l  b e n e f i t s ,  c x a c t -  
l y  how l a r g e  i s  a  m a t t e :  which  a p p e a r s  r a t h e r  d i f f i c u l t  t o  
s e t t l e .  

An example m i g h t  b e  made o f  a  d i s c o v e r y  by a  c o r p o r a -  
t i o n  o f  l a r g e  d e p o s i t s  o f  some m i n e r a l .  T h i s  d i s c o v e r y  w i l l  
be  r e p o r t e d  t o  t h e  g e n e r a l  p u b l i c  on a  s p e c i f i e d  d a t e  i n  t h e  
f u t u r e ;  i n  t h e  meantime it i s  o f  e x t r a o r d i n a r y  v a l u e  t o  an 
i n s i d e r  who may b e  a b l e  t o  c a p t u r e  enormous s p e c u l a t i v e  c a i n s ,  



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 infdrmation 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. In 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 
i? possession of improved information are obvious distritu- 
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 
movements in price which would Le generated by its possession 
in a sinqle individual's hands. Just 2s 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 zera or very small. The implications for 
social policy o. the precise method of releasing information 
therefore appear nontrivial. 

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 Scnday 
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 c~. Monday morning with 
all 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 informatioq 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 



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 3s 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 about 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 would 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, ~ u c h  
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: i n f o r m a t i o n  about what is the c u r r e n t  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 poce an illustrative example, we are 
interestad 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 p int with a given velocity. Thia model 
consists of the laws of motion and of knowledge about the 
positions and phjsical 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 



t h e  p h y s i c a l  s y s t e m .  F u r t h e r m o r e  s h o c k s  may be a n t i c i p a t e d  
f rom o u t s i d e  t h e  s y s t e m  which w i l l  i n f l u e n c e  t h e  p a t h  o f  t h e  
b a l l ;  t h e  p i n b a l l  mach ine  may b e  l o c a t e d  j u s t  a b o v e  a  subway 
t u n n e l .  A s  a  r e s u l t ,  e v e n  i f  w e  know t h e  s t a r t i n g  p o i n t  o u r  
p h y s i c a l  model  o f  t h e  s y s t e m  t h a t  d o e s  n o t  g e n e r a l l y  a l l o w  
u s  t o  p r e d i c t  e x a c t l y  t h e  p a t h  o f  t h e  b a l l .  W e  m i g h t  t y p i c a l l y  
e x p r e s s  o u r  f o r e c a s t  o f  t h e  f i n a l  l o c a t i o n  o f  t h e  b a l l  i n  t h e  
fo rm o f  a s i n g l e  number ( e - g . ,  " h o l e  number 3 " ) ,  b u t  t h i s  norm- 
a l l y  i s  s i m p l y  t h e  c e n t r a l  t e n d e n c y  o f  a n  i m p l i e d  p r o b a b i l i t y  
d i s t r i b u t i o n .  

I f  w e  h a v e  p r e c i s e  knowledge o f  t h e  p o s i t i o n  and  ve-  
l o c i t y  o f  t h e  b a l l  a t  a g i v e n  p o i n t  i n  t i m e  w e  c a n  p r e d i c t  
i ts  p o s i t i o n  a t  a n y  l a t e r  t i m e  u s i n g  t h i s  p h y s i c a l  model ,  w h i c h  
is  what  w e  r e f e r r e d  t o  a b o v e  as a model  o f  how t h e  c u r r e n t l y  
o b s e r v a b l e  f e a t u r e s  ( p o s i t i o n  a n d  v e l o c i t y )  i n f l u e n c e  t h e  
v a r i a b l e  ( f u t u r e  p o s i t i o n  o f  t h e  b a l l )  b e i n g  f o r e c a s t .  Because  
o f  what  may b e  r e g a r d e d  a s  t r u l y  random a s p e c t s  o f  t h e  s y s t e m s  
: : i rh in  which  t h e  b a l l  i s  moving,  o u r  f o r e c a s t  i t s e l f  mus t  b e  
i n  t h e  fo rm o f  a  p r o b a b i l i t y  d i s t r i b u t i o n ,  e v e n  t h o u g h  w e  may 
e x p r e s s  it i n  t h e  form o f  a  s i n g l e  number. F u r t h e r m o r e ,  b e c a u s e  
o f  t h e  c u m u l a t i v e  n a t u r e  o f  t h e  random s h o c k s  t h r o u g h  t i m e ,  t h e  
d i s p e r s i o n  o f  o u r  f o r e c a s t  d i s t r i b u t i o n  o f  t h e  p o s i t i o n s  o f  t h e  
b a l l  i s  l i k e l y  t o  i n c r e a s e  as t h e  d i s t a n c e  i n t o  t h e  f u t u r e  o v e r  
which w e  a r e  a t t e n p t i n g  t o  f o r e c a s t  i n c r e a s e s .  I n  looser and  
more commonplace l a n g u a g e ,  l o n g - t e r m  f o r e c a s t s  a r e  " less  a c c u -  
r a t e "  t h a n  s h o r t - t e r m  f o r e c a s t s  owing t o  t h e  g r e a t e r  i n t e r -  
v e n t i o n  o f  random i n f l u e n c e s .  

3.1.7.2 Measurement E r r o r s  

A s  was s u g g e s t e d  a b o v e ,  t h e r e  i s  i n  a d d i t i o n  t o  
n a t u r e ' s  r andomness ,  a n o t h e r  s o u r c e  o f  " i n a c c u r a c y "  o f  f o r e -  
casts ,  a s s o c i a t e d  w i t h  i n a d e q u a c y  o f i n f o r m a t i o n  a b o u t  t h e  
c u r r e n t  s t a t e  o f  t h e  s y s t e m ,  i n  t h i s  c a s e  t h e  c u r r e n t  p o s i t i o n  
a n d  v e l o c i t y  o f  t h e  b a l l .  L e t  u s  s u p p o s e ,  f o r  e x a m p l e ,  t h a t  
t h e s e  a r e  o b t a i n e d  by t h e  o b s e r v e r  u s i n g  a  r u l e r  on  t o p  o f  t h e  
g l a s s  c o v e r  o f  t h e  p i n - b a l l  r u n  and a  s t o p  w a t c h .  Assuming 
t h a t  t h e  o b s e r v e r  i s  c a p a b l e  of i n s t a n t a n e o u s  c a l c u l a t i o n  o f  
t h e  f o r e c a s t  o n c e  h e  i s  g i v e n  p o s i t i o n  and v e l o c i t y ,  h e  c a n  
c o n v e r t  h i s  o b s e r v a t i o n  o f  t h e s e  v a r i a b l e s  i n t o  a  p r e d i c t i o n  
a t  once .  However, t h e  p r o c e d u r e  f o r  o b t a i n i n g  p o s i t i o n  and 
v e l o c i t y  i s  i t s e l f  s u b j e c t  t o  e r r o r ,  which  w e  s h a l l  r e f e r  t o  
a s  s a m p l i n g  error o r  measurement  error .  Measurement  e r r o r  
wou'ld c a u s e  f o r e c a s t s  t o  b e  random v a r i a b l e s ,  w i t h  some d e g r e e  
o f  d i s p e r s i o n ,  e v e n  i f  t h e  model  o f  t h e  s y s t e m  w e r e  p e r f e c t  
and t h e  s y s t e m  i t s e l f  n o t  s u b j e c t  t o  o u t s i d e  s h o c k s .  The 
d i s p e r s i o n  o r  i n a c c u r a c y  o f  a c t u a l  f o r e c a s t s  i s  t h u s  a  com- 
pound o f  n a t u r e ' s  r andomness  and  measurement  e r r o r .  



This study is primarily concerned with the value of 
reducing the monthly m e a s u r e m z n t  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 deterninants of weaiher), 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 Lag 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 
a v a i l a b i l i t y  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 abservation, in which 
information is handled electronically as a matter of course 
at every stage. 

We refer to the tine 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 a v a i l a b i l i t y  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 rux ' the ball 
lasts thirty seconds and that the measurements are .mde after 
ten 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 p a s t .  The longer 
is this lag the less useful is the forecast for two reasons. 
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 l q n g ~ r  is the delay, the less remains of the ball's path 



t o  b e  p r e d i c t e d .  If  t h e  d e l a y  i s  l o n g  e n o u g h  t h e  f o r e c a s t  
a r r i v e s  a f t e r  t h e  b a l l  h a s  a l r e a d y  r e a c h e d  t h e  e n d  o f  i t s  
r u n !  The  f o r e c a s t  i s  t h e n  o f  u s e  o n l y  i n  c h e c k i n g  t h e  a d e -  
q u a c y  o f  t h e  model  o f  t h e  s y s t e m .  I t  a r r i v e s  t o o  l a t e  t o  
h e l p  t h e  p e r s o n  w a n t i n g  t o  p l a c e  a  b e t  o n  t 5 e  f i n a l  p o s i t i o n  
o f  t h e  b a l l .  

The  two F s p e c t s  o f  i m p r o v i n g  t h e  i n f o r m a t i o n  b a s e  
f o r  f o r e c a s t i n g  are t h u s  i n t e r r e l a t e d .  The  s h o r t e r  i s  t h e  
a v a i l a b i l i t y  l a g  t h e  more v a l u a b l e  Is a n y  g i v e n  r e d u c t i o n  
i n  measu remen t  e r r o r .  

3 .1.7.4 The  Crop  F o r e c a s t i n g  P r o b l e m  

A r o u g h  a n a l o g y  e x i s t s  b e t w e e n  t h e  p i n b a l l  f o r e c a s t i n g  
p r o b l e m  a n d  t h e  i d e a l i z e d  v e r s i o n  o f  c r o p  f o r e c a s t i n g  u s e d  i n  
t h i s  s t u d y .  W e  t a k e  t i m e  t o  b e  b r o k e n  i n t o  d i s c r e t e  mon ths .  
The p r o b l e m  o f  c r o p  f o r e c a s t i n g  is n o t  t o  f o l l o w  a s i n g l e  
b a l l  t h r o u g h  t i m e  b u t  r a t h e r  s e v e r a l  b a l l s  i n  t h e  f o r m  o f  

m o n t h l y  h a r v e s t s .  L e t  G t  ( s o m e t i m e s  w e  s h a l l  w r i t e  t h i s  
e q u i v a l e n t l y  as G ( t ) )  d e n o t e  t h e  q u a n t i t y  o f  t h e  g r a i n  o f  
i n t e r e s t  h a r v e s t e d  d u r i n g  month  t .  T h i s  n o t a t i o n  w i l l  b e  
u s e d  t h r o u g h o u t ,  a l t h o u g h  l a t e r ,  when e x p o r t s  are i n t r o d u c e d ,  
w e  s h a l l  l e t  G t  s t a n d  f o r  " e f f e c t i v e  h a r v e s t , "  o r  a c t u a l  
h a r v e s t  l e s s  e x p o r t s .  

I t  i s  as sumed  t h a t ,  o n  t h e  b a s i s  o f  p e r f e c t  i n f o r m a t i o n  
a b o u t  c o n d i t i o n s  on  t h e  g r o u n d ,  number s  o f  acres p l a n t e d  i n  
t h e  s p e c i f i e d  g r a i n  i n  e a c h  o f  s e v e r a l  g e o g r a p h i c a l  r e g i o n s ,  
v i s i b l e  c o n d i t i o n s  o f  r i p e n e s s ,  e t c . ,  f o r e c a s t s  c a n  b e  con-  
s t r u c t e d  o f  t h e  q u a n t i t i e s  t o  b e  h a r v e s t e d  f o r  e a c h  o f  a 
c e r t a i z  s u c c e s s i o n  o f  coming m o n t h s ,  u s i n g  a mode l  o f  how 
g r a i n s  ~ ~ n l v e  o v e r  t i m e  a s  t h e y  n a t u r e .  S u c h  f o r e c a s t s  a re  
s u b j e c t  t o  e r r o r  d u e  t o  n a t u r e ' , :  r a n d o m n e s s .  W e  s p e a k  o f  t h i s  
s e t  o f  i d e a l  f o r e c a s t s ,  w h i c h  would  b e  made i n  a  g i v e n  month 
o n  t h e  b a s i s  o f  p e r f e c t  i n f o r m a t i o n  a b o u t  w h a t  i s  i n  p r i n c i p l e  
k n o w a b l e  i n  t h a t  month ,  a s  t h e  st  t e  of the system, The  s t a t e  
o f  t h e  s y s t e m  as  o f  p e r i o d  t i s  d e n o t e d  b y  St . St  i s  a 

vector o f  i d e a l  f o r e c a s t s ,  i t s  f i r s t  component  i s  s t 
t t a  

" f o r e c a s t "  o f  G t  ; i t s  s e c o n d  componen t  i s  s ttl , a f o r e c a s t  
t 

e t c .  : 

Note  t h a t  t h e  s u p e r s c r i p t  w h i c h  i d e n t i f i e s  a componen t  o f  S 
i d e n t i f i e s  t h e  p e r i o d  f o r  w h i c h  a n  i d e a l  f o r e c a s t  i s  b e i n g  t 
made. 



Actual forecasts of crops are based not upon perfect 
information but upon measurements and samples of such quanti- 
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 St. Great simplification in our analysis is effected by 
regarding St 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 St, n o t  directly to the underlying 
errors of measurement of acreage, growth, etc. Since suzh 
underlying errors translate directly into errors in estimation 
of St 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 St, 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 informatio~ then, is 
here taken to be an e s t i m a t e  of .. Denote by St such an 
estimate. We shall assume that ,he measuring devices and 
procedures introduce an error *t such that 

The measurement error, $ J ~ ,  is thus a vector, with components 

At this point we should explain the meaning of the 
parameter M which occurs in the specification of St. We 
refer to this parameter as the "maturation period", a name 
motivated by a simple mod31, 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 nore than M periods into 
the future on the basis of currently observable features of 
harvests, but thi; 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 number of months 



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): yt+M+l 
will be identically zero. This is so because by eefinition 
of M the forecast of Gt+M+l cannot depend upon features 
observable at time t. 

We havs 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 St-AL is the vector of forecasis available 
at time t. To be more precise, the components of St-AL 
referring to harvests occurring beyond month t are taken 
to be the forecasts available at time t. Thus, for example 

~ $ 2  would be the forecast of G26 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 I11 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. 



In their study of the value of improved statistical 
reporting, Hayami and Peterson encountered much the same sort 
of problem.* In their Table 1 (p. 125) they present data on 
"typical sampling error" in major U.S. farm com~nodities 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 in6icates that this overall average per- 
formance corresponds to a sampling error of 2.1 percent for 
wheat. The error refers to annua l  harvests, and we may regard 
~t as applying to a sum of twelve monthly harvests. Denote by 
p the error in measuring the annual harvest, AH, and by p i  
the error in measuring Hi , the ideal forecast of the harvest 
in monch i . Using "hats" ( ^ )  to denote measured quantities 
we have 

implying, if the measurement errors are independent, 

* Hayami, Yujiro, and Willis Peterson, "Social Returns to 
Public Information Services: Statistical Reporting of 
U. S . Farm Commodities, " American Economi c Review , 
March 1972, pp. 119-130. 



BY o u r  a s s u m p t i o n ,  

I ~ t e r p r e t i n g  " a v e r a g e  s a m p l e  e r r o r "  a s  t h e  r a t i o  o f  t h e  
s t a n d a r d  d e v i a t i o n  o f  )I t o  AH,  w e  h a v e ,  f r o m  H a y a m i - P e t e r s o n  

a 2 = ( 2 . 1  AH) 2 
(3 .1 .6 )  v 

S u b s t i t u t i n g  i n t o  ( 3 . 1 . 6 ) ,  we h a v e  

where  h i  r e f e r s  t o  t h e  f r a c t i o n  o f  t h e  a n n u a l  c r o p  h a r -  
v e s t e d  i n  t h e  ith month.  U s i n g  t h e  p e r c e n t a g e  d i s t r i b u t i o n  
o f  t h e  w h e a t  h a r v e s t  as  d e s c r i b e d  p r e v i o u s l y  t h e  v a l u e  o f  a 
c a n  b e  c a l c u l a t e d  t o  b e  g i v e n  b y  

The T a s k  F o r c e  o n  ~ g r i c u l t u r a l  F o r e c a s t i n g  a t  Goddard  
a t t e m p t s  t o  a s s e s s  l i k e l y  i m p r o v e m e n t s  o f  ERS s y s t e m s  m e a s u r -  
i n g  c r o p  a c r e a g e  i n  p e r s p e c t i v e  t o  p r e s e n t  USDA p e r f o r m a n c e .  
( S e e  F i g u r e  3.1 o f  t h i s  s e c t i o n . )  Based  o n  t h o s e  r e s u l t s  w e  
may u s e  t h e  l i k e l y  improvemen t  i n  m o n t h l y  m e a s u r e m e n t  b v  5 0 1  
f r o m ~ ' a  = 7.6  p e r c e n t  t o  a = 3.8 p e r c e n t  f o r  w i n t e r  w h e a t  
a n d  f rom a = 1 5 . 7 5  p e r c e n t  t o  a = 7 . 9  p e r c e n t  f o r  s p r i n g  
w h e a t  a s  a  c o n v e n i e n t  b a s i s  f o r  s e n s i t i v i t y  a n a l y s i s  o f  
t h e  r e s u l t s .  T a b l e  3 .1  g i v e s  t h e  v a l u e  o f  t h i s  i m p r o v e m e n t  
( n o t  i n c l u d i n g  c o s t  s a v i n g s  by  USDA i f  new m e t h o d s  a r e  
i n t r o d u c e d  a n d ,  o f  c o u r s e ,  n o t  n e t t i n g  o u t  a d d i t i o n a l  
measu remen t  c o s t s )  u n d e r  a v a r i e t y  o f  c h a n g e s  i n  t h e  p a r a -  
m e t e r s  o f  t h e  model .  



The results described in Table 3.1 indicate both the 
possibility of very substantial gains from reducinq measure- 
ment errors in the crop forecasting system and the extreme 
sensitEvity 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 iluproved 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, S t a t i s t i c a l  Annual (1956- 
19721, henceforth SA. 

2. Federal Reserve Board, F e d e r a l  R e s e r v e  B u l l e t i n  
(March 1963, February 1965, March 1966, March 19671, 
henceforth FRB. 

3 .  --- B u s i n e s s  S t a t i s t i c s  (1971, 1973) , henceforth BS. 

4. --- and the Massachusetts Institute of Technology, 
Q u a r t e r 1  j E c o n o m e t r i c  Model (January 1973) , hence- 
forth FMP. 

5. U. S. Department of Agriculture, Economic Research 
Service, Feed S t a t i s t i c s  (September 1967) and 
supplement for 1971 (July 1972), henceforth FS. 

6 .  --- Food G r a i n  S t a t i s t i c s ,  henceforth FGS. 

7. --- Supplement to Food G r a i n  Statistics (19711, 
henceforth SFGS. 



8. --- Wheat Gi t u a t i o n  CMay 1973) , henceforth WS. 
9. U. S. Department of Agriculture Statisticql Report- 

ing Service, S t a t i s t i c a l  B u l l e t i n  277 (January 1961), 
387 (January 19671, and 503 (December 19721, h ~ n c e -  
forth SB. 

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

The above references supplied the following infurmation 
for this case study: 

1. Quantities 

Visible Supply of Grains Cmillions 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 



2. Prices 

High and Low Futures Prices (pennies) 
Monthly: SA 

Average Price per Bushel of Number Three Barley at 
Minneapolis (dollars) 
Monthly: FS 

Average Price per Bushel of Number Three Yellow Corn 
at Chicago (dollars) 
Monthly: FS 

Average Price per Bushel of Number Two White Oats at 
Minneapolis (dollars) 
Monthly: FS 

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 Nat4.0nal Product (billions of dollars) 
Quarterly: FMP 

Unemployment Rate (points) 
Quarterly: FMP 

Consumer Price Index (1958 = 1) 
Quarterly: FMP 

Population of the U.S. (millions of persons) 
Quarterly: FMP 

Consumer Price Index (1967 = 100) 
Monthly: BS 



3.1..10 C o n c l u d i n g  Remarks on t h l s  Case  S t u d y  

A l l  o f  t h e  c a l c u l a t i o n s  i n  C h a p t e r  6 o f  t h e  Case  S tudy  
R e p o r t *  were  d i r e c t e d  t o w a r d  e v a l u a t i n g  a  r e d u c t i o n  i n  meas- 
u rement  e r r o r .  However, a s  o u r  d i s c u s s i o n  o f  f o r e c a s t i n g  
i n  g e n e r a l  i n  S e c t i o n  3 . 1 . 3  makes c l e a r ,  t h e  t i m e l i n e s s  of i n -  
f o r m a t i o n  a290 i m p o r t a n t l y  a f f e c t s  i t s  v a l u e .  T h i s  would  b e  
e x p r e s s e d  i n  o u r  model a s  r e d u c e d  a v a i l a b i l i t y  l a g .  T h i s  
i s  a n  a r e a  i n  which s a t e l l i t e  t e c h n o l o g y  c l e a r l y  p r o m i s e s  
s u b s t a n t i a l  improvement ,  and i t  i s  o n e  which may even  h a v e  t h e  
p o t e n t i a l  f o r  more s u b s t a n t i a l  g a i n s  t h a n  . found f o r  .measurement  
e r r o r  r e d u c t i o n .  Our e s t i m a t e s  s u g g e s t  r a t h e r  s u b s t a n t i a l  month 
t o  month v a r i a b i l i t y  i n  i d e a l  f o r e c a s t s ,  N a t u r e ' s  r andomness .  
By r e d u c i n g  t h e  a v a i l a b i l i t y  l a g  by one  month,  we, i n  e f f e c t ,  
e l i m i n a t e  one  m o n t h ' s  w o r t h  o f  v a r i a n c e .  The v a l u e  o f  t h i s  
s h o u l d  b e  c o m p a r a b l e  t o  t h a t  o f  a  s l m i l a r  r e d u c t i o n  o f  v a r i a n c e  
due  t o  measurement  e r r o r  improvement .  

The componenLs o f  t h i s  c a l c u l a t i o n  a r e  much t h e  same a s  
t h o s e  a s s e m b l e d  i n  C h a p t e r  6 o f  t h e  Case  S t u d y  R e p o r t * .  However, 
t h e  f o r m u l a e  a r e  more complex,  owing t o  c e r t a i n  i n t e r a c t i o n s  
among t e r m s  which t a k e  p l a c e  when v a r i a n c e  i s  r e d u c e d  i n  t h i s  
way. Programming and c a r r y i n g  o u t  t h e s e  c a l c u l a t i o n s  s h o u l d  
b e  a  h i g h  p r i o r i t y  f o l l o w - u p  r e s e a r c h  i t e m .  

O t h e r  e x t e n s i o n s  o f  t h e  r e s e a r c h  a r e  s u g g e s t e d  by a 
r e v i e w  o f  t h e  r e s u l t s  d e s c r i b e d  i n  C h a p t e r  6 o f  t h e  Case  S t u d y  
R e p o r t *  which comes a t  t h e  end  o f  a  l o n g  and complex c h a i n  o f  
r e a s o n i n g  and  c a l c u l a t i o n .  I t  i s  a p p r o p r i a t e  t o  r q n s i d e r  h e r e  
i n  summary f a s h i o n  t h e  l i n k s  o f  t h e  c h a i n ,  t o  a s s e s s  t h e i r  
s t r e n g t h ,  and t o  i n d i c a t e  how new o n e s  can  b e  added.  

The b a s i c  l o g i c  o f  t h e  model  i s  s i m p l e r  t h a n  i t s  many 
d e t a i l s  may l e a d  one  t o  b e l i e v e .  G r a i n  p r o d u c t i o n  i s  t a k e n  
t o  b e  e x o g e n o u s l y  g i v e n ,  b u t  s u b j e c t  t o  random s h o c k s  o b e y i n g  
a  ( p o s s i b l y  complex)  s t a t i o n a r y  s t o c h a s t i c  law.  P r o d u c t i o n  i n  
any  p e r i o d  can b e  a l l o c a t e d  t o  c o n s u m p t i o n  ( i n c l u d i n g  u s e  i n  
t h e  p r o d u c t i o n  o f  o t h e r  g o o d s )  o r  a d d i t i o n s  t o  i n v e n t o r y .  I n -  
v e n t o r i e s  a r e  d e t e r m i n e d  h y  p r o f i t - s e e k i n g  c o m p e t i t i v e  a g e n t s ,  
who b a s e  t h e i r  d e c i s i o n s  on f o r e c a s t s  o f  f o r t h c o m i n g  g r a i n  h a r -  
v e s t s .  I n  o r d e r  t o  deter!;line t h e i r  c u r r e n t  i n v e n t o r y  l e v e l s ,  
t h e s e  a g e n t s  must  a n t i c i p a t e  t h e  f u t u r e  i n v e n t o r y  l e v e l s  a s  w e l l  
a s  f u t u r e  h a r v e s t s .  They do t h i s  by assuming  t h a t  a l l  i n v e n t o r y  

* S e e  Vol.  111, P a r t  11 o f  t h i s  r e p o r t .  



h o l d e r s  u n d a r s t a n d  t h e  u n d e r l y i n g  demand a n d  m a r g i n a l  s t o r a g e  
c o s t  r e l a t i o n s h i p s ,  a n d  h e n c e  t h e y  i n  e f f e c t  l o o k  f o r  a mar- 
k e t  c l e a r i n g  s e t  o f  s p o t  a n d  f u t u r e  p r i c e s .  

G iven  t h e s e  f a c t s ,  a n d  h a v i n g  e q u i 2 p e d  o u r s e l v e s  w i t h  
knowledge  o f  t h e  demand a n d  m a r g i n a l  s t o r a g e  c o s t  f u n c t i o n s ,  
we c a n  d e s c r i b e  t h e  f u n c t i o n a l  d e p e n d e n c e  o f  i n v e n t o r y  d e c i -  
s i o n s  p r a d u c e d  by  t h e  m a r k e t  s y s t e m  nd f o r e c a s t  h a r u e s t s .  
T h i s  b e i n g  t h e  c a s e ,  we c a n  d e t e r m i n e  t h e  r e l a t i o n s h i p  be- 
tween  measu remen t  e r r o r s ,  a s  l e a d i n g  t o  f o r e c a s t  e r r o r s ,  a n d  
t h e  a v e r a g e  amount  o f  v a , - i a b i l i t y  t o  b e  e x p e c t e d  i n  t h e  g r a i n  
c o n s u m p t i o n  f l o w .  V a r i a b i l i t y  i s  a  s o u r c e  o f  d i - u t i l i t y - -  
m a r g i n d l  q u a n t i t i e s  o f  g r a i n  a r e  more h i g h l y  v a l u e d  when con-  
s u m p t i o n  l e v e i s  a r e  low t h a n  when t h e y  a r e  h i g h ,  a s  r e f l e c t e d  
i n  t h e  demand c u r v e .  Hence we c a n  c a l c u l a t e  t h e  l o s s  i n  v a l u e  
d u e  t o  measu remen t  e r r o r ,  a n d  t h e  g a i n  due  t o  i t s  a m e l i o r a t i o n .  

The w e a k e s t  l i n k s  i n  t h i s  c h a i n  a r e  p r o b a b l y  t h e  e a r l y  
o n e s ,  f o r  e x a m p l e ,  t h e  v d r y  f i r s t  o n e ,  w h i c h  a s s u m e s  g r a i n  
p r o d u c t i o n  i s  e x o g e n o u s l y  g i v e n .  We h a v e  a r g u e d  i n  t h e  t e x t  
t h a t  a  good c a s e  c a n  b e  make f o r  t a k i n g  t h i s  a s s u m p t i o n  a s  
a  w o r k i n g  h y p o t h e s i s .  N e v e r t h e l e s s ,  we s h o u l d  e x p e c t  t h e  
r e s u l t s  t o  b e  a l t e r e d  by t h e  i n t r o d u c t f o n  o f  a n  e n d o g e n o u s  
p r o d u c t i o n  d e c i s i o n  model  o f  f a r m e r  b e i l a v i o r .  T h a t  s n t o o t h i n g  
o u t  o f  c o n s u m p t i o n  a n d  h s n c e  p r i c e  movements  o v e r  t i m e  i s  
l i k e l y  t o  h a v e  v a l u e  t o  f a rme-2  s h o u l d  b e  o b v i o u s ,  g i v e n  t h e  
h i s t o r y  o f  t h e  s e a r c h  f o r  f a r m  p r i c e  s t a b i l i t y .  T h i s  w i l l  b e  
d o n e  i n  t h e  s e c o n d  a g r i c u l t u r a l  c a s e  s t u d y ,  w h i c h  a c t u a l l y  
co . l f i rms  o u r  b a s i c  r e s u l t s  ( $ 1 9 . 7  - $98.6 m i l l i o n  p e r  y e a r ) .  

