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"First  Europe, and then the globe, w i l l  be linked b y  f l igh t ,  

and nations so kn i t  together that  they w i l l  grow t o  be next- 

door neighbors, This conquest of the a i r  w i Z Z  prove, ultim- 

a te ly ,  t o  be man ' s  greatest and most glorious triumph. 

Claude Grahame White 

and Harry Harper (1914) 
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SUMMARY 

Ten s tud ies  concerned with the  benef i t s  and costs  of remote sensing 

of ea r th  resources were reviewed and appraised t o  assess:  

The extent  t o  which the  f indings can be considered t o  be adequate 

ind ica tors  of the  cost -benef i t  ef fect iveness  of fu tu re  operational  ERS 

s a t e l l i t e s  

e The value of these s tud ies  t o  t he  ERS Program i n  d i rec t ing  R&D ac- 

t i v i t i e s .  

The findings of t h i s  review and appraisa l  were used i n  formulating 

conclusions on t he  appropriate nature of fu tu re  s tud ies  i n  the  ERS Program. 

THE REVIEW 

The review was The f i r s t  s tage of the  'review comprised a document-by- 
conducted i n  document review of t h e  scope, contents, and ana ly t ica l  two s tages  - 

techniques employed i n  each study i n  order t o  e luc ida te  

di f ferences  and s i m i l a r i t i e s  among the  s tud ies .  In t h e  

second s tage t he  f indings of a l l  the  documents were re -  

viewed synopt ical ly  with respect  t o  t h e i r  cos t  and bene- 

f i t  est imates.  

The Document-by-Docwnent Review 

The s tud ies  Five of t he  t en  documents reviewed contained only estim- 
d i f fe red  a t e s  of e i t h e r  costs  o r  benef i t s .  Cost-benefit compari- 
g r ea t l y  i n  
i b  ject-ives, sons were made i n  the  remaining f i v e  s tud ies  bu t ,  of 
scope, and 
depth 

these ,  only th ree ,cou ld  be considered system cost-benefi t  

s tud ies .  Descriptions of the  technologies required t o  

r e a l i z e  the  bene f i t s  which were estimated ranged from no 

descr ipt ion t o  de ta i l ed  def in i t ions  i n  t h e  t h r ee  system 

cost -benef i t  s tud ies .  



The Synoptic Review 

A system cost  System costs  were estimated i n  four  s tud ies .  In s p i t e  of 
per  s a t e l l i t e -  
year of $20-50 dif ferences  i n  the  kind, complexity, and program s i z e  of 

mil l ion i s  in-  the  seven systems studied,  the  estimated system costs  pe r  
d i  ca t  ed s a t e l l i t e -yea r  (exclusive of user  costs)  ranged from $20- 

50 mil l ion.  

Benefit e s t i -  Of t he  several  hundred appl icat ions  c i t ed  i n  the  ten s tud ies  - - 

mates for 85 reviewed, bene f i t  est imates f o r  85 appl icat ions  from e igh t  appl icat ions  
&Ee reviewed s tud ies  were supported by su f f i c i en t  discussion and docu- 

mentation t o  be compared i n  the  synoptic review. 

These appli-  Each of the  appl icat ions  reviewed was placed i n  one of th ree  
cations were 
placed 1 i n t o  c lasses  depending upon whether t he  proposed observation would 

same, be t ter ,  y ie ld  the  same information as now i s  being used, bet ter  in-  
o r  new in -  
formation formation, o r  new information. In each information c l a s s ,  ap- 

c lasses  p l i ca t ions  were fu r the r  grouped according t o  whether they re -  

quired mapping of s t a t i c  phenomena o r  monitoring of dynamic 

phenomena. 

Val idi ty  c r i -  Benefit est imates,  based e i t h e r  on case analysis  o r  expert 
t e r i a  were 
developed judgment, were termed "valid" i f  t he  ra t iona le  and support- 

and used t o  ing documentation were judged s u f f i c i e n t  t o  be convincing 
l e a c h  t o  a professional .  Only one est imate of world benef i t s  was benef i t  

est imate considered t o  be va l id .  Although numerous v a l i d  est imates 
I were made, a t  t he  p r e f e a s i b i l i t y  l eve l  of est imation it is 

f e l t  t h a t  these est imates ind ica te  with ce r ta in ty  only t he  

I order-of-magnitude of bene f i t s  which may, i n  f a c t ,  be rea l ized .  

Valid e s t i -  The benef i t  est imates t ha t  were considered va l i d  order-of- 
mates of 
gross annual magnitude est imates t o t a l ed  $1.4 b i l l i o n  t o  be rea l ized  an- 

benef i t s  t o  nual ly  by the  U.S. from implementation of 43 non-overlapping 
the  U.S. 
t o t a l  $1.4 appl icat ions .  The d i s t r i bu t i on  of appl icat ions  and benef i t  

' b i l l i o n  and est imates across the  th ree  information c lasses  and two appl i -  
represent  43 cat ion types is: appl icat ions  



' Five applica- Five appl icat ions  accounted f o r  one b i l l i o n ' d o l l a r s  of the  t o t a l  ' ,  ,, 
' I , ,  

are es- estimated benef i t s  which were considered va l id .  These applica- timated t o  be 
worth a t o t a l  t ions  and the  U.S. estimated benef i t s  were: 

TOTAL 

1355 

4 3 

85 

ITEM 

TYPE OF APPLICATION 

Gross Annual Benefits 
($millions) 

Number of Applica- 
t ions  with Valid 
Estimates 

Total Number of 
Applications 

of 1. Minimizing flood damage-$306 mil l ion annually t o  
the  U.S. 2. Improving forecas t s  of i r r i g a t i o n  water availability-$282 

mi l l ion  

CLASS OF INFORMATION 

3. Detecting fungi s t r e s s e s  i n  small grains-$231 mil l ion 

4. Expediting exploration of petroleum-$125 mil l ion 

S M  
MAP- MONITOR- 
PING ING 

2 7 2 7 

11 6 

16 2 2 

5. Providing world wheat production forecasts-$114 mil l ion.  

THE APPRAISAL 

BETTER 
MAP- MONITOR- 
PING ING I 

135 987 

5 17 

14 2 3 

The Extent To Which The Findings Can Be Considered Adequate Indicators O f  The 
Cost-Benefit Effectiveness O f  Future Operationaz ERS ~a teZZi tes  

NEW 
MAP- MONITOR- 
PING I N G  

- 179 

- 4 

- 10 

System cost  es-  The system cost  est imate of $20-50 mil l ion per  s a t e l l i t e - y e a r  
t imates a re  
considered i s  considered t o  be an adequate p r e f e a s i b i l i t y  ind ica tor  of 

adequate in-  the  cost  of a fu ture  operational  system. The bene f i t s  es-  
d i  ca tors  . 
Benefit es-  timated f o r  the  same information c l a s s  of appl icat ions  are  

t imates a re  considered conservative s ince  the  t o t a l  use r  market was not 
considered t o  
be very con- covered and va l i d  est imates were not made f o r  important appli-  

se rva t ive  cat ions .  The benef i t s  estimated f o r  the  bet ter  information 

appl icat ions  a re  considered adequate ind ica tors  of U.S. bene- 

f i t s  t o  be rea l ized .  The benef i t s  estimated f o r  new informa- 

t i o n  appl icat ions  a re  fragmentary and are considered t o  g r ea t l y  

underestimate the  bene f i t s  which w i l l  be rea l ized  from applica- 

t i ons  using new information. (The appl icat ions  i n  the  n m  i n -  

formation c l a s s  represent only 5 percent of a l l  of the  appl i -  

cations f o r  which documented benef i t  est imates were made,] 
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Value of  the Studies t o  the ERS P r o g m  i n  Directing R&D Aot<vit<es 

A da t a  base The main value of t he  s tud ies  l i e s  i n  the  f a c t  t h a t  they 
was acquired ind ica te  those ea r th  resources t h a t  po t en t i a l  users f e e l  which i s  of 

, value i n  RGD are  worthwhile observing, the  type of information which ap- 
planning pears t o  be most des i rable  t o  acquire, and t h e  order of 

magnitude of the  benef i t s  which can be expected i f  various 

appl icat ions  a re  implemented. However, i n  order t o  provide 

RGD guidance, INTERPLAN considers t h a t  a p r i o r i t y  ranking 

based on the  estimated economic value of technological de- 

velopments (as opposed t o  a p r i o r i t y  ranking of appl icat ions)  

i s  needed. This ranking, i n  conjunction with development 

cos t s ,  time-frames, and other  c r i t e r i a  could be used t o  op t i -  

mize t he  effect iveness  of the  R&D program. In t he  s tud ies  

reviewed technological  requirements f o r  man). of t h e  applica- 

t i ons  were not defined well enough t o  provide a ba s i s  f o r  

es tab l i sh ing  such a p r i o r i t y  ranking. 

Development The PRC and GE s tud ies  define the  informational requkrements 
of an RGD 
decision which l ink  t h e  benef i t s  from appl icat ions  t o  requered 

model would technological developments. Concepts a re  a l so  developed 
permit 
these  study which ind ica te  how the  interdependencies between predicted 

f indings t o  benef i t s ,  types of information t o  be acquired, measurements, 
be in tegra-  
t ed  and sensors,  and system capab i l i t i e s  can be quant i f ied .  By ex- 

used i n  tending these concepts an ERS system c o ~ t ~ b e n e f r t  e f fec t ive-  
providing 
guidance ness model and a m u l t i c r i t e r i a  RGD decisfon model could be 

f o r  RGD developed which could be used t o  optimize t he  e f f e c t b e n e s s  

of t h e  t o t a l  ERS system. 

THE APPROPRIATE I?ATURE OF FUTURE STUDIES 

RGD Decision In view of the  accomplishments of t he  past  s tud ies  no fu r the r  
Mode 1 cost-benefi t  s tud ies  on systems of applications a re  recommen- 

ded a t  t he  p r e f e a s i b i l i t y  l eve l  of development. However, 

work t o  develop an RGD decision model f o r  use Pn planning ERS 

RGD a c t i v i t i e s  i s  suggested and defined, Th2s model would ~h- 

t eg ra t e  (a t  the  ERS system leve l )  the  f indixgs of pa s t  and 

supplementary s tud ies  on benef i t s ,  cos ts ,  and technolog2es re -  

quired by a l l  major appl icat ions  s tudied,  



supplemen- Since (1) va l i d  and/or comprehensive benef i t  est imates f o r  
t a r y  eco- a few important appl icat ions  were not obtained i n  pas t  study nomi c 
s tud ies  work and (2) some va l i d  benef i t  est imates were not accom- 

panied by the  de t a i l ed  descr ipt ions  of required technologies 

which a re  needed t o  provide RGD guidance, INTERPLAN a l so  sug- 

ges t s  t h a t  supplementary work be conducted on seven appl icat ion 

are  as . 
Four non- Studies on t he  following subjects  a r e  suggested: 
economic 
s tud ies  1. . Elucidation of noneconomic c r i t e r i a  

2. Education of po t en t i a l  users 

3. Conceptualization of t h e  organizational  f o m  and manage- 

ment of an operational  ERS system 

4. Development of a 'b iospher ic  model. 

The scope, contents, duration,  and estimated cost '  of t he  suggested 

fu tu r e  s tud ies  a r e  outl ined.  
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SECTION 1 

INTRODUCTION 

BACKGROUND 

Since 1965 t h e  National  Aeronautics and Space Administrat ion,  Fed- 

e r a l  u s e r  agencies,  t h e  National  Academy o f  Sciences,  and o t h e r s  have 

been conducting economic s t u d i e s  i n  an at tempt t o  es t imate  t h e  c o s t s  o f  

and b e n e f i t s  from e a r t h - o r b i t i n g  s a t e l l i t e s  used t o  survey e a r t h  r e -  

sources .  Some o f  these  s t u d i e s  a re  broad i n  scope, addressing numerous 

p o t e n t i a l  app l i ca t ions ;  o t h e r  s t u d i e s  comprise in-depth analyses of a 

few s p e c i f i c  app l i ca t ions .  Most of these  s t u d i e s  were conducted inde- 

pendently t o  a t t a i n  var ious  ob jec t ives  and, hence, a r e  o f t en  based on 

d i f f e r e n t  assumptions. For these  reasons ,  t he  f ind ings  and conclusions 

of  the  s t u d i e s  were d i f f i c u l t  t o  evalua te .  

In an e f f o r t  t o  provide NASA with an understanding of t h e i r  va lue  

(and the  value of s i m i l a r  economic s t u d i e s )  t o  t h e  ERS Program, 

INTERPLAN Corporation was asked t o  i n t e g r a t e  the  f ind ings  of some of 

these  s t u d i e s  through a  review and a p p r a i s a l .  

PURPOSE AND OBJECTIVES OF THE STUDY 

The purpose of t h i s  s tudy i s  t o  review and appra ise  c e r t a i n  cos t -  

b e n e f i t  s t u d i e s  which r e l a t e  t o  t h e  economic b e n e f i t s  t o  be obtained 

from Ear th  Resources Survey S a t e l l i t e  Systems. The ob jec t ives  of t h e  

s tudy a r e  t o :  

1. Assess t h e  e x t e n t  t o  which these  previous s t u d i e s  a r e  adequate i n -  

d i c a t o r s  of t h e  expected cos t -bene f i t  e f f e c t i v e n e s s  of  f u t u r e  opera t ion-  

a l  ERS. 

2 .  Assess t h e  value of these  s t u d i e s  f o r  d i r e c t i n g  RED a c t i v i t i e s .  

3 .  Ind ica te  t h e  appropr ia te  n a t u r e  of f u t u r e  economic s t u d i e s  i n  t h e  

ERS Program. 



SCOPE THE STUDY 

The s tudy was l imi t ed  t o  a  review and appra i sa l  of  t e n  cos t -bene f i t  

s t u d i e s  s e l e c t e d  by NASA and r e l a t i n g  t o  remote sens ing  of  e a r t h  resources 

from e a r t h - o r b i t i n g  s a t e l l i t e s .  The fol lowing add i t iona l  c o n s t r a i n t s  

were imposed on the  s tudy with the  concurrence of  t h e  Technical Direc tor :  

Review and examine only p o t e n t i a l  app l i ca t ions  i n  t h e  fol lowing f i v e  

d i s c i p l i n e s :  Agr icul ture  ( inc luding Fores t ry ) ,  Geology, Geography, Hy- 

drology, and Ocean Sciences. 

Appraise and analyze only economic i n d i c a t o r s  and economic c r i t e r i a ,  

APPROACH TO THE STUDY 

A t  t h e  p r e f e a s i b i l i t y  l e v e l  of ana lys i s  cha rac te r i zed  by these  s t u d i e s  

"Benefit  ana lys i s  should be thought of a s  an i t e r a t i v e  process:  t h e  de- 

t a i l s  t o  be t r e a t e d  should be r e l a t e d  t o  t h e  evolu t ionary  phase of t h e  sys-  

tem development. During t h e  e a r l y  s t a g e s  of  a  system conf igura t ion ,  quan- 

t i t a t i v e  t reatment  ( i f  attempted a t  a l l )  should be thought of a s  y i e ld ing  

magnitude i n d i c a t o r s  r a t h e r  than absolu te  values."* 

INTERPLAN concurs i n  t h i s  view and approached t h e  review and appra i sa l  

of f ind ings  from t h e  perspect ive  t h a t  only order-of-magnitude economic i n -  

d i c a t o r s  could be obtained a t  t h i s  l e v e l  of  ana lys i s .  

T h e  R e v i e w  

The review was conducted i n  two s t ages .  In  t h e  first s t age  each re-  

p o r t  was read and analyzed t o  determine i t s  scope, con ten t s ,  and the  

a n a l y t i c a l  techniques employed. In  t h e  second s t a g e ,  a  synopt ic  review 

of a l l  o f  the  documents was conducted, with an emphasis on t h e  review sf 

b e n e f i t  e s t ima tes  s i n c e  c o s t s  were not  t r e a t e d  i n  s u f f i c i e n t  depth i n  

most o f  t h e  s t u d i e s  t o  permit  comparison. A common b a s i s  f o r  comparison 

of b e n e f i t  e s t ima tes  i n  the  synopt ic  review was provided by c l a s s i f y i n g  

each of  t h e  e s t ima tes  according t o  whether t h e  s a t e l l i t e  observat ions  

w i l l  y i e l d  (1) t h e  same information a s  now e x i s t s ,  (2 )  b e t t e r  information 

"Summary volume of t h e  Summer Study on Space Appl ica t ions ,  page 67,  



than now e x i s t s ,  o r  (3) new information.  Benefi t  e s t ima tes  i n  each of 

t hese  information c l a s s e s  were f u r t h e r  grouped according t o  whether the  

a p p l i c a t i o n  was a  mapping o r  a  monitoring t a s k .  

The Appraisal 

A b a s i s  f o r  appra i sa l  was e s t a b l i s h e d  by cons ider ing  how adequateely 

economic s t u d i e s  ( a t  the  p r e f e a s i b i l i t y  l e v e l  of development) could in -  

d i c a t e  t h e  expected cos t -bene f i t  e f f e c t i v e n e s s  of  the  ope ra t iona l  ERS 

system and t h e  value they  might have i n  provid ing  guidance f o r  RGD ac- 

t i v i t i e s .  The f indings  of t h e  review were then  appra ised  t o  determine 

t h e  ex ten t  t o  which these  condi t ions  were met. The r e s u l t s  of  t h e  ap- 

p r a i s a l  were u t i l i z e d  i n  drawing conclusions on t h e  appropr ia te  n a t u r e  

of  f u t u r e  s t u d i e s  i n  the  ERS Program. 

ORGANIZATION O F  T H E  REPORT 

The f ind ings  of  the  review a r e  presented  i n  Sect ion 2 ,  and t h e  

r e s u l t s  of t h e  a p p r a i s a l  a r e  presented  i n  Sect ion 3 .  Conclusions on 

t h e  na tu re  of f u t u r e  s t u d i e s  a r e  given i n  Sect ion 4 .  

Appendix A contains a  b r i e f  desc r ip t ion  of  t h e  p resen t  ERS' Program 

t o  a i d  t h e  r e a d e r ' s  understanding of t h i s  r e p o r t ,  a s  well  a s  t o  summar- 

i z e  INTERPLAN1s understanding of  t h e  Program. Appendix B contains t h e  

annotated b ib l iog raph ies  produced as  a  r e s u l t  of t h e  document-by- 

document review. Appendix C descr ibes  i n  g r e a t e r  d e t a i l  an RGD dec is ion  

model (suggested i n  Sect ion 4) and t h e  work e n t a i l e d  i n  developing it to 

i n t e g r a t e  t h e  f ind ings  of t h e  s t u d i e s  reviewed a t  t he  ERS system l e v e l ,  

Appendix D i s  a b ib l iography of add i t iona l  documents read by t h e  INTER- 

PLAN team t o  supplement t h e i r  understanding of  t h e  sub jec t  a r e a .  Appen- 

d i x  E conta ins  the  Statement of Work under which t h i s  s tudy was performed 

Time-phasing o f  the Study 

The dura t ion  of t h e  s tudy was 9 months and comprised 18 man-months 

e f f o r t .  The s tudy was divided i n t o  t h r e e  p r i n c i p a l  t a s k s ,  time-phased 

a s  shown i n  Figure 1. 



I. Review 

O Check p o i n t s  with NASA P r o j e c t  Monitor. 

Mid-term b r i e f i n g  of  NASA management. 

A Fina l  b r i e f i n g  o f  NASA management. 

Figure 1 ,  Time-phasing o f  the study. 



SECTION 2 

THE REVIEW 

SCOPE AND ORGANIZATION 

Documents Reviewed 

Ten documents furn ished by NASA were reviewed by INTERPLAN dur ing  the  

course of t h i s  work (see Table 1 ) .  Some of these  documents were prepared 

under d i r e c t  NASA c o n t r a c t ,  o the r s  under con t rac t  t o  var ious  agencies o r  

organiza t ions  who a r e  e i t h e r  p o t e n t i a l  u s e r s  of s a t e l l i t e - d e r i v e d  infonna-  

t i o n  o r  who a re  p o t e n t i a l  s u p p l i e r s  of equipment t o  t h e  Earth Resources 

Survey Program. The contents  of t h e  documents n a t u r a l l y  r e f l e c t  t he  

d i v e r s i t y  of t h e i r  o r i g i n  i n  such th ings  a s  d i f f e r e n c e s  i n  scope, sub jec t  

mat ter  addressed,  ob jec t ives  t o  be a t t a i n e d ,  and t h e  approach used by  the  

authors  i n  obta in ing  es t ima tes  of p e r t i n e n t  c o s t s  and b e n e f i t s .  

Document-by-Document and Synoptic Reviews 

In t h i s  s tudy it was necessary f i r s t  t o  review each of t h e  documents 

t o  determine t h e  na tu re  of t h e  contents  a s  well  a s  t o  record  and compare 

d i f f e r e n c e s  (and s i m i l a r i t i e s )  between documents. This  p a r t  of  the  r e -  

view was considered t o  be a  document-by-document review s ince  t h e  emphasis 

was on drawing comparisons between t h e  documents. 

To a t t a i n  the  ob jec t ives  of INTERPLANqs work, however, it was a l s o  

necessary  t o  cons ider  t h e  contents  of a l l  of  t h e  documents a s  a  whole, 

This p a r t  of t h e  review was considered t o  be synopt ic ,  s ince  t h e  emphasis 

was on obta in ing  a contextua l  opinion on t h e  f ind ings  of p a s t  s t u d i e s  ir- 

respec t ive  of document source .  

THE DOCUMENT-BY-DOCUMENT 

Review Procedure 

REVIEW 

In  t h e  i n i t i a l  phase of t h e  s tudy,  INTERPLAN team members read a l l  o f  

t h e  documents t o  determine t h e  purpose, na tu re  of contents ,  f i n d i n g s ,  



Tab1 e 1 . Documents rev.iewed and appraised by INTERPLAN.  

ORIGINATING ORGANIZATION, 
REPORT IDENTIFICATION, REPORT TITLE 

' IMMEDIATE 

AND PUBLICATION DATE 
SPONSOR 

r i c u l t u r a l  , Fores t ,  and 
Range Resources 

Westinghouse, Defense and 
Space Center ,  7145A2, 
Dec. 1967 (F ina l  Summary 
Report February 1968) 

EROS Appl ica t ions  Bene f i t  
Analysis  

Planning Research Corpor- 
a t i o n ,  PRC R-1218, Janu- 
a r y  1968 

A Study of  t h e  Economic 
Bene f i t s  and Impl ica t ions  
of  Space S t a t i o n  Opera- 
t i o n s  

NASA 

General E l e c t r i c  Co. , 
M i s s i l e  and Space Divi- 
s i o n ,  March 1968 

F i n a l  Report on t h e  
Space/Oceanographic 
Study 

National  Coun- 
c i l  on Marine 
Resources and 
Engineering 
Development 

Mathematica, GLM, Sep- 
tember, 1968 

Cost Bene f i t  Study o f  t h e  
Ear th  Resources Observa- 
t i o n  S a t e l l i t e  System: 
Grazing Land Management 

t i o n  S a t e l l i t e  System: 
Es tua r ine  and Coas ta l  

RCA, AED 

Planning Research Cor- 
p o r a t i o n ,  PRC R-1224, 
November, 1969 

A Systems Analysis  of  Ap- 
p l i c a t i o n s  of  Ear th  Orbi- 
t a l  Space Technology t o  
Se l ec t ed  Cases i n  Water 
Management and Agricul-  
t u r e  

NASAlBure au of  
t h e  Budget 



Table 1. Documents reviewed and appraised by INTERPLAN ( c o n t i n u e d ) ,  

ORIGINATING ORGANIZATION, 
REPORT IDENTIFICATION, 

AND PUBLICATION DATE 
REPORT TITLE 

IMMEDIATE 
SPONSOR 

emy of Sciences,  National  
Research Council,  January,  

conclusions,  and recommendations of  each. An annotated b ib l iography was 

prepared f o r  each o f  t h e  documents t o  record  p e r t i n e n t  information regarding  

i t s  content  a s  wel l  a s  the  team's consensus with r e spec t  t o  t h e  major 

s t r e n g t h s  and weaknesses d isp layed.  To supplement t h e  team's understanding 

of  the  ERS Program numerous o the r  documents and pub l i ca t ions  were read 

throughout the  course of work. 