The s e c o n d  l i n k  shows a  r e l a t e d  w e a k n e s s  i n  l e a v i n g  
o u t  a  s e t  o f  d e c i s i o n  m a k e r s .  I t  was n o t e d  i n  t h e  t e x t  t h a t  
p r o d u c t i o n  i s  a l l o c a t e d  n o t  s i m p l y  t o  c o n s u m p t i o n  a n d  i n v e n -  
t o r y  c h a n g e s ,  b u t  a l s o  t o  n e t  e x p o r t s ,  a n d  i n  f a c t ,  t h e  
e m p i r i c a l  p a r a n e t e r s  o f  a  v e r y  s i m p l e  model  o f  e x p o r t  d e t e r -  
m i n a t i o n  i m p o r t a n t l y  i n f l u e n c e d  t h e  n u . . e r i c a l  r e s u l t s ,  a s  
summar ized  i n  T a b l e  3 .1 .  A f i n a l  i m p o r t a n t  g r o u p  o f  a g e n t s  
i s  o m i t t e d  a t  t h e  t h i r d  l i n k  a t  w h i c h  i t  i s  a s sumed  t h a t  g r a i n  
i n v e n t o r i e s  a r e  d e t e r m i n e d  by  p r i v a t e  e n t r e p r e n e u r s .  I n  f a c t ,  
c e r t a i n l y  i n  t h e  U n i t e d  S t a t e s  o v e r  t h e  p a s t  t w e n t y  y e a r s ,  t h e  
g o v e r n m e n t  h a s  b e e n  a m a j o r  a g e n c y  d e t e r m i n i n g  t h e  q u a n t i t y  o f  
g r a i n  i n  i n v e n t o r y .  

How g r e a t l y  t h e a b s e n c e  o f  t h e s e  d e c i s i o n  a g ? n t s  f rom 
t h e  model  a f f e c t s  t h e  r e s u l t s  i s  d i f f i c u l t  t o  s a y .  S u r e l y ,  
l e a v i n g  o u t  t h e  d e p e n d e n c e  o f  p r o d u c t i o n  o n  p r i c e s  c a u s e s  o u r  
p r o c e d u r e s  t o  u n d e r s t a t e  t h e  v a l u e  o f  i m p r o v e d  i n f o r m a t i o n .  
011 t h e  o t h e r  h a n d ,  t h e  f a c t  t h a t  f a r m e r s  m u s t  make t h e i r  
p l a n t i n g  d e c i s i o n s  s e v e r a l  m o n t h s  b e f o r e  h a r v e s t i n g  l e a d s  l.7.; 

t o  g u e s s  t h a t  t b e  a d d i t i o n a l  b e n e f i t  w h i c h  w i l l  be f o u n d  I-?.,O:I 

i n c o r p o r a t i n g  p r o d u c t i o n  t o  t h e  model  w i l l  be s m a l l  re la ti.:,^ 

t o  t h a t  a t t r i b u t e d  h e r e  t o  improved  i n v e n t o r y  d e c i s i o n s .  



Again the rssults of the second agricultural case study do 
take these effects into account and confirm broadly the re- 
sults of this case study. 

The direction in whicl' the results are biased by our 
naive treatmaxlt 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 
alonq, and this would be expected to add to the total benefit. 
On the other hane, the extent to which the export sector acts 
to dampen the varisnce of domestic consumption arising from 
variance in domestic production is too cursorily treated here 
to give a re3;able indication of the results of a more careful 
study. Perhaps mor- 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 those studied here. (A whole-world model, 
on the other hand, is in principle simpler again, since there 
are no net exports.) 

The policy of t , e  U.S. government was, at least in 
large measure, directed toward price stabilization of grains 
over the past three or four decXAdes. 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 informdtio:, except, perhaps, as it 
deter~~incs 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 ths form of higher order difference equations, etc. While 
the computational problems this can pose can be formidable, 
we would not anticipate major theoretical difficulties. 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 erters in 
the detfrmination of international 2lovements of grain (as the 
famous Russian whea; deal made abundantly clear), as well as 



into the nominally "government" sphere already alluded to, 
and it is in modeling the behavior 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 recent years, the prices of agricultural products 

have fluctuated widely. In 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 price 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 disturbing 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 imprecjsion and risk into botb 
the spot and future markets. 1nsoi.ar as more accurate cr.op 
projectic. . improve efficiency and as each degree of coordi- 
nation is reflected by an appropriately altered set of pric-s, 
improved information will be reflezted in market prices and 
benefits to society. Reflection, however, is not synonymous 
with useful understanding. 

Many examples af  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. 



The reason for this apparent intractability, when viewed in 
the large, lies in the structure of the comm~dities markets 
and the multi-channeled economic dialogue that takes place 
within :hem. When approached as a single message, the signal 
from the commodities markets nay easily be misconstruei; as 
just so much noise. In fact, the activity of the commodities 
markets is a logically structursd process of r3tional economic 
behavior. 

3.2.1 Objective of the Study 

There are fovr 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. 

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

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 alone 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 futltre 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 analytical dimensions at the core cf 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 general economic conditions on the spot and 
futures. a arkets. 



r The principal behavioral hypotheses and institu- 
tional characteristics. These relationships and 
analytical contructs tie togethzr the various market 
influenczs into a formal portrait of the agricul- 
tural comaodities 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 
inpacts and incidence of exogenous influences on 
the commodities markets. 

With respect to the first dimension, the market factors 
studied include domestic ccnsumption, 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 markets 
and constructs specific to these markets. The general assump- 
tions include the following: 

Investment decisions are based on both return and 
risk considerations. 

r 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 is determined by 
imbalance between supply and demand. 

Future values are discounted back to the present. 

The hypotheses intrinsic to the commodities markets 
include: 

o Futures prices on the average tend to be reliable 
estimates of what should be expected on the basis 
of available informatio~ 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. 

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

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

Finally, with regard to the third dimension: 

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 
analykical 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 transmit the major analytical dialogue 
between the varlous 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 modnl 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 linkages and directions of 
causality that define the architecture of the model are 
illustrated. The lines connecting the major vaciables 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 



Figure 3.2 Flow Diagram of the Spot and Futures Markets 
Models for Agricultural Commodities 
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e x p o r t s ,  GSq, g o v e r n m e n t  d o m e s t i c  p u r c h a s e s  G ( + )  f o r  s a l e s  
~ ( ' 1 ,  G q I  a n d  U n i t e d  S t a t e s  D e p a r t m e n t  o f  A g r i c u l t u r e  c r o p  
p r o d u c t i o n  f o r e c a s t s ,  G .  

The V a l u a  o f  Improved  I n f o r m a t i o n :  The ERS S y s t e m  

I n  t h e  f o l l o w i n g  p a r a g r a p h s  we p r e s e n t  o u r  e s t i m a t e s  
o f  t h e  a n n u a l  d i s h o a r d i n g  b e n e f i t s  t o  c o n s u m e r s  f rom p o t e n t i a l  
E R S  improvemen t  o v e r  c u r r e n t  c r o p  f o r e c a s t  a c c u r a c y  o n  s o y b e a n s  
a n d  w h e a t .  T h e s e  e s t i m a t e s  a r e  b a s e d  o r  l i k e l y  E R S  a c c u r a c y  
i m p r o v e m e n t s  ( t o  b e  p r e s e n t e d ) ,  t h e  e l a s t i c i t i e s  p r e s e n t e d  i n  
Volume 111, P a r t  I11 a n d  o n  1 9 7 3  p r i c e s  a n d  q u a n t i t i e s .  The  
a c t u a l  c a l c u l a t i o n  o f  t h e s e  : , n e f i t s  i s  i l l u s t r a t e d  i n  t h e  
f l o w  c h a r t  i n  F i g u r e  3.3.  Here, a n  a s sumed  c h a n g e  o f  f o r e c a s t  
e r r o r  v a r i a t i o n  ( a  r e d u c t i o n )  i s  t r a c e d  t h r o u g h  t h e  s y s t e m  of 
e l a s t i c i t i e s  t o  d e t e r m i n e  r e l a t i v e  p r i c e  a n d  q u a n t i t y  i m p a c t s .  
T h e s e  i m p a c t s  t h e n  a r e  combined  w i t h  1 5 7 3  p r i c e s  a n d  
q u a n t i t i e s  t o  p r o v i d e  t h e  b e n e f l L s  e s t i m 3 t e s .  I t  s h o u l d  b e  
n o t e d  t h a t  c o n s e r v a t i v e  u p p e r  a n d  l o w e r  b o u n d s  a re  g i v e n .  
The  " u p p e r  bound" i n d i c a t e s  t h e  d i r e c t  b e n e f i t s  t o  c o n s u m e r s  
u s i n g  t h e  e s t i m a t e d  c o e f f i c i e n t s .  The l o w e r  bound r e p r e s e n t s  
a n  est imate o f  t h e  d i r e c t  b e n e f i t s  t o  c o n s u m e r s  w h e r e  t h e  
" s l o p e "  p o r t i o n  o f  t h e  e l a s t i c i t i e s  h a v e  b e e n  l o w e r e d  o r  
r a i s e d  two s t a n d a r d  d e v i a t i o n s  i n  o r d e r  t o  o b t a i n  a n  u n l i k e l y  
low be + f i t s  v a l u e .  

The s i z e  o f  t h e  b e n e f i t s  f r o m  i m p r o v e d  i n f o r m a t i o n  
d e p e n d  i n  p a r t  o n  t h e  a s sumed  i m p r o v e m e n t s  i n  f o r e c a s t  
a c c u r a c y .  O u t r a g e o u s  a s s u m p t i o n s  a s  t o  a c c u r a c y  i m p r o v e m e n t s ,  
o f  c o ~ r s e ,  would  i n v a l i d a t e  t h e  b e n e f i t  f i g u r e s .  T h e  
i m p r c v e m e n t s  a s sumed  h e r e  a r e  t h o u g h t  t o  b e  c o n s e r v a t i v e  a n d  
a r e  d i s c u s s e d  f u r t h e r  be low.  

a .  L i k e l y  A c c u r a c y  I m p r o v e m e n t s  f r o m  a n  ERS S y s t e m  

An a n a l y s i s  o f  t h e  a c c u r a c y  o f  z r o p  f o r e c a s t s  by 
G u n n e l s o n  e t  a l *  c o n c l u d e s  t h a t  t h e  U S D A  t e n d s  t o  ( 1 )  u n d e r -  
e s t i m a t e  c r o p  s i z e ,  ( 2 )  u n d e r e s t i m a t e  t h e  s i z e  o f  c h a n g e s  i n  
p r o d u c t i o n  f r o m  y e a r - e a r l i e r  l e v e l s  a n d  ( 3 )  u n d e r c ~ l p e n s a t e s  
f o r  e r r o r  i n  p r e v i o u s  f o r e c a s t s  when d e v e l o p i n g  r e v i s e d  c r o p  
f o r e c a s t s .  A b s o l u t e  f o r e c a s t i n g  e r r o r s  a r e  a f u n c t i o n  o f  t h e  
l e n g t h  o f  t h e  f o r e c a s t i n g  p e r i o d .  Examples  o f  a v e r a g e  f o r e -  
c a s t i n g  e r r o r s  by month o f  f o r e c a s t  f o r  v a r i o u s  c o m m o d i t i e s  a r e  
p r e s e n t e d  i n  T a b l e  3 . 2  be low.  

* G u n n e l s o n ,  G .  e t  a l ,  " A n a l y s i s  of  t h e  A c c u r a c y  o f  U S D A  
Crop  F o r e c a s t s , "  Amer i can  J o u r n a l  o f  A g r i c u l t u r a l  
Economics ,  V o l .  5 4 ,  No. 4 ,  P a r t  1, November 1 9 7 2 :  
p p .  6 9 3 - 6 4 5 .  
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Figure 3.3 The Calculation of Benefits: Integrated 
Impact of Informztion on U.S. Agricultural 
Commodities. 





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 EHS 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 USDA 
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 ixprovements 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. 111, Part I11 and 1973 prices and quantities. 

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 lower 
bound benefits were calculated using impulse response 
coefficients two standard deviations below (or above) their 
estimated value. In 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, 'I 
Task Force on Agriculture Forecasting, Goddard Space Flight 
Center, Draft Final Report, July 24, 1972. 
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3.2.5 Estimation strategy 

Estinating the model presents a number of practical and 
methodological difficulties. The so-called practical problems 
centered around the data requirements. In order to distin- 
guLsh betdeen long-and short-term pattzrns of behavior, data 
with a monthly frequency are selected. However, many of the 
data series are inconsistent cr non-existe:,?. In the latter 
case, representative monthly series are constructed from 
quarterly data using accou~iting identf-ies and/or linear Gro- 
rating schemes. Ic the former case, the most important data 
construct is a futures price ii-dex. No attempt has been made 
to develop an qptimal price index here. Instead, the generally 
accepted "near futures" price are employed as the represent- 
ative price. 

In addition xo the problems of data construction, Cilrce 
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 tha 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~clncar and Hatanaka, 
the variables in the model are separated irpto a long-run trend/ 
cycle component and a short-run, seasonal, and ~rregular coxrt- 
ponent. Long-run trend/cycle and short-run seasonal and 
irregular models then are estimated separately. The comklete 
time series profile of the model is obtained by combining the 
two distinct "frequency-band" models after their estimation. 

2. Dynamic Structures and T h e i x  Estimation 

In ecnnonics, the relatio,:shlp b=c,ween zr, impulse and 
a respolise rarely is L~stantane,~us. Instead, the rc~n2ilse 
tends t~ build up over time. Typically, these "dynamic" 
relationships are explained by sone combin.-ion clf both l~gged 



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, I 

these relationships must 1.:. replaced by "parsimonious" finite 
parameter approximations. In this regard, the approach of Box 
and Jenkins is followed to identify the trend/cycle and 
seasonal relationships. 

3. An Approach to System Estimation 

The model a- eloped includes a number of jointly depen- 
dent vari.-3les in .ne structures, That is to say, many of the 
d2pendent variables are to be "explained" in part by cther 
variables to be explained. These interdependencit s can lead 
to serious estimation problems if single equation tstimation 
methods are used. However, ?ot all system estimation techni- 
ques 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. In 
general the statistical results are most encouraging. The 
squared correlation coefficients on the trend cycle equations 
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: 

r 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 identical 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. 

r Hedging activity is closely related to physical 
stocks of agricultural commodities. 



Movements in cash or spot prices are closely related 
to movements in physical supplies. 

r 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 w i l l  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 importat?' conclusions that warrant 
special mention: 

a Improvements in Crop Forecast Accuracies as ana- 
lyzed by the Agriculture Task Force Report in 
the accuracy of wheat crop production forscasts 
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'~ab1e 3.3. 



r Improved c r o p  p r o d u c t i o n  f o r e c a s t s  w i l l  n o t  impinge  
on U.S. government  d o m e s t i c  a g r i c u l t u r a l  p o l i c y  
o b j e c t i v e s  and  o p e r a t i o n s .  I n  f a c t ,  improved c r o p  
f o r e c a s t s  w i l l  e n h a n c e  t h e  s o u n d n e s s  o f  t h o s e  ob- 
j e c t i v e s  and t h e  p r e c i s i o n  o f  t h e s e  o p e r a t i o n s .  

Improved estimates o f  f o r e i g n  f o o d  p r o d u c t i o n  u s e d  
w i s e l y  by a l l  t r a d i n g  p a r t i e s  c a n  l e a d  t o  " p a r e t o  
o p t i m a l n  e x c h a n g e  where  n e i t h e r  p a r t y  is worse  o f f  
and a t  l e a s t  o n e  p a r t  is b e t t e r  o f f .  

3 . 2 . 7  D a t a  S o u r c e s  Used i n  t h i s  C a s e  S t u d y  f o r  E m p i r i c a l  
E s t i m a t i o n  o f  ERS I n f o r m a t i o n  B e n e f i t s  

The f o l l o w i n g  p u b l i c a t i o n s  c o n s t i t u t e  t h e  m a j o r  
s o u r c e s  of  d a t a  u s e d  i n  t h i s  c a s e  s t u d y :  

Weekly G r a i n  Marke t  N e w s .  T h i s  s o u r c e  is o n e  o f  
t h e  mos t  c o m p l e t e  d a t a  l i b r a r i e s  f o r  t h e  g r a i n  
m a r k e t s  i n  g e n e r a l .  I n c l u d e d  i n  i t s  l i s t s  are 
weekly  p r i c e  c h a n g e s ,  CCC s a l e s ,  d o m e s t i c  s t o c k s ,  
e x p o r t s ,  a n d  c r o p  f o r e c a s t s .  

The G r a i n  Marke t  N e w s .  T h i s  s o u r c e  p r o v i d e s  b o t h  
weekly  a n d  month ly  summarias  o f  t h e  weeks markets ' ,  
e x p o r t s  o f  whea t  a n d  f l o u r ,  Government a c t i v i t y ,  
a n d  U.S. p r o s p e c t i v e  p l a n t i n g s .  

m The Q u a r t e r l y  S t o c k  o f  G r a i n  i n  A l l  P o s i t i o n s  Re- 
p o r t .  T h i s  s o u r c e  p r o v i d e s  a  q u a r t e r l y  breakdown o f  
t h e  s t o c k s  o f  w h e a t  by  s i z e ,  l o c a t i o n ,  a n d  owner- 
s h i p .  

r Commitments o f  T r a d e r s  i n  Commodity F u t u r e s .  T h i s  
s o u r c e  c o n t a i n s  month ly  f i g u r e s  f o r  t o t a l  f u t u r e s  
t r a d i n g  volume, open  i n t e r e s t  a n d  l o n g  a n d  s h o r t  
h e d g i n g  and  s p e c u l a t i v e  p o s i t i o n s .  

r The S t a t i s t i c a l  Annual  o f  t h e  C h i c a g o  Board o f  
Trade .  The s o u r c e  c o n t a i n s .  m o n t h l y  U.S. s t o c k s  o f  
w h e a t ,  c o r n  a n d  s o y b e a n s .  

Food G r a i n  S t a t i s t i c s .  The USDA p u b l i c a t i o n  r e p o r t s  
month ly  CCC e x p o r t s  a n d  q u a r e t e r l y  U.S. s u p p l y  
a n d  d i s a p p e a r a n c e .  

Crop P r o d u c t i o n  R e p o r t s ,  P r o s p e c t i v e  P l a n t i n g s  
R e p o r t ,  and Annual  Summary. T h e s e  p u b l i c a t i o n s  
g i v e  month ly  p l a n t i n g  i n t e n t i o n s ,  a c r e a g e ,  y i e l d  
f o r  a l l  c r o p s  i n c l u d i n g  s o y b e a n s .  



Fats and Oils Situation Reports. This data source 
iccludes 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. 

a 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 Aqricultural 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 
Q , with an associated price P , and the benefit, defined as 
t8e consumer welfare is given gy the area E(P*+P2) /2. However, 
since the actual quantity available is Q* rather than Q2, the 
erroneous market price P2 results in a shortage in the next 
period, when the quantity available in the market becomes Q1 
instead of Q*. The corresponding price becomes P with a 
resulting disbenef it represented by the area E (P*)P~) /2. Hence, 
the resultant disbenefit is represented by the area of the 
shaded rectangle, E A P  where AP = P1-P* = P*-P2. If, instead 
of a straight line, a hyperbolic demand curve is drawn which 



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. In 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. In 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 convantional 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 errors. 
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 fcct that hardly ever c)o 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 



Quantity, Q 

E - +  

Figure 3.5 Effect of Crop Forecast Uncertainties I 

Demand 

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

Q1: 
The wheat available in the domestic market for 
U.S. consumption 

Q2: 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 2 countries 

Q6: 
The inventory of Class 2 countries 

Q7: The production of Class 3 countries 



Assumat ions :  

1. T h e r e  i s  n o  e x p o r t  f rom U.S .  t o  C l a s s  2  c o u n t r i e s  

2. T h e r e  i s  no  e x p o r t  f rom Class 2  c o u n t r i e s  t o  U .S .  

3. T h e r e  i s  n o  e x p o r t  f rom C l a s s  3  c o u n t r i e s  t o  e i t h e r  
u.S. o r  C l a s s  2.  

4. T h e r e  i s  n o  c a r r y - o v e r  i n v e n t o r y  a s s o c i a t e d  w i t h  
C l a s s  3 c o u n t r i e s .  

Thus : 

T = t o t a l  U.S. p r o d u c t i o n  = Q1 + Q2 + Q3 
1 

T2 = t o t a l  p r o d u c t i o n  o f  C l a s s  2  = Q4 + Q5 + Q6 

T3 = t o t a l  p r o d u c t i o n  o f  c l a s s  3 = Q7 

T4 = whea t  a v a i l a b l e  i n  t h e  d o m e s t i c  m a r k e t  o f  
C l a s s  2  = 

Q4 

T5 = t o t a l  consumpt ion  o f  C l a s s  3  = Q2 + Q5 + Q7 

The v a r i a b l e s  T i  t h r o u g h  Tg a r e  t r e a t e d  as  e x o g e n o u s  v a r i a b l e s .  
The endogenous  v a r i a b l e s  a r e  Q1 t h r o u g h  Q7, o u t  o f  which  Q1 
i s  o f  r e l e v a n c e  i n  c a l c u l a t i n g  t h e  U . S .  d o m e s t i c  b e n e f i t .  I n  
o r d e r  t o  compute t h e  exogenous  v a r i a b l e s ,  t h e y  a r e  f i r s t  ex- 
p r e s s e d  a s  l i n e a r  c o m b i n a t i o n s  o f  a l l  t h e  p r i c e s  i n  t h e  form 
o f  demand e q u a t i o n s .  The c o e f f i c i e n t s  o f  t h e s e  demand equa- 
t i o n s  a r e  e s t i m a t e d  i n  t h e  l e a s t  s q u a r e s  s e n s e  f rom h i s t o r i c a l  
d a t a  on v a r i o u s  f l o w  q u a n z i t i e s  a n d  t h e i r  c o r r e s p o n d i n g  p r i c e s .  
Out o f  t h e  s e v e n  f l o w  v a r i a b l e s  d e s c r i b e d  a b o v e ,  t h e  
i n v e n t o r i e s  ( i . e . ,  Q3 and  Q6) a r e  n o t  t a g g e d  w i t h  any  p r i c e ,  
t h e  r e m a i n i n g  f i v e  q u a n t i t i e s  g e t  a s s o c i a t e d  w i t h  t h e i r  c o r r e s -  
pond ing  p r i c e  t a g s .  These  f i v e  p r i c e s  a r e  now s o l v e d  f rom t h e  
f i v e  e q u a t i o n s  t h a t  d e s c r i b e  t h e  f i v e  e x o g e n o u s  v a r i a b l e s .  
Next ,  t h e s e  p r i c e s  a r e  i n s e r t e d  i n  t h e  deman4 a y u a t ; o n  ies-  
c r i b i n g  Q1 t o  compute t h e  v a l u e  o f  Q1. 

I t  i s . c l e a r  t h a t  i f  f o r e c a s t  e r r o r s  a re  s u p e r i m p o s e d  
on t h e  exogenous  v a r i a b l e s  T I ,  T 2 ,  and T3  ( i .e . ,  t h e  p r o d u c -  
t i o n  f i g u r e s  o f  t h e  v a r i o u s  c o u n t r i e s ) ,  t h e  computed v a l u e  o f  
Q1 w i l l  v a r y  a c c o r d i n g l y .  Hence,  a n  u p p e r  a n d  a l o w e r  bound 
on Q1 c a n  b e  o b t a i n e d  f o r  any  g i v e n  r a n g e  o f  f o r e c a s t  e r r o r s  
on T1, T2, and  T3. 



3.3.2 R e s u l t s  

I t  i s  assumed from F i g u r c  3.1 t h a t  t h e  f o r e c a s t  e r r o r  
f o r  t h e  U n i t e d  S t a t e s ,  u n d e r  t h e  c o n v e n t i o n a l  f o r e c a s t  s y s t e m ,  
i s  t y p i c a l l y  25% a t  t h e  b e g i n n i n g  o f  t h e  g rowing  s e a s o n ,  and 
+ 2 . 5 9  a t  t h e  end o f  t h e  s e a s o n .  Assuming t h a t  50% o f  t h e s e  - 
e r r o r s  a r e  d u e  t o  s a m p l i n g  which c a n  b e  s i g n i f i c a n t l y  improved 
u n d e r  a n  e a r t h  o b s e r v a t i o n  s a t e l l i t e  s y s t e m ,  it c a n  be e x p e c t e d  
t h a t  t h e  e r r o r s  f o r  t h e  U . S .  u n d e r  improved f o r e c a s t  s y s t e m  
w i l l  b e  +2.5% a t  t h e  b e g i n n i n g  o f  t h e  s e a s o n  a n d  +1.25% a t  t h e  
end o f  tce s e a s o n .  The f o r e c a s t  e r r o r s  f o r  t h e  c l a s s  2  
c o u n t r i e s  a r e  c o m p a r a b l e  t o  t h o s e  o f  t h e  U n i t e d  S t a t e s .  F o r  
some o f  t h e  C l a s s  3 c o u n t r i e s ,  t h e  f o r e c a s t  e r r o r s  c a n  b e  a s  
h i g h  as  24%. However, t h i s  h i g h  p e r c e n t a g e  d o e s  n o t  a p p l y  t o  
some o f  t h e  c o u n t r i e s  o f  Wes te rn  Europe.  F u r t h e r ,  d u e  t o  t h e  
a v e r a g i n g  e f f e c t ,  t h e  c u m u l a t i v e  e r r o r  o f  a l l  t h e  c o u n t r i e s  
i n  C l a s s  3 w i l l  r a r e l y  h i t  s u c h  2 h i g h  v a l u e .  

A t y p i c a l  v a l u e  o f  t h e  e r r o r  o f  c l a s s  3  c o u n t r i e s  u n d e r  
t h e  c o n v e n t i o n a l  s y s t e m  i s  assumed t o  b e  1 2 %  a t  t h e  b e g i n n i n g  
o f  t h e  s e a s o n ,  and 6% a t  t h e  e n d  o f  t h e  s e a s o n .  

When t h e s e  e r r o r s ,  a s  e x p e r i e n c e d  u n d e r  t h e  c o n v e n t i o n a l  
s y s t e m  a t  t h e  end o f  t h e  g rowing  s e a s o n  a r e  imposed on T l ,  T2, 
and  T3, t h e  bounds  on Q a s  computed from t h e  model  become: 

1 

17 .63  5 Q1 5 2 4 . 1 7 .  

The d i s b e n e f i t  a s s o c i a t e d  w i t h  t h i s  u n c e r t a i n t y  on Q1 i s  
c a i c u l a t e d  a s  e x p l a i n e d  i n  c o n n e c t i o n  w i t h  F i g u r e  3 .5  u s i q g  
a  h y p e r b o l i c  demand c u r v e  w i t h  c o n s t a n t p r i c e  e l a s t i c i t y  o f  0 . 1 ,  
and i s  g i v e n  by 

'end 
( c o n v e n t i o n a l )  = $365.68 m i l l i o n  

I t  i s  c l e a r  t h a t  i n  a  h y p o t h e t i c a l  s i t u a t i o n ,  where  
p e r f e c t  i n f o r m a t i o n  i s  a v a i l a b l e  a l l  o v e r  t h e  w o r l d ,  Cend ( p e r -  
f e c t )  becomes z e r o  which i m p l i e s  a n  a n n u a l  U . S .  b e n e f i t  o f  
365.68 m i l l i o n  d o l l a r s .  

However, u n d e r  t h e  a s s u m p t i o n  t h a t  o n l y  U.S. e n j o y s  
t h e  b e n e f i t  o f  improved f o r e c a s t  ( i . e . ,  t h e  r a n g e  o f  e r r o r  
g e t s  r e d u c e d  t o  h a l f  i t s  p r e s e n t  v a l u e ) ,  and t h e  r2st o f  t h e  
w o r l d  c a r r i e s  on w i t h  t h e  c o n v e n t i o n a l  f o r e c a s t i n g  p r o c e d u r e ,  
t h e  u p p e r  and  l o w e r  bounds  on Q 1  become: 

The c o r r e s p o n d i n g  d i s b e n e f i t  becomes:  

'end 
( improved)  = $329.51 m i l l i o n  



T h u s ,  t h e  a n n u a l  b e n e f i t  t o  U.S. d u e  t o  improvemen t  o n  U.S. 
f o r e c a s t  a l o n e  a t  t h e  e n d  o f  t h e  s e a s o n  i s  g i v e n  by  

The same a n a l y s i s  i s  d o n e  f o r  t h e  i m p k - ~ ~ v e m e n t  o n  U.S. 
f o r e c a s t  a t  t h e  b e g i n n i n g  o f  t h e  s e a s o n ,  a n d  t h e  c o r r e s p o n d i n g  
b e n e f i t  t u r n s  o u t  t o  b e  $ 7 0 . 1 6  m i l l i o n .  Assuming t h a t  
t h e s e  two b e n e f i t s  a r e  w e i g h t e d  e q u a l l y ,  t h e  a v e r a g e  a n n u a l  
U.S. b e n e f i t  d u e  t o  improvemen t  o f  U.S. f o r e c a s t  a l o n e  t u r n s  
o u t  t o  b e  $53 .16  m i l l i o n .  I t  - s h o u l d  b e  n o t e d  t h a t  t h e  
U.S. b e n e f i t  d u e  t o  w o r l d - w i d e  improvemen t  o n  w h e a t  f o r e c a s t  
i s  much h i g h e r ,  a s  i n d i c a t e d  e a r l i e r .  

3 .4  An Ad Hoc C a s e  S t u d y  i n  W a t e r  Managenen t  

The F e a t h e r  R i v e r  P r o j e c t ,  p r i m a r y  c o m p o n e n t s  o f  w h i c h  
a re  t h e  O r o v i l l e  D a m  a n d  O r o v i l l e - T h e r m a l i t o  Power  F a c i l i t i e s ,  
r e p r e s e n t s  a  k e y  s e g m e n t  o f  t h e  C a l i f o r n i a  S t a f e  W a t e r  P l a n  a n d  
h a s  a m a j o r  i m p a c t  o n  f l o o d  c o n t r o l ,  i r r i g a t i o n ,  a n d  h y d r o -  
e l e c t r i c  power  g e n e r a t i o n .  I n  o r d e r  t o  d e t e r m i n e  t h e  p o t e n t i a l  
b e n e f i t s  t h a t  c o u l d  a c c r u e  w i t h  ERS s a t e l l i t e s  f o r  t h i s  p r o j e c t ,  
i t  i s  n e c e s s a r y  t o  u n d e r s t a n d  t h e  manne r  i n  w h i c h  t h e  c u r r e n t  
s y s t e m  i s  o p e r a t e d .  Wi th  t h i s  u n d e r s t a n d i n g ,  i t  i s  p o s s i b l e  t o  
c a l c u l a t e  how E R S  wou ld  i m p a c t  on  t h e  s y s t e m  a n d  t h e  e c o n o m i c  
c o n s e q u e n c e s  o f  s u c h  a n  i m p a c t .  The  F e a t h e r  R i v e r  P r o j e c t  
p r o v i d e s  t h r e e  m a j o r  e c o n o m i c  b e n e f i t s ,  i . e . ,  f l o o d  c o n t r o l ,  
i r r i g a t i o n ,  a n d  power  g e n e r a t i o n .  

3 . 4 . 1  F o r e c a s t i n g  Water Runof f  i n  t h e  A b s e n c e  o f  ERS 

An a c c u r a t e  p r e d i c t i o n  o f  t h e  m o n t h l y  i n f l o w  r a t e s  f o r  
t h e  O r o v i l l e  R e s e r v o i r  i s  n e c e s s a r y  f o r  b e t t e r  management  o f  
t h e  O r o v i l l e  R e s e r v o i r  a n d  t h e  C a l i f o r n i a  Water P r o j e c t .  Cur-  
r e n t l y ,  p r e d i c t i o n s  a r e  p r o v i d e d  o n  F e b r u a r y  1st f o r  t h e  e n t i r e  
water y e a r  ( O c t o b e r  1 - S e p t e m b e r  3 0 )  a n d  u p d a t e d  m o n t h l y  
t h r o u g h  May 1st. F i g u r e  3 . 6  shows t h e  A p r i l  t o  J u l y  f o r e c a s t  
r e s u l t s  f o r  t h e  O c t o b e r  1972  t o  S e p t e m b e r  1 9 7 3  water y e a r .  

T h i s  f i g u r e  p o i n t s  o u t  s e v e r a l  i n t e r e s t i n g  phecomena 
w h i c h  i n d i c a t e  t h e  p o t e n t i a l  n e e d  f o r  more  a n d  b e t t e r  i n f o r m a -  
t i o n  o n  wh ich  t o  b a s e  f o r e c a s t  r u n o f f .  From t h e  d i a g r a m ,  it  i s  
a p p a r e n t  t h a t  f o r e c a s t  a c c u r a c y  d o e s  no: i m p r o v e  f rom month t o  
month  a s  m i g h t  b e  e x p e c t e d .  A l s o  it i s  s e e n  t h a t  t h e  e i g h t y  
p e r c e n t  c o n f i d e n c e  bound d i v e r g e s  f r o m  t h e  a c t u a l  r u n o f f  w i t h  
e a c h  new f o r e c a s t  u p  t o  A p r i l  a n d  a p p a r e n t l y  d o e s  n o t  b e g i n  t o  
c o n v e r g e  u n t i l  a c t u a l  r u n o f f  d a t a  a r e  a v a i l a b l e .  



C u r r e n t  p r e d ' c t i n g  t e c h n i q u e s  p r o v i d e  a c c u r a c y  t o  w i t h -  
i n  a p p r o x i m a t e l y  t w e n t y - f i v e  p e r c e n t  f o r  b o t h  s h o r t  t e r m  a n d  
l o n g  term p r e d i c t i o n s .  The u n c e r t a i n t y  o f  t h e  " c o r r e c t n e s s "  o f  
t h e s e  p r e d i c t i o n s  is  a n  i m p o r t a n t  f a c t o r  i n  t h e  s u p p l y  o f  economic  
water a n d  c a n  i n  i t s e l f  e i t h e r  p r o v i d e  s i g n i f i c a n t  q u a n t i t i e s  o f  
economic  w a t e r  o r ,  f o r  e v e r y  p o o r  p r e d i c t i o n s ,  l i m i t  t h e  s u p p l y  
d r a s t i c a l l y .  C u r r e n t l y ,  t h e  p e r c e n t a g e  u n c e r t a i n t y  seems  r e l a -  
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F i g u r e  3. 6 U n i m p a i r e d  Runof f  i n t o  O r o v i l l e  R e s e r v o i r  
f o r  t h e  P e r i o d  1 A p r i l  1 9 7 3 - 3 1  J u l y  1973 :  
P r e d i c t e d  v s .  A c t u a l  (Wl t h o u t  ERTS) 

t i v e l y  l a r g e  ( n o t e  t h e  e i g h t y  p e r c e ~ ~ t  b a n d  on F i g u r e  3.6) a n d  i t  
a p p e a r s  t h a t  much f r u i t f u l  work c o u l d  b e  d o n e  o n  o b t a i n i n g  i m -  
p r o v e d  d a t a  a n d  m e t h o d s  o f  p r e d i c t i o n .  The  i n v e s t i g a t i o n  o f  
r e m o t e  s e n s i n g  ( E R S )  a p p l i c a t i o n s  t o  t h e  management  o f  t h e  
F e a t h e r  R i v e r  t h e r e f o r e ,  h o l d s  g r e a t  p r o m i s e .  

The p r o b l e m  o f  c u r r e n t  p r e d i c t i o n  a c c u r a c y  a n d  t i m i n g  
l e a d s  o n e  t o  q u e s t i o n  t h e  p r o c e s s  by  w h i c h  i n f o r m a t i o n  i s  
g a t h e r e d  a n d  r e l a t e d  t o  t h e  f o r e c a s t  r u n o f f .  C u r r e n t  p r e d i c t -  
i o n s  a r e  b a s e d  o n  h i s t o r i c a l  d a t a  l e a d i n g  o n e  t o  a s sume  t h a t  
f l o w  r a t e s  f rom y e a r  t o  y e a r  a r e  s i m i l a r  i n  n a t u r e .  However ,  
a s  shown by  F i g u r e  3.7 d i f f e r e n t  y e a r s  c a n  p r o d u c e  s u b s t a n t i a l l y  



different flow patterns,, thereby limiting the accuracy of uslng 
h?storical 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. 
rrom the " t v p i c a l ~  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 will 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. 

Year  

Year 

I I I I I I I 
t a b  Mar Apr May Jun Jul 

Month 

Figure 3.7 Comparison of M o ~ ~ i h l y  Runoffs at Oroville 
Reservoir for 19':: and 1973 (Without ERS) 



Average  ' v a l u e  
A p r i l  t o  J u l y  R u n o f f ,  1000  a c r e - f e e t  

F i g u r e  3.8 . H i s t o r i c a l  P r o b a b i l i t y  D i s t r i b u t i o n  
o f  Water  I n f l o w  of a T y p i c a l  R i v e r  
o f  t h e  C a l i f o r n i a  S t a t e  Water  P r o j e c t  

Water  t h a t  i s  u s e d  f o r  h y d r o e l e c t r i c  power g e n e r a t i o n ,  
s u b s e q u e n t l y  c a n  be u s e d  f o r  o t h e r  a c t i v i t i e s  s u c h  a s  r e c r e a t i o n ,  
n a v i g a t i o n ,  r e s i d e n t i a l ,  i n d u s t r i a l ,  and  a g r i c u l t u r a l  programs.  
The b u l k  o f  t h i s  w a t e r ,  a b o u t  9 0 % ,  i s  u s e d  f o r  a g r i c u l t u r a l  p u r -  
p o s e s ,  b o t h  i n  t h e  F e a t h e r  R i v e r  Sys tem and  f o r  t h e  U.S. i n  
g e n e r a l .  



F i g u r e  3 . 9  A c t i v i t i e s  T h a t  B e n e f i t  From Improved Water 
Management 
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managing t h e  w a t e r  l e v e l  i n  t h e  a b s e n c e  o f  ERS i n f o r m a t i o n  s u c h  
t h a t  t h e  e x p e c t e d  w a t e r  l e v e l  a t  t h e  dam i s  a t  p o i n t  C ,  w i t h  
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v i d e  t h e  same d e g r e e  o f  s a f e t y ,  b u t  w i t h  ERS i n f o r m a t i o n  an  
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Stdragt? C a i ~ a c i t y  o f  t h e  G r o v i l l e  Dam 

Represen ta t ive  Water Depth 
With ERS S a t e l l i t e  Informatian 

Representat ive  Water Depth 
without  ERS S a t e l l i t e  Information 
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Figure 3 1 0  Effect o f  Improved Informat ion on  
Steady S t a t e  Water L e v e l s  

vo lumes  g i v e n  b y  F i g u r e  3.11. F o r  e x a m p l e ,  l e v e l  C may r e p r e s e n t  
a f l o o d  c o n t r o l  r e s e r v a t i o n  o f  550 t h o u s a n d  a c r e - f e e t ,  w h i c h  
c o r r e s p o n d s  t o  a u r o u n d  w e t n e s s  l e v e l  o f  7.0.  I t  i s  a s sumed  i n  
t h i s  s t u d y  t h a t  a g r o u n d  w e t n e s s  o f  7.0 is  r e p r e s e n t a t i v e  o f  
a v e r a g e  c o n d i t i o n s  d u r i n g  w i n t e r  a n d  s p r i n g  mon ths .  

3 . 4 . 3  E s t i m a t e d  Improvement  i n  F o r e c a s t i n g  with ERS 
I n f o r m a t i o n  

I f  ERS d a t a  c u t s  t h e i n f o r m a t i o n  a n d  m o d e l i n g  e r r o r  by  
2 0 9  t h e n  a n  a d d i t i o n a l  110  t h o u s a n d  a c r e - f e e t  o f  e c o n o m i c  w a t e r  
a r e  a v a i l a b l e ,  a s  r e p r e s e n t e d  by t h e  d i s t a n c e  BC o n  F i g u r e  3.10. 
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T h a t  ERS c a n  p e r f o r m  t o  t h i s  d e g r e e  a p p e a r s  t o  b e  s u p p o r t e d  by 
t h e  r e c e n t  r e p o r t s  o f  a number o f  p r i n c i p a l  i n v e s t i g a t o r s .  
Some of t h e s e  p r i n c i p a l  i n v e s t i g a t o r s  a r e  A l e x a n d e r ,  B u r g y ,  
C o o p e r ,  H o f f e r ,  H o l g r e n ,  a n d  Meier. A d e s c r i p t i o n  o f  t h e i r  
r e p o r t s  i s  g i v e n  i n  Volume V ,  Append ix  G.  

From a n o t h e r  s t a n d p o i n t  it c a n  b e  s t a t e d  t h a t  Em w i l l  
i m p r o v e  f o r e c a s t i n g  a c c u r a c y .  The s a m p l i n g  e r r o r  o f  a r e a  men- 
s u r a t i o n  i s  i n v e r s e l y  r e l a t e d  t o  a power  o f  a r e a .  I n  c e r t a i l ~  
cases w h e r e  t h e  area i n  q u e s t i o n  i s  g e o m e t r i c a l l y  r e g u l a r  e n o u g h :  

b - function o f  reaolut ioa .  
tocbniquo usrd, e t c .  

~r - qeoprapbical ere. o f  coverage I 

I f ,  w i t h  t h e  same b c o e f f i c i e n t  f o r  ERS h n d  a - i r c r a f t ,  ERS p r o -  
v i d e s  a n  area o f  snow c o v e r a g e  a n d  g r o u n d  w e t n e s s  c o v e r a g e  1 6  
t i m e s  t h a t  c u r r e n t l y  m o n i t o r e d  by  a i r c r a f t ,  t h e n ,  by u s i n g  ERS, 
t h e  p e r c e n t a g e  e r r o r  i n  t h e  snow c o v e r . a n d  g r o u n d  w e t n e s s  i n -  
f o r m a t i o n  c o n t e n t  i s  r e d u c e d  b y  75 p e r c e n t .  For  more c o m p l i c a t e d  
cases t h e  r e d u c t i o n  o f  p e r c e n t a g e  e r r o r  may b e  e v e n  g r e a t e r  s i n c e  
s a m p l i n g  e r r o r  w i l l  t h e n  be i n v e r s e l y  r e l a t e d  t o  a l a r g e  power  
o f  A ( b e t w e e n  1 / 2  a n d  1). 

Of c o u r s e ,  snow c o v e r  a n d  g r o u n d  c o v e r  i n f o r m a t i o n  is  
o n l y  a p a r t  ( b u t  a major p a r t )  o f  t h e  i n f o r m a t i o n  r e q u i r e d  t o  
make a c c u r a t e  r u n o f f  f o r e c a s t s ,  A c c u r a c y  o f  f o r e c a s t s  a l so  
w i l l  be d e g r a d e d  b y  i n a c c u r a c i e s  i n  t h e  r u n o f f  model .  T h e r e -  
f o r e ,  a 20% i n c r e a s e  i n  t h e  a c c u r a c y  o f  f o r e c a s t s  is  a  con-  
s e r v a t i v e  e s t i m a t e ,  g i v e n  t h e  p r o v e n  c a p a b i l i t i e s  o f  ERS, t h e  
l i k e l y  e x t e n t  o f  i n c r e a s e  i n  area c o v e r a g e  b y  ERS a n d  t h e  
numbers  u s e d  i n  t h e  E a r t h S a t  R e p o r t .  I n  t h e  E a r t h S a t  R e p o r t  
o n  I n l a n d  Water Management ,  estimate b e n e f i t s  p r e s e n t e d  i n  
t h e C . r  t ab le s  a r e  b a s e d  o n  a 2 5 9 ,  SO%, a n d  75% i n c r e a s e  i n  f o r e -  
c a s t i n g  a c c u r a c y .  

3 .4.4 B e n e f i t s  i n  I r r i g a t i o n  

A g r i c u l t u r a l  s t u d i e s  a n a l y z i n g  t h e  v a l u e  o f  water  f o r  
i r r i g a t i o n  w e r e  c o n d u c t e d  b y  Brown a n d  McGuire i n  1 9 6 7 .  From 
t h i s  a n a l y s i s ,  t h e y  o b t a i n e d  estimates f r o m  t w o  sets o f  da t a  o f  
a p p r o x i m a t e l y  $ 1 5  a n d  $19 p e r  a c r e - f o o t  o f  water. F o r  t h e  
F e a t h e r  R i v e r  A r e a ,  t h e  t o t a l  e q u i v a l e n t  u n i t  c h a r g e  p e r  a c r e -  
f o o t  is $13.46 ,  w h i c h  i s  l o w  i n  c o m p a r i s o n  t o  t h e  rest  o f  t h e  
s t a te .  

The  v a l u e  o f  1 1 0 , 0 0 0  a d d i t i o n a l  a c r e - f e e t  o f  w a t e r  a t  
$13.46 p e r  a c r e - f o o t  i s  $ 1 , 4 8 0 , 0 0 0  p e r  annum. S i n c e  t h e  p r i c e  
o f  c r o p s  h a s  i n c r e a s e d  by a t  l e a s t  5 0 1  s i n c e  1 9 6 7 ,  when t h e  



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 othjr 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 rkport on wG-ter management* (P-991, 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. 

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 nade of those major U.S. drainage basins 
where snowmelt would be an important determinant of water 

*ZarthSat, Corp., Report on Water-Resources Management, undated. 



r u n o f f .  W i t h i n  t h e s e  d r a i n a g e  b a s i n s ,  o n l y  l a r g e  h y d r o e l e c -  
t r i c  power p l a n t s  ( i - e . ,  t h o s e  w i t h  a  g e n e r a t i n g  c a p a c i t y  o v e r  
100,000kw) were i n c l u d e d  i n  t h e  c a l c u l a t i o n .  

The O r o v i l l e - T h e r m a l i t o  power p l a n t s  g e n e r a t e d  a n  a n n u a l  
a v e r a g e  o f  2.45 b i l l i o n  kw o f  e l e c t r i c i t y  i n  t h e  y e a r s  1971  a n d  
1972 ( i . e . ,  3.264 b i l l i o n  i n  1 9 7 1  and  1 .635 b i l l i o n  i n  1 9 7 2 ) .  
Th i?  a r . ? r a g e  r e p r e s e n t s  2.29% o f  t h e  e s t i m a t e d  t o t a l  p r o d u c t i o n  
o f  ;artre h y d r o e l e c t r i c  p l a n t s  i n  t h e  s i x  d e s i g n a t e d  d r a i n a g e  
b a s i n :  i n  1973. R e s u l t s  f o r  t h e  F e a t h e r  R i v e r  i n c r e a s e d  by a  
f a c t o r  o f  43.6 g i v e s  a n  a n n u a l  n a t i o n w i d e  b e n e f i t  o f  
$ 6 3 , 0 0 ~ ~ l , 0 0 0 .  However, t o  b e  c o n s e r v a t i v e ,  i t  i s  assumed t h a t  
o n l y  t w o - t h i r d s  o f  t h e s e  l a r g e  p l a n t s  i n  t h e  s i x  d e s i g n a t e d  
r i v e r  b a s i n s  b e n e f i t  f rom ERS. T h i s  a d j u s t m e n t  y i e l d s  a n  
a n n u a l  b e n e f i t  t o  t h e  U.S. o f  $42,000,000.  

Land Cover C a s e  S t u d y  

The P u r p o s e  and  Major F i n d i n g s  o f  t h e  S t u d y  

The p u r p o s e  o f  t h i s  s t u d y  was t o  examine t h e  economic 
p o t e n t i a l ,  d e f i n e d  f o r  t h i s  s t u d y  as c o s t  s a v i n g s ,  o f  a n  ERTS 
t y p e  s a t e l l i t e  i n  t h e  d e v e l o p m e n t ,  u p d a t i n g  and  m a i n t e n a n c e  o f  
a  n a t i o n w i d e  l a n d  c o v e r  i n f o r m a t i o n  s y s t e m  i n  t h e  pos t -1977  
t i m e  f rame.  A s  e n v i s i o n e d  i n  t h i s  s t u d y ,  t h e  n a t i o n a l  i n f o r m a -  
t i o n  s y s t e m  must  b e  c a p a b l e  o f  s a t i s f y i n g  a t  l e a s t  t h e  l a n d  
c o v e r  i n f o r m a t i o n  r e q u i r e m e n t s  o f  a l l  F e d e r a l  c i v i l i a n  a g e n c i e s  
u n d e r  e x i s t i n g  F e d e r a l  s t a t u t e s .  The s t u d y  examines  s e v e r a l  
a l t e r n a t i v e  a c q u i s i t i a n  s y s t e m s  f o r  l a n p  c o v e r  d a t a  and  t h e  
r e l e t r a n t  i n f o r m a t i o n  a c q u i s i t i o n ,  d a t a  p r o c e s s i n g  a n d  i n t e r p r e -  
t a t i c n  c o s t s  a s s o c i a t e d  w i t h  e a c h  a l t e r n a t i v e .  The b a s i c  
p r o b ~ e m  w a s  t o  d e t e r m i n e ,  on  a  t o t a l  l i f e  c y c l e  c o s t *  b a s i s ,  
u n d e r  which cor  i t i o n s  o f  u s e r  demand ( a r e a  o f  c o v e r a g e ,  
f r e q u e n c y  o f  c o v e r a g e ,  t i m e l i n e s s  o f  i n f o r m a t i o n ,  a n d  l e v e l  o f  
i n f o r m a t i o n  d e t a i l )  a n  EPTS t y p e  s a t e l l i t e  would b e  c o s t  
e f f e c t i v e  and ,  i f  s o ,  what  would b e  t h e  a n n u a l  c o s t  s a v i n g s  
b e n e f i t s .  

Major c o n c l u s i o n s  o f  t h i s  s t u d y  are: 

1. An E.""S t y p e  s a t e l l i t e  i s  a  c o s t - e f f e c t i v e  s y s t e m  
f o r  s a t i s f y i n g  t h e  e x p e c t e d  l e v e l  o f  demand f o r  l a n d  
cov- r  1.nformation i n  t h e  pos t -1977  p e r i o d .  T h i s  is  
p r e ~ ~ c a t e d  upon a n  a n n u a l  demand l e v e l  o f  s i x  t i m e s  
c - v e r a g e  o f  t h e  c o n t i n e n t a l  U n i t e d  S t a t e s  p l u s  A l a s k a ,  
" i t h  e a c h  mapping m i s s i o n  t o  b e  c o m p l e t e d  w i t h i n  
60 d a y s  and  t h e  mapping i n f o r m a t i o n  c l a s s i f i e d  t o  
L e v e l  I1 d e t a i l ,  (USGS - C i r c u l a r  671  c l a s s i f i c a t i o n  
szheme) a n 2  more d e t a i l e d  c o v e r a g e  ( L e v e l  111) o f  t h e  

* Thrc~ughout  t h i s  r e p o r t  w e  r e f e r  t o  l i f e  c y c l e  c o s t s  which 
we-.e computed o v e r  t h e  p e r i o d  1975-1993 i n  1973 d o l l a r s  
d i s c o u n t e d  a t  108  t o  1974.  



same a r e a  o n c e  e v e r y  f i v e  y e a r s .  To s a t i s f y  t h i s  
demand l e v e l ,  t h e  c o s t - e f f e c t i v e  s y s t e m  r e q u i r e s  two 
s a t e l l i t e s  s i m u l t a n e o ~ i s l y  i n  o r b i t .  However, h i g h  
and  low a l t i t u d e  a i r c r a f t  w i t h  g round  s u r v e y  t eams  a r e  
a l s o  n e c e s s a r y  components  o f  a  c o s t - e f f e c t i v e  d a t a  
a c q u i s i t i o n  and  p r o c e s s i n g  s y s t e m  f o r  t h i s  l e v e l  o f  
demand. 

2. A t h r e e - s a t e l l i t e  s y s t e m  w i t h  h i g h  a n d  low 
a l t i t u d e  a i r c r a f t  and  g round  s u r v e y  teams i s  c o s t -  
e f f e c t i v e  a t  a n  a n n u a l  demand l e v e l  o f  t w e l v e  t i m e s  
c o v e r a g e  o f  t h e  U.S. a t  L e v e l  11, w i t h  e a c h  mapping 
m i s s i o n  t o  b e  c o m p l e t e d  w i t h i n  30 d a y s  a n d  L e v e l  I11 
coverage of t h e  O . S .  c n c e  every five y e a r s .  

3. I n  t h e  pos t -1977  t i m e  f r a m e ,  a u t o m a t i c  ( e - g . ,  
compute r )  i n t e r p r e t a t i o n  a n d  c l a s s i f i c a t i o n  t e c h n i q u e s  
w i l l  b e  t e c h n i c a l l y  a n d  e c o n o m i c a l l y  p r e f e r r e d  o v e r  
manual  i n t e r p r e t a t i o n  methods ,  

4.  The e x p e c t e d  a n n u a l  c o s t  s a v i n g s  t h a t  a c c r u e  f rom 
a n  o p e r a t i o n a l  ERTS a s  a component o f  a  N a t i o n w i d e  
Land Cover  I n f o r m a t i o n  Sys tem i s  $23 m i l l i o n  o f  
u n d i s c o u n t e d  1973  d o l l a r s  (as  compared t o  a n  a i r c r a ' t  
o n l y  s y s t e m ) .  

5. The s a t e l l i t e  c o n f i g u r a t i o n  assumed f o r  p u r p o s e s  o f  
t h i s  a n a l y s i s  i s  n o t  t h e  optimum c o n f i g u r a t i o n  t o  
a c c o m p l i s h  b o t h  t h e  U.S. a n d  t h e  g l o b a l  c o v e r a g e  
m i s s i o n s  a t  minimum c o s t .  F u r t h e r  c o s t  s a v i n g s  c a n  be 
r e a l i z e d  by m o d i f y i n g  t h e  c o n f i g u r a t i o n  o f  a n  o p e r a t i o n a l  
EPTS s y s t e m .  A j o i n t  s y s t e m s  e n g i n e e r i n g  a n d  economic  
a n a l y s i s  o f  v a r i o u s  s a t e l l i t e  c o n f i g u r a t i o n s  f o r  
accomp1:shing b o t h  m i s s i o n s  s h o u l d  b e  u n d e r t a k e n .  

The f o l l o w i n g  s e c t i o n s  o f  t h i s  c h a p t e r  w i l l  a d d r e s s  
s e v e r a l  i m p o r t a n t  q u e s t i o n s  r e l e v a n t  t o  t h e  p u r p o s e  a n d  f i n d i n g s  
o f  t h i s  s t u d y .  What i s  t h e  b a s i s  o r  need  f o r  a n a t i o n w i d e  l a n d  
c o v e r  i n f o r m a t i o n  s y s t e m  a n d  how m i g h t  s u c h  a s y s t e m  b e  
o r g a n i z e d  and  o p e r a t e d ?  What w i l l  b e  t h e  l i k e l y  demand f o r  l a n d  
c o v e r  i n f o r m a t i o n  i n  t h e  p o s t - 1 9 7 7  t i m e  f r a m e ,  a n d  w h a t  a r e  t h e  
t e c h n i c a l  a l t e r n a t i v e s  f u r  s a t i s f y i n g  t h e s e  demands? F i n a l i y ,  
wha t  a r e  t h e  m a j o r  v a r i a b l e s  which i m p a c t  t h e  l i f e  c y c l e  c o s t  o f  
t h e  a l t e r n a t i v e  d a t a  a c q u i s i t i o n  s y s t e m s  a n d  which  s y s t e m s  
a l t e r n a t i v e s  a r e  e c o n o m i c a l l y  p r e f e r r e d  a t  v a r i o u s  l e v e l s  o f  
demand f o r  l a n d  c o v e r  i n f o r m a t i o n ?  