Differences in Scope and Content of the Documents 

A s  a n t i c i p a t e d ,  the  document-by-document review revealed  t h a t  t h e  stud- 

i e s  va r i ed  widely i n  scope and content .  These d i f f e rences  a r e  summarized i n  

Table 2 i n  terms of  the  number of b e n e f i t  e s t ima tes  made, t h e  d i s c i p l i n e s  

represented ,  and t h e  scope of t h e  sub jec t  mat ter .  Only those  b e n e f i t  est im- 

a t e s  f o r  app l i ca t ions  pe r t a in ing  t o  t h e  f i v e  e a r t h  resources d i s c i p l i n e s  in -  

cluded i n  the  scope of  t h i s  review (Agr icul ture ,  Geology, Geography, Hydrology, 

and Ocean Sciences) were t abu la t ed .  O f  those  t abu la t ed ,  many were f o r  t h e  

same o r  s i m i l a r  app l i ca t ions .  

A s  shown i n  Table 2 ,  t h e  number and kinds o f  ear th- resources-observat ion  

app l i ca t ions  which were examined va r i ed  from document t o  document. Four 

s t u d i e s  covered an a r ray  of  a p p l i c a t i o n s  across  a l l  f i v e  of  t h e  e a r t h  re -  

sources d i s c i p l i n e s  considered,  fou r  were o r i en ted  toward in-depth analyses  

of a  few t o p i c s  wi th in  a  s i n g l e  d i s c i p l i n e ,  and two s t u d i e s  examined app l i -  

ca t ions  i n  two o r  more, bu t  n o t  a l l ,  of t h e  f i v e  d i s c i p l i n e s .  

A l l  of t he  s t u d i e s  reviewed o u t l i n e d  a t  l e a s t  t h e  sensor  requirements 

o r  a l luded t o  t h e  sensor  type and/or r e s o l u t i o n  r equ i red  t o  a t t a i n  the  es- 

t imated b e n e f i t s ;  s e v e r a l  s t u d i e s  a l s o  a l luded t o ,  o r  s p e c i f i e d ,  t he  re -  

qui red  o r b i t a l  parameters.  A s  shown i n  Table 2 ,  some of  t h e  r e p o r t s  



Table 2. Comparison o f  documents by number o f  b e n e f i t  e s t i m a t e s  and scope. 

U.S. and world b e n e f i t s  from a 
Manned O r b i t a l  Research Labora- 

Manned O r b i t a l  Research Labora- 

c u l t u r e ,  f o r e s t r y ,  and range 
management. Not r e l a t e d  s p e c i -  
f i c a l l y  t o  s a t e l l i t e  observa t ion .  
Not a system s tudy .  

of i n t e r e s t  a s  a  func t ion  of 
r e s o l u t i o n  and frequency of ob- 

PRC R-1218 

droelectric power gene ra t i on ,  



Table 2 .  Comparison of documents by number of benefit estimates and scope (continued). 

Cos t -bene f i t  s t udy  of e s t u a r i n e  

Not a system s tudy .  

PRC R-1224 Deta i led  system s t u d i e s  on cases  
i n  a g r i c u l t u r e  and hydrology- 

on t h e  use fu lnes s  of  ERS obser-  
v a t i o n s  i n  a l l  major d i s c i p l i n e s .  
System c o s t  e s t ima te s  f o r  s epa r -  
a t e  d i s c i p l i n e s  and common-use 
systems. Unmanned. 



i nves t iga ted  d a t a  a c q u i s i t i o n  from manned s a t e l l i t e s ,  o the r s  from unmanned 

s a t e l l i t e s ,  while  s t i l l  o the r s  from both manned and unmanned s a t e l l i t e s .  

One r e p o r t  (Document 3, Cornel l)  est imated only the  p o t e n t i a l  b e n e f i t s  

from remote sens ing ,  p e r  s e ,  without des ignat ing  whether t h e  d a t a  was t o  

be c o l l e c t e d  from a  s a t e l l i t e  o r  a i r c r a f t  p la t form o r  from the  ground, 

Deta i led  cos t  analyses were performed i n  t h e  PRC, GE, and NAS Sum~er  

Study r e p o r t s  (Documents 5 ,  6 ,  9 ,  and 10) f o r  t h e  app l i ca t ions  o r  appiica-  

t i o n  a r e a s  inves t iga ted .  Of t h e s e ,  only i n  Documents 5,  6,  and 9 were 

both system c o s t s  and b e n e f i t s  analyzed i n  s u f f i c i e n t  d e t a i l  f o r  t h e  stud- 

i e s  t o  be considered a s  system cos t -bene f i t  s t u d i e s .  Although both c o s t s  

and b e n e f i t s  were es t imated  by Mathematica (Documents 7 and 8 ) ,  t h e  t r e a t -  

ment of system c o s t s  was too  s u p e r f i c i a l  t o  cons ider  t h e  s t u d i e s  t o  be 

system cos t -bene f i t  s t u d i e s .  The remaining s t u d i e s  (Documents 1 through 

4) contained only e s t ima tes  of b e n e f i t s  f o r  a  v a r i e t y  of a p p l i c a t i o n s ,  

Because of these  d i f f e rences ,  it was necessary f o r  INTERPLAN t o  review and 

appra ise  t h e  c o s t  and b e n e f i t  aspects  of t h e  s t u d i e s  s e p a r a t e l y .  

Differences in Coverage of Techno1 ogical Requirements 

The technology requi red  t o  make the  pos tu la t ed  observat ions  was inves-  

t i g a t e d  i n  depth i n  some s t u d i e s  and omit ted e n t i r e l y  i n  o t h e r s  ( see  Table 

3 ) .  In i n i t i a l  prefeasibiZity l e v e l  s t u d i e s ,  however, t h e  order-of-magnitude 

e s t ima tes  t h a t  can be made of  gross  b e n e f i t s  a r e  not  a f f e c t e d  m a t e r i a l l y  by 

technologica l  considerat ions-except  t o  t h e  ex ten t  t h a t  development o f  the  

technologica l  c a p a b i l i t y  premised should be a t  l e a s t  foreseeable  , In these  

s t u d i e s ,  gross  b e n e f i t  es t imates  a re  o f t e n  made by de f in ing  a  maximum bene- 

, f i t  which could n o t  be exceeded even with p e r f e c t  s a t e l l i t e  information,  

The upper- l imit  b e n e f i t  es t imate  i s  then  sca led  down ( f o r  reasons o t h e r  than 

technologica l  c a p a b i l i t y )  t o  ob ta in  an e s t ima te  of  expected b e n e f i t s .  (Nat- 

u r a l l y ,  a t  t h e  f eas ib i l i t y  l e v e l  of economic a n a l y s i s  where q u a n t i f i e d  est im- 

a t e s  can be made of t h e  v i a b i l i t y  of t h e  ope ra t iona l  system, t h e  l e v e l  of 

technology a v a i l a b l e  is  of major s i g n i f i c a n c e  i n  e s t ima t ing  t h e  s i z e  of  n e t  

economic r e t u r n s  t o  be r e a l i z e d . )  
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Although technologica l  requirements do n o t  inf luence  t h e  es t imates  o f  

gross b e n e f i t s  made i n  the  s t u d i e s  reviewed, a  d e f i n i t i o n  of  these  require- 

ments i s  necessary even a t  t h e  p r e f e a s i b i l i t y  l e v e l  i n  order  t h a t  (1) est im- 

a t e s  of n e t  b e n e f i t s  can be obtained and (2) e s t ima tes  can be made o f  the 

kind and i n t e n s i t y  of  development e f f o r t  which w i l l  be e n t a i l e d  i n  attaining 

an ope ra t iona l  c a p a b i l i t y ,  Unless t h e  requi red  technologica l  developments 

a r e  defined well  enough so  t h a t  ope ra t iona l  time-frames can be pos tu la t ed  

f o r  each app l i ca t ion ,  the  r e l a t i v e  importance o f  d i f f e r e n t  developments 

cannot be assessed  with r e spec t  t o  when t h e  b e n e f i t s  from t h e  var ious  app l i -  

ca t ions  w i l l  be r e a l i z a b l e .  (This sub jec t  i s  amplified i n  Sect ions  3 and 4 ,  j 

In t h e  documents reviewed, only i n  t h e  following were opera t ional  time- 

frames pos tu la t ed  f o r  the  app l i ca t ions  s tud ied :  

Document 
Number 

Report 
I d e n t i f i c a t i o n  Operat ional  Time-frame 

PRC R-1218, 1968 1970-1989 

6  GE,  1968 1970-1974 

9  PRC R-1224, 1969 mid o r  l a t e  1970 I s  

THE SYNOPTIC REVIEW 

Approach t o  the Synoptic Review 
- 

INTERPLANss ob jec t ive  i n  conducting the  synopt ic  review was t o  organize 

and analyze elements which were common t o  a l l  of the  s t u d i e s  i n  such a way 

t h a t  t h e i r  t o t a l  content  could be appraised.  A s  a  r e s u l t  of t h e  document- 

by-document review t h e  fol lowing common elements were i s o l a t e d :  system 

c o s t  e s t ima tes ,  c l a s s e s  of  information f o r  which b e n e f i t  es t imates  were 

made, and types of  app l i ca t ions  s tud ied .  

SYSTEM COST ESTIMATES. Analyses leading  t o  system cos t  e s t ima tes  were 

performed i n  only four  s t u d i e s :  PRC R-1218, GE, PRC R-1224, and t h e  NAS 

Summer Study (Documents 5 ,  6 ,  9 ,  and 10) .  While each es t imate  r e f e r s  

t o  systems t h a t  were d i f f e r e n t  i n  terms of scope, complexity, and function, 

an i n t e r e s t i n g  agreement among t h e  e s t ima tes  i s  revealed i f  each i s  cam- 

pared on t h e  b a s i s  of  the  c o s t  p e r  s a t e l l i t e - y e a r  over t h e  program descr ibed,  



Length of Tot a1 Cost/ 
Report System Number Operational Sys tem S a t e l l i e -  

Doc. Ident i -  Ident i -  of Program Cost * S a t e l l i t e -  Year 
No. f i c a t i o n  f i c a t i o n  S a t e l l i t e s  (years) 
7 

($millions) Years ($mil l ions ]  

6 GE 1 1 2 83.4 2 41 .7  

1 2 2 116.0 4 29 , @  

2 2 2 129.0 4 32.3 

3 1 2 164.2 2 82-1  

3 2 2 216 .O 4 54-0 

9 PRC R-1224** 4 4 18 2504.5 7 2 34,8 

5 4 18 1554.0 7 2 21  - 6  

10 NAS Summer 
Study 6 1 2  3.83(avg.)1019 46 2 2 , 2  

7 7 4 9 36 2 8 33,4 

*Not discounted. 

**Since the  PRC R-1224 analys is  is  more recent  and more exhaustive than that of 
PRC R-1218, the  PRC R-1224 cost  est imate has been used i n  the  cornpar*  son, 

The cost  es t imates  l i s t e d  above r e f e r  t o  seven postula ted systems of  

sensors t o  be flown i n  the  number of s a t e l l i t e s  indicated f o r  t h e  opera- 

t i o n a l  periods shown. A s  might be expected, due t o  d i f ferences  i n  system 

complexity and program s i z e ,  t h e  t o t a l  system cos t s  vary g r ea t l y .  In s p i t e  

of these  d i f fe rences ,  however, i f  one considers the  number of s a t e l i i t e -  

years i n  each program, est imates of the  system cos t  per  s a t e l l i t e - y e a r  f a l l  

between r e l a t i v e l y  narrow l i m i t s .  The exceptionally high cost  f o r  System 3 

(GE) i s  the  r e s u l t  of including a side-looking, high-resolution,  synthetic- 

aper ture  radar  i n  t h e  sensor package. Since, according t o  the authors of  

the  GE r epo r t ,  t h i s  more cos t ly  sensor package r e s u l t s  i n  increas ing the  

effect iveness  of the system by only 0.05, t h i s  configuration i s  n o t o n l y  an 

unusual one but  a l so  one which would probably not  be se lec ted  f o r  implementa- 

t i on .  Therefore, based on the  remaining cos t  es t imates ,  INTERPLAN concludes 

t h a t  a t  the p r e f e a s i b i l i t y  l eve l  of development one can assume t h a t  t he  sys-  

tem cost  pe r  s a t e l l i t e - y e a r  w i l l  be on the  order of $20-50 mil l ion,  depending 

on system complexity and program s i z e .  

The costs  i n  the above comparison r e f e r  only t o  t he  cost  of the satel- 

l i t e  information system and not  t o  cos t s  incurred by users .  (User cos ts  are  

estimated i n  a preliminary fashion i n  PRC R-1224, bu t  a re  no t  included i n  t he  

above comparison.) Exclusion of u se r  cos t s  from system cos t  est imates was 



considered advisable  by t h e  Economic Analysis Panel of t h e  NAS Summer Study 

i n  view o f  t h e  approximate n a t u r e  of the  systems' conf igura t ions .  The f o l -  

lowing u s e r  c o s t s  were recognized a s  major c o s t  i tems,  but  were excluded 

from t h e i r  es t imates :  

1. Costs incurred  by u s e r  agencies f o r  educat ion o r  extens ive  t r a i n i n g  

and upgrading of personnel  and procedures 

2 .  Costs of a n a l y s i s  and i n t e r p r e t a t i o n  (e  .g .  , photographic i n t e r p r e t a -  

t i o n )  of the  d a t a  received by u s e r  agencies 

3. Any c o s t s  incur red  by ind iv idua l s  o r  organiza t ions  "downstream" from 

u s e r  agencies,  e . g . ,  c o s t s  incurred  by a farmer f o r  spraying t o  con t ro l  

crop d i sease  i n  response t o  information provided by t h e  s a t e l l i t e  system 

INTERPLAN agrees with t h e  Panel conclusion t h a t  t h e s e  c o s t s  should n o t  

be included i n  system c o s t  es t imates  u n t i l  t h e  system i s  well  def ined ,  

However, e s t ima t ion  of  u s e r  c o s t s  which would be incur red  i n  implementing 

s p e c i f i c  app l i ca t ions  is  an important f a c t o r  i n  a r r i v i n g  a t  e s t ima tes  of 

n e t  b e n e f i t s  and, hence, is  considered by INTERPLAN t o  be e s s e n t i a l  t o  t h e  

p r e f e a s i b i l i t y  b e n e f i t  a n a l y s i s .  

THE THREE CLASSES OF INFORMATION FOR WHICH BENEFIT ESTIMATES WERE MADE, 

Benef i t s  t o  be gained from var ious  app l i ca t ions  were es t imated  i n  a l l  o f  t h e  

s t u d i e s  reviewed. In  s p i t e  of t h e  f a c t  t h a t  t hese  e s t ima tes  were f a r  d i f f e r -  

e n t  app l i ca t ions  and were made using a v a r i e t y  of techniques,  a common b a s i s  

f o r  review and appra i sa l  of t h e  f ind ings  can be provided by considering that 

a l l  of  t h e  b e n e f i t  e s t ima tes  found i n  t h e  s t u d i e s  can be placed i n t o  one of 

t h r e e  c l a s s e s  based upon whether t h e  authors  p o s t u l a t e  t h a t  t h e  s a t e l l i t e  

observat ions  w i l l  y i e l d  (1) t h e  same information a s  now e x i s t s ,  ( 2 )  b e t t e r  

information than now e x i s t s ,  o r  (3) new information.  

Est imates of Benef i t s  from S a t e l l i t e  Observations Yielding t h e  Same 

Information as  Now E x i s t s .  For s a t e l l i t e  observat ions  y i e l d i n g  t h e  same i n -  

formation a s  is c u r r e n t l y  being gathered by o t h e r  methods, no at tempt was 

made i n  t h e  s t u d i e s  reviewed t o  es t imate  t h e  value of t h i s  information,  per  

s e .  Rather,  e s t ima tes  of b e n e f i t s  r ep resen t  t h e  savings which would be 

r e a l i z e d  by p o t e n t i a l  u s e r  groups i f  ERS information were furn ished t o  them, 

In most in s t ances  the  cos t  of t h e  ERS information was n o t  considered,  



Estimates of  Benef i t s  From S a t e l l i t e  Observations Yielding Bet ter  In- 

formation Than Now E x i s t s .  For s a t e l l i t e  observat ions  y ie ld ing  information 

which would improve upon t h e  q u a l i t y  of information now being acquired (by 

v i r t u e  of g r e a t e r  t ime l iness ,  frequency, d e t a i l ,  e t c . ) ,  t h e  e s t ima tes  of 

b e n e f i t s  represent  t h e  va lue  which would be added t o  t h e  u s e r  e i t h e r  th.rough 

t h e  improved q u a l i t y  of ac t ions  which could be taken o r  through t h e  inc rease  

i n  p roduc t iv i ty  t h e  us,er would r e a l i z e .  

Est imates of Benef i t s  From S a t e l l i t e  Observations yield in^ New In foma-  

t i o n .  For s a t e l l i t e  observat ions  y i e l d i n g  new information,  t h e  e s t ima tes  of  

b e n e f i t s  r ep resen t  t h e  absolu te  value t h e  new information would have i n  terms 

of  pos tu la t ed  ac t ions  which might be taken.  In t h i s  c l a s s i f i c a t i o n  new i n -  

formation i s  defined a s  information of known content  t h a t  can be obtained 

only by observat ions  from a space p la t form s ince  t h e  resources t o  be ob- 

served a r e  d i spe r sed  over a  g r e a t  a r e a  of t h e  e a r t h ' s  su r face .  

THE TWO TYPES OF APPLICATIONS THAT WERE STUDIED. Although t h e  ind iv id -  

u a l  app l i ca t ions  pos tu la t ed  i n  the  s t u d i e s  d i f f e r ,  two genera l  types a r e  

implied: e i t h e r  mapping o r  monitoring. 

Mapping a p p l i c a t i o n s ,  a s  def ined  i n  t h i s  s tudy,  r e f e r  t o  observat ions  

which a r e  made on r e l a t i v e l y  s t a t i c  phenomena. Since t h e  phenomena to be 

observed do n o t  change over long per iods  of t ime,  mapping app l i ca t ions  can 

be accomplished by a f i n i t e ,  p r e d i c t a b l e  number of observat ions ;  when these  

observat ions  have been made and t h e  d a t a  reduced, t h e  mapping app l i ca t ion  

can be considered t o  have been completed. Updating of  t h e  information i s  

requi red  only a f t e r  r e l a t i v e l y  long per iods  of  time. 

Monitoring app l i ca t ions  r e f e r  t o  observat ions which a r e  made on tran- 

s i e n t  phenomena which r equ i re  continuing s u r v e i l l a n c e  over an unpredic table  

length  of t ime.  During execution of t h e  monitoring a p p l i c a t i o n s ,  r e p e t i -  

t i v e  p a t t e r n s  of  change may be observed o r  p r e d i c t i v e  parameters noted 

which w i l l  l ead  t o  a  reduct ion  i n  t h e  frequency o r  number of observat ions  

which need t o  be made, b u t ,  by and l a r g e ,  t hese  t a s k s  a r e  no t  l i k e l y  t o  

e v e r  be "completed1' and thus  a    completion da te f1  cannot be p red ic t ed ,  



While it i s  obvious t h a t  a  p a r t i c u l a r  s a t e l l i t e  system o r  sensor a r ray  

can simultaneously perform both types of app l i ca t ions ,  because t h e  econom- 

i c s  of mapping and monitoring app l i ca t ions  a r e  d i f f e r e n t  it was u s e f u l  to 

review mapping and monitoring app l i ca t ions  s e p a r a t e l y  under t h e  t h r e e  

c l a s s e s  of information f o r  which b e n e f i t  e s t ima tes  were made. 

STUDIES EXCLUDED FROM THE SYNOPTIC REVIEW. The Cornel l  s tudy and t h e  

NAS Summer Study (Documents 3 and 10) were excluded from t h e  synopt ic  re -  

view. Although a number of l a rge  b e n e f i t s  were c i t e d  i n  t h e  Cornel l  

r e p o r t ,  t h e  expected b e n e f i t s  from remote sens ing  f o r  many of t h e  260 ap- 

p l i c a t i o n s  which were i s o l a t e d  a r e  l i s t e d  without i d e n t i f y i n g  t h e  p la t form 

from which t h e  observat ions a r e  t o  be made. That i s ,  t h e  b e n e f i t s  from 

remote sens ing  of a g r i c u l t u r e ,  f o r e s t ,  and range resources a r e  es t imated ,  

but  not  with r e fe rence  t o  s a t e l l i t e - d e r i v e d  information.  Addi t ional ly ,  

no documentation i s  provided f o r  ind iv idua l  b e n e f i t  e s t ima tes  o the r  than 

a t i t l e  i d e n t i f y i n g  the  b e n e f i t .  Costs and t e c h n i c a l  requirements a re  

d iscussed  only i n  genera l  terms. 

The Summer Study Panel Reports comprise an impressive assemblage of 

exper t  opinions on t h e  b e n e f i t s  and system c o s t s  which w i l l  r e s u l t  from 

implementing e a r t h  resources app l i ca t ions  i n  var ious  d i s c i p l i n e s  and t h e  

ope ra t iona l  technology which w i l l  be requi red .  However, t h e  p o t e n t i a l  

b e n e f i t s  which can be expected t o  accrue a r e  d iscussed  p r imar i ly  i n  r e l a -  

t i o n s h i p  t o  the  d i s c i p l i n e s  and a r e  n o t ,  f o r  t h e  most p a r t ,  r e l a t e d  t o  

s p e c i f i c  app l i ca t ions .  Therefore, t h e  f ind ings  could n o t  be incorpora ted  

i n t o  t h e  synopt ic  review, 

Conduct o f  t h e  Synopt ic  Review 

ORGANIZATION OF APPLICATIONS FOR REVIEW PURPOSES. In  t h e  course of t h e  

synopt ic  review, a l l  app l i ca t ions  i n  each of the  s t u d i e s  f o r  which these  was 

a d i scuss ion  support ing t h e  b e n e f i t  es t imate  were t abu la t ed  and placed into 
/ 

one of t h e  t h r e e  information c l a s s i f i c a t i o n s  depending upon whether the  postu-  

l a t e d  observat ions  were t o  y i e l d  t h e  same, b e t t e r ,  o r  new information,  The 

app l i ca t ions  were f u r t h e r  ca tegor ized  by type  a s  e i t h e r  mapping o r  monitoring, 



TABULATION OF BENEFIT ESTIMATES. The app l i ca t ions  f o r  which b e n e f i t  

e s t ima tes  were made i n  t h e  e i g h t  r e p o r t s  included i n  t h e  synopt ic  review 

a r e  l i s t e d  i n  Tables 4 t o  8. These t a b l e s  ca tegor ize  t h e  app l i ca t ions  a s  

fol lows:  

Applicat ion Information Applicat ion 
Table No. Numbers Class Type 

s ame mapping 

same monitoring 

b e t t e r  mapping 

b e t t e r  monitoring 

new monitoring 

The t a b l e s  comprise a  summary of  information on t h e  app l i ca t ions ,  e s -  

t imated b e n e f i t s ,  p o t e n t i a l  u se r s  ( o r  u s e r  agency), r a t i o n a l e  f o r  t h e  es -  

t imates  of b e n e f i t s ,  and d i s c i p l i n e  served by t h e  app l i ca t ions .  Since the  

t a b l e s  a l s o  inc lude  the  r e p o r t  name, volume, and page on which ehe b e n e f i t  

i n  ques t ion  is  d iscussed ,  they  can a l s o  se rve  a s  an index t o  t h e  ERS csst- 

b e n e f i t  o r i en ted  l i t e r a t u r e  published between 1965 and 1969. 