3.5.2 The Need f o r  a  Na t ionwide  Land Cover  I n f o r m a t i o n  Sys tem 

I n  J u l y  o f  1973 ,  a  F e d e r a l  Mapping Task  F o r c e  which h a d  
e a r l i e r  b e e n  e s t a b l i s h e d  by t h e  Director o f  t h e  O f f i c e  o f  
Management a n d  Budget  i s s u e d  a  r e p o r t *  on F e d e r a l  a g e n c y  
s u r v e y i n g  and mapping a c t i v i t i e s .  T h i s  r e p o r t  summarized t h e  
work and  r e s u l t s  o f  a  m a j o r  i n q u i r y  c o n c e r n i n g :  (1) t h e  
e x i s t i n g  d a t a  c o l l e c t i o n  p rograms  o f  v a r i o u s  F e d e r a l  c i v i l  
a g e n c y  and  m i l i t a r y  d o m e s t i c  mapping p r o g r a m s ,  and ( 2 )  a n  
i n v e s t i g a t i o n  o f  s y s t e m s  and  p r o c e d u r e s  t o  a c h i e v e  b o t h  improved 
economies  i n  t h e s e  data c o l l e c t i o n  p rograms  a n d  i n c r e a s e d  
r e s p o n s i v e n e s s  t o  u s e r  n e e d s .  The Task  F o r c e  r e p o r t  u n d e r s c o r e d  
t h r e e  m a j o r  p r o b l e m s  which  h a v e  l o n g  b e e n  a s s o c i a t e d  w i t h  
F e d e r a l  c i v i l i a n  mapping p rograms :  

u n c o o r d i n a t e d ,  s i n g l e - p u r p o s e  s u r v e y s  and mapping 
which b e n e f i t  o n l y  o n e  u s e r  a g e n c y  

a g r o w i n g  mass o f  unmet n a t i o n a l  demand f o r  mapping 
d a t a  and p r o d u c t s  

t h e  i n a b i l i t y  o f  t h e  p r e s e n t  s t r u c t u r e  o f  d a t a  
c o l l e c t i o n  p r o g r a m s  t o  d e a l  e f f i c i e n t l y  a n d  
r e s p o n s i v e l y  w i t h  g r o w i n g  and c h a n g i n g  demand 
r e q u i r e m e n t s .  

Throughou t  o u r  own s t u d y  w e  h a v e  r e p e a t e d l y  c o n f i r m e d  
t h e s e  e a r l i e r  o b s e r v a t i o n s .  W e  h a v e  i n q u i r e d  i n t o  t h e  p r e s e n t  
d a y  d a t a  c o l l e c t i o n  a c t i v i t i e s  o f  v a r i o u s  F e d e r a l  a g e n c i e s ,  
w e  h a v e  s t u d i e d  r e p o r t s  o n  t h e  u t i l i t y  o f  more e x t e n s i v e  and 
more t i m e l y  e a r t h  r e s o u r c e s  i n f o r m a t i o n ,  a n d  w e  h a v e  i n t e r v i e w e d  
r e s p o n s i b l e  o f f i c i a l s  o f  c i v i l i a n  F e d e r a l  a g e n c y  mapping 
p r o g r a m s  c o n c e r n i n g  t h e i r  d a t a  n e e d s  and t h e i r  p r e s e n t  e f f o r t s .  
W e  f i n d  t h a t  t h e  need  f o r  l a n d  c o v e r  i n f o r m a t i o n  i n  t h e  
U n i t e d  S t a t e s  f a r  e x c e e d s  t h e  p r e s e n t  d a y  d a t a  c o l l e c t i o n  
a c t i v i t i e s .  

W e  a g r e e  w i t h  t h e  p r i m a r y  c o n c l u s i o n  o f  t h e  F e d e r a l  
Mapping Task  F o r c e ,  t h a t  i n  o r d e r  t o  r e c t i f y  t h i s  i m b a l a n c e  
mos t  e f f i c i e n t l y ,  t h e r e  i s  a n  u r g e n t  need  t o  c o n s o l i d a t e  t h e  
f r a g m e n t e d  d a t a  c o l l e c t i o n  e f f o r t s  o f  t h e  many F e d e r a l  a g e n c i e s  
i n t o  a new c e n t r a l i z e d  mapping o r g a n i z a t i o n .  T h i s  n e e d  l e a d s  
d i r e c t l y  t o  a  Na t ionwide  Land Cover  I n f o r m a t i o n  System.  

3.5.3 C o n c e p t u a l  D e s c r i p t i o n  o f  a  F u t u r e  N a t i o n w i d e  Land 
Cover  I n f o r m a t i o n  Sys tem 

F i g u r e  3.12 p r o v i d e s  a n  o v e r v i e w  o f  t h e  o r g a n i z a t i o n  
and o p e r a t i o n  o f  a f u t u r e  N a t i o n w i d e  Land Cover  I n f o r m a t i o n  
System. A t  t h e  o u t s e t ,  two p o i n t s  mus t  b e  c l e a r l y  u n d e r s t o o d .  

* R e p o r t  o f  t h e  F e d e r a l  Mapping Task  F o r c e  o n  Mapping, 
C h a r t i n g ,  Geodesy and  S u r v e y i n g ,  J u l y ,  1973 .  



HIGH ALT 
AIRCRAFT 
Scanners 
Cameras 

LOW ALT 
AIRCRAFT 

RECEIVING Cameras 
STATION 

Fairbanks, 
Alaska 

GROUND 
SURVEYS 

/ RECEIVING C PROCESSING 
STATION 1 Sioux  fall^, S.D. 

I CORRECT1 ONS 
I Geometric 
I Radiooetric 
I INTERPRETATION 

Classification 
I Verification 
STORAGE ON HbDT's 

PHOTOGRAPHIC 
PRCDUCTS 

Corrected 
Classified 
Thematic Uaps 

. 
DIGITAL PRODUCTS 
Tapes 
Line Printer Maps 
Thematic Uaps 

b 

I 

r " 

STATISTICAL 
PRODUCTS 

Acreage Counts 
Percentages 

. 

USER Support Network, 
and Users 

Figure 3.12 Conceptual Plow Through Land Cover 
Information System 



We h a v e  n o t  u n d e r t a k e n  i n  t h i s  s t i l d y  a s y s t e m s  e n g i n e e r i n g  
a n a l y s i s  o f  a  N a t i o n w i d e  Land Cover I n f o r m a t i o n  S y s t e m .  We h a v e  
o n l y  s k e t c h e d  o u t  o u r  own r o u g h  c o n c e p t  o f  a n a t i o n a l  i n f o r m a -  
t i o n  s y s t e m  f o r  t h e  p u r p o s e  o f  i d e n t i f y i n g  t h e  c o s t  e l e m e n t s  
t h a t  a r e  r e l e v a n t  t o  a c o s t  e f f e c t i v e n e s s  a n d l y s i s  o f  a n  ERTS 
t y p e  s a t e l l i t e  a s  a  m a j o r  i n f o r m a t i o n  a c q u i s i t i o n  componen t .  
A s e c o n d ,  r e l a t e d  p o i n t  i s  t h a t  we c o n s i d e r e d  i n  t h i s  a n a l y s i s  
o n l y  t h e  c e n t r a l  c o r e  o f  a  n a t i o n w i d e  l a n d  c o v e r  i n f o r m a t i o n  
s y s t e m .  I t  i s  l i k e l y  t h a t  t h e r e  w i l l  b e  a  n e t w o r k  o f  u s e r  
s e r v i c e  f a c i l i t i e s ,  o r g a n i z e d  p e r h a p s  o n  a  r e g i o n a l  b a s i s ,  w h i c h  
w i l l  d i s t r i b u t e  r e s o u r c e  management  d a t a  p r o d u c t s  f r o m  t h e  c o r e  
f a c i l i t y  t o  t h e  v a r i o u s  u s e r s .  The s u p p o r t  n e t w o r k  o f  u s e r  
service c e n t e r s  h a s  n o t  b e e n  c o n s i d e r e d  i n  t h i s  s t u d y  s i n c e  t h e  
i n v e s t m e n t  and o p e r a t i o n s  c o s t  o f  a n y  s u c h  n e t w o d  would  be 
common t o  a l l  t h e  a l t e r n a t i v e  d a t a  a c q u i s i t i o n  s y s t e m s -  
T a b l e  3.6 l is ts  t h e  r e m o t e  s e n s i n g  p l a t f o r m s  w h i c h  a c q u i r e  d a t a  
f o r  t h e  n a t i o n a l  i n f o r m a t i o n  s y s t e m .  The p r o j e c t e d  1 9 7 7  
c a p a b i l i t i e s  o f  t h e  s e v e r a l  s e n s o r s  f o r  a c q u i r i n g  i n f o r m a t i o n  
a t  v a r i o u s  l e v e l s  o f  d e t a i l  a r e  shown i n  T a b l e  3 .7 .  The  method 
o f  p r o c e s s i n g  a n d  c l a s s i f i c a t i o n ,  manua l  o r  a u t o m a t i c  ( c o m p u t e r )  
t e c h n i q u e s  h a s  a m a j o r  i n f l u e n c e  i n  t h i s  r e g a r d .  U s i n g  manua l  
i n t e r p r e t a t i o n  m e t h o d s ,  ERTS i m a g e s  c a n  p r o v i d e  L e v e l  I 
i n f o r m a t i o n ,  as  h a s  b e e n  d e m o n s t r a t e d  by  s e v e r a l  ERTS i n v e s t i g a -  
t o r s  ( S e e  R e f e r e n c e s  1, 6 ,  8 a n d  9 o n  p a g e  I11 - 18 o f  Append ix  I11 
i n  Vo l .  V I ,  P a r t  11). Many i n v e s t i g a t o r s  r e p o r t e d  m a n u a l  mapp ing  of  
some L e v e l  I1 c a t e g o r i e s  f rom ERTS b u t  t h e y  c o u l d  n o t  s a t i s f y  
t h e  90% a c c u r a c y  s t a n d a r d  recommended i n  t h e  USGS-Ci rcu la r  6 7 1 .  
T y p i c a l  a c c u r a c i e s  r e p o r t e d  f o r  L e v e l  I1 i n f o r m a t i o n  o b t a i n e d  
v i a  manua l  t e c h n i q u e s  r a n g e  f r o m  50% t o  7 0 % .  Compute r  p r o c e s s i n g  
a n d  c l a s s i f i c a t i o n  t e c h n i q u e s  a r e  r e l a t i v e l y  new a n d  t h e  s t a t e  
o f  t h e  a r t  i s  i n  i t s  i n f a n c y .  A l r e a d y ,  v e r y  p r o m i s i n g  r e s u l t s  
h a v e  b e e n  r e p o r t e d  by  ERTS p r i n c i p a l  i n v e s t i g a t o r s ;  t h e  o n l y  
t y p e  o f  i n f o r m a t i o n  f o r  which  c o n s i s t e n t  d i f f i c u l t i e s  h a v e  b e e n  
e n c o u n t e r e d  i s  t h e  Urban s u b c a t e g o r i e s  o f  t h e  USGS l a n d  u s e  
c l a s s i f i c a t i o n  scheme ,  s p e c i f i c a l l y ,  U r b a n - c o m m e r c i a l ,  Urban-  
i n d u s t r i a l  a n d  Urban s e r v i c e s .  Wi th  t h e  e x c e p t i o n  o f  t h e s e  Urban  
s u b c a t e g o r i e s ,  c o m p u t e r  p r o c e s s i n g  o f  ERTS i m a g e s  w i l l  
u n d o u b t e d l y  p e r m i t  t h e  mapp ing  o f  L e v e l  I1 i n f o r m a t i o n *  a t  90% 
a c c u r a c y  s t a n d a r d .  F i g u r e  3 . 1 3  is  a n  e x a m p l e  o f  a  c o m p u t e r  
g e n e r a t e d  c o l o r  c o d e d  l a n d  u s e  map p r e p a r e d  b y  NASA/JSC E a r t h  
R e s o u r c e s  L a b o r a t o r y  o f  t h e  M i s s i s s i p p i  T e s t  F a c i l i t y  i n  
Bay S t .  L o u i s ,  M i s s i s s i p p i .  

3 .5 .4  Overv iew o f  t h e  S t u d y  Approach  

F i g u r e  3 . 1 4  d e p i c t s  t h e  s t u d y  a p p r o a c h  i n  o v e r v i e w  form.  
The a n a l y s i s  b e g i n s  w i t h  p r o j e c t i o n s  o f  t h e  demand f o r  l a n d  
c o v e r  i n f o r m a t i o n  wh ich  e a c h  t e c h n o l o g y  s y s t e m  m u s t  s a t i s f y  o n  
a n  e q u a l  c a p a b i l i t y  b a s i s .  F o r  t h e  p u r p o s e s  o f  t h i s  a n a l y s i s  

* S e e  R e f e r e n c e s  1 0 ,  1 3 ,  1 4 ,  1 5  a n d  1 7  o n  p a g e  111-19  o f  
Volume V I ,  P a r t  11. 
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o n 1  y demand which r e q u i r e s  f u13 t a r g e t  c o v e r a g e  is considerea 
T h u s ,  demand r e q u i r e m e n t s  wh ich  c a n  b e  s a t i s f i e d  by  a  
p r o b a b i l i t y  s a m p l e  o f  a g i v e n  t a r g e t  a r e a  h a v e  b e e n  e x c l u d e d  
f rom o u r  a n a l y s i s .  

The a n a l y s i s  o f  demand f o r  r e m o t e l y  s e n s e d  l a n d  c o v e r  
i n f o r m a t i o n  f o c u s e s  on  f o u r  m a j o r  c h a r a c t e r i s t i c s  o f  u s e r  
demand: a r e a  o f  t a r g e t ,  t i m e l i n e s s  o f  i n f o r m a t i o n ,  f r e q u e n c y  
o f  u p d a t e ,  and  l e v e l  o f  i n f o r m a t i o n  d e t a i l .  The  t a r g e t  a r e a  
r e f e r s  t o  t h e  p e r c e n t a g e  o f  t h e  U n i t e d  S t a t e s  t h a t  mus t  b e  
c o v e r e d  t o  s a t i s f y  a s p e c i f i c  demand r e q u i r e m e n t .  Though 
a c t u a l  u s e r - d e s i r e d  t a r g e t s  v a r y  c o n t i n u o u s l y  f rom s m a l l  
r e g i o n s  o f  t h e  U n i t e d  S t a t e s  t o  t h e  f u l l  U n i t e d  S t a t e s ,  t h i s  
a n a l y s i s  c l a s s i f i e s  u s e r  demand i n t o  o n e  o f  f o u r  a r e a  r e q ~ l r e -  
ment  c a t e g o r i e s :  1 0 0 1 ,  l o % ,  1% o r a l %  o f  t h e  U n i t e d  S t a t e s .  
T i m e l i n e s s  of i n f o r m a t i o n  ( a l s o  c a l l e d  u s e r  t i m e  window] rr!'r'ers 
t o  t h e  maximum a l l o w a b l e  e l a p s e d  t i m e  ( i n  d a y s )  d u r i n g  1 9 t h e  
r e m o t e  s e n s i n g  o f  l a n d  c o v e r  i n f o r m a t i o n  m u s t  be comp3.e . n 
o r d e r  t o  s a t i s f y  t h e  u s e r .  T h i s  i m p o r t a n t  c h a r a c t e r i s t :  . Ties 
f rom o n c e  e v e r y  f i v e  y e a r s  t o  w e e k l y .  T h e  f r e q u e n c y  of c,vrrage 
r e f e r s  t o  t h e  number o f  t i m e s  t h a t  t a r g e t s  o f  a  g i v e n  s i z e ,  
t i m e l i n e s s  a n d  l e v e l  o f  d e t a i l  r e q u i r e m e n t  are c o v e r e d  d u r i n g  
o n e  y e a r .  Note  t h a t  t h e  f r e q u e n c y  o f  c o v e r a g e  i s  a c o m p o s i t e  
o f  u s e r s  who wan t  r e p e a t e d  c o v e r a g e  o f  a  g i v e n  t a r g e t  a r e a  a s  
w e l l  as  u s e r s  who w a n t  o n e - t i m e  c o v e r a g e  o f  t a r g e t s  o f  a g i v e n  
s i z e  w h i c h  a r e  g e o g r a p h i c a l l y  o r  t e m p o r a l l y  d i s t i n c t .  The l e v e l  
of i n f o r m a t i o n  d e t a i l  r e f l e c t s  t h e  s c a l e  r e q u i r e d  w h i c h ,  i n  
t u r n ,  i s  d e t e r m i n e d  by  t h e  t y p e  o f  i n f o r m a t i o n  n e e d e d  t o  f u l f i l l  
t h e  u s e r  r e q u i r e m e n t s .  I n  o u r  s t u d y ,  L e v e l  I i n f o r m a t i o n  
c o r r e s p o n d s  t o  a mapp ing  s c a l e  o f  1 : 5 0 0 , 0 0 0 ,  L e v e l  11, 1 : 1 2 5 , 0 0 0  
a n d  L e v e l  111, 1 : 2 4 , 0 0 0 .  

U s i n g  t h e  a b o v e  f o u r  demand c h a r a c t e r i s t i c s ,  a s e a r c h  
was made o f  t h e  e x i s t i n g  F e d e r a l  s t a t u t e s  t h a t  e i t h e r  manda te  
o r  e n a b l e  F e d e - a 1  c i v i l  a g e n c y  l a n d  c o v e r  mapp ing  p r o g r a m s .  
An a n a l y s i s  o f  F e d e r a l  Agency demand f o r  r e m o t e l y  s e n s e d  l a n d  
c o v e r  i n f o r m a t i o n  i n  t h e  1 9 7 7  t i m e  f r a m e  ( u n d e r  e x i s t i n g  
F e d e r a l  s t a t u t e s )  was made f o r  t h e  " l a n d  u s e  p l a n n i n g  community" 
and  s e p a r a t e l y ,  f o r  " a l l  l a n d  c o v e r  u s e r s . "  D e t a i l e d  f i n d -  
i n g s  a r e  documen ted  i n  C h a p t e r  3 a n d  Append ix  I11 o f  Volume vI ,  
P a r t  I1 o f  t h i s  r e p o r t .  A f t e r  e l i m i n a t i n g  o v e r l a p p i n g  d a t a  
g a t h e r i n g  r e q u i r e m e n t s  o f  t h e  v a r i o u s  F e d e r a l  a g e n c y  u s e r s ,  we 
c o n c l u d e  t h a t  m o s t  o f  t h e  F e d e r a l  demand r e q u i r e m e n t s  f o r  b o t h  
u s e r  g r o u p s  i s  f o r  L e v e l  I? i n f o r m a t i o n ;  t h e  c o v e r a g e  r e q u i r e m e n t  
e x t e n d i n g  o v e r  t h e  e n t i r e  c o n t i n e n t a l  U c i t e d  S t a t e s  a n d  A l a s k a  
l a n d  a r e a  a t  a n  a n n u a l  mapp ing  f r e q u e n c y  o f  f o u r  t i m e s ,  
s e a s o n a l l y ,  i . e .  w i t h i n  90  d a y s .  The v a s t  m a j o r i t y  o f  F e d e r a l  
a g e n c y  demand f o r  f u l l  t a r g e t  c o v e r a g e  ( n o n - s a m p l i n g  a p p l i c a t i o n s )  
a r i s e s  f r o m  t h e  l a n d  u s e  p l a n n i n g  community.  We d i d  n o t  i d e n t i f y  
a n y  F e d e r a l  r e q u i r e m e n t s  f o r  L e v e l  I i n f o r m a t i o n  f o r  e i t h e r  
t h e  l a n d  u s e  p l a n n i n g  community o r  o t h e r  F e d e r a l  l a n d  c o v e r  u s e r s .  



I n  a n y  e v e n t ,  however ,  i t  s h o u l d  b e  n o t e d  t h a t  L e v e l  I1 mapping 
i n f o r m a t i o n  c a n  r e a d i l y  b e  a g g r e g a t e d  t o  p r o v i d e  L e v e l  I 
i n f o r m a t i o n .  We d i d  f i n d  s u b s t a n t i a l  F e d e r a l  dematrd f o r  
L e v e l  I11 i n f o r m a t i o n ,  b u t  f u l l  c o v e r a g e  o f  t h e  U n i t e d  S t a t e s  
i s  r e q u i r e d  o n l y  o n c e  e v e r y  f i v e  y e h r s .  

Demands upon a  n a t i o n a l  l a n d  c o v e r  i n f o r m a t i o n  s y s t e m  
w i l l  b e  l i m i t e d  t o  F e d e r a l  u s e r s  o n l y .  A s e p a r a t e  EC3N s t u d y  
documents  t h e  need f o r  e a r t h  r e s o u r c e  management d a t a  from 
s t a t e ,  r e g i o n a l  and l o c a l  government  u n i t s  a ?  w e l l  a s  t h e  n e e d s  
o f  t h e  i n d u s t r i a l  and a c a d e m i c  community. Q u a n t i t a t i v e  
e s t i m a t e s  o f  t h e  demand f o r  l a n d  c o v e r  i n f o r m a t i o n  i n  t h e  
pos t -1977  p e r i o d  from a l l  s o u r c e s  a r e  h i g h l y  u n c e r t a i n ,  a t  
p r e s e n t .  W e  have  t h e r e f o r e  e x p l o r e d  t h e  economics  o f  ERTS 
o v e r  t r a n g e  o f  f u t u r e  demand l e v e l s ,  f rom two times c o v e r a g e  
o f  t h e  U.;. a t  L e v e l  I1 w i t h i n  1 8 0  d a y s  t o  t w e l v e  times 
c o v e r a g e  o f  t h e  U.S. a t  L e v e l  I1 w i t h i n  30 d a y s .  

On t h e  s a p p l y  s i d e  o f  t h e  a n a l y s i s ,  there  a r e  s e v e r a l  
a l t e r n a t i v r  t e c h n i c a l  s y s t e m s  c o n s i d e r e d  f o r  t h e  a c q u i s i t i o n  
and p r o c e s s i n g  o f  t h e  l a n d  c o v e r  u s e r - r e q u e s t e d  d a t a .  Each 
t e c h n i c a l  s y s t e m  i s  made up  o f  two o r  more o f  t h r e e  b a s i c  
r emote  s e n s i n g  components ;  namely a n  ERTS-1 t y p e  s a t e l l i t e ,  
h i g h  a l t i t u d e  a i r c r a f t  and a  g r o u n d  t r u t h  s y s t e m  which  i s  
d e f i n e d  t o  mean a  low a l t i t u d e  a i r c r a f t  w i t h  g round  f o l l o w  up 
t eams .  These  r e m o t e  s e n s j  ng  componen t s  ( h e r e a f t e r  d e s i g n a t e d  
S ,  HA and G T ) ,  a r e  combined t o  form t h e  several  d a t a  a c q u i s i t i o n  
s y s t e m s  i n d i c a t e d  i n  T a b l e  3.8.  

For p u r p o s e s  o f  t h i s  a n a l y s i s ,  e a c h  o f  t h e  two and 
t h r e e  t i e r  t e c h n o l o g y  c h o i c e s  l i s t e c !  i n  T a b l e  3.8 h a s  a n  impl5.ed 
p r i o r i t y  r s n k i n g  a s s o c i a t e d  w i t h  tVle u s e  o f  i t s  c o n s t i t u e n t  
d a t a  a c q u i s i t i o n  s y s t e m s .  The p r i o r i t y  r a n k i n g  i s  d e f i n e d  by 
t h e  o r d e r i n g  o f  t h e  components  *.f a  g i v e n  t e c h n o l o g y  c h o i c e .  
r 'or  example ,  t h e  S/HA/GT t e c h : ~ ~ l o g y  i m p l i e s  t h a t  i n  o u r  
a n a l y t i c a l  mode l s  t h e  s a t e l l i t e  component  w i l l  ~ a t i s f y  a s  much 
o f  t h e  u s e r  demand a s  i s  p o s s i b l e ,  c o n s i s t e n t  w i t h  i t s  
c a p a b i l i t y  t o  s a t i s f y  t h e  l e v e l  o f  i n f o r m a t i o n  d e t a i l  r e q u i r e -  
ment o f  t h e  u s e r ,  and t h e  u s e r  t i m e l i n e s s  r e q u i r e m e n t  and t o  
overcome c l o u d  c o v e r  p r o b l e m s .  Whatever  p o r t i o n  o f  u s e r  demand 
t h a t  c a n n o t  b e  s a t i s f i e d  by t h e  s a t e l l i t e  i s  a s s i g n e d  t o  h i g h  
a l t i t u d e  a i r c r a f t  and w h a t e v e r  demand i s  l e f t  u n s a t i s f i e d  by 
t h a t  component  i s  a s s i g n e d  t o  t h e  g round  t r u t h  s y s t e m .  To 
i l l u s t r a t e ,  i f  t h e  u s e r  demand were  t o  o b t a i n  L e v e l  I1 i n f o r m a -  
t i o n  o v e r  o n e  t e n t h  t h e  a r e a  o f  t h e  U.S. w i t h i n  a  s p e c i f i c  
30-day p e r i o d  t h e n ,  g i v e n  a n  1 8  d a y  s a t e l l i t e  r e v i s i t  t i m e ,  
t h e  s a t e l l i t e  would a c q u i r e  o n l y  a  f r a c t i o n ,  s a y  p  , o f  i t s  
a s s i g n e d  t a r g e t ,  where p  d e p e n d s  on t h e  amoknt o f  c l o u d  
i n t e r f e r e n c e  t h a t  i t  e n c o u n t e r r ?  o v e r  t h e  t a r g e t  d u r i n g  
1 -2 /3  p a s s e s .  I n  t h i s  c a s e ,  t h e  h i g h  a l t i t u d e  a i r c r a f t  



I Table 3.8 Alternative Data Collcction Systcns For 
Nationwide Land Cover Infdrnation System 

Legend: S refers to an ERTS type satellite 
BA refers to high  altitude aircraft (U2) 
GT refers to low altitude aircraft and ground 

- survey follow up teams 

L - 

component ( H A )  of the S/HA/GT technology would be assigned to 
provide remote sensing coverage over that portion of the user 
taruet 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 s~?pporting 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 I1 of 
this report. 

Three Tier Systents 

I, S/UA/GT 

. 2, ~S/RA/GT 

3. 3S/RA/GT 

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 
:alculated 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. 

Two ~ i = r  Systeas 

1. HA/GT 

2. s /cr  

3, 2S/CT 

4. 3S/GT 



3.5.5 R e s u l t s  

L i f e  c y c l e  c o s t s  were computed f o r  e a c h  o f  t h e  two 
and t h r e e  t i e r  d a t a  a c q u i s i t i o n  sys t ems  p r e v i o u s l y  d e s c r i b e d .  
T o t a l  program c o s t  compar i sons  were made f o r  t h e  a l t e r n a t i v e  
sys t ems  (1) o v e r  a  r a n g e  o f  l a n d  c o v e r  demand l e v e l s ,  
( 2 )  u s i n g  a u t o m a t i c  and manual d a t a  p r o c e s s i n g  and i n t r e p r e -  
t a t i o n  t e c h n i q u e s  and (3)  under  two d i f f e r e n t  u s e r  c l o u d  
c o v e r  r equ i r emen t s .  The b a s i c  problem u n d e r l y i n g  and g u i d i n g  
t h e s e  l i f e  c y c l e  c o s t  compar i sons  was t o  d e t e r m i n e  under  which 
c o n d i t i o n s  o f  u s e r  demand ( a r e a  o f  coverage ,  f r e q u e n c y  o f  
cove rage ,  t i m e l i n e s s  o f  i n f o r m a t i o n  and l e v e l  o f  i n f o r m a t i o n  
d e t a i l )  a n  ERTS-type sa te l l i t e  would b e  c o s t  e f f e c t i v e  and,  
i f  s o ,  what would b e  t h e  a n n u a l  c o s t  s a v i n g s  b e n e f i t s .  