The fol lowing genera l  observat ions  apply t o  t h e  information included 

i n  Tables 4 t o  8, 

Gross, Net, and Discounted Benef i t s .  The g r e a t e s t  number of  b e n e f i t  

e s t ima tes  made i n  t h e  e i g h t  r e p o r t s  reviewed a r e  presented  a s  g ross ,  annual 

va lues  on an undiscounted b a s i s .  Although i n  some cases  n e t  b e n e f i t s  were 

ca lcu la t ed  (phased over  an assumed program l i f e  and discounted) ,  f o r  u n i -  

formity of comparison these  e s t ima tes  were not  used i n  t h e  t a b u l a t i o n  and 

assessment,  In a l l  cases ,  t h e  equivalent  gross  b e n e f i t  on a nondiscounted 

b a s i s  i s  repor ted .  In some cases  t h i s  va lue  r ep resen t s  an average annual  

va lue  over some pos tu la t ed  opera t ional  time i n t e r v a l .  

Secondary Benef i t s .  Economic m u l t i p l i e r s  were synthes ized  and used 

i n  some of t h e  s t u d i e s  t o  es t imate  t h e  e f f e c t  of a  b e n e f i t  i n  one s e c t o r  

of t h e  economy on secondary s e c t o r s  o r  on t h e  t o t a l  economy (U.S, m d  fos -  

e ign) .  Only es t imates  of primary b e n e f i t s ,  however, were used i n  t h e  tabu- 

l a t i o n s  and a n a l y s i s .  



Worldwide Benef i t s .  Worldwide b e n e f i t s  (which include U .  S. b e n e f i t s  

unless  otherwise noted) a r e  included i n  the  t abu la t ions  pr imar i ly  f o r  

reference  purposes. In genera l ,  es t imates  of worldwide b e n e f i t s  were not  

considered v a l i d  economic i n d i c a t o r s  because they were usua l ly  obtained 

by mult iplying a b e n e f i t  es t imate  made f o r  t h e  United S t a t e s  by a f a c t o r  

which assumes t h a t  U.S. condit ions broadly apply t o  worldwide s i t u a t i o n s ,  

This assumption was considered t o  be tenuous enough t o  i n v a l i d a t e  t h e  es- 

t imates .  

ORGANIZATION OF THE DISCUSSION OF FINDINGS. The f ind ings  of the  syn- 

o p t i c  review a r e  presented i n  the  sequence of the  llsame,ll "be t t e r , "  and 

tlnew" information c l a s s e s .  Within each information c l a s s ,  b e n e f i t s  f o r  

mapping app l i ca t ions  a r e  reviewed f i rs t  and b e n e f i t s  f o r  monitoring app l i -  

ca t ions  a r e  reviewed nex t .  The sequence of  d iscuss ion of individual  

app l i ca t ions  i s  i n  decreasing order  of v a l i d i t y  of t h e  e s t ima tes ,  i , e , ,  

t h e  b e n e f i t  es t imates  considered by INTERPLAN t o  be v a l i d  order-sf-magnitude 

i n d i c a t o r s  a re  discussed f i r s t .  

VALIDITY OF THE BENEFIT ESTIMATES. The review of b e n e f i t  es t imates  

was made from the  perspect ive  t h a t  a t  t h e  p r e f e a s i b i l i t y  l e v e l  of ana lys i s  

only order-of-magnitude economic i n d i c a t o r s  can be obtained.  The emphasis 

of the  review, however, was on i s o l a t i n g  those es t imates  which could be 

considered t o  be v a l i d ,  although approximate, i n d i c a t o r s  of the  f u t u r e  

b e n e f i t s  t o  be r e a l i z e d  through the  ERS Program. 

A cross-check on the  v a l i d i t y  of es t imates  between documents was not 

poss ib le  s ince  these  i s  l i t t l e  commonality between t h e  s p e c i f i c  appl ica-  

t i o n s  discussed i n  t h e  var ious  documents and, f u r t h e r ,  where the  same 

app l i ca t ion  was discussed i n  more than one study,  t h e  assumptions used 

and the  scope of  t h e  app l i ca t ion  f requent ly  d i f f e r e d .  

The v a l i d i t y  of the  b e n e f i t  es t imates  was assessed,  the re fo re ,  by 

judging : 

1. The amenability of  the  sub jec t  mat ter  t o  ana lys i s  

2. The adequacy of the  ana lys i s  performed. 



The first judgment considers  the  a p p l i c a b i l i t y  of r igorous  analytical 

t reatment t o  the  app l i ca t ion .  The second judgment considers  the  soundness 

of the  assumptions made and the  degree t o  which f a c t u a l  po in t s  of r e f e r -  

ence a r e  given and documentation is  presented,  e i t h e r  through exper t  

opinion o r  by case study ana lys i s .  

REVIEW OF BENEFIT ESTIMATES PERTAINING TO SATELLITE OBSERVATIONS YIELDING 
THE "SAME" INFORMATION AS NOW EXISTS 

Nature  o f  t h e  B e n e f i t  Est imates 

Of a t o t a l  of 85 app l i ca t ions  i n  the  s t u d i e s  reviewed, 38 app l i ca t ions  

were c l a s s i f i e d  as  producing b e n e f i t s  from s a t e l l i t e  observations which 

y i e l d  t h e  same information as  now e x i s t s .  Since the  purpose of  these  app l i -  

ca t ions  i s  t o  fu rn i sh  the  same information a s  i s  now being obtained,  the  

value of the  information i t s e l f  was disregarded i n  the  b e n e f i t  a n a l y s i s ,  

Ins tead ,  es t imates  of  b e n e f i t s  were made on the  b a s i s  o f  t h e  cos t  savings 

which would be r e a l i z e d  by p o t e n t i a l  u s e r  groups i f  ERS information were 

furnished t o  them. These es t imates  do no t  include t h e  cos t  of providing 

t h e  information from s a t e l l i t e  observations t o  the  u s e r  i n  a  useable form, 

For some app l i ca t ions , e s t ima tes  were repor ted  a s  d i r e c t  savings,  i , e . ,  

t he  b e n e f i t i n g  group would incur  lower c o s t s  i f  furnished with ERS infoma- 

t i o n .  For o the r  app l i ca t ions ,  cos t  savings were reported a s  s t increased 

p r o d u c t i ~ i t y , ~ ~  i . e . ,  the  resources saved would be red i rec ted  and would thus 

r e s u l t  i n  g r e a t e r  p roduc t iv i ty  s f  the  u s e r  group. 

In both cases ,  because cos t  savings a r e  a c t u a l l y  est imated f o r  these  

app l i ca t ions ,  t h e  es t imates  a r e  gross measures of cos t  e f fec t iveness  rather 

than b e n e f i t s  a s  normally est imated i n  a  cos t -benef i t  ana lys i s .  The dis- 

t i n c t i o n  between 'scost  savingsvq and "gross b e n e f i t n  i n  t h i s  ins tance  i s ,  

however, l a r g e l y  academic, p a r t i c u l a r l y  i n  view of  the  f a c t  t h a t  i n  almost 

a l l  cases t h e  savings a r e  t o  be r e a l i z e d  by p u b l i c  agencies.  

A p p l i c a b i l i t y  o f  B e n e f i t  Ana l ys i s  t o  "Same" I n f o r m a t i o n  Class 

Since t h e  b e n e f i t s  f o r  t h i s  c l a s s  of information r e l a t e  t o  ongoing ac- 

t i v i t i e s ,  v e r i f i a b l e  d a t a  can be obtained and used a s  a  b a s i s  f o r  making 



informed es t imates  o r  i n  a r r i v i n g  a t  es t imates  through ana lys i s .  This da ta  

can a l s o  be used i n  checking the  reasonableness of the  es t imates  s o  ob- 

t a ined .  Nevertheless,  it s t i l l  appears d i f f i c u l t  t o  a r r i v e  a t  d e f i n i t i v e  

es t imates  even though (1) d a t a  dissemination and use mechanisms can be es -  

t ab l i shed ,  (2) t he  demand f o r  the  information i s  e i t h e r  known o r  can be 

obtained,  and (3) t he  funds which a r e  c u r r e n t l y  being expended by p o t e n t i a l  

use r s  can be asce r t a ined .  A s  s t a t e d  i n  t h e  Cornell r epor t :  !'Even with 

c l a r i f i c a t i o n  of the  concepts and methodology appropr ia te  t o  our ana lys i s ,  

it is s t i l l  a major problem t o  a t t a c h  values  t o  the  a n t i c i p a t e d  savings 

and improvements. Other i n v e s t i g a t o r s  have s a i d  ' I f  we assume a ( s ~ i n g s )  

(improvement) of (5%) (10%) then t o t a l  b e n e f i t s  would be . . . , and t h i s  

is o f t en  almost a l l  t h a t  can be done.?" 

Almost a l l  o f  the  documented es t imates  of b e n e f i t s  made f o r  t h i s  

c l a s s  of information were obtained using the  procedure c i t e d  i n  t h e  Cornell  

r e p o r t .  That i s ,  the  cu r ren t  c o s t  incurred by a p o t e n t i a l  u s e r  group i n  

some ongoing a c t i v i t y  was determined and used a s  t h e  upper l i m i t  of the  

b e n e f i t  es t imate .  The savings which would accrue t o  t h a t  u s e r  group by 

us ing information provided by s a t e l l i t e  were then est imated (using e i t h e r  

exper t  judgment o r  ana lys i s )  as  a percentage of the  upper l i m i t .  

Although t h e  v a l i d i t y  of the  amount of the  upper l i m i t  which i s  estim- 

a t ed  t o  be saved as  a r e s u l t  of ERS information depends on t h e  adequacy sf 

the  subsequent ana lys i s  and/or the  q u a l i t y  of  exper t  judgment used, t h e  

v e r i f i a b l e  upper l i m i t  obtained f o r ' t h e s e  types of  app l i ca t ions  keeps the  

f i n a l  b e n e f i t  es t imate  within the  bounds of reason. 

Therefore,  INTERPLAN considers  t h a t  v a l i d  order-of-magnitude es t imates  

can be made of the  b e n e f i t s  which would r e s u l t  from the  use of s a t e l l i t e s  

a s  an a l t e r n a t i v e  source f o r  c o l l e c t i n g  information cur ren t ly  obtained by 

o t h e r  methods. Xn t h e  s t u d i e s  reviewed, a number of  es t imates  were made 

which can be considered v a l i d ;  however, i n  many cases only one p o t e n t i a l  

u s e r  group was cons.idered. Therefore,  s ince  o t h e r  u s e r  groups can a l s o  use 

t he  same information,  these  es t imates  r ep resen t  l e s s  than t o t a l  U,S, bene- 

f i t s .  