Our a n a l y s i s  b e g i n s  by c o n s i d e r i n g  o n l y  F e d e r a l  u s e r  
agency demand f o r  l a n d  cove r  i n f o r m a t i o n  unde r  e x i s t i n g  F e d e r a l  
s t a t u t e s .  Next,  we a d d r e s s  t h e  n a t i o n a l  r e s o u r c e  management 
i n f o r m a t i o n  needs  o f  a l l  u s e r  g roups ,  F e d e r a l  and o t h e r w i s e .  
For  t h i s  c a s e ,  demand p r o j e c t i o n s  i n  t h e  post-1977 t i m e  f rame 
are h i g h l y  u n c e r t a i n ;  t h u s  a  p a r a m e t r i c  demand-cost a n a l y s i s  
i s  made. F i n a l l y ,  i n  o r d e r  t.3 e s t i m a t e  t h e  l i k e l y  c o s t  s a v i n g s  
b e n e f i t s  of  ERTS, w e  e v a l u a t e  t h e  sys tem a l t e r n a t i v e s  f o r  t h r e e  
p a r t i c u l a r  demand s c e n a r i o s  which w e  b e l i e v e  w i l l  b r a c k e t  t h e  
a c t u a l  n a t i o n a l  demand f o r  l a n d  c o v e r  i n f o r m a t i o n  i n  t h e  p o s t -  
1977 t i m e  p e r i o d .  A d e s c r i p t i o n  o f  t h e  r e s u l t s  o f  t h e s e  
a n a l y s e s  f o l l a w .  

A comparison Has made o f  t h e  l i f e  c y c l e  c o s t s  r e q u i r e d  
t o  s a t i s f y  1977 F e d e r a l  agency demand u s i n g  e i t h e r  manual o r  
automated d a t a  p r o c e s s i n g  and c l a s s i f i c a t i o n  t e c h n i q u e s .  L i f e  
c y c l e  summary c o s t s  a r e  shown s e p a r a t e l y  i n  Tab le  3 .9  f o r  t h e  
" land  u s e  p l a ~ n i n g  community" and ,  s e p a r a t e l y ,  f o r  " a l l  l and  
c o v e r  u s e r s - "  The p r o j e c t e d  1977 F e d e r a l  agency-Land Use 
P l a n n i n g  demand* p r i n c i p a l l y  i n v o l v e s  f o u r  t i m e s  a n n u a l  
cove rage  o f  t h e  U.S. a t  Leve l  11, Leve l  I11 cove rage  o f  t h e  
U.S. once  e v e r y  f i v e  y e a r s  and f r a c t i o n a l  c o v e r a g e  o f  t h e  U.S. 
a t  Leve l  11 and Leve l  I11 a t  more f r e q u e n t  t i m e  i n t e r v a l s .  
The p r o j e c t e d  1977 F e d e r a l  agency-All  Land Cover U s e r s  demand* 
e n c o r o a s s e s  t h e  Land Use P l a n n i n g  demand and a d d i t i o n a l  
f r a c t i o n a l  c o v e r a g e  o f  t h e  U.S. a t  L3vel  I1 and Leve l  111 a t  
more f r e q u e n t  i n t e r v a l s .  Two d i f f e r e n t  u s e r  c l o u d  c o v e r  
r e q u i r e m e n t s ,  0-301 and 0-101 a l l o w a b l e  c l o u d  c o v e r a g e ,  were 
a l s o  c o n s i d e r e d .  The c o s t - e f f e c t i v e n e s s  a n a l y s i s  o f  t h e  
t e c h n i c a l  a l t e r n a t i v e s  f o r  s a t i s f y i n g  F e d e r a l  agency informa-  
t i o n  demands r e v e a l e d  two i m p o r t a n t  r e s u l t s :  

* P r e c i s e  d e s c r i p t i o n s  o f  demand a r e  p r o v i d e d  i n  T a b l e s  3.4 
and 3.5 of  Chap te r  3 ,  Vol. V I ,  P a r t  11 o f  t h i s  r e p o r t .  
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1. An a l l  a i r c r a f t  s y s t e m  i s  c o s t - e f f e c t i v e  when 
c o n s i d e r i n g  o n l y  F e d e r a l  a g e n c y  demands f o r  U.S. 
c o v e r a g e  and a m i x t u r e  o f  s a t e l l i t e ,  h i g h  a n d  low 
a l t i t u d e  a i r c r a f t  p r o v i d e  t h e  n e x t  b e s t  a l t e r n a t i v e .  

2.  Automat ic  d a t a  p r o c e s s i n g  t e c h n i q u e s  are economi- 
c a l l y  p r e f e r r e d  o v e r  manual  methods.  

The f a c t  t h a t  a  s a t e l l i t e  component d o e s  n o t  emerge as a n  
e s s e n t i a l  component o f  a c o s t - e f f e c t i v e  s y s t e m  f o r  s a t i s f y i n g  
F e d e r a l  a g e n c y  demand c a n  b e  a t t r i b u t e d  t o  t h e  L e v e l  I11 
i n f o r m a t i o n  r e q u i r e m e n t s  o f  F e d e r a l  u s e r s .  Whi le  t h e s e  r e q u i r e -  
ments  c a n n o t  be s a t i s f i e d  b y  ERTS, t h e y  c a n  b e  s a t i s f i e d  b y  
h i g h  a l t i t u d e  a i r c r a f t  and  a t  l e s s  c o s t  t h a n  would b e  r e q u i r e d  
by low a l t i t u d e  a i r c r a f t  a n d  g round  s u r v e y  teams. S u b s e q u e n t  
a n a l y s i s  shows t h a t  t h e  s a t e l l i t e  component becomes e c o n o r i c a l l v  
a t t r a c t i v e  w i t h  i n c r e a s i n g  L e v e l  I1 i n f o r m a t i o n  demands a n d  t h a t  
when t h e  p r o j e c t e d  demands a r i s i n g  f rom a l l  e a r t h  r e s o u r c e  
management n e e d s  a re  c o n s i d e r e d ,  a "wi th*  s a t e l l i t e  s y s t e m  i s  
c o s t - e f f e c t i v e .  

A s  regards a u t o m a t i c  v e r s u s  manual  d a t a  p r o c e s s i n g ,  
T a b l e  3.9 i n d i c a t e s  t h a t  i n  e v e r y  i n s t a n c e  o f  c o m p a r i s o n ,  t h e r e  
are s i g n i f i c a n t  c o s t  s a v i n g s  a d v a n t a g e s  t h a t  a c c r u e  t o  t h e  
a u t o m a t i c  t e c h n i q u e s  o v e r  manual  t e c h n i q u e s .  T h i s  r e s u l t  w a s  
t o  b e  e x p e c t e d  g i v e n  t h e  d i f f e r e n c e s  i n  t h e  p r o j e c t e d  c a p a b i l i t y  
o f  t h e s e  t e c h n i q u e s  i n  t h e  1 9 7 7  t i m e  f r a m e  f o r  a c q u i r i n g  
i n c r e a s i n g l y  d e t a i l e d  l a n d  c o v e r  i n f o r m a t i o n .  Us ing  ERTS, manual  
t e c h n i q u e s  c a n  p r o v i d e  o n l y  L e v e l  I i n f o r m a t i o n  w i t h  t h e  n e c e s s a r y  
a c c u r a c y  w h i l e  au tomated  t e c h n i q u e s  c a n  p r o v i d e  b o t h  L e v e l  I 
a n d  L e v e l  I1 t y p e  i n f o r m a t i o n .  S i m i l a r l y ,  u s i n g  h i g h  a l t i t u d e  
a i r c r a f t ,  manual  t e c h n i q u e s  c a n  p r o v i d e  L e v e l  I and  L e v e l  I1 
w h i l e  a l l  l e v e l s  o f  c l a s s i f i c a t i o n  de t a i l  c a n  be o b t a i n e d  f rom 
a u t o m a t i c  t e c h n i q u e s .  . . 

T a b l e  3.9 a l s o  p r o v i d e s  some i n t e r e s t i n g  i n s i g h t s  i n t o  
t h e  e f f e c t s  o f  u s e r s '  c l o u d  f r e e  c o v e r a g e  r e q u i r e m e n t s .  AS 
one  would e x p e c t ,  t h e  more s t r i n g a n t  c l o u d  f r e e  c o v e r a g e  
r e q u i r e m e n t  o f  0 t o  10% c a u s e s  a m a j o r  i n c r e a s e  i n  t o t a l  p r o g r a m  
c o s t s .  T h i s  i s  d u e  t o  t h e  fact t h a t  i n  o r d e r  t o  s a t i s f y  a 
f i x e d  u s e r  t i m e l i n e s s  r e q u i r e m e n t ,  t h e  s a t e l l i t e  a n d  h i g h  
a l t i t u d e  a i r c r a f t  s y s t e m s  must  y i e l d  a  g r e a t e r  p o r t i o n  o f  t h e  
u s e r  t a r g e t  t o  t h e  low a l t i t u d e  a i r c r a f t  a n d  g r o u n d  s u r v e y  
t eams .  Thus ,  i n  a d d i t i o n  t o  i n c u r r i n g  e x p e n s i v e  i n v e s t m e n t  
c o s t  o f  t h e  s a t e l l i t e  and  h i g h  a l t i t u d e  a i r c r a f t  s y s t e m s ,  o n e  . 
i s  f o r c e d  t o  i n c r e a s e  t h e  a c t i v i t y  l e v e l  o f  t h e  most  e x p e n s i v e  
( i n c r e m e n t a l  c o s t )  d a t a  a c q u i s i t i o n  component. The i m p a c t  o f  
more s t r i n g e n t  u s e r  c l o u d  f r e e  c o v e r a g e  r e q u i r e m e n t  w i l l ,  o f  
c o u r s e ,  grow i n c r e a s i n g l y  s e v e r e  as  t h e  u s e r  t i m e l i n e s s  r e q u i r e -  
ment is t i g h t e n e d .  S u b s e q u e n t  r e s u l t s  q u a n t i f y  t h i s  e f f e c t .  



Federal statutory demand for land cover information 
constitutes only a segment of tho k~ational dcman0. State 
governments, regional and local governmental units, industrial 
and academic users will also contribute to the total demand. 
It is difficult to project, quantitively, the scope and nature 
of the total national demand. Consequently, a parametric set 
of demand requirements were considered which focused on 
increasing Level 11 information requirements for continental 
U.S. and Alaska. The annual Level 11 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 varying the full U.S. Level 11 requirement, the 
parametric demand analysis includes the other information 
requirements* that were projected for the 1977 Federal agency 
demands (All Land Cover Users) under existing Fede~sP 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 tvo or three tier mwith* 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 cosL-effective 
at an annual demand level of six times coverage of the O.S. with 
a user timeliness requirement of 6 0  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 3.33. 
The more stringent cloud cover requirement (0-109) 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 (0-101) cloud cover requirement. As 
expected, the cost savings of the "with" satellite system over 
the aircraft only system increase substantially as the demakd 
for Level I1 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 
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 
frcntier under the assumption that the investment costs for a 

* See Table 3.5 of Chapter 3, Volume VI, Part I1 of this 
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 nationvLde 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 
requirements of Federal agency users in 1977 except the full 
U.S., Level I1 coverage. In addition, we have included Level 11 
information requirements for the U.S. plus Alaska at annual 
frequencies varying from six times coverage within 6 0  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.lldisplays the total program costs for 
the lowest cost "with" and "without" satellita 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 "withn' 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 mil?.ion or from $21.0 to $37.1 
million depending upon the user cloud cover requirement. The 
best point estimate of the annual coat 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 stuly has not attempted to answer all major 
questions that arise with respect to a nationwide land cover 
information system and/or the role of ERTS in such a system. 
Indeed, there are several important limitations of this study 
which should be highlighted: 
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a The treatment of the clo 3-cover-data acquisition 
problem represents only a first cut analysis. A more in- 
depth study of the impact of cloud caver is warranted. 

a Within the context of an ERTS type satellite, the 
satellite 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 subsystems, 
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 economj.cally preferred 
IOC date of an advanced satellite system should be investigated. 



4 .  O V E R V I E W  OF ERS APPLICATION AREAS 

The s u r v e y  p r e s e n t e d  h e r e  o f  p o t e n t i a l  ERS b e n e f i t s  
d i f f e r s  f rom p r e v i o u s  s t u d i e s  i n  u s i n g  a  t h r e e - l e v e l  c l a s s i -  
f i c a t i o n  s t r u c t c r e  o r i e n t e d  t o  economic  b e n e f i t s .  T h r o u g h  
t h e  f i r s t  two l e v e l s ,  t h e  s t r u c t u r e  i s  a l l - i n c l u s i v e .  o n  t h e  
f i r s t  l e v e l ,  management f u n c t i o n s  a r e  d i v i d e d  i n t o  e i g h t  
c l a s s e s  c a l l e d  R e s o u r c e  Management A r e a s ,  s e l e c t e d  t o  e n -  
compass  a l l  e conomic  e a r t h  r e s o u r c e s .  On t h e  s e c o n d  l e v e l ,  
e a c h  R e s o u r c e  Management Area  i s  d i v i d e d  i n t o  n i n e  R e s o u r c e  
Management A c t i v i t i e s .  The R e s o u r c e  Management A c t i v i t i e s  
a r e  d e f i n e d  t o  b e  a n  a l l - i n c l u s i v e  l i s t  o f  a c t i v i t i e s  t h a t  a r e  
u n d e r t a k e n  i n  t h e  management o r  r e s o u r c e s  a n d  a x e  o r d e r e d  
s e q u e n t i a l l y  i n  t h e  n a t u r a l  p r o g r e s s i c n  by  w h i c h  t h e y  
g e n e r a l l y  o c c u r .  The  R e s o u r c e  Management Areas a n d  A c t i v i -  
t i e s  a r e  l i s t e d  i n  T a b l e  4 .1 .  N o t i c e  t h a t  t h e  a c t i v i t y  names 
a r e  t h e  same f o r  t h e  v a r i o u s  a r e a s .  D i f f e r e n c e s  o c c u r  o n l y  
o n  t h e  t h i r d  l e v e l .  

r 

T a b l e  4 . 1  L i s t  o f  R e s o u r c e  Management A r e a s  a n d  R e s o u r c e  
Management A c t i v i t i e s  

R e s o u r c e  Management A r e a s  

1. I n t e n s i v e  Use o f  L i v i n g  R e s o u r c e s :  A g r i c u l t u r e  
2 .  E x t e n s i v e  Use o f  L i v i n g  R e s o u r c e - :  F o r e s t r y ,  W i l d l i f e  

a n d  R a n g e l a n d  
3 .  I n l a n d  Wate r  R e s o u r c e s  
4 .  Land Use 
I;. N o n r e p l e n i s h a b l e  N a t u r a l  R e s o u r c e s :  M i n e r a l s ,  F o s s i l  

F u e l s  a n d  G e o t h e r m a l  E n e r g y  S o u r c e s  
6 .  A tmosphe re  
7 .  Oceans  
8.  I n d u s t r y  

R e s o u r c e  Management A c t i v i t y  - 
1. C a r t o g r a p h y ,  T h e m a t i c  :4aps a n d  V i s u a l  D i s p l a y s  
2 .  S t a t i s t i c a l  S e r v i c e s  
3 .  C a l e n d a r s  
4 .  A l l o c a t i o n  
5 .  C o n s e r v a t i o n  
6 .  Damage P r e v e n t i o n  a n d  A s s e s s m e n t  
7 .  Unique  E v e n t  R e c o g n i t i o n  a n d  E a r l y  Warn ing  
8 .  R e s e a r c h  
9 .  A d m i n i s t r a t i v e ,  J u d i c i a l  & L e g i s l a t i v e  



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 
Zunctions (RMFs) are performed. The economic benefits attri- 
butable to remote sensing are achieved through 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 maasurable 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 HMFs 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 equal capability, increased 
capakility, and new capability benefits are given in 
Tables 4.3 and 4.4. The remainder of this chapter s u m m a r ~ z e s  
the benefit evaluation process under each Resource Management 
Area. 

4.1 Intensive Use of Living Resources: Igriculture 

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 shortage of food resources and the great 
fluctuation in the prices o f  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 re- 
sources can be attributed directly t o  incomplete, insufficient 
and erroneous knowledge of the state (e.g., expected production, 
both domestic and Worldwj.de, gest 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 

'I 

1. Intensive Use of Living Resources: Agriculture 

1.1 Cartography, Thematic Maps and Visual Displays 

1.1.1 Worldwide 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 

1.2 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 

1.3 Calendars 

1.3.1 Optimize planting schedules 
1.3.2 Optimize harvesting schedules 
1.3.3 Determine regional cyclical pest and insect 

infestations 

1.4 Allocation 

1.4.1 Allocation of agricultural land to specific 
crops 

1.4.2 Allocation of stock breeding areas 

1.5 Conservation 

1.5.1 Soil conservation 

1.6 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-u 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 
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T a b l e  4.2 ( c o n t i n u e d )  - - 
1 . 7  Un ique  E v e n t  R e c o g n i t i o n  a n d  E a r l y  Warning  

1 . 7 . 1  R e d u c t i o n  o f  damage t o  a g r i c u l t u r a l  c r o p s  d u e  
t o  m a s s i v e  u n e x p e c t e d  i n s e c t  or d i s e a s e  i n f e s t a t i o n  

1 . 7 . 2  C l i m a t e  c h a n g e s  a f f e c t i n g  a g r i c u l t u r a l  c r o p  
p r o d u c t i o n  

1 . 7 . 3  Un ique  i n t e r n a t i o n  t r a d e  e v e n t s  

1.8 R e s e a r c h  

1.8.1 M o n i t o r  new a g r i c u l t u r a l  p r a c t i c e s  
1 .8 .2  Mo-nitor r e m e d i a l  a c t i o n s  t a k e n  i n  areas s u b j e c t  - .  

t o  c l i m a t o l o g i c a l  a n d  s o i l  c h a n g e s  

1.9 A d m i n i s t r a t i v e ,  J u d i c i a l  a n d  L e g i s l a t i v e  

1 . 9 . 1  H o n i t o r  c o m p l i a n c e  w i t h  f e d e r a l  a n d  local  
a g r i c u l t u r a l  r e g u l a t i o n s  

1 .9 .2  M o n i t o r  c o m p l i a n c e  w i t h  f e d e r a l  f a r m  income 
s t a b i l i z a t i o n  p r o g r a m s  

2 .  E x t e n s i v e  U s e  o f  L i v i n g  2 e s o u r c e s :  F o r e s t r y ,  W i l d l i f e  
a n d  R a n g e l a n d  

2 . 1  C a r t o g r a p h y ,  T h e m a t i c  Maps a n d  V i s u a l  D i s p l a y s  

2 .1 .1  T h e m a t i c  mapp ing  o f  f o r e s t s  a n d  r a n g e l a n d  b y  
v e g e t a t i o n  t y p e  a n d  c h a r a c t e r i s t i c s  

2 .1 .2  R a n g e l a n d  mapp ing  
2 .1 .3  W i l d l i f e m h a b i t a t  mapp ing  
2 .1 .4  S o i l  mapp ing  o f  f o r e s t s  a n d  r a n g e l a n d s  

2.2 S t a t i s t i c a l  S e r v i c e s  

2 . 2 . 1  D e t e r m i n e  f o r e s t  t i m b e r  volume b y  t y p e ,  l o c a t i o n ,  
a n d  o w n e r s h i p  

2.2.2 D e t e r m i n e  f o r e s t  l a n d  areas 
2 .2 .3  M e a s u r e  f o r e s t  t i m b e r  g r o w t h  a n d  r e m o v a l s  b y  

type a n d  l o c a t i o n  
2.2.4 F o r e c a s t  f o r e s t  t i m b e r  s u p p l i e s  by  t y p e  a n d  

l o c a t  i o n  
2 .2 .5  D e t e r m i n e  c o m m e r c i a l  c h a r a c t e r i s t i c s  o f  

s t a n d i n g  t i m b e r  
2 . ? . 6  D e t e r m i n e  p r o p o r t i o n s  o f  t i m b e r  d e s t r u c t i o n  

d u e  t o  v a r i o u s  n a t u r a l  a g e n t s  
2 .2 .7  P r e p a r e  r a n g e l a n d  i n v e n t o r i e s  



.. 
Table 4.2 (continued) 

2.2.8 Measure rangeland yield 
2.2.9 Forecast rangeland yield 

2.2.10 Assess range forage conditions 
2.2.11 Forecast range forage conditions 
2.2.12 Assess wildlife habitats 

2.3 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 Establi~h calendar of wildlife habitat changes 

2.4 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 

7.5 Conservation 

2.5.1 Design and monitor forest rehabilitation 
2.5.2 Design and monitor rangeland rehabilitation 
2.5.3 Monitor and limit damage to wetlands 
2.5.4 Monitor and limit damage in the Giant Redwood 

and Sequoia forests 

2.6 Damage Prevention and Assessment 

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

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

2.6.3 Assess and reduce erosion damage to forests and 
rangelands 

2.6.4 Assess and reduce fire damage to forests and 
r~ngelands 

2.6.5 Assess and reduce pollution damage to wildlife 
areas 

, 
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Table 4.2 (continued) - 
2.7 Unique Event Recognition and Early Warning 

2.7.1 Monitor impact of the Alaskan Pipeline on 
wildlife 

2.8 Research 

2-8.1 Research forest management practices 
2.8.2 Research forest and range fire-control 

techniques 
2.8.3 Research rangeland macagement 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 

2.9 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 

3. Inland Water Resources 

3.1 Cartography, Thematic Maps and Visual Displays 

3.1.1 Map and survey free water areas 
3.1.2 Map and survey snow, ice and glaciers 
3.1.3 Map and survey ground water and aquifers 
3.1.4 Map watershed areas 
3.1.5 Map water pollution 
3.1.6 Map potential water impoundment areas 

3.2 Statistical Services 

3.2.1 Predict fresh water supplies and floods 
3.2.2 Inventory fresh water supplies and snow cover 
3.2.3 Gather information for hydrological models 
3.2.4 Inspect water impoundment areas 
3.2.5 Monitor water salinity and pollution 
3.2.6 Monitor thermal pollution of free water 
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T a b l e  4.2 ( c o n t i n u e d )  

3.3 C a l e n d a r s  

3.3.1 M o n i t o r  c h a n g e s  i n  f r e e  w a t e r  a r e a s  
3.3.2 M o n i t o r  c h a n g e s  i n  snow, i ce  and  g l a c i e r s  
3.3.3 M o n i t o r  c h a n g e s  i n  g r o u n d  w a t e r  and  a q u i f e r s  
3.3.4 M o n i t o r  e v a p o - t r a n s p i r a t i o n ,  s o i l  m o i s t u r e  

a n d  d r a i n a g e  p a t t e r n s  
3.3.5 M o n i t o r  c y c l i c a l  p o l l u t i o n  p a t t e r n s  

3.4 A l l o c a t i o n  

3 .4 .1  Manage w a t e r  impoundment s y s t e m s  - f o r  power 
g e n e r a t i o n  

3.4.2 Manage water impoundment s y s t e m s  - for  f l o o d  
c o n t r o l  

3.4.3 Manage water impoundment s y s t e m s  - f o r  u r b a n  
w a t e r  s u p p l y  

3.4.4 Manage w a t e r  impoundment s y s t e m s  - f o r  a g r i -  
c u l t u r a l  w a t e r  s u p p l y  

3.4.5 Manage w a t e r  impoundment s y s t e m s  - f o r  re- 
c r e a t i o n a l  p u r p o s e s  

3.4.6 Manage w a t e r  impoundment s y s t e m s  - f o r  n a v i -  
g a t i o n  

3.4.7 P l a n  c h a n g e s  i n  d r a i n a g e  a n d  w a t e r  impoundment 
s y s t e m s  

3.5 C o n s e r v a t i o n  

3 .5 .1  Conse rve  f r e s h  w a t e r  r e s o u r c e s  

3 .6  Damage P r e v e n t i o n  a n d  Assessment  

3.6.1 A s s e s s  and  r e d u c e  f l o o d  damage 
3.6.2 Reduce damage t o  w a t e r  impoundment s y s t e m s  

f r o m  s i l t i n g  a n d  s e d i m e n t a t i o n  
3.6.3 Reduce p o l l u t i o n  o f  f r e e  w a t e r  

3.7 Unique E v e n t  R e c o g n i t i o n  and  E a r l y  Warning 

3 .7 .1  P r o v i d e  e a r l y  w a r n i n g  o f  d i s a s t r o u s  f l o o d s  
3.7.2 P r o v i d e  e a r l y  w a r n i n g  o f  l a k e  e u t r o p h i c a t i o n  
3 .7 .3  Moni to r  c h a n g e s  i n  s u r f a c e  water s u p p l y  d u e  

t o  g e o l o g i c a l  c h a n g e s  

. i 



Table 4.2 (continued) 

3.8 Research 

3.8.1 Conduct hydrological research 
3.8.2 Conduct flood control research 
3.8.3 Conduct water pollution research 

3.9 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 

4. Land Use 

4.1 Cartography, Thematic Haps 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 

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 
4.2.4 Monitor changes in land use - Federal and State 
4.2.5 Monitor land movements - sand dunes, wetlands, 

etc. 

4.4 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 

i I 



i 

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 earthquakes and volcanic 
erupt ions 

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 Energy Sources 

5.1 Cartography, Thematic Maps and Visual Displays 

5.1.1 Geological mapping 
5.1.2 Map areas of potential geothermal energy 

sources 
i 
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T a b l e  4.2 ( c o n t i n u e d )  
I C 

6 .2  S t a t i s t i c a l  S e r v i c e s  

6 .2 .1  C l o u d . c o v e r  and  c l o u d  shadow s t a t i s t i c s  
6.2.2 A i r  q u a l i t y  m o n i t o r i n g  
6 . 2 . 3  Weather  f o r e c a s t i n g  
6.2.4 Wind mapping 

6 .5  C o n s e r v a t i o n  

6 .5 .1  C02  c o n c e n t r a t i o n  and g r e e n h o u s e  e f f e c t  
m o n i t o r i n g  

6 .5 .2  Moni to r  j e t  c o n t r a i l  w a t e r  v a p o r  c o n d e n s a t i o n  
and c a r b o n  d i o x i d e  e f f e c t s  on w e a t h e r  and a i r  

6 .6  Damage P r e v e n t i o n  and  Assessment  

6 . 6 . 1  Moni to r  e f f e c t s  o f  t h e r m a l  and  o t h e r  p o l l u -  
t i o n  s o u r c e s  o n  w e a t h e r  

6 . 6 . 2  Moni to r  a i r b o r n  p o l l u t i o n  e f f e c t s  on t h e  
e n v i r o n m e n t  

6 .6 .3  Moni to r  e f f e c t s  o f  v o l c a n i c  e r u p t i o n s  on  a i r  
q u a l i t y  

6.7 Unique Even t  R e c o g n i t i o n  and E a r l y  Warning 

6 . 7 . 1  De te rmine  c l e a r  a i r  t u r b u l e n c e  l o c a t i o n  
6 .7 .2  P r o v i d e  s e v e r e  s t o r m  w a r n i n g s  
6 .7 .3  Moni to r  c l i m a t o l o g i c a l  c h a n g e s  

6 . 8  R e s e a r c h  

6 . 8 . 1  R e s e a r c h  on  e f f e c t s  o f  t h e r m a l  s o u r c e s  on 
w e a t h e r  

6 .8 .2  R e s e a r c h  on  a i r  - s e a  i n t e r a c t i o n s  
6 . 8 . 3  R e s e a r c h  on  d i s p e r s i o n  o f  p o l l u t i o n  i n  t h e  

a t m o s p h e r e  
6 .8 .4  R e s e a r c h  on w e a t h e r  phenomena 

6 . 9  A d m i n i s t r a t i v e ,  J u d i c i a l  and  L e g i s l a t i v e  

6 . 9 . 1  C o n t r o l  o f  p a r t i c u l a t e  p o l l u t i o n  
6 .9 .2  C o n t r o l  o f  n o x i o u s  g a s  s o u r c e s  
6 . 9 . 3  P r o v i d e  a  d a t a  base f o r  e s t a b l i s h i n g  a p p r o -  

p r i a t e  a i r  q u a l i t y  r e g u l a t i o n s  



? 