Discussion o f  Study F ind ings  f o r  Mapping App l i ca t i ons  

Of the  38 appl ica t ions  i n  the  same information c l a s s ,  16 a re  mapping 

appl ica t ions  (see Table 4 ) .  Of these  16, the  est imates made f o r  applica-  

t i o n s  1 t o  11 ( a l l  from the Westinghouse repor t )  a r e  considered by INTERPLAM 

t o  be v a l i d  order-of-magnitude ind ica to rs  of the bene f i t s  t o  be rea l i zed  by 

the  user  groups c i t ed ,  s ince  i n  each of these  11 appl ica t ions  a verif i ;zble 

upper l i m i t  t o  po t en t i a l  savings was documented and the  amount of this upper 

l i m i t  t o  be rea l i zed  as savings was estimated by knowledgeable po t en t i a l  

use rs  who were c i t ed  i n  t he  repor t .  None of the es t imates  are  overlapping 

i n  coverage. 

Applications 1 to 21 

1. Mapping Relat ive t o  U.S. Mineral Exploration 

2 .  U.S. Continental Shelf Mapping 

3. U .  S. Regional Geologic Mapping 

4. Small Scale Geologic Mapping of U.S. and 
Metallogenic Mapping of North America 

5. Geologic Mapping i n  Brazil  

6 Mili tary  Geology Mapping 

7. Topographic Mapping 

8. Land Use Mapping 

9.  Cadastral Surveys 

10. Geographic Mapping, i n  General 

11. Hydrologic Mapping 

U.S. Annual Benefit 

$12,500,000 

2,000,000 

200,000 

Although an upper l i m i t  reference point  is  documented f o r  appl ica t ion 

12, the est imate of  the  amount of savings t o  be rea l i zed  appears t o  have 

been made by the  analys ts  r a t h e r  than by knowledgeable use rs .  

Application 22 

U.S. Annual Benefit 

1 2 .  Preparing Small-, Medium-, m d  Large- 
Scale Maps of Selected Regions $3,500,000 

In general ,  l e s s  v a l i d i t y  can be a t t r i b u t e d  t o  es t imates  made by t h e  analysts 

than t o  those made by knowledgeable users .  For t h i s  reason, as well as be- 

cause appl ica t ion 12 overlaps a number of the preceding appl ica t ions ,  this 



Table 4. Mapping applications yielding the same information as now ex i s t s ;  estimated benefits represent savings. 

1 ANNUAL BENEFITS 
APPLICATION 1 u ~ ~ i ~ ~ ~ ~ ~ D  

1- Mapping r e l a t i v e  1 ll;5* 1 :: 
t o  mineral ex- 
p l o r a t i o n  i n  the  
U.S. 

U.S. and metal lo-  
genic mapping of  
North America 

5.  Geologic mapping 
i n  .Brazi l  

9 .  Cadas t r a l  surveys  - - 

10.  Geographic map- 1, S** - - 
p ing  i n  gene ra l  

USER OR 
USER - 

AGENCY 
RATIONALE OR BASIS FOR ESTIMATE 

USGS Office of 50 percent  o f  the  mapping budget of  about $1 Westinghouse 
Minerals Ex- I mil l ion  could be red i rec ted .  17145~2 
p lo ra t ion  Page 3-3 and/ 

o r  Page A-8 

Pr iva te  indus- 50 percent  of  a mapping budget of about $24 Page A-8 
t r y  engaged i n  mi l l ion  could be  red i rec ted .  
mineral ex- 
p l o r a t i o n  i n  
t h e  U.S. 

USGS Marine 25 o r  30 percent  e f f e c t i v i t y  inc rease  i n  a Page A-14 
Geology E 5-year,  $30 mi l l ion  mapping p r o j e c t .  
Hydrology 

USGS Geologic Savings i n  mapping time over present  mapping Page A-19 
Division c o s t  o f  about $1.75 mi l l ion .  

USGS Small- 30 t o  50 percent  increase  i n  accuracy and I I Page A-22 
l ~ c a l e  Mapping speed of  compilation i n  two ongoing p r o j e c t s .  

USGS Foreign 
Geology 

USGS Mi l i t a ry  
Geology 

USGS TOPO- 
graphic Divi- 
s ion  

600 U.S. geog- 
r aphe r s  

A 30 t o  75 percent  increase  i n  e f f e c t i v i t y  Page A-90 
f o r  remote a r e a  mapping i n  Braz i l .  

Time savings i n  the  work of 40 people. lpage A-16 

Program. 
# 

Page A - 3 1  

Bureau o f  Land 
Management 

Community of  
prof  ess ior la l  
geographers 

10 pe rcen t  e f f e c t i v i t y  i nc rease  i n  t h e  cad 
t r a l  survey e f f o r t .  --- 
X O  p e r c e n t  of annual s a l a r i e s  and suppor t  
c o s t s  o f  a membership of  800 ,  

DISCIPLINE 

Geology 

Geography 
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esources 

maps of  s e l e c t e d  
regions ,  small  
and medium s c a l e  
(1:250,000 t o  1:l 

t h e  world, and 

catalogue s o i l  

veying s i t e s  f o r  
new f a c i l i t i e s ,  
surveying and 
c l a s s i f y i n g  i n -  
d u s t r i a l  f a c i l i -  
t i e s ,  surveying 
s i tes  f o r  new 
cons t ruc t ion ,  i n -  
ferring gopula-- 
t i o n  distribution 
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s represent savings. 

major s e t t l e -  

t i v e  of pet roleu 
accumulations an 
mineral deposi ts  
of economic i m -  

No reference cos t s .  

"Estimate based on informed judgment of potential user, 
**Not included in Westinghouse summary of benefits, 
***Figures in parentheses are for benefits resulting from improvements over several years due to improved tecl lniques,  



es t imate  i s  not  included i n  t h e  summary of  b e n e f i t s  f o r  mapping appl ica-  

t i o n s  a t  t h e  end of  t h i s  d iscuss ion.  

The b e n e f i t  es t imates  f o r  app l i ca t ions  13-16 a r e  not  considered v a l i d  

s ince  (1) no upper l i m i t  re ference  po in t s  a re  given, (2) t h e  p o t e n t i a l  use r s  

o r  b e n e f i c i a r i e s  a r e  not  e x p l i c i t l y  i d e n t i f i e d ,  and (3) i n  c e r t a i n  cases t h e  

time per iod  over which t h e  c i t e d  b e n e f i t s  a r e  expected t o  occur i s  unspecified,  

A p p l i c a t i o n s  13 t o  16 

U.S. Annual Benefi t  

13. Land Survey $1,000,000 

14. S i t e ,  F a c i l i t i e s ,  and Population Survey 5,500,000 

15. Monitor Changes i n  Sett lements 1 , 000,000 

16. Assist O i l  and Mineral Explorat ion 1,000,000 

Although t h e  b e n e f i t s  est imated f o r  these  app l i ca t ions  cannot be con- 

s ide red  v a l i d ,  these  (and o the r  app l i ca t ions  which were found during the  

review t o  have been inadequately t r e a t e d  i n  p a s t  s t u d i e s )  a r e  valuable as 

p o t e n t i a l  sub jec t s  f o r  f u r t h e r  work. 

Discussi on o f  Study Findings f o r  Moni tor ing Appl i cat ions 

Twenty-two b e n e f i t  es t imates  were made f o r  monitoring app l i ca t ions  

which would y i e l d  the  same information now being acquired by o t h e r  means 

(see Table 5 ,  app l i ca t ions  17-38). O f  t hese  22, the  es t imates  made f o r  

app l i ca t ions  17 t o  22 a r e  considered by INTERPLAN t o  be v a l i d  order-of-  

magnitude i n d i c a t o r s  o f  the  b e n e f i t s  t o  be r e a l i z e d  by t h e  u s e r  groups 

c i t e d .  

U.S. Annual Benefi t  

17, Location and I d e n t i f i c a t i o n  of Major Cu l t i -  
vated Crops 

18. Est imates of Crop Vigor and Yield 

19. Monitor Waterfowl Breeding Grounds 

20. Wetland Surveys of  Columbia and Colorado 
River Basins 

21. Monitoring of Ocean Surface Phenomena 

22. Coastal  Study and Development 

2  5 
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Table 5. Monitoring applications yielding 

i d e n t i f i c a t i o n  

Service, Bureau 

surveys of  Colum- 
b i a  Basin and 
monitor water 



Tab le  5 .  M o n i t o r i n g  

APPLICATION 

(continued) 

I 25. Discover ecologi  
c a l  r e l a t i o n s h i p  

26. I d e n t i f i c a t i o n  o 
i n d i c a t o r s  of po 
t e n t i a l  e a r t h -  
quake mechanisms 
and monitoring o 
ear thquate  damag 

27. I d e n t i f i c a t i o n  o 
precursor  i n d i c a  
t o r s  of  igneous 
a c t i v i t y  and 
monitoring pro- 
g ress  of  volcan- 
i c  erupt ions  

. 28. Flood monitoring 
damage warning 
and assessment 

29. Surveys r e l a t e d  
t o  snow and i c e  
f i e l d s  and pre-  
d i c t i o n  o f  i c i n g  
conditions 

30, Survey of soil 
m o i s t u r e  6 exten 
C, depth of frost 
water i n f l ow  
[control and 
quality of large 

- 

a p p l i c a t i o n s  y i e l d i n g  t h e  same i n f o r m a t i  on as now e x i s t s ;  b e n e f i t s  r ep resen t  savings. 

RATIONALE OR BASIS FOR ESTIMATE 

monitoring c e r t a i n  
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1 Table 5. Monitoring applications y ie ld ing  the same information as now exists;  benefi ts represent savings. 



and c u l t u r a l  



In each of t h e s e  s i x  a p p l i c a t i o n s  a  v e r i f i a b l e  upper l i m i t  t o  p o t e n t i a l  

sav ings  was documented. The amount of  t h e  upper l i m i t  t o  be r e a l i z e d  as 

sav ings  f o r  a p p l i c a t i o n s  17 and 18 appears  t o  have been es t imated  e i t h e r  by 

t h e  r e p o r t  au thors  o r  by members o f  t he  academic community. Although 

g r e a t e r  v a l i d i t y ,  i n  gene ra l ,  can be given t o  e s t i m a t e s  made by a knowledge- 

a b l e  p o t e n t i a l  u s e r ,  t h e s e  e s t i m a t e s  appear  t o  be v a l i d ,  based on t h e  widely 

accepted b e l i e f  t h a t  s a t e l l i t e  crop monitor ing w i l l  make a  major con t r ibu -  

t i o n  t o  ongoing United S t a t e s  crop-census programs. Es t imates  o f  r e a l i z a b l e  

b e n e f i t s  f o r  a p p l i c a t i o n s  19 and 20 were made us ing  t h e  e x p e r t  judgment of  

p o t e n t i a l  u s e r s ,  whi le  t hose  f o r  a p p l i c a t i o n s  21 and 22 were obta ined  through 

a n a l y s i s .  

The b e n e f i t  e s t i m a t e s  made f o r  a p p l i c a t i o n s  23 and 24 a r e  n o t  considered 

t o  be  v a l i d  by INTERPLAN p r i m a r i l y  because t h e  informat ion  upon which t h e  

e s t i m a t e s  were based has  changed s u b s t a n t i a l l y  between t h e  time t h e  e s t i m a t e s  

were made (1967-1968) and t h e  p r e s e n t  (1971).  