T a b l e  4 .2  ( c o n t i n u e d )  

7. Oceans  

7 . 1  C a r t o g r a p h y ,  T h e m a t i c  Maps a n d  V i s u a l  D i s p l a y s  

7 . 1 . 1  O c e a n o g r a p h i c  mapp ing  
7 .1 .2  T h e r m a l  mapp ing  o f  t h e  o c e a n s  
7 .1 .3  Mapping o c e a n  i ce  a n d  p o l a r  c a p s  

7 .2  S t a t i s t i c a l  S e r v i c e s  

7 . 2 . 1  M o n i t o r  o c e a n  f o o d  s u p p l y  

7 .3  C a l e n d a r s  

7 . 3 . 1  M o n i t o r  t i d e s  a n d  c u r r e n t s  i n  c o a s t a l  waters 
7.3.2 M o n i t o r  t h e  movement o f  t h e  m a j o r  o c e a n i c  

c u r r e n t s  

7.4 A l l o c a t i o n  

7 . 4 . 1  O p t i m i z e  o c e a n  f i s h e r i e s  management  
7 . 4 . 2  O p t i m i z e  o c e a n  p l a - t  f o o d  h a r v e s t i n g  
7 .4 .3  Improve  c o a s t a l  z o n e  management  
7 .4 .4  O p t i m i z e  o c e a n  s h i p p i n g  r o u t e s  

7 . 5  C o n s e r v a t i o n  

7 . 5 . 1  Improve  s h o r e l i n e  p r o t e c t i o n  p r o g r a m s  
7 .5 .2  C o n t r o l  o c e a n  p o l l u t i o n  
7 . 5 . 3  M o n i t o r  o i l  s l i c k s  

7.6 Damage P r e v e n t i o n  a n d  A s s e s s m e n t  

7 .6 .1  Reduce  o c e a n  r e s o u r c e  l o s s e s  d u e  t o  man-made 
c o a s t a l  e n g i n e e r i n g  c h a n g e s  

7 .7  Un ique  E v e n t  R e c o g n i t i o n  a n d  E a r l y  Warn ing  

7 . 7 . 1  E a r l y  w a r n i n g  o f  o c e a n i c  a n d  c o a s t a l  area 
d i s a s t e r s  

7 .8  R e s e a r c h  

7 . 8 . 1  R e s e a r c h  o n  o c e a n  p a r a m e t e r s  
7 . 8 . 2  R e s e a r c h  o n  e s t u a r i n e  e c o l o g y  



C Table 4.2 (continued) 

I 7.9 ~dministrative, 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 

1 8- Industry 

8.1 Cartography, Thematic Maps and Visual Displays I 
8.1.1 Mapping ice build-up and break-up in shipping 

lanes. 

8.2 Statistical Services I 
i 
1 8.2.1 Aids to the survey of industrial growth and 
! decline 

f 

: 
! 8.3 Calendars 
t 

i 8.3.1 Long range temperature cycles 

1 8.4 Allocation 

1 8.4.1 Site selection for industry, residential and 
I institutional construction 

I 8.4.2 Transportation of commodities 

6 
i 8.7 Unique Event Recognition and Early Warning 
1 

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 



I ~ a b l a  4.3 M e a s u r e d  A n n u a l  P o t e n t i a l  U.S. ERS B e n e f i t s ,  b y ,  S a y ,  1985.  
( F i r n  B e n e f i t  E s t i m a t e s  D e r i v e d  f r o m  I n - D e p t h  C a s e  S t u d i e s  

* A l l  n u m b e r s  in t h i s  td S l e  a r c  m u b s t a c t i a t c d  i n  d c t a i l  by cane s t u d i e s  
d o c u n e n t c d  i n  V o l u n r s  XI1 t h r  :h X.' Assuc les  a s s u r e d  c o n t i n u i t y  o f  s e r v i c e .  I 

I * * T h i s  number  d e r i v o s  f r o m  l e g a l  a n d  s t a t u t o r y  r e q u i r e m e n t s  o u t l i n e d  in 
volume V I .  I 
+ S u b s t a n t i a l  b e n e f i t s  nay be p o s s i b l e  d u e  t o  r e n o t e  s e n s i n g  f r o m  space 
h c t  h a m  n o t  b e c n  q u a n t i f i e d  n o r ,  s p e c i f i c a l l y ,  w e r e , t h e y  a t t r i b u t e d  
t o  ERS. S e e  Volume X f o r  d i s c u s s i o n .  I- - 



I * * T h i s  n u a b c r  d o r i v e s  f r o 2  l e g a l .  and  s t a t u t o r y  r e q u i r e a c n t r  o v ~ t l i n o d  i n  Vmlrrne VI.  I 

-----. --- 
* a b l e  4 .4  1 T o t a l  P r c ~ j c c t r d  nnnt ta l  i 'oCc l \ t i . t l  U . 5 .  ER: t t r .nt! i i t . i  h y ,  Siry. 191156 r I u u n r . f i t  I : E ~  i:z.:toa fro.:: P . I ~ ~ I :  4.3. p l u s  k~: l , cc tod  Rr.ncCitu t t t n t  

t ~ u b s t a n t i a l  b e n o f i t s  n a y  bo p o s s i b l c  due  t o  r e m o t e  s c r r s i n g  f r o m  s p a c c  b u t  h a r e ' n o t  been 
q u a n t i f i e d  n o r ,  s p e c i f i c a l l y ,  v e r e  t h e y  a t t r i b u t e d  t o  ERS. S e e  Volume X f o r  d i s c u s s i o n .  1 

V c r i L i c d  by 
,---*=---- ---- .----- --... - -  

Roaource Msnsgenant  
Area 

1.. I n t e n s i v e  Uso G C  L i v i n y  
R e s o u r r c s :  X g r i c u l t u t e  

2.  , E x t e n s i v e  Use o f  L i v i c g  
R e s o u t c e a :  F o r o r t r y ,  
U i l d l i f o .  C R a n g e l a n d  

3. I n l a n d  H a t e r  R o a o u r c c 8  

4. Land Us. 

5. N o n r a p l a n i a h a \ J l o  t t a t u r a l  
R e s o u r c a r  I N i n c r a l s ,  
F o s s i l  f u o l s ,  a n d .  
O a o t h e r n a l  E n e r g y  
s o u r c e s  

6. Atmssphere  

7 .  Ocoans 

8 .  i n d u s t r y  

TOTAL 
- 

t t B e n e f i t s  r c s u ~ .  f rom h i q h  r e s o l u t i o n  t h e r ~ a l  m o n i t o r i n g  or the N o r t h  P a c i f i c  t o  
t h e  U n i t e d  S t a t e s .  They  v i l l  n o t  b c  c a p t u r e 2  b y  nn  ERTS- l ike  548 s y r t c m  i f  o t h e r  
a a t e l l i t c s  w i t h  q r a r t e r  c a p a b i l i t y  a r c  i n  u s e  i n  t h i s  a r o n .  T h e r e f o r e  t h e s e  b c n a -  
f i t s  are n o t  i n c l u d e d  h o r o .  

*&I1 n u n h e t r  i n  t h i s  t r b l e  a r e  s u b s t a n t i r t e d . i n  d e t a i l  i n  Volumes 111 t h r o u g h  x .  T h i s  t a b l a  
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v a l i d  o r d e r  of n a g n i t u d e  n u n b e r s  b u t  which  a r e  na: b a c k e d  u p  by i n - d e p t h  c a r e  s t u d i e s .  
Assuaer  c s s u r e d  c o n t i n u i t y  of s e r v i c e .  
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applications in the management of livinq 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 t o  5.5 million. 

(2) Public benefits derived from better management 
decisions as a result of improved and/or 
previously unavailable data on the state o f  our 
living resources. These increased and new 
capability benefits are e z A m a t e d  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 milli,~n in savings to State Cepartments of Agri- 
culture in crop forecasting and $1.3 million in the assessment 
of c ~ o p  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 
Consarvation 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- 
sions accrue from sources of improved agricultural crop ~ c 3 t i s -  
tics (increased capability benefits) and previously unavailable 
agricultural crop data (new capability benefits). Increased 
capability benefits result primarily from improvements to U S D A 1 s  
domestic crop production forecasts through a demonstrated ERS 
capability o f  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 esti111atcL 
at between $265 and $471 million per year. These benefits 
are based on two models for estimating the public benefit 
of improved infornation 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 111, Appendix A, 
RMF 1.2.1. 



B e n e f i t s  d e r i v e d  from improved management d s c i s i o n s ,  
based  on a  c a p a b i l i t y  t o  p r o v i d e  p r e v i o u s l y  u n a v a i l a b l e  d a t a ,  
a r e  a l s o  s u b s t a n t i a l .  Data  p r o v i d e d  b y  ERS s a t e l l i t e s  w i l l  e n a b l e  
f a r m e r s  t o  make b e t t e r  l o c a t i o n  o f  a g r i c u l t u r a l  l a n d s .  A n  
economic model d e v e l o p e d  b y  ECON* e s t i m a t e s  t h e  p u b l i c  bene-  
f i t s  d u e  t o  improved a l l o c a t i o n  of a g r i c u l t u r a l  l a n d s  t o  be 
$ 1 5 . 4  - .  118.8  m i l l i o n  p e r  y e a r .  

F o r  t h e  i n t e r e s t e d  r e a d e r  we i n c l u d e  a s  a  f o o t n o t e  a  
r e c e n t  exchange between members o f  t h e  3 . S .  C o n g r e s s  and  a p p r o -  
p r i a t e  governmenL o f f i c i a l s . * *  T h e  above  e s t i m a t e s  a r e  
5unmarized i n  T a b l e  4 . 5  

S e e  Volume 111. Appendix A ,  RMP 1 .4 .1  ' - - 
* *  House A p p r o p r i a t i o n s  Com. H e a r i n g s  (FY'74 DOA P t .1 ,  

P a g e  354)  : 
'MR. SCUERLE. I h a v e  a l w a y s  been  v i t a l l y  c o n c e r n e d  
a b o u t  t h e  s t a t i s t i c s  a n d  methods  o f  r e p o r t i n g .  A s  
you a d m i t ,  t h e y  h a v e  n o t  b e e r  too a c c u r a t e ,  some- 
t i n e s  you  a p p e a r  to  t h r o w  a  d a r t  a t  a  b o a r d  and  
see v h a t  you come u p  w i t h ,  e v e n  t h o u g h  we g i v e  
a d d i t i o n a l  money e a c h  y e a r  f o r  b e t t e r m e n t  o f  t h e  
s y s t e m .  
'YOU s a y  t h a t  you h a v e  s a m p l e  methods .  Why d o n ' t  
you  t a k e  o n e  S t a t e .  Iowa,  or I l l i n o i s - - i t  d o e s n ' t  
r a k e  a n y  d i f f e r e n c e - - w h e r e  y o u r  a g r i c u l t u r e  p r o -  
d u c t i o n  i s  h e a v y  a n d  why d o n ' t  you l e t  t h e  l a n d -  
g r a n t  c o l l e q e  i n  t h a t  p a r t i c u l a r  S t a t e  r u n  t h a  
s t a t i s t i ca l  r e p o r t i n g  s e r v i c e  f o r  you f o r  a 
q u a r t e r  o f  6 months  o r  e v e n  a y e a r ?  Why d o n ' t  
you u s e  t h e  c o u n t y  a g e n t s  i n  e v e r y  s i n g l e  c o u n t y  
t h a t  t r a v e l  t h a t  whole  c o u n t y  d a y  a f t e r  d a y ?  
' 1  h a v e  f a r m e d  f o r  25  y e a r s  a n d  e v e n  t o  t h i s  d a t e  
I d o n ' t  know how you g e t  y o u r  s a m p l e s .  When I g e t  
t h e n  i n  t h e  m a i l  I f i l e  them i n  a b u c k e t  and  p a y  
n o  a t t e n t i o n  t o  them. I am s u r e  t h e r e  a r e  t h o u -  
s a n d s  t h a t  d o  t h a t  s o  t h e r e  i s  no  way you  c o u l d  
g e t  a n  a c c u r a t e  p i c t u r e .  I f  I k e e p  more cows o r  
h e i f - r s  I am g o i n g  t o  l i e  t o  you ,  so -and-so ,  as 
d i d  a y  n e i g h b o r .  W e  a r e  n o t  g o i n g  t o  t e l l  you 
t h e  t r u t h ,  a n d  you  know t h a t ,  D o c t o r .  
-MR. PAARLBERG. So, I d o n ' t  know t h a t .  
'MR. SCUERLE..We w a n t  t o  t h r o w  you o f f  b a s e  a s  f a r  

. as  you p o s s i b l y  c a n  s o  you  a r e  coming u p  w i t h  f i g -  
u r e s  w h i c h  a r e  r a t h e r  l o n g  t h a n  s h o r t .  
-HR. WHITTEN. Whnt you are  s a y i n g  D r . ' P a a r l b e r q  i's 
t h a t  you know t h e s e  f a c t o r s ,  and how t o  a l low f o r  
them? 
.MR. PAARLBERG. T h a t  i s  p r e c i s e l y  t h e  p o i n t .  
'MR. WHITTEN. T h a t  i s  t h e  a r t  o f  i t ?  How b i g  a  t a l e  
t h e y  a r e  g o i n g  t o  t e l l  you? 
'MR. PAARLBERG. W e  have  a  c o r r e c t i o n  f a c t o r  w e  a p p l y  
t o  g e n t l e m e n  l i k e  Congressman S c h e r l e . "  
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I 4.s Hagnltude and Types of Net Annual Benefits by Resource Nanaqcmont 
Activittcs-lntenrivo Use of Living Resources: Lqr&culturo (cont'd) 

- I  Potential benefits of up to 5 2 0 0 - 5 0 0  million every 2-4 years a s  periods 
of controllrble stress mipht occur. but not counted in totals sbown hare.  

. I f Potential benefits oL.up to $ 2 0 0 - 5 0 0  million every 2-4 yearn as unique 
events occur, but not counted In totals shown here. 



I n  a d d i t i o n  t o  t h e  b e n e f i t s  r e p o r t e d  a b o v e ,  
a d d i t i o n a l  b e n e f i t s  a r e  l i k e l y  i f  t h e  ERS s y s t e m  c a n  d i f f e r e n -  
t i a t e  b e t w e e n  d i f f e r e n t  l e v e l s  o f  c r o p  v i g o r .  I teduced p r o -  
d u c t i o n  losses d u e  t o  i n s e c t  d i s e a s e  a n d  weed i n f e s t a t i o n  
r e s u l t  i n  a n  a d d i t i o n a l  $58  m i l l i o n  i n  p u b l i c  b*n f'ts 
y e a r ,  as e s t i m a t e d  b y  r o u g h  o r d e r  o f  magnitude m o x e i s  iRe601ume 111. 

O t h e r  less d e t a i l e d  a n a l y s e s  r e p o r t e d  i n  Volume 111 
i m p l y  t h e  e x i s t e n c e  o f  o t h e r  l a r g e r  b e n e f i t s  t o  t h e  U n i t e d  
S t a t e s  a n d  p o t e n t i a l  c o l o s s a l  b e n e f i t s  t o  t h e  w o r l d  communi ty  
i f  t h e  E R S  d a t a  are made a v a i l a b l e  td a l l .  

4 .2  E x t e n s i v e  Use o f  L i v i n g  Resor : rces :  F o r e s t r y ,  W i l d l i f e ,  
a n d  R a n g e l a n d  

I n  p r e p a r i n g  b e n e f i t  e s t i m a t e s  f o r  t h e . r e s o u r c e  manage-  
m e n t  f u n c t i o n s  o f  t h i s  r e s o u r c e  a r e a ,  a r e v i e w  o f  a l l  a v a i l a b l e  
p r e v i o u s  s t u d i e s  w;s made. T h e s e  i n c l u d e d  t h e  E a r t h S a t  case 
s t u d i e s  i n  f o r e s t r y  a n d  i n  r a n g e l a n d  management  ( i n  d r a f t  f o r m )  
b e i n g  p r e p a r e d  f o r  t h e  U.S. G e o l o g i c a l  S u r v e y  a n d  t h e  F r a n k  a n d  
H e i s s *  s t u d y  p r e p a r e d  f o r  RCA i n  1968 .  R e l e v a n t  c o n c l u s i o n s  o f  
t h e s e  s t u d i e s  s u p p o r t e d  some o f  o u r  est imates.  

The o r i g i n a l  work o f  t h e  p r e s e n t  s t u d y  i s  c o n c e n t r a t e d  
i n  t h e  a r e a s  w h e r e  p r e v i o u s  work a p p e a r s  i n c o n c l u s i v e  b u t  
s u b s t a n t i a l  b e n e f i t s  seem l i k e l y .  T h i s  i s  t h e  s i t u a t i o n  w i t h  
r e g a r d  t o  f o r e s t r y  a p p l i c a t i o n s ,  f o r  w h i c h  s i g n i f i c a n t  ERTS-1 
c a p a b i l i t i e s  h a v e  b e e n  d e m o n s t r a t e d ,  b u t  b e n e f i t  c a l c u l a t i o n s  
h a v e  n o t  b e e n  p u b l i s h e d  e x c e p t  f o r  s m a l l  cos t  s a v i n g s  i n  
i n v e n t o r y  a p p l i c a t i o n s  f o r  f e d e r a l  a g e n c i e s -  

E a r t h s a t * *  c o m p a r e s  t h e  c o s t s  o f  f o r e s t  i n v e n t o r y  work 
as  c u r r e n t l y  p e r f o r m e d  by  t h e  U.S. F o r e s t  S e r v i c e  a n d  t h e  
B u r e a u  o f  Land Management w i t h  e x p e c t e d  costs  o f  a n  i n v e n t o r y  
p r o c e d u r e  s u g g e s t e d  by  ERTS-1 i n v e s t i g a t o r  J i m  N i c h o l s  a t  t h e  
U n i v e r s i t y  o f  C a l i f o r n i a .  The  r e s u l t i n g  c o s t  s a v i n g s  e s t i m a t e s  
a r e  s i g n i f i c a n t  compared  w l t h  t h e  t o t a l  i n v e n t o r y  b u d g e t s ,  b u t  
s m a l l  on  a n  a b s o l u t e  b a s i s .  The  t o t a l  a n n u a l  b u d g e t  o f  t h e  
F o r e s t  S u r v e y  ( t h e  d a t a  c o l l e c t i o n  a n d  s t a t i s t i c a l  a n a l y s i s  a r m  
o f  t h e  F o r e s t  S e r v i c e )  is less  t h a n  $4  m i l l i o n .  F o r  t h e  n a t i o n a l  
i n v e n t o r y  work o f  t h e  F o r e s t  S u r v e y ,  E a r t h S a t  c a l c u l a t e d  a n  
a n n u a l  b e n e f i t  of  b e t w e e n  $ 4 0 0 , 0 0 0  a n d  $ 1 , 3 0 0 , 0 0 0 .  S i m i l a r  
s m a l l  b e n e f i t s  a r e  c a l c u l a t e d  f o r . f o r e s t  i n v e n t o r i e s  o f  t h e  
Bureau  o f  Land Management a n d  t h e  T imber  Management a n d  P l a n n i n g  
D i v i s i o n  o f  t h e  F o r e s t  S e r v i c e  ( t h e  l a s t  i s  f o r  t i m b e r  manage- 
men t  i n  t h e  N a t i o n a l  F o r e s t  S y s t e m ) .  

* H e i s s ,  K .  P . ,  F r a n k ,  F . ,  C o s t - B e n e f i t  Study o f  t h e  E a r t h  
R e s o u r c e s  S a t e l l i t e  Program: G r a z i n g  Land Applications, u n d e r  
c o n t r a c t  t o  R C A - ~ s t r o  E l e c t r o . n i c s  D i v . ,  P r i n c e t o n ,  N.J., 1968.  

* *  The E a r t h S a t  e s t i m a t e s  a r e  b a s e d  on  e x i s t i n g  d r a f t  r e p o r t s .  
No f i n a l  e s t i m a t e s  w e r e , a v a i l a b l e  t o  ECON a s  o f  t h e  t i m e  o f  
this review. 



The EarthSat Rangeland Case Study calculates cost 
savings benefits for rangeland inventories on an equal capabi- 
lity basic in the range of $2.7 million to $3.4 million. 
These figures represent present value of constant annual 
benefits of $435,000 to $548,000, 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 strategies 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 2otential value of an 
ERS system. In 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 101 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, Washingtoa, D.C.: U.S. Government Printing Office, 
1972. FRES is an acronym for Forest-Range Environmental Study. 



U n f o r t u n a t e l y ,  t h e  c r i t i c a l  p r i c e  d a t a  u s e d  I n  t h i s  
c a l c u l a t i o n  r e f e r  t o  t h e  y e a r s  1 9 5 4  t o  1963 .  The o u t p u t  o f  
t h e  model  i s  a d j u s t e d  by u s e  o f  t h e  w h o l e s a l e  p r i c e  i n d e x ,  
b u t  t h i s  g i v e s  no  c l u e  t o  t h e  i m p a c t  o f  c u r r e n t  o r  p r o j e c t e d  
b e e f  o r  f e e d  p r i c e s  o n  t h e  e a r n i n g s  i n c r e m e n t  t h a t  c o n s t i t u t e s  
t h e  b e n e f i t .  

E a r t h S a t  c o n c l u d e s  t h a t  s c a t t l e  r a n c h e r  c o u l d  e x p e c t  
t o  i m p r o v e  h i s  e a r n i n g s  p e r  AUM4 b y  $.437 b y  f u l l y  e x p l o i t i n g  
ERS r a n g e  f o r a g e  c o n d i t i o n  d a t a ,  a n d  e x t r a p o l a t e s  c o n s e r v a -  
t i v e l y  t o  t h e  n a t i o n a l  l e v e l ,  r e s u l t i n g  i n  a t o t a l  a n n u a l  
b e n e f i t  o f  $14.6 m i l l i o n .  Though t h e  p r o c e d u r e s  u s e d  t o  d e r i v e  
t h i s  a n n u a l  b e n e f i t ,  p a r t i c u l a r l y  t h e  u s e  o f  p r i c e s  f r o m  more 
t h a n  t e n  y e a r s  a g o ,  l e a v e  c o n s i d e r a b l e  d o u b t  a s  t o  t h e  r e l i -  
a b i l i t y  o f  t h e  f i g u r e ,  i t  may be o n  t h e  r i g h t  o r d e r  o f  m a g n i t u d e .  
A c c o r d i n g l y ,  t h e  p r e s e n t  s t u d y  q u o t e s  it as a * ' s o f t n  b e n e f i t .  

A n o t h e r  " s o f t "  b e n e f i t  i s  d e r i v e d  f r o m  t h e  F r a n k  a n d  
H e i s s  r e p o r t ,  i n  w h i c h  t h e  a u t h o r s  c o n c l u d e  t h a t  a b e n e f i t  o f  
0 . 5  p e r c e n t  o f  t h e  v a l u e  o f  t h e  f o r a g e  r e s o u r c e  c o u l d  b e  
a c h i e v e d  t h r o u g h  t h e  p r o p e r  u s e  o f  ERS d a t a  i n  m o n i t o r i n g  
r a n g e  c o n d i t i o n s .  The  p r e s e n t  s t u d y  i n c l u d e s  a n  e s t i m a t e  o f  
t h e  v a l u e  o f  t h e  n a t i o n a l  f o r a g e  r e s o u r c e  -- $3.0  b i l l i o n .  
Thus ,  t h e  " s o f t "  b e n e f i t  becomes  $150  m i l l i o n  i n  p r e s e n t  v a l u e  
o r  $ 1 5  m i l l i o n  a n n u a l l y .  

I n  a d d i t i o n  t o  o u r  a d a p t a t i o n  o f  p r e v i o u s  work a s  
o u t l i n e d  a b o v e ,  we e s t i m a t e d  new c a p a b i l i t y  b e n e f i t s  i n  
f o r e s t r y  a p p l i c a t i o n s .  T h e s e  b e n e f i t s  a re  a l l  a s s o c i a t e d  w i t h  
t h e  c a p a b i l i t i e s  o f  a n  ERTS- l ike  s y s t e m  t o  make v e r y  s i g n i f i -  
c a n t  i m p r o v e m e n t s  i n  f o r e s t  i n v e n t o r y  s t a t i s t i c s .  

One improvemen t  i s  i n  t i m e l i n e s s .  The  i n v e n t o r y  
c y c l e  f o r  t h e  N a t i o n a l  F o r e s t  S u r v e y  is  c u r r e n t l y  b e t w e e n  e i g h t  
a n d  1 5  y e a r s  d e p e n d i n g  o n  r e g i o n  b u t  c h e s e  g o a l s  a r t  r a r e l y  
m e t .  The  F o r e s t  S e r v i c e  would  l i k e  t o  b e  a b l e  t o  r e d u c e  t h e  
c y c l e  t i m e  f u r t h e r ,  t o  f i v e  y e a r s  o r  l e s s  i n  t h e  h i g h  t i m b e r  
p r o d u c i n g  a r e a s .  I t  a p p e a r s  t h a t  t h i s  g o a l  c a n  b e  m e t  o r  . 
s u r p a s s e d  w i t h  t h e  a i d  o f  a n  ERS s y s t e m .  I n  i t s e l f ,  t h i s  i s  
e c o n o m i c a l l y  v e r y  v a l u a b l e ,  s i n c e  i t  h a s  t h e  same i m p a c t  o n  
management  d e c i s i o n  mak ing  a s  i m p r o v e d  a c c u r a c y .  The  e x t e n t  
o f  u n c e r t a i n t y  i n  n e t  g r o w t h  o r  vo lume o f  t i m b e r  i n c r e a s e s  w i t h  
t h e  l e n g t h  o f  t h e  i n v e n t o r y  c y c l e ,  p a r t i c u l a r l y  on  a c c o u n t  o f  
t h e  h i g h l y  v a r i a b l e  e f f e c t s  o f  f i r e ,  i n s e c t ,  a n d  d i s e a s e  
damage. 

* Animal  U n i t  Month - Roughly :  t h e  amount  o f  . f o r a g e  consumed 
by o n e  a n i m a l  i n  o n e  mon th ,  s t a n d a r d i z e d  f o r  t y p e s  a n d  
w e i g h t s  o f  f o r a g e r s .  

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 informatf on. 

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 farest resource which includes the non-timber components. 

Our results are shown in Table 4.6. Total annual 
benefits 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. In 
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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i m p o r t a n c e  a s  t h e  p r e s s u r e s  mount t o  d e v e l o p  f l o o d  p l a i n s  and 
o t h e r  m a r g i n a l  a r e a s .  P r o p e r  management o f  t h i s  v a l u a b l e  and 
p o t e n t i a l l y  s c a r c e  r e s o u r c e  h a s  t h u s  t a k e n  on  g r e a t e r  impor-  
t a n c e .  

The i n l a n d  w a t e r  r e s o u r c e s  o f  t h e  s t u d y  i n c l u d e  i n l a n d  
s u r f a c e  and g r o u n d  w a t e r ,  snow, i ce  and g l a c i e r s ,  and  w a t e r  
impoundment s y s t e m s  and w a t e r s h e d s .  C o a s t a l  w e t l a n d s  and 
e s t u a r i e s  are i n c l u d e d  u n d e r  o t h e r  h e a d i n g s .  

B e n e f i t s  t o  F e d e r a l  and i n t e r g o v e r n m e n t a l  a g e n c i e s  
a r e  e s t i m a t e d  by t h e  f o l l o w i n g  p r o c e d u r e :  

1. E q u a l - c a p a b i l i t y  b e n e f i t s  

a. Programs  which manda te  E R S - r e l e v a n t  a c t i v i t i e s  
a r e  l o c a t e d  by e x a m i n a t i o n  o f  F e d e r a l  b u d g e t  
and  c o n g r e s s i o n a l  h e a r i n g s .  

b. The p r o p c r t i o n  o f  t h e  a p p r o p r i a t e  p rogram 
b u d g e t  which  i s  d e v o t e d  t o  d a t a  c o l l e c t i o n  
activities which f a l l  w i t h i n  d e m o n s t r a t e d  
ERTS c a p a b i l i t i e s  i s  c o n s e r v a t i v e l y  e s t i m a t e d  
by i n f e r e n c e  t o  a g e n c y  b u d g e t  j u s t i f i c a t i o n s ,  
c o n g r e s s i o n a l  h e a r i n g s ,  and  t h e  r e s u l t s  o f  
r e s e a r c h  by ERTS p r i n c i p a l  i n v e s t i g a t o r s .  
The r e s u l t s  a r e  t h e n  d i v i d e d  among t h o s e  ERS 
a c t i v i t i e s  which employ ERS p h o t o g r a p h i c ,  
m u l t i s p e c t r a l  s c a n n e r  (MSS) c a p a b i l i t i e s ,  
i n c l u d i n g  t h e r m a l  i n f r a r e d ,  and t h o s e  which 
make u s e  o f  t h e  ERS r e m o t e  d a t a - c o l l e c t i o n  
s y s t e m  (DCS). 

. T h e  cast s a v i n g s  f o r  ERS p h o t o g r a p h i c  and MSS 
c a p a b i l i t i e s  o v e r  a i r c r a f t  h a s  b e e n  c o n s e r -  
v a t i v e l y  e s t i m a t e d  a t  80%.  ( I n  t h e  c a s e  o f  
DCS-app l i cab le  a c t i v i t i e s ,  t h e  i n c r e m e n t a l  
c o s t  of d a t a - c o l l e c t i o n  p l a t f o r m s  p a r t l y  
o f f s e t s  s a v i n g s  d u e  t o  i n c r e a s e d  e f f i c i e n c y  
o f  d a t a  t r a n s m i s s i o n  and c o l l e c t i o n . )  
S a v i n g s  d u e  t o  DCS a r e  t h e r e f o r e  assumed t o  
b e  somewhat l e ss  t h a n  o n e - t h i r d  a s  g r e a t  a s  
s a v i n g s  d u e  t o  ERS p h o t o g r a p h i c  a n d  MSS 
c a p a b i l i t i e s .  The e q u a l  c a p a b i l i t y  b e n e f i t s  
f o r  a  g i v e n  d a t a - c o l l e c t i o n  a c t i v i t y  a r e  
t h e r e f o r e  

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



where 

ECB = equal capability benelit 

A = budget allocation to ERTS-a~plicable data 
collection activities 

D = fraction of program to be implemented by DCS. 

(d) Ihe results of (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-elactic. The increased- 
capability benefit is equal to the value to the user of the 
additional quantity of information minus its cost. This 
corresponds to the dotted area in Figure 4.1- Since the demand 
curve is of unitary elasticity, p = l/q. Ilence, in the case 
of ERS photographic and MSS capabilities; 

The increased-capability benefits in this case are thus approx- 
imately equal 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. 



a Equal Capability Benefit = . 8  

Pr ice ,  

Increased C:apabilj.ty R e n e f  it = 

.2q, - 4 1  6q 8q 9 
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 e ~ c h  
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 U ,  
Appendlx P. 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 I1 of the present 
report. 

* "The Role of ERTS in the Establishment and Updating of a 
Nationwide Land Cover Information System", prepared for 
NASA undercontract NASW-2558 by ECON, Inc., October 31, 
1974. 
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T h i s  s t u d y  i s  t h e  b a s i s  f o r  m o s t  o f  t h e  b e n e f i t s  
d i s c u s s e d  h e r e ,  wh ich  a r e  c o s t  s a v i n g s  a n d  i n c r e a s e d  c a p a b i -  
l i t y  i n  t h e  a c q u i s i t i o n  o f  db.ta n e e d e d  i n  l a n d  u s e  mapp ing .  
T h e r e  i s  a l s o  a g r o w i n g  demand g e n e r a t e d  by s t a t e  l a n d  u s e  
p l a n n i n g .  I n  a s s e s s i n g  t h e  p o t e n t i a l  ERS b e n e f i t s  a s s o c i a t e d  
w i t h  m e e t i n g  t h i s  demand,  t h e  E a r t h S a t  i a t e r i m  r e p o r t  is u s e d  
a s  a s o u r c e .  A l s o  t h e  r e s u l t s  o f  v a r i o u s  o t h e r  a p p l i c a t i o n s  
o f  r e m o t e l y  s e n s e d  d a t a  t o  l a n d  u s e  p l a n n i n g  a r e  r e v i e w e d .  

I n  t h i s  r e s o u r c e  a r e a ,  new c a p a b i l i t y  b e n e f L t s  a r e  
n o t  e s t i m a t e d .  A l t h o u g h  t h e r e  c e r t a i n l y  a r e  ways  i n  w h i c h  
t h e  u n i q u e  f e a t u r e s  o f  s a t e l l i t e  c o v e r a g e  w i l l  p r o d u c e  e c o n o m i c  
b e n e f i t s  i n  b e t t e r  l a n d  u s e  p l a n n i n g ,  t h e  s p e c i f i c  e s t i m a t e s  
a r e  m o s t  c o n v e n i e n t l y  made i n  t h e  c o n t e x t  o f  t h e  e c o n o m i c  
r e s o u r c e s  b e i n g  managed ,  a n d  t h u s  a r e  t r e a t e d  u n d e r  o t h e r  
r e s o u r c z  a r e a s  s u c h  as  I n d u s t r y ,  A g r i c u l t u r e ,  o r  F ~ r e s t r y ,  

B e n e f i t s  a r e  c a l c u l a t e d  b a s e d  o n  t h e  s a v i n g s  i n  
mapp ing  c o s t s  when p e r f o r m e d  by  ERS r e l a t i v e  t o  t h e  cos t  o f  
p e r f o r m i n g  t h e  same mapping  by t h e  n e x t  b e s t  a l t e r n a t i v e ,  
name ly  h i g h - a l t i t u d e  a i r c r a f t .  

The  cos t  o f  mapp ing  w i t h  ERS p e r  s q u a r e  km i s  
o b t a i n e d  f rom t h e  ECON Land C o v e r  C a s e  s t u d y .  I t  d o e s  
n o t  i n c l u d e  t h e  i n i t i a l  a c q u i s i t i a n  cos t  o r  a n n u a l  o p e r a t i n g  
c o s t  o f  ERS, b c t  o n l y  t h e  i n c r e m e n t a l  c o s t s  o f  t h e  p r o d u c t s  
t h e m s e l v e s .  S i m i l a r l y ,  t h e  c o s t  of mapp ing  w i t h  h i g h - a l t i t u d e  
a i r c r a f t  d o e s  n o t  i n c l u d e  t h e  cos t  o f  a c q u i r i . ~ g  a n d  m a i n t a i n -  
i n g  t h e  n e c e s s a r y  a i r c r a f t  a n d  t h e i r  b a s e s .  The  t o t a l  d o l l a r  
b e n e f i t s  f rom r e p l a c i n g  c u r r e n t  mapping  a c t i v i t i e s  r e l a t e d  t o  
l a n d  u s e  a t  t h e  F e d e r a l  a n d  S t a t e  l e v e l s  a re  i n d i c a t e d  a t  t h e  
e n d  o f  T a b l e  4 .8 .  

4 .5  N o n r e p l e n i s h a b l e  N a t u r a l  R e s o u r c e s  : M i n e r a l s ,  
F o s s i l  F u e l s  and-ray S o w  

T h i s  r e s o u r c e  a r e a  i s  c o n c e r n e d  w i t h  t h e  a p p l i -  
c a t i o n  o f  r e m o t e  s e n s i n g  t e c h n i q u e s  t o  t h e  m i n e r a l  a n d  
f o s s i l  f u e l  e x t r a c t i o n  a n d  e x t r a c t i ~ n - r e l a t e d  i n d u s t r i e s .  
U s e  o f  r e m o t e  s e n s o r s  f o r  l o c a t i n g  a n d  i m p l e m e n t i n g  geo-  
t h e r m a l  s o u r c e s  o f  e n e r g y  i s  a l s o  c o n s i d e r e d .  The ERTS-1 
s a t e l l i t e  i s  t h e  p r o t o t y p e  s e n s o r  a n d  i t s  c a p a b i l i t i e s  
a n d  t h e i r  r e l a t i o n  t o  e c o n o m i c  b e n e f i t s  a re  d i s c u s s e d .  

I n  t h e s e  t i m e s  o f  e n e r g y  a n d  raw m a t e r i a l s  s h o r t a g e s ,  
t e c h n i q u e s  w h i c h  may i m p a c t  s u p p l i e s  o r ,  a t  l e a s t ,  p r o v i d e  
s u p e r i o r  i n f o r m a t i o n  f o r  management  o f  e x i s t i n g  s u p p l i e s  
w i l l  b e  c o n s i d e r e d  v e r y  ~ ~ r a l u a b l e .  
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I n  an i n d u s t r y  where  a p p r o x i m a t e l y  8 b i l l i o n  
d o l l a r s  i s  a n n u a l l y  p o u r e d  i n t o  e x p l o r a t i o n ,  any  t e c h n i q u e  
which c a n  improve upon e i t h e r  t h e  q u a l i t y  o r  t h e  q u a n t i t y  
o f  t h a t  i n f o r m a t i o n ,  a t  a  v e r y  low c o s t ,  h a s  a  g r e a t  p o t e n t i a l  
f o r  r e d u c i n g  c o s t s  and e x p a n d i n g  o u t p u t .  

The r e s u l t s  from s t u d i e s  by t h e  p r i n c i p a l  i n v e s t i -  
g a t o r s  h a v e  been  e n c o u r a g i n g ,  a l t h o u g h  d i r e c t  s e n s i n g  o f  
m i n e r a l s  o r  f u e l s  d o e s  n o t  h a v e  much p r o m i s e .  However, 
g e o l o g y  h a s  l o n g  b e e n  c o n c e r n e d  w i t h  i n f e r r i n g  s u b - s u r f a c e  
c o n t e n t  f rom s u r f a c e  s t r u c t u r e  a n d  e a r t h  r e s o u r c e s  s a t e l l i t e s  
c a n ,  i n  some c a s e s ,  p i o v i d e  d a t a  o n  s u r f a c e  s t r u c t u r e .  ERTS-1 
d a t a h a v e  b e e n  i m m e d i a t e l y  u s e f u l  f o r  i m p r o v i n g  g e o l o g i c  maps, 
t h e  b a s i c  t o o l  f rom which  a l l  e x p l o r a t i o n  p r o c e e d s .  I n  p a r -  
t i c u l a r ,  t h e  s y n o p t i c  v iew h a s  p r o v e n  i n v a l u a b l e  a t  d e t e c t i n g  
s u b t l e  l i n e a r s ,  whose c o r r e l a t i o n  w i t h  m i n e r a l  and  f o s s i l  f u e l  
a r e a s  i s  b e i n g  d e m o n s t r a t e d .  ERTS-1 i m a g e r y  h a s  e v e n . u n -  
c o v e r e d  some i n t e r e s t i n g  s t r u c t u r e s  c a l l e d  "hazy"  a n o m a l i e s  
which  h a v e  n o t  b e e n  d e t e c t e d  o n  images  f rom a i r c r a f t  n o r  
S k y l a b  a n d  whose n a t u r e  a r e  n o t  y e t  known. T h e s e  a n o m a l i e s  
h a v e  shown v e r y  h i g h  c o r r e l a t i o n  w i t h  known o i l - b e a r i n g  a r e a s .  

The r e p e t i t i v e  n a t u r e  o f  ERTS is  a l s o  u s e f u l  i n  t h i s  
a r e a .  S e a s o n a l  v a r i a t i o n s  p r o v i d e  - - r e a s e d  i n f o r m a t i o n  f rom 
g e o b o t a n i c a l  i n d i c a t o r s  o f  m i n e r a l i  . i o n .  The p r e s e n c e  o r  
a b s e n c e  o f  v e g e t a t i o n  a f f e c t s  t h e  a b i l i t y  t o  d e t e c t  g e o l o g i c  
b o u n d a r i e s .  

O f  p r i m a r y  v a l u e  i n  r e p e t i t i v e  c o v e r a g e  w i l l  be u s e  
o f  a n  ERTS-like s y s t e m  f o r  m o n i t o r i n g  d i s t u r b e d  l a n d  a n d  
r e c l a m a t i o n  f o r  l e g a l ,  e n v i r o n m e n t a l  a n d  s a f e t y  p u r p o s e s .  
pluch s t r i c t e r  l a w s  a r e  b e i n g  p a s s e d  a t  t h e  S t a t e  a n d  F e d e r a l  
l e v e l s  which  w i l l  r e q u i r e  a l l  s t r i p p e d  l a n d  t o  be a d e q u a t e l y  
r e c l a i m e d .  E n f o r c e m e n t  o f  t h e s e  s t a t u t e s  w i l l  b e  s t r a t e g i c a l l y  
a n d  e c o n o m i c a l l y  a i d e d  by t h e  b r o a d  o v e r v i e w  which a n  ERTS-like 
s y s t e m  c a n  p r o v i d e .  

Among t h e  s t u d i e s  r e v i e w e d  f o r  t h i s  r e p o r t  a r e  t h e  
E a r t h S a t  r e p o r t  a n d  U s e f u l  A p p l i c a t i o n s  of E a r t h - O r i e n t e d  
S a t e l l i t e s  - Geoloqy by The N a t i o n a l  Academy o f  s c i e n c e s .  
Of g r e a t  v a l u e  was t h e  i n v e s t i g a t i o n  b y  Eason O i l ,  "An E v s l u -  
a t i o n  o f  ERTS D a t a  f o r  t h e  P u r p o s e  o f  P e t r o l e u m  E x p l o r a t i o n . " "  

B e n e f i t s  a r e  f o u n d  t o  b e  m o s t l y  i n  c o s t  s a v i n g s  t o  
e x i s t i n g  g e o l o g i c  and  g e o p h y s i c a l  o p e r a t i o n s .  These  b e n e f i t s  
t o t a l  1 . 6  t o  3.9 m i l l i o n  d o l l a r s  a n n u a l l y  i n  t h e  " h a r d "  d e f i n i t i o n ,  
b u t  a n o t h e r  33 t o  7 7  m i l l i o n  d o l l a r s  o f  " s o f t '  b e n e f i t s  a r e  i n d i c a t e d  
by t h e  Eason O i l  R e p o r t .  These  a r e  summarized i n  T a b l e  4.9. 

- 
* McCown, S t o n i s ,  P e t z e l ,  E v e r e t ,  "An E v a l u a t i o n  o f  ERTS Data  f o r  

P u r p o s c  o f  P e t r o l e u m  E x p l o r a t i o n , "  Oklahama C i t y ;  Eason O i l  
Company, 1 9 7 4 ,  N A S  5-21735. 
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4.6  Atmosphe re  

The  work p e r f o r m e d  i n  t h i s  a r e a  i s  a n  e f f o r t  t o  
i d e n t i f y  t h e  p o s s i b l e  a c t i v i t i e s  i n  w h i c h  a n  e a r t h  r e s o u r c e s  
s a t e l l i t e  m i g h t  i m p a c t  u n d e r s t a n d i n g  a n d  c o n t r o l  o f  a t m o s p h e r -  
i c  phenomena ,  t o  e s t a b l i s h  how s u c h  a  s a t e l l i t e  m i g h t  b e  u s e d ,  
a n d  t o  e s t i m a t e  p o s s i b l e  e c o n o m i c  b e n e f i t s  f r o m  a n  i d e a l  s a t -  
e l l i t e  a n d  t h e  more l i m i t e d  ERTS s a t e l l i t e .  Most  o f  t h e  
r c s c u r c e  management  f u n c t i o n s  d e s c r i b s d  h a v e  e i t h e r  l i t t l e  
b e n e f i t  o r  u n q u a n t i f i a b l e  b e n e f i t s .  T h a t  i s  n o t  t o  i m p l y  
t h a t  t h e y  a r e  u n i m p o r t a n t :  e v e r y  o n e  r e p r e s e n t s  a n  a r e a  o f  
c u r r e n t  c o n c e r n  w h i c h  may b e  i m p a c t e d  by  s a t e l l i t e .  S m a l l  o r  
u n q u a n t i f i a b l e  b e n e f i t s  o n l y  mean t h a t  i n  t h e  c u r r e n t  e c o n o m i c  
m a r k e t ,  t h e  v a l u e  > f  s u c h  a  f u n c t i o n  i s  s m a l l ,  i r r e l e v a n t ,  o r  
u n a p p r e c i a t e d .  A s  s a t e l l i t e  i n f o r m a t i o n  becomes  more  depend-  
a b l e  a n d  more t h o r o u g h l y  i n t e r p r e t e d ,  t h e s e  b e n e f i t s  may expnnd .  

The m a j o r  q u a n t i f i a b l e  b e n e f i t s  f a l l  i n t o  t h e  c a t e -  
g o r y  o f  a i r  p o l l u t i o n  l a r g e l y  b e c a u s e  t h e r e  i s  a s u b s t a n t i a l  
amount  o f  a c t i v i t y  i n  t h i s  a r e a .  Ten y e a r s  a g o ,  t h e s e  bene -  
f i t s  wou ld  a l s o  h a v e  h a d  t o  b e  l i s t e d  a s  u n q u a n t i f i a b l e  s i n c e  
no  s u b s t a n t i a l  e c o n o m i c  f o u n d a t i o n s  h a d  b e e n  l a i d .  The  h a r d  
numbers  a r i s e  f r o m  t h e  d e m o n s t r a t e d  c a p a b i l i t y  o f  t h e  ERTS 
s a t e l l i t e  t o  m e a s u r e  a e r o s o l  p a r t i c u l a t e s .  S u c h  a c a p a b i l i t y  
means t h a t  a l r e a d y  p l a n n e d  a n d  e x i s t i n g  a e r o s o l  a n d  p a r t i c u -  
l a t e  m o n i t o r i n g  s t a t i o n s  may b e  u n n e c e s s a r y .  Thus  t h e  e s t i m a t e  
o f  b e t w e e n  $1 .5  m i l l i o n  a1.d $ 1 0 . 5  m i l l i o n  i s  f r o m  t h e  r e p l z c e -  
ment  o f  a  l a r g e  number o f  m a c h i n e s  a n d  p e r s o n n e l  by  a s m a l l e r  
more s p e c i a l i z e d  g r o u p  o f  d a t a  i n t e r p r e t e r s  (RMF 6 . 1 . 2 ) .  

S o f t  b e n e f i t s  a r e  a t t r i b u t e d  t o  a n t i c i p a t e d  r e s u l t s  
o f  d e m o n s t r a t e d  c a p . a b i l i t i e s  o r  a n t i c i p a t e d  b u t  u n d e v e l o p e d  
c a p a b i l i t i e s  w h i c h  h a v e  a  p r o b a b l e  e c o n o m i c  i m p a c t .  B e t t e r  
i n t e r p r e t a t i o n  o f  p a r t i c u l a t e ' p o l l u t i o n  d a t a  a n d  e n v i r o n m e n t a l  
damaqd l e a d  t o  t h e  l a r g e  5 t o  2 7  m i l l i o n  d o l l a r  f i g u r e  (RMF 6 . 2 . 2 ) .  
T h i s  comes f rom t h e  i n c r e a s e d  a b i l i t y  o f  t h e  s o c i e t y  t o  a d j u s t  
t o  more  c e r t a i n  i n f o r m a t i o n .  S i m i l a r l y  t h e  a p p r o x i m a t e l y  
1 m i l l i o n  d o l l a r s  f rom m o n i t o r i n g  d i r e c t  e n v i r o n m e n t a l  e f f e c t s  
a n d  r e s e a r c h  r e f l e c t  a n  e s t i m a t e  o f  o t h e r  b e n e f i t s  o f  b e t t e r  
d a t a .  

S i m p l e  e c o n o m i c  m o d e l s  a r e  c o n t a i n e d  i n  RMF's 6 . 1 . 2  
a n d  C.2.2. The f i r s t  m e r e l y  d i s c u s s e s  t h e  c o s t  o f  m a i n t a i n i n g  
p o l l u t i o n  m o n i t o r i n g  s t a t i o n s  a n d  how t h e  s a t e l l i t e  m i g h t  
a f f e c t  them.  The s e c o n d  i s  more g e n e r a l  a n d  d e v e l o p s  t h e  n o t i o n  
o f  t h e  v e r y  r e a l  c o s t  a s s o c i a t e d  w i t h  t h e  u n c e r t a i n t y  b e i n g  f e l t  
a s  p r e s s u r e  moun t s  f r o m  a u t o m o b i l e  m a n u f a c t u r e r s  a n d  t h e  e n e r g y  
c r i s i s  t o  r e l a x  c l e a n  a i r  s t a n d a r d s .  The a s s u m p t i o n  i n  t h i s  
model  i s  t h a t  t h e  s a t e l l i t e  w i l l ,  i n  some way,  b e t t e r  e n a b l e  
u s  t o  e s t i m a t e  a i r  p o l l u t i o n  c o s t s .  V a r i o u s  s a t e l l i t e  i m a g e s  
o f  p c l l u t i o n - c a u s e d  w e a t h e r  m o d i f i c a t i o n s  a n d  a i r  t u r b i d i t y  
i n d i c a t e  t h a t  t h i s  a s s u m p t i o n  i s  r e a s o n a b l e .  



The I n t e r p l a n ,  D y n a t r e n d ,  a n d  E a r t h S a t  s t u d i e s *  d o  
n o t  a t t a c k  t h e  a i r  p o l l u t i o n  p r o b l e m  w i t h  a n y  d e p t h .  The  
f i r s t  m e r e l y  a s s u m e s  a  50% r e d u c t i o n  i n  p o l l u t i o n  m o n i t o r i n g  
s t a t i o n s ,  a p p a r e n t l y  a  r andomly  c h o s e n  number y i e l d i n g  a .35  
m i l l i o n  d o l l a r  b e n e f i t .  D y n a t r e n d  a r g u e s  t h a t  s a t e l l i t e  s e n -  
s o r s  i n  c o n j u n c t i o n  w i t h  g r o u n d  t r u t h  w i l l  b e  a b l e  t o  m o n i t o r  
r e g i o n a l  a i r  p o l l u t i o n ,  however  t h e y  r a t h e r  a r b i t r a r i l y  a r r i v e  
a t  5 .5  m i l l i o n  d o l l a r s  as a b e n e f i t .  The E a r t h s a t - B o o z  A l l e n  
r e p o r t  c o n c l u d e s  t h a t  no b e n e f i t s  a r e  p o s s i b l e  b e c a u s e  o f  t h e  
low c o v e r a g e  f r e q u e n c y  a n d  l o w  r e s o l u t i o n .  

The  o t h e r  r e s o u r c e  management  f u n c t i o n s  d i s c u s s e d  
i n  t h i s  s e c t i o n  p e r t a i n  m o s t l y  t o  w e a t h e r  r e l a t e d  phenomena.  
The ERTS s a t e l l i t e s  a r e  n o t  s p e c i f i c a l l y  d e s i g n e d  t o  o b s e r v e  
w e a t h e r  o r  o t h e r  a t m o s p h e r i c  phenomena,  however  some o f  t h e i r  
c a p a b i l i t i e s  w i l l  complement  a n d  e x t e n d  t h o s e  o f  o t h e r  s a t -  
e l l i t e  s y s t e m s .  W e a t h e r  p r e d i c t i o n  f r o m  a r e s o u r c e s  s a t e l l i t e  
is  d i f f i c u l t  b e c a u s e  c o v e r a g e  i s  o n l y  o n c e  e v e r y  18 d a y s  a n d  
t h e  f i e l d  o f  v i e w  i s  l i m i t e d .  C loud  s t a t i s t i c s  t a k e n  r e p e a t -  
e d l y  a t  t h e  same t i m e  02  d a y ,  however ,  may a i d  w i t h  o u r  u n d e r -  
s t a n d i n g  o f  l o n g  t e r m  w = a t h e r ' c y c l e s  a n d  r e g i o n a l  w e a t h e r  
phenomena.  S u c h  i n f o r m a t i o n ,  combined  w i t h  o b s e r v a t i o n s  o f  
g r o u n d  c o n d i t i o n s ,  may h e l p  w i t h  o u r  u n d e r s t a n d i n g  o f  t h e  
c l i m a t i c  c h a n g e s  t h a t  we a l r e a d y  know a re  underway.  Q u a n t i -  
t a t i v e  b e n e f i t s  f o r  t h e s e  f u n c t i o n s  c a n n o t  b e  d e r i v e d  s i n c e  
o u r  a b i l i t y  t o  d e t e r m i n e  s u c h  i n f o r m a t i o n  f r o m  s p a c e  h a s  n o t  
b e e n  d e m o n s t r a t e d  a n d  e a r t h - b a s e d  p r o g r a m s  a r e  j u s t  commencing. 
T a b l e  4 .10  shows t h e  b e n e f i t  e s t i m a t e s  i n  t h i s  a r e a .  

Oceans  

Remote s e n s i n g  h a s  n e v e r  h a d  w i d e  a p p l i c a t i o n s  i n  
o c e a n o g r a p h i c  s t u d i e s .  The  v a s t  a r e a  i n v o l v e d  a n d  t h e  g r e a t  
d i s t a n c e s  f rom home b a s e  h a v e  a a d e  a i r c r a f t  s e n s i n g  l o g i s t i c -  
a l l y  unsound .  The o c e a n o g r a p h e r ' s  h i s t o r i c  b i a s  t o w a r d  t h e  
v e r t i c a l  h a m p e r s  t h e  u s e  o f  s a t e l l i t e  d a t a .  And e v e n  i f  t h e s e  
d i f f i c u l t i e s  were o v e r c o m e ,  l e s s  t h a n  1 0  p e r c e n t  o f  t h e  o c e a n ' s  
mass w o u l d  b e  p r o b e d  f rom t h e  a i r  by p a s s i n g  s e n s o r s  b e c a u s e  
l i g h t  o n l y  p e n e t r a t e s  a  few h u n d r e d  meters u n d e r  i d e a l  c o n d i -  
t i o n s .  

I n  s p i t e  o f  t h e s e  o b v i o u s  o b s t a c l e s ,  t h e  p o s s i b i l i t i e s  
f rom s a t e l l i t e  o v e r v i e w  a r e  t r e m e n d o u s .  A l t h o u g h  n o t  a l l  t h e  
o c e a n ' s  mass  i s  d e t e c t a b l e ,  t h a t  p a r t  w h i c h  i s  s e n s a b l e  i s  by  
f a r  t h e  mos t  s i g n i f i c a n t .  S a t e l l i t e  s e n s o r s  c a n  o n l y  d e t e c t  
t h a t  mass  w h e r e  l i g h t  p e n e t r a t e s .  B u t  l i g h t  i s  t h e  p r i m a r y  

* 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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s o u r c e  
w i n d s  
e d  i n  

o f  t h e  o c e a n ' s  e n e r g y  b u d g e t .  The o t h e r  s o u r c e s  a r c  
a n d  t h e  g r a v i t a t i o n a l  p u l l  o f  t h e  moon w h i c h  a r e  r e f l e c t -  
t h e  d e t e c t a b l e  s u r f a c e  phenomena o f  waves  a n d  t i d e s .  