A p p Z i c a t i o n s  23 t o  24 

U.S. Annual Benef i t  

23. Monitor Urban A i r  P o l l u t i o n  $ 550,000 

24. Monitor Water P o l l u t i o n  6,600,000 
and 
1,500,000 

These e s t i m a t e s  (both from t h e  PRC R-1218 s tudy)  were made i n  1968 when t h e s e  

were no s p e c i f i c  n a t i o n a l  goa l s  with r e s p e c t  t o  a i r  o r  water  p o l l u t i o n ,  Such 

n a t i o n a l  goa l s  have now been s p e c i f i e d  under t h e  Environmental P ro t ec t ion  

Agency (EPA) and encompass s p e c i f i c  and i n t e r r e l a t e d  s u r v e i l l a n c e  sequ i r e -  

ments f o r  a de f ined ,  f e d e r a l - s t a t e  network. The p re sen t  EPA requirements* 

appear t o  be f a r  more ex tens ive  than  p o s t u l a t e d  i n  t h e  s t u d i e s  reviewed, 

A s  i n d i c a t e d  i n  t h e  BRC s tudy  (with r e f e rence  t o  a i r  p o l l u t i o n  only) 

vsp resen t  ground-based methods of  d e t e c t i o n  can g ive  only  p a r t i a l  i n f o m a t i o n  

on l a r g e - s c a l e  d i s p e r s a l  . . . . I q  The p o t e n t i a l  c o n t r i b u t i o n  of monitor ing 

a i r  (and water)  p o l l u t i o n  by s a t e l l i t e  t o  Yield informat ion  on l a r g e - s c a l e  

"Environmental and Science Technology, Vol. 5 ,  No. 2 ,  February 1971, pp, 104- . 
108, 114-119. 



d i s p e r s a l  p a t t e r n s ,  however, was n o t  i n v e s t i g a t e d .  In  view of t h e  f a c t  

t h a t  one of  t h e  RGD needs c i t e d  by t h e  EPA is  t h e  "development of  a e r i a i  

noncontact  sens ing  technique f o r  broad-sca le  eva lua t ion  of  water  q u a l i t y  

cond i t i ons  over  v a s t  geographical  areast1*,  it would appear  t h a t  the po- 

t e n t i a l  economic b e n e f i t s  from t h e  ERS Program both i n  sav ings  t o  be r e a l i z e d  

i n  t h e  ground-based program a s  wel l  as b e t t e r  information which might  r e s u l t  

from o r b i t a l  s u r v e i l l a n c e  i s  s o  g r e a t l y  underest imated i n  prev ious  s t u d i e s  

a s  t o  r ende r  t h e  e s t i m a t e s  i n v a l i d .  

The remaining e s t i m a t e s  o f  b e n e f i t s  f o r  a p p l i c a t i o n s  25 t o  38 i n  Table 

5 a r e  l a r g e l y  undocumented. Therefore ,  they  cannot be  considered to be  valid 

es t ima te s .  

Applications 25 to 38 

U.S. Annual Benefit 

Discover Ecologica l  Rela t ionships  $ 1,000,000 

Earthquake P red ic t ion  and Monitoring 75,000,000 

Volcanic  Erupt ion  P r e d i c t i o n  and Monitoring 1,000,000** 

Flood Monitoring, Damage Warning, and Assessment 20,000,000 

P red ic t ion  o f  Snow and I c e  Condit ions 15,000,000 

Survey o f  S o i l  Condit ions 40,000,000 

Survey of  Arid and Semi-Arid Regions 4,000,000 

Survey o f  P o l l u t i o n  i n  Rivers  and Streams 15,000,000 

Locat ion o f  F i s h e r i e s  and Fish  Location 100,000,000 

Location o f  Navigat ion Hazards 75,000,000 

Monitoring Disposal  i n  I n d u s t r i a l  Areas 60,000,000 

Warning of  T i d a l  Waves 40,000,000 

Monitoring o f  Ocean E f f e c t s  on Beaches, e t c .  50,000,000 

Damage Assessment i n  D i s a s t e r s  25,000,000 

However, t h e  l i s t i n g  o f  a p p l i c a t i o n s  such a s  t h e s e  is  one of t h e  g r e a t e s t  

c o n t r i b u t i o n s  of  t h e  s t u d i e s .  Ecologica l  r e l a t i o n s h i p s ,  ear thquakes and 

volcanoes,  s o i l  e ros ion ,  and movements o f  a i r ,  water ,  and t h e i r  p o l l u t a n t s  

a r e  a l l  among t h e  r e a l l y  h igh  payoff ,  long-term o b j e c t i v e s  o f  t h e  Program. 

"Environmental and Science Technology, Vol. 5 ,  No. 2 ,  February 1971, p, 119. 

**World b e n e f i t .  



Since t h e  e s t ima te s  were r epo r t ed  a s  sav ings  over  p r e s e n t  d a t a  c o l l e c t i o n  

methods and s i n c e  e f f o r t s  a r e  be ing  made today t o  monitor  observable phenon- 

ena i n  a l l  t h e s e  a p p l i c a t i o n s ,  t hey  were a l l  l i s t e d  i n  t h e  informa- 

t i o n  c l a s s .  I t  i s  more than  l i k e l y ,  however, t h a t  w i th in  t h e  n e x t  decade 

o r  two t h e  ERS system w i l l  a l s o  provide  " b e t t e r u  and "newH c l a s s e s  o f  i n -  

formation i n  t h e s e  a p p l i c a t i o n s .  

Summary o f  INTERPLAN ' s  F indings on t h e  
"Same" I n f o r m a t i  on Class o f  App l i ca t i ons  

In  t h e  s t u d i e s  reviewed, 38 a p p l i c a t i o n s  were f o r  t h e  purpose o f  mak- 

i ng  s a t e l l i t e  observa t ions  t o  y i e l d  t h e  same informat ion  now be ing  obtained 

through o t h e r  sou rces .  The t o t a l  va lue  o f  b e n e f i t  e s t ima te s  f o r  app l i ca -  

t i o n s  which could be considered v a l i d  is $54.2 m i l l i o n .  

Of t h e  16 mapping a p p l i c a t i o n s ,  b e n e f i t  e s t i m a t e s  f o r  11 a p p l i c a t i o n s  

were cons idered  t o  be  v a l i d  order-of-magnitude economic i n d i c a t o r s .  A 

t o t a l  o f  $26.9 m i l l i o n  was e s t ima ted  a s  t h e  sav ings  t o  ongoing mapping 2c- 

t i v i t i e s  which would r e s u l t  from implementation of t h e s e  11 a p p l i c a t i o n s ,  

O f  22 monitor ing a p p l i c a t i o n s ,  b e n e f i t  e s t ima te s  f o r  s i x  a p p l i c a t i o n s  

were considered t o  be v a l i d  order-of-magnitude economic i n d i c a t o r s ,  A 

t o t a l  o f  about $27.3 m i l l i o n  i n  sav ings  t o  ongoing a c t i v i t i e s  is es t imated  

t o  r e s u l t  from implementation o f  t h e s e  s i x  a p p l i c a t i o n s .  

Thus, t h e  b e n e f i t  e s t i m a t e s  which can b e  considered v a l i d  and not 

over lapping  amount t o  a t o t a l  o f  $54.2 m i l l i o n  i n  sav ings  t h a t  can be real- 

i z e d  through implementation of  s a t e l l i t e  mapping and monitor ing applica-  

t i o n s  which w i l l  y i e l d  t h e  same informat ion  now be ing  acqui red  by other 

methods. 

Type of  Number of Appl ica t ions  Amount o f  Val id ,  Non- 
Appl ica t ion  T o t a l  With Valid Es t imates  

Mapping 16 11 $26,900,000 

Monitoring 2 2 6 27,300,000 

TOTAL 38 17 $54,200,000 



REVIEW OF BENEFIT ESTIMATES PERTAINING TO SATELLITE OBSERVATIONS YIELDING 
"BETTER" INFORMATION THAN N O W  EXISTS 

Nature of the Benefit Estimates 

Out of 85 app l i ca t ions  i n  t h e  s t u d i e s  reviewed, 37 app l i ca t ions  were 

f o r  the  purpose of  making s a t e l l i t e  observat ions which would y i e l d  b e t t e r  

information,  but  of t h e  same kind now being used i n  ongoing a c t i v i t i e s ,  

The b e n e f i t s  es t imated ,  t h e r e f o r e ,  r ep resen t  t h e  marginal value o f  the  

"bet te r"  information which is obtained.  The fol lowing progress ion  i s  inn- 

p l i e d :  

1. B e t t e r  information i s  obtained through s a t e l l i t e  observat ions  

2 .  Improved ac t ion  can be taken a s  a  r e s u l t  of  t h e  b e t t e r  information 

3 .  A b e n e f i t  r e s u l t s  from the  improved a c t i o n .  

Thus b e n e f i t  es t imates  r ep resen t  added value through u s e .  

Applicability of Benefit Analysis t o  "Better" Information Class 

In some cases  b e n e f i t  es t imates  were made by f i r s t  es t imat ing  the  g r e a t -  

e s t  value which could r e s u l t  from Mperfec t l l  information,  i . e . ,  an upper- l imi t  

b e n e f i t  was e s t ab l i shed .  Then an es t imate  was made of  t h e  degree t o  which 

t h e  "bet te r"  information would d i f f e r  from vlperfect lT information and the  

maximum b e n e f i t  was s u i t a b l y  sca led  down. Subsequently, an es t imate  was 

made o f  t h e  amount of t h i s  b e n e f i t  which probably can be r e a l i z e d ,  based 

on t h e  degree t o  which ac t ion  w i l l ,  i n  f a c t ,  be taken.  

Only a  few of  t h e  app l i ca t ions  f o r  ob ta in ing  "bet te r"  information could 

be analyzed us ing  t h i s  procedure. In many cases  a  percentage of  an upper- 

l i m i t  value (usua l ly  based on an informed judgment) was used t o  r ep resen t  

t h e  added value which would be r e a l i z e d .  INTERPLAN considers  t h a t  i f  v e r i -  

f i a b l e  upper l i m i t s  a r e  documented, v a l i d  order-of-magnitude i n d i c a t o r s  f o r  

t h i s  c l a s s  of  information can be obtained us ing  e i t h e r  procedure,  

For some app l i ca t ions ,  upper- l imi t  b e n e f i t s  could be defined o r  calcu- 

l a t e d  reasonably we l l ,  i. e  . , maximum b e n e f i t s  f o r  avoiding damage and d i s -  

a s t e r  l o s s e s  a r e  approximately equal t o  t h e  va lue  of p a s t  l o s s e s ;  t he  in -  

c rease  i n  h y d r o e l e c t r i c  power which would r e s u l t  from p e r f e c t  s t reamf low 



f o r e c a s t s  could be c a l c u l a t e d .  For o t h e r  a p p l i c a t i o n s ,  upper l i m i t s  were 

more d i f f i c u l t  t o  e s t a b l i s h  and had t o  be based on assumptions o r  ana logies  

t o  ongoing o r  p o s t u l a t e d  expendi tures .  In  t h e s e  i n s t a n c e s  t h e  v a l i d i t y  of  

t h e  e s t ima te  was judged on t h e  b a s i s  o f  t h e  soundness o f  t h e  assumption o r  

analogy used.  

D i s c u s s i o n  o f  S t u d y  F i n d i n g s  f o r  Mapping Appl i c a t i o n s  

A s  s t a t e d  by t h e  au tho r s  of  t h e  PRC R-1218 s tudy:  "It i s  extremely 

d i f f i c u l t  t o  d e f i n e  and measure a l i n k  between maps and t h e  b e n e f i t s  t o  

u s e r s .  While most u s e r s  would p r e f e r  t o  u s e  more d e t a i l e d  and accu ra t e  

maps, i t  i s  d i f f i c u l t  t o  determine t h e  marginal b e n e f i t  from t h i s  b e t t e r  

map. 

In s p i t e  of t h e s e  d i f f i c u l t i e s ,  INTERPLAN cons ide r s  t h a t  of the  1 4  

mapping a p p l i c a t i o n s  which a r e  p o s t u l a t e d  t o  y i e l d  . b e t t e r  information than  

now a v a i l a b l e  ( s ee  Table 6 ) ,  v a l i d  order-of-magnitude e s t i m a t e s  were made 

f o r  a p p l i c a t i o n s  39 t o  43. 