D e t e c t a b l e  f r o m  s a t e l l i t e  a r e  t h e  o c e a n  s u r f a c e  a n d  t h e  
u p p e r  o c e a n  l a y e r s  wh ich  c o n t a i n  o r  r e f l e c t :  t h e  m o t i v e  f o r c e s  
t h a t  a f f e c t  a l l  o c e a n  t r a n s p o r t a t i o n  a n d  t h e  s a f e t y  o f  l i v e s  
a n d  s t r u c t u r e s  i n  c o a s t a l  a r e a s ;  t h e  p h o t o s y n t h e t i c  a c t i v i t i e s  
upon w h i c h  a l l  m a r i n e  l i f e  d e p e n d s ;  t h e  s i t e  o f  t r e m e n d o u s  h e a t /  
e n e r g y  e x c h a n g e  b e t w e e n  w a t e r  a n d  a i r  w h i c h  s i g n i f i c a n t l y  a f f e c t s  
a l l  w e a t h e r ;  t h e  c o n t i n e n t a l  s h e l v e s  w h i c h  c o n t a i n  v a l u a b l e  f u e l s  
a n d  m i n e r a l s ;  d a n g e r o u s  h a z a r d s  t o  n a v i g a t i o n  i n  t h e  f o r m  o f  
r e e f s ,  s h o a l s ,  s a n d  b a r s ,  a n d  i s l a n d s ;  a n d  c o a s t a l  w a t e r s  o f  
g r e a t  r e c r e a t i o n a l  a n d  e c o n o m i c  v a l u e ,  w a t e r s  w h i c h  a r e  h i g h l y  
s u s c e p t i b l e  t o  c o n t a m i n a t i o n .  

Most  o f  t h e  b e n e f i t s  a c c r u e  i n  t h e  a r e a  o f  r e s e a r c h .  
T h i s  i s  l a r g e l y  d u e  t o  t h e  dynamic  n a t u r e  o f  o c e a n s .  B e c a u s e  
o f  t h e i r  q u i c k l y  c h a n g i n g  c o n d i t i o n s ,  u s a b l e  i n f o r m a t i o n  i s  n o t  
i n  t h e  fo rm o f  w h a t  t h e  s e a  s t a t e  i s  a t  p r e s e n t ,  b u t  i n s t e a d ,  
w h a t  i t  w i l l  b e  tomorrow.  T h e s e  p r e d i c t i o n s  n e c e s s i t a t e  i n v o l v e d  
f o r e c a s t i n g  m o d e l s  w h i c h  a r e  n o t  y e t  i n  e x i s t e n c e .  T h e  n e e d  f o r  
t h i s  f u t u r e - o r i e n t e d  t y p e  o f  i n f o r m a t i o n  h o l d s  f o r  a l m o s t  a l l  
o c e a n - r e l a t e d  a c t i v i t i e s :  w e a t h e r  p r e d i c t i o n ,  f i s h e r y  manage- 
ment  a n d  h a r v e s t i n g ,  m a r i n e  c o n s t r u c t i o n ,  a n d  o c e a n  s h i p p i n g .  
A s  a  r e s u l t ,  i m m e d i a t e l y  q u a n t i f i a b l e  b e n e f i t s  a re  few w h i l e  
p o t e n t i a l  f u t u r e  b e n e f i t s  a r e  g r e a t .  I n  t h e  i n t e r i m ,  m a t h e m a t i -  
c a l  f o r e c a s t i n g  m o d e l s  m u s t  b e  d e v e l o p e d  a n d  t e s t e d .  

A f u r t h e r  b e n e f i t  w h i c h  i s  p o s s i b l y  t h e  g r e a t e s t  o f  
a l l  i s  i n f o r m a t i o n  o n  t h e  o c e a n  f o o d  s u p p l y .  The o c e a n  c o n t a i n s  
t r e m e n d o u s  q u z n t i t i e s  o f  e d i b l e ,  u s a b l e  v e g e t a t i o n ,  w h i c h  h a s  
b e e n  p r o v e n  t o  b e  s e l f - p r o d u c i n g  a n d  q u i c k l y  r e g e n e r a t i v e .  
Y c , t  t h i s  b e n e f i t ,  t o o ,  i s  d i f f i c u l t  t o  a s c e r t a i n  b e c a u s e  p r e s e n t  
f o o d  demand l e v e l s  a r e  n o t  s u f f i c i e n t  t o  b r i n g  l a r g e  q u a n t i t i e s  
o f  t h i s  v e g e t a t i o n  i n t o  t h e  m a r k e t .  When t h i s  f o o d  w i l l  show 
s i g n i f i c a n t  o r  n e c e s s a r y  i m p o r t a n c e  d e p e n d s  upon how q u i c k l y  
mankind  o u t g r o w s  t h e  l a n d ' s  a b i l i t y  t o  s u p p l y  a l l  h i s  f o o d .  
Remote s e n s i n g  w i l l  d e s i g n a t e  a r e a s  f o r  h a r v e s t i n g  a n d ,  , p o s s i b l y .  
f o r  p l a n t i n g  t o o .  

Due t o  t h e  i n f a n c y  o f  t h i s  r e m o t e  s e n s i n g  a p p l i c a t i o n ,  
t h e r e  h a v e  b e e i ~  few s t u d i e s  i n  t h i s  r e a  a n d  v e r y  few w h i c h  t r y  
t o  f i n d  q u a n t i f i a b l e  b e n e f i t s .  S t u d l e s  c i t e d  i n  t h i s  r e p o r t  
i n c l u d e :  . G r e e n b j a t ,  E . J .  a n d  H e i s s ,  K.P., C o s t  B e n e f i t  S t u d y  o f  t h e  E a r t h  

R e s o u r c e s  O b s e r v a t i o n  S a t e l l i t e  S y s t e m - E s t u a r i n e  a s  - 
C o a s t a l  Management ,  a  s t u d y  r e p o r t  p r e p a r e d  f o r  RCA A s t r o  
E l e c t r o n i c s  D i v i s i o n ,  P r i n c e t o n ,  New J e r s e y ,  1968. 



s Useful  App l i ca t ions  of da r th -Or ien ted ,  S a t e l l i t e s - -  
Oceanography, Nacional Academy of Sc iences -Na t iona l  
Research Counci l  f o r  NASA, 1969 

e Cost B e n e f i t s  f o r  a  Nat ional  Datc BuovLSystem, an e s s a y ,  
T r a v e l l e r s  Research Cen te r ,  Ockober 1997, p repa red  
under Coast Guard c o n t r a c t  TCG-16790-A. 

Economic S e n e f i t s  from Oceanographic Research,  N a t i o n a l  
Academy of Sc iences- -Nat ional  Research Counci l ,  
P u b l i c a t i o n  1228, 1964. 

a Comittee on P o l a r  Research,  1970: P o l a r  Research,  A 
Survev. Nat ional  Academv of  s c i e n c e s - - ~ a t i o n a l  - - .  

Research Counci l .  

a F i n a l  Report on t h e  Space/Oceanograyhic Study., Genera l  
E l e c t r i c  Co., M i s s i l e  and Space D i v i s i o n ,  P h i l a d e l p h i a ,  

o Appl i ca t ions  of ERTS Data t o  t h e  Regu la t ion ,  P r o t e c t i o n  
and Management of New J e r s e y ' s  C o a s t a l  Environme~lt  
---An Extension of  SR-304 ERTS-1 I n v e s t i g a t i o n , :  
New J e r s e y  Department of Environmental P r o t e c t i o n  
and Ear th  S a t e l l i t e  Corpora t ion ,  June  1974.  

I n  s p i t e  of t h e  in fancy  of  t h i s  a p p l i c a t i o n ,  g r e a t  
b e n e f i t s  a r e  acknowledged i n  t h e  a r e a .  The N z t i o n a l  Oceanic 
and Atmospheric Admin i s t r a t ion  has  s e v e r a l  weatl s r  s a t e l l i t e s  
up and many more planned. These s a t e l l i t e s  monitor  t h e  a t -  
mosphere and a l s o  t h e  ocean s u r f a c e - - t h e  s o u r c e  of  much of ou r  
weather .  A comprehensive ocean s a t e l l i t e  system, SEASAT, has  
been proposed. This  system w i l l  p rovide  s e n s o r s  necessa ry  
f o r  o,cean a p p l i c a t i o n  i n c l u d i n g  i n f r a r e d  and a c t i v e  microwave. 

Although ERTS i s  no t  an o p e r a t i o n a l  s a t e l l i t e ,  and 
d e f i n i t e l y  no t  des igned f o r  Ocean a p p l i c a t i o n s ,  s e v e r a l  bene- 
f i t s  a r e  q u a n t i f i e d  i n  t h i s  r e p o r t .  These b e n e f i t s  a r e  of 
two g e n e r a l  t y p e s ,  cos t - sav ings  t o  Fede ra l  and S t a t e  budget  
a c t i v i t i e s ,  and b e n e f i t s  t o  c o a s t a l  management a u t h o r i t i e s  
from improved in fo rma t ion .  S i g n i f i c a n t  b e n e f i t s  from improved 
weather  p r e d i c t i o n ,  improved f i s h e r i e s  management, and i d e n t i -  
f i c a t i o n  o f  f u t u r e  ocean food s u p p l i e s  a l s o  e x i s t ,  b u t  a r e  
unquant i f  i e d .  

N a u t i c a l  c h a r t i n g  can be accomplished more compre- 
h e n s i v e l y  2nd mt~ch more cheaply than wi th  p r e s e n t l y  a v a i l a b l e  
methods. Cos t -savings  b e n e f i t s  a lone  ranue from $3.3M t o  $6.7M. 



Much o f  t h e  o c e a n ' s  w a t e r s  p e r m i t  l i g h t  p e n e t r a t i o n  s u f f i c i e n t  
t o  d e t e c t  b a r r i e r s  t o  navigation; o c e a n  b o t t o m  d e p t h s  a s  d e e p  
a s  60 m e t e r s  have  been  s e e n  by S k y l a b .  C o s t - s a v i n g  i n  hydro-  
g r - p h i c  mapping r a n g e  f rom $1.7M t o  $6.OM. T h i s  d o e s  n o t  e v e n  
i n c l u d e  u n q u a n t i f i e d  b e n e f i t s  f rom a v o i d a n c e  o f  s h i p  damage 
a n d  more e f f i c i e n t  s h i p  r o u t i n g .  B e n e f i t s  i n  p o l l u t i o n - d e t e c t i o n  
w i l l  a l s o  b e  s i g n i f i c a n t .  A few o f  t h e s e  b e n e f i t s  h a v e  been  
q u a n t i f i e d .  $ . I 9  - .78  m i l l i o n ,  $ .07  - . 1 5  m i l l i o n  and  S . 1  
m i l l i o n  ( o n e  t i m e )  h a v e  been  d o c u m e n t e d ' f o r  c o a s t a l  zone  man- 
agement ,  s h o r e - l i n e  p r o t e : t i o n ,  and  new l e g i s l a t ~ o n  r e s p e c t i v e l y .  
See  T a b l e  4 . 1 1 .  

I n d u s t r y  

I n d u s t r y  i s  a  R e s o u r c e  Management Area  which Rovers  a l l  
man-made r e s o u r c e s  o f  t h e  n a t i o n  i n c l u d i n g  t h e  i n d u s t r i a l  p l a n t ,  
r e s i d e n t i a l  and  i n s t i t u t i o n a l  b u i l d i n g s  ( a n d  t h e  i n s t i t u t i o n s  
t h e m s e l v e s ) ,  and  t h e  l a b o r  f o r c e .  S i n c e  t h i s  s t u d y  A S  t h e  f i r s t  
t o  r e c o g n i z e  i n d u s t r y  a s  an  i n d e p e n d e n t  R e s o u r c e  Managemznt Area ,  
t h e  e f f o r t  u n d e r  t h i s  s e c t i o n  i s  o n l y  e x p l o r a t o r y  and  t h e  r e s u l t s  
i n c o n c l u s i v e .  

P r e l i m i n a r y  s u r v e y  o f  t h e  economic a c t i v i t i e s  
f a l l i n g  u n d e r  " i n d u s t r y "  s u g g e s t s  t h a t  m a j o r  b e n e f i t s  c o u l d  b e  
e x p e c t e d  from an improvement  i n  e n t r e p r e ~ ~ e u r i a l  d e c i s i o n - m a k i n g  
i n  t h e  s e l e c t i o n  o f  s i t e ,  d e s i g n  a n d  t i m e  o f  c o n s t r u c t i o n  o f  
" i n d u s t r i a l "  f a c i l i t i e s .  The 7 o t e n t i a l  u s e  o f  r e s o u r c e  
s a t e l l i t e  images  i n  t h e  c o n t e x t  o f  s u c h  a l l o c a t i o n a l  d e c i s i o n s  
h a s  been  d e m o n s t r a t e d  r e c e n t l y  by two s t u d i e s .  

Gedney and Vanwormer o f  t h e  U n i v e r s i t y  o f  A l a s k a  h a v e  
u s e d  ERTS d a t a  t o  i n v e s t i g a t e  g e o l o g i c  s t r u c t u r e s  a n d  f a u l t  
z o n e s  i n  C e n t r a l  A l a s k a .  A m o s a i c  made up  o f  6 ERTS images  
l e d  t o  t h e  d i s c o v e r y  o f  s e v e r a l  p r e v i o u s l y  u n d e t e c t e d  f a u l t s .  
A c o n j u g a t e  f r a c t u r e  s y s t e m  ( s c e n e  o f  a 1 9 6 8  e a r t h q u a k e )  was 
found  t o  r u n  v e r y  c l o s e  t o  a  p r o p o s e d  b r i d g e  s i t e  and  t h e  
p r o p o s e d  r o u t e  o f  t h e  A l a s k a  p i p e l i n e  o v r r  t h e  Yukon R i v e r .  
Da ta  d e r i v e d  f rom t h i s  rnosiac p o i n t s  t o  t h e  n e e d  f o r  change  
i n  d e s i g n  a n d  s i t i n g  o f  t h e s e  f a c i l i t i e s ,  a n d  i s  u s e d  by l o c a l  
p l a n n e r s .  * 

Adbel-Gwad a n d  S i l v e r s t e i n  of Rockwel l  I n t e r n a t i o n a l  
h a v e  c o n s t r u c t e d  s e i s m i c - r i s k  maps from ERTS i m a g e s  o f  S o u t h e r n  
C a l i f o r n i a ,  d i s c o v e r i n g  unmapped f a u l t s  ( p r o v e d  t o  b e  a c t i v e  
by s e i s m i c  d a t e )  and  e v i d e n c e  o f  r e c e n t  movement a l o n q  o t h e r  

* Ralph N .  B a k e r ,  "ERTS Updated  Geo logy" ,  G e o t i m e s ,  Augus t  
1974 ,  p .21 .  
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1.1.2 Thermal oappinq of the oceans 

7.1.3 Mapping ocean ice at. polar caps 

7.2 Sta* irticrl Services 

7.2.1 nonitor ocean rood supply 

7.3 Calendars 

7.3.1 Monitor tides and currents in 
coastal waters 

7.3.2 Monitor the novement of the 
major oceanic currants 

7.4 hllocatioa 

7.4 .l Optimize ocean fisheries . 
managemcat 

7.6.3 Improve coastal zone management 

7.4.4 Optinire ocean shipping . . . 

7.5 Conservation 

7.5.1 Xa)rove she-eAint protection 
programs 

7.5.2 Control ocean po'lucion 

3.5.3 Ronito: oil slick : 

7.6 Oaaaga Prevention and Assessment 

7.6.1 ficduce ocean resources los2es 
dut to man-made changes' 

7.8  Researcn 

7.B.1 Lcicarch 3n ocean parameters . 
7.9.2 Research on estuarine ecolagy 

7.9 Administrative. Judicial and 
Legislative 

7.9.1 aid in enforcing national 
and international regulations 
and ag-araents 

7.9.2 Aid in desiqninq leqislative 
controls c I? adrinistrative 

--p----- 

Benefits, t millions (1973)  
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. - 
30tsl: 

Hard benefits documented in ECON . S5 1.2-3.7 
Case Studits...,. .............. 

NCU 
Capability 

Equal 
Capability 
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a 

. 

a 

- 
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Capability 

a 

a 

*a 

-19-.76 

Soft Benefits................... (5.0-12.1) - -- 
Approxlmat-ly $73.4 - 2 2 0 . 8 ~ 1  total bcnc2ics are possiblc via a satcllltc ,,it,, 
t .era-1  infrared band for napping o f  thc tmcth pacifrc. ~uucvcr, it is likely 
satc1lltcs other than ERTS @.rl.. SEASAC and NIEIBUS C ,  111 obtain this benefit. 
Parentheses indicate 'soft' 5-nlfits 

-55 

-07--15 

.28 

I 
-62-2 - 5  ' 

a 

*e  

a 

-01 



faults previously thought to be inactive. The new-found faults 
were undetected from previous groand surveys and conventional 
aerial photography. several engineering firms studying poten- 
tial sites for nuclear p m e r  plants in California have requested 
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 
tu "industryn from an ERS systems investigated in this study 
clzssified according to Resouzce Management Activity. 

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

The p u r p o s e  o f  t h i s  s t u d y  i s  t o  p r o v i d e  a n  o v e r v i e w  
o f  t h e  ERTS p r o g r a m  f r o m  a n  e c o n o n i c  v i e w p o i n t  a n d  t o  d e t e r -  
n i n e  (1) t h e  m a g n i t u d e  o f  " r ea l "  o r  m e a s u r a b l e  b e n e f i t s  t h a t  
c a n  r e a s o n a b l y  be e x p e c t e d  t o  f l o w  f r o m  a n  ERS s y s t e m  b y  
s a y  1 9 8 5 ,  g i v e n  c o n t i n u i t y  o f  s e r v i c e ,  ( 2 )  t h e  d i s t r i b u t i o n  
o f  t h e s e  b e n e f i t s ,  a n d  ( 3 )  t h e  v a l u e  o f  b e n e f i t s  f o r e g o n e  i n  
t h e  e v e n t  o f  a o n e - y e a r  a n d  a t w o - y e a r  g a p  i n  ERS s e r v i c e  
o c c u r r i n g  a f t e r  t h e  u s e f u l  l i f e t i m e  o f  ERTS-B (1977-1978) .  
The  s t u d y  h a s  b e e n  c o ~ d u c t e d  u s i n g  a  t w o - s i d e d  a p p r o a c h .  

On t h e  o v e r v i e w  s ide ,  a s u b s t a n t i a l  l i t e r a t u r e  s e a r c h  
w a s  c o n d u c t e d  t o  d e f i n e  t h e  demand f o r  E R S  s e r v i c e s  t h r o u g h  
l a w s  a n d  s t a t u t e s  demand ing  l a n d  c o v e r  i n f o r m a t i o n  a n d  t h r o u g h  
b u d g e t a r y  a l l o c a t i o n s  f o r  ERS-type a c t i v i t i e s .  The  demand 
f o r  ERS s e r v i c e s  w a s  f u r t h e r  established b y  i n v e s t i g a t i n g  
many p o t e n t i a l  a p p l i c a t i o n s  o f  ERS i n f o r m a t i o n .  T h e  o v e r v i e w  
s t u d y  a l s o  i n c l u d e d  a  r e v i e w  o f  t h e  a c t i v i t i e s  a n d  accom- 
p l i s h m e n t s  o f  t h e  ERPS-1 p r i n c i p a l  i n v e s t i g a t o r s ,  e s p e c i a l l y  
a s  t h e y  s u b s t a n t i a t e  t e c h n i c a l l y  t h e  c a p a b i l i t y  o f  a n  ERTS- 
l i k e  ERS s y s t e m  f o r  p e r f o r m i n g  f u n c t i o n s  r e q u i r e d  t o  o b t a i n  
t h e  e s t i m a t e d  b e n e f i t s .  

On t h e  o t h e r  s i d e ,  ~ p e c i f i c  a p p l i c a t i o n s  o f  ERS i n f o r -  
m a t i o n  w e r e  s e l e c t e d  f o r  i n - d e p h  c a s e  s t u d i e s .  Two i n - d e p t h  
s t u d i e s  i n  a g r i c u l t u r e ,  a l a n d  c o v e r  c o s t - e f f e c t i v e n e s s  s t u d y ,  
a n d  a n  a d  h c c  case s t u d y  i n  water  management  were c o m p l e t e d .  
I n  some c a s e s ,  s i g n i f i c a n t  c o n t r i b u t i o n s  t o  t h e  s t a t e - o f - t h e -  
a r t  o f  e c o n o m e t r i c  m o d e l i n g  w e r e  made. 

T h e s e  s t u d i e s  c o n f i r m ,  t h r o u g h  e s t a b l i s h e d  e c o n o m i c  
p r i n c i p l e s  a n d  t h r o u g h  p r i n c i p a l  i n v e s t i g a t o r  d e m o n s t r a t i o n s  
o f  t h e  o p e r a t i o n a l  u s e  of ERTS-1 d a t a ,  a  l o w e r  bound  o f  a n n u a l  
b e n e f i t s  o f  $430 t o  $746 m i l l i o n  (1973) o n c e  ERS d a t a  a r e  i n  
u s e  o p e r a t i o n a l l y .  b ib reove r ,  t h e  b e n e f i t s  w i l l ,  b y - i n - l a r g e ,  
a c c r u e  t o  s o c i e t y  o n  t h e  who le .  S i n c e  t h e s e  m i n i m u m  b e n e f i t s  
s u b s t a n t i a l l y  e x c e e d  a n y  r e a s o n a b l e  e s t i m a t e  o f  ERS s y s t e m  a n d  
d a t a  p r o c e s s i n g  c o s t s ,  t h e  u l t i m a t e  desirability o f  a n  ERS 
s y s t e m  is  now e s t a b l i s h e d .  

I n  a n o t h e r  p a r t  o f  t h e  s t u d y ,  t h e  p r e s e n t  v a l u e  o f  
b e n e f i t s  f o r e g o n e  i n  t h e  e v e n t  o f  a o n e - y e a r  a n d  a t w o - y e a r  
g a p  i n  ERS s e r v i c e  a f t e r  t h e  u s e f u l  l i f e t i m e  o f  ERTS-B was  
a s s e s s e d .  The b e n e f i t s  f o r e g o n e  i n  1973  d o l l a r s  a re  e s t i m a t e d  
t o  l i e  i n  t h e  r a n g e  of  $147  m i l l i o n  ( a s s u m i n g  a o n e - y e a r  g a p  
a n d  d i s c o u n t i n g  a t  1 5 %  t o  1 9 7 4 )  t o  $ 4 2 0  m i l l i o n  ( a s s u m i n g  a  
t w o - y e a r  g a p  a n d  d i s c o u n t i n g  a t  1 0 %  t o  1 9 7 4 ) .  T h e s e  e s t i m - ? c e s  
a r e  b a s e d  o n l y  upon t h e  minimum b e n e f i t  e s t i ~ d a t e s  cited a b o v e  



a n d  a r e  t h u s  a l s o  a  l o w e r  bound .  T h e s e  r e s u l t s  e s t a b l i s h  t h e  
d e s i r a b i l i t y  o f  m a i n t a i n i n g  c o n t i n u i t y  o f  s e r v i c e .  

We b a l i e v e  t h a t  t h e  a b o v e  r e s u l t s  r e a z f i r m  t h e  n e e d  for 
f u r t h e r  user i n v e s t i g a t i o n s  i n  t h e  a r e a s  o f  a g r i c u 1 t u . - a 1  c r o p  
f o r e c a s t s  a n d  w a t e r  management ,  i n  p a r t i c u l a r ,  t h e  L a r g e  A r e a  
C r o p  I n v e n t o r y  E x p e r i m e n t  c u r r e n t l y  i n  p r o g r e s s  a t  t h e  NASA 
J o h n s o n  S p a c e  C e n t e r  a n d  a w a t e r  r e s o u r c e s  maaagement  demon- 
s t r a t i o n  d e s i g n e d  b y  ECON.* T h e s e  s t u d i e s  c a n  f u r t h e r  s u b -  
s t a n t i a t e  a n d  r e f i n e  t h e  r e s u l t s  o b t a i n e d  a b o v e  a n d  d e v e l o p  
ERS u s e r  t e c h n o l o g y .  

The  m a j o r  ERS i s s u e s  y e t  t o  b e  f a c e d  d e a l  now w i t h  t h e  
u l t i m a t e  c h a r a c t e r i s t i c s  a n d  s t r u c t u r e  t h a t  a n  o n - g o i n g  ERS 
s y s t e m  s h o u l d  h a v e  a n d  t h e  p a t h  by  w h i c h  o n e  g e t s  f r o m  ERTS t o  
a n  o p e r a t i o n a l  s y s t e m .  S e v e r a l  o b s e r v a t i o n s ,  b a s e d  upon t h e  
ecocomic f i n d i n g s  o f  t h i s  s t u d y ,  c a n  b e  made: 

1. A commitment  t o  c o n t i n u i t y  o f  ERS s e r v i c e  i s  e s -  
s e n t i a l  i f  t h e  e c o n o m i c  p o t e n t i a l  o f  E R S  b e n e f i t s  
i s  t o  be a c h i e v e d .  

2 .  Development.  o f  a n  ERS s y s t e m  s h o u l d  b e  a n  evo -  
l u t i o n a r y  p r o c e s s  t h a t  c o m b i n e s  a  h a r d w a r e  t e c h -  
n o l o g y  p r o g r a m  a n d  a u s e r  t e c h n o l o g y  p r o g r a m  t o  
p r o v i d e  f o r  b o t h  i m p r o v i n g  ERS t e c h n i c a l  s e r v i c e s  
a n d  i m p r o v i n g  u s e  o f  ERS s e r v i c e s .  

3 .  ERS s y s t e m  s e r v i c e s  s h o u l d  b e  l o n g  t e r m  
commi tmen t s  s o  a s  t o  g u a r a n t e e  t h a t  s e r v i c e s  
o n c e  begun  w i l l  h a v e  a s s u r e d  c o n t i n u i t y .  T h i s  
e n c o u r a g e s  u s e r  i n v e s t m e n t  i n  ERS d a t a  p r o c e s s i n g  
and  i n f o r m a t i o n  p r o c e s s i n g  e q u i p m e n t  n e c e s s a r y  
t o  o b t a i n  e c o n o m i c  b e n e f i t s .  

Any u l t i m a t e  ERS s y s t e m  s h o u l d  b e  t h o u g h t  o f  a s  a m u l t i -  
t i e r  s y s t e m ,  n o t  m e r e l y  a s  o n e .  two o r  t h r e e  satellites. T h i s  
c a n  i n c l u d e  g r o u n d  o b s e r v e r a ,  l o w ,  medium a n d  h i g h  a l t i t u d e  
a i r c r a f t ,  low a l t i t u d e  s a t e l l i t e s  ( s u c h  a s  EOS, NIMBUS G ,  a n d  
SEASAT), h i g h  a l t i t u d e  s a t e l l i t e s  (SEOS, SMS) a n d  c o m m u n i c a t i o n s  
r e l a y  s a t e l l i t e s  ( f o r  e x a a p l e ,  TDRS). W h i l e  t h e  r e s u l t s  o f  t h i s  
s t u d y  a r e  o b t a i n e d  by a d d r e s s i n g  o n l y  t h e  c o n t r i b u t i o n s  o f  a n  

* D e s i g n  o f  a  W a t e r  R e s o u r c e s  Management L e m o n s t r a t i o n  f o r  t h e  
Use a n d  V a l u e  o f  ERTS I n f o r m a t i o n , "  R e p o r t  No 74-2002-5 ,  
ECON, I n c .  P r i n c e t o n ,  N e w  J e r s e y ,  A p r i l  1 5 ,  1 9 7 4  



ERTS-type s a t e l l i t e  s y s t e m ,  t h e  d i r e c t  b e n e f i t s  o f  an ERS sys- 
t e m  are s u b s t a n t i a l l y  g r e a t e r  than t h e  sum o f  t h e  b e n e f i t s  
a t t r i b u t a b l e  to  each  o f  i t s  compone.its taken s e p a r a t e l y .  Thus, 
f u t u r e  s t u d i e s ,  e s p e c i a l l y  t h o s e  r e l a t e d  t o  ERS s y s t e m s  d e f i n i -  
t i o n ,  s h o u l d  address  t h e  economic a s p e c t s  o f  ERS i n  t h i s  sys- 
tems c o n t e x t .  
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