AppZications 39 t o  43 

U.S. Annual Benef i t  

39. Expedi t ing Explora t ion  f o r  Petroleum $125,000,000* 

40. Mineral Examination on Pub l i c  Lands 450,000 

41. Improving Maps f o r  Road Cons t ruc t ion  on 
Pub l i c  Lands 

42.  Improved Maps f o r  Road Building on Indian  Lands 50,000 

43. Avoidance of  Sea Losses 9,000,000** 

"Includes Canada. 
**World b e n e f i t .  

For each o f  t h e s e  e s t i m a t e s  a v e r i f i a b l e  upper - l imi t  b e n e f i t  i s  docu- 

mented. For a p p l i c a t i o n s  39-42 t h e  amount of t h e  upper  l i m i t  r e p r e s e n t i n g  

t h e  marginal  b e n e f i t  was es t imated  with t h e  a s s i s t a n c e  of a p o t e n t i a l  user 

o r  a person f a m i l i a r  with u s e r  requirements  whi le  t h e  e s t ima te  f o r  applica-  

t i o n  43 was a r r i v e d  a t  through a n a l y s i s .  
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Table 6 .  

APPLICATION I____ 
39. Expedi t ing ex- 

p l o r a t i o n  f o r  
pe t  roleGm 

I 0.  Land c l a s s i f i c a -  
t i o n  and mineral  
examination on 
p u b l i c  lands  

1. Improving maps 
. f o r  road con- 

s t r u c t i o n  on pub- 
l i c  lands  

2.  Improved maps f o r  
road b u i l d i n g  on 
Indian  lands  

ency of  petroleum 

5. Increased e f f i c i -  
ency of explora-  
tion f o r  all 
m i a ~ e s a  1. s 

I 

6, Reduce road con- 
structiolr costs 
in areas of the 
the U .  S, not now 

lapping applications yielding be t te r  inforination than now ex i s t s ;  benefits represent added value. 

ANNUAL BENEFITS USER OR 
($mil l i o n s )  USER RATIONALE OR BASIS FOR ESTIMATE DOCUbENT 

U.S. 1 WORLD AGENCY 

n u a l l y  i n  t h e  U.S. and about 10 pe rcen t  

r y  h o l e s .  Incidence of dry  ho le s  ou t s ide  t h e  
.S. i s  assumed t o  be about 3 t imes t h a t  of 

minerals, In- 
cluding petro- 
leum, Includes 
U ,  S ,  producers 

114 - - U,S, and state avirlgs of 30 percent in the $381 million c u r -  
highway con- ent cost of cut and fill operations for areas 
s t r u e t i o n  n "ctie U, S. nor%' mapped only to 1 : 6% ,500 sca le .  
agencies aps at 1:24,000 for these areas should perirlit 

DISCIPLINE 
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Tab le  6. Mapping appl  i c a t i  ons y i e l d i n g  b e t t e r  i n f o r m a t i o n  than now e x i s t s  ; b e n e f i t s  r ep resen t  added value. 

1 ANNUAL BENEFITS I USER OR I I I 
APPLICATION ($mi 1 

(cont inued)  
mapped a t  s c a l e s  
0 f i : 2 4 , 0 0 0 ,  
1 : 250,000, and 
1:1,000,000 

. ions)  . 
WORLD 

47. Es tua r ine  survey  0 . 6  

onmental charac-  

d i t i o n s  

50. Location o f  f o r -  
e s t  r e sou rces  an 
i d e n t i f i c a t i o n  o 
composition by 
type  

51. Es t imat ing  f o r e s  
v i g o r  and poten-  
t i a l  y i e l d  

52. Land boundary 
s u r v e y  f o r  t a x  
a s s e s s m e r ~ t  

100 
(over  
s e v e r a l  
ye a r s )  

- - 

8 
(South 
Ameri- 

USER RATIONALE OR BASIS FOR ESTIMATE 
AGENCY 

design engineers  t o  l a y  out r o u t e s  more e f f i -  
c i e n t  l y  . 

Not i d e n t i f i e d  

Not i d e n t i f i e d  

So,  American 
Governments 

Saving of 20 pe rcen t  o f  t h e  $15.2 m i l l i o n  
which would be  r equ i r ed  t o  survey U .  S. f o r e s t  
by convent ional  means. Value o f  world inven- 
t o r y  of  f o r e s t  resources  es t imated  a t  about 
$75 'mi l l i on .  

The value of a f o r e s t  inventory  would double 
i n  t h e  U.S. and t r i p l e  i n  l e s s  developed 
a reas  i f  v i g o r  and y i e l d  were a l s o  determined --- 
Cost o f  an a e r i a l  su rvey  o f  4,s m i l l i o n  squar  
m i l e s  would b e  $9,000,000 compared t o  about  
$800,000 f o r  s a t e l l i t e  s u r v e y ,  

DOCUblENT I DISC1 PLINE 

Mathemat i c a  
E 6 CM 
Page 39 

Geography 

Hydrology 

SRI 
P r o j e c t  
M-5465 
Page 56 

Mathemat i c a  
GLM 
Pages 27-33 

IBM NASW-1215 
Vol. B 
P a r t  I 
Page I-A-17 

Agr i cu l tu re  

PRC R-1218 Geography 
Vol. 113: 
Page 234 

*Estinrate based  on the iil.Cor.iiieil j u d g r ~ ~ e n t  of poteilLial  user. 
**Figures  i n  p a r e n t h e s e s  a r e  f o r  b e n e f i t s  r e s u l t i n g  from improvements o v e r  s e v e r a l  y e a r s  due t o  improved technic lues .  



The b e n e f i t  es t imate  f o r  app l i ca t ion  39-Expediting Explorat ion f o r  

Petroleum, the  l a r g e s t  b e n e f i t  p e r t a i n i n g  t o  mapping-is s i m i l a r  t o  appl ica-  

t i o n  1 (Mapping Rela t ive  t o  Mineral Explorat ion i n  the  United States---$12.5 

mi l l ion )  bu t  is  placed i n  t h e  "be t t e rH information c l a s s  s i n c e  it r e f e r s  t o  

an inc rease  i n  t h e  e f fec t iveness  of o i l  reconnaissance.  Both e s t ima tes  a re  

from t h e  Westinghouse Report. 

Mineral and o i l  explora t ion  i s  a l s o  discussed i n  t h e  Summer Study Re- 

p o r t ,  Volume 2,Geology, where it i s  s t a t e d  t h a t  p o t e n t i a l  ERS information 

"is expected t o  a s s i s t  i n  t h e  discovery of o i l ,  gas,  and minerals  through 

more r a p i d l y  d e l i n e a t i n g  promising a reas  f o r  prospect ing  and t o  a i d  markedly 

i n  t h e  planning of  l a r g e  engineering opera t ions ."  In  t h e  Summer Study Re- 

p o r t  f o u r  p o t e n t i a l  sources of economic b e n e f i t s  a re  c i t e d :  ( I )  savings,  

o r  e f f i c i e n c y  inc rease ,  i n  present  explora t ion  and mapping c o s t s ,  ( 2 )  ac- 

c e l e r a t i o n  of o i l s  and metals  production,  (3) improved e f f e c t i v e n e s s  i a z  the 

e n t i r e  range of geologica l  a c t i v i t i e s  c a r r i e d  on by agencies of government, 

and (4) broad c u l t u r a l  b e n e f i t s  r e a l i z a b l e  through a b e t t e r  knowledge o f  

t h e  h i s t o r y  of t h e  e a r t h .  

No e x p l i c i t  e s t ima te  of economic b e n e f i t s  was given i n  t h e  Summer Study 

Report. However, based on an est imated $500 mi l l ion  expenditure f o r  gea- 

l o g i c a l  and geophysical  explora t ion  and mapping of o i l  and mineral resources 

i n  the  United S t a t e s  and Canada it was poin ted  out t h a t  only a  1 percent  

savings o r  e f f e c t i v i t y  inc rease  i n  t h i s  amount would make s a t e l l i t e  da ta  

c o l l e c t i o n  cos t  e f f e c t i v e .  Present  annual o i l  explora t ion  c o s t s  i n  t h e  

United S t a t e s  were est imated a t  about $2 b i l l i o n  annually.  

The Westinghouse e s t ima te  ( app l i ca t ion  39) of $125 mi l l ion  r e f e r s  t o  

an expected 25 percent  annual inc rease  i n  e f f e c t i v e n e s s  of  t h e  U.S. o i l  i n -  

d u s t r y ' s  reconnaissance expenditures which a re  es t imated  t o  be about L O  

percent  of t h e  t o t a l  explora t ion  benefi t -an implied U.S. worldwide o i l  

exp lo ra t ion  budget of about $5 b i l l i o n ,  Although t h e  b e n e f i t  e s t ima te  r e -  

f e r s  only t o  savings  i n  exp lo ra t ion  c o s t s  of  t h e  U.S. o i l  i ndus t ry ,  INTER- 

PLAN cons iders  t h a t  it i s  an important i n d i c a t o r  of p o t e n t i a l  b e n e f i t s  

which may be r e a l i z e d  i n  t h i s  a p p l i c a t i o n  a rea .  (An i n t e r e s t i n g  frame of 



r e f e rence  with r e spec t  t o  p o t e n t i a l  b e n e f i t s  t o  c o u n t r i e s  o t h e r  than t h e  

United S t a t e s  and Canada i s  given i n  t h e  r e c e n t  announcement* o f  L i t t a n  

I n d u s t r i e s  ' 39-month, $8 m i l l i o n  p l u s  c o n t r a c t  with t h e  Algerian govern- 

ment t o  survey  Algeria-about one-fourth t h e  s i z e  of  t h e  United S t a t e s -  

f o r  l o c a t i o n  of mineral  d e p o s i t s ,  o i l ,  gas ,  and water . )  

The e s t i m a t e  of  worldwide b e n e f i t s  f o r  a p p l i c a t i o n  43, de r ived  through 

a n a l y s i s ,  i s  considered v a l i d  s i n c e  it i s  based on a  documented upper l i m i t  

r e p r e s e n t i n g  world s e a  l o s s e s  and is n o t  an e s t i m a t e  obta ined  by f a c t o r i n g  

up an e s t ima te  o f  U.S. b e n e f i t s .  

I n  each o f  t h e  b e n e f i t  e s t i m a t e s  made f o r  a p p l i c a t i o n s  44-46 t h e  a s s m p -  

t i o n  upon which t h e  upper  l i m i t  is based appears t o  be  spec ious .  

Applications 44 t o  46 

U.S. Annual Benef i t  

44. Increased  Ef f i c i ency  of  Petroleum Explora t ion  $ 3,900,000 

45. Increased  E f f i c i e n c y  o f  Explora t ion  f o r  A l l  
Minerals  42,000,000* 

46. Reduce Road Cons t ruc t ion  Costs  i n  Areas o f  
t h e  U.S. Not Now Adequately Mapped 114,000,,00@ 

*World b e n e f i t .  

For example, i n  a p p l i c a t i o n  44 t h e  upper l i m i t  is e s t a b l i s h e d  on t h e  b a s i s  

o f  t h e  assumption t h a t  dry h o l e s  would be avoided through t h e  use of b e t t e r  

geo log ica l  maps. This  assumption i s  considered tenuous s i n c e  t h e r e  i s  s i g -  

n i f i c a n t  geophysical  exp lo ra t ion  on t h e  s u r f a c e  be fo re  d r i l l i n g  i s  undertaken,  

t h e  r e s u l t s  of  which probably would n o t  be  a f f e c t e d  even i f  b e t t e r  maps were 

a v a i l a b l e .  The b e n e f i t  e s t ima te  f o r  a p p l i c a t i o n  45, t h e  r e s u l t  of  f a c t o r i n g  

up t h e  e s t i m a t e  of  a p p l i c a t i o n  44, i s  n a t u r a l l y  s u b j e c t  t o  t h e  same c r i t i c i s m ,  

The e s t ima te  f o r  a p p l i c a t i o n  46 uses  an upper l i m i t  r e p r e s e n t i n g  U,S, 

roadbui ld ing  c u t - a n d - f i l l  c o s t s  on t h e  assumption t h a t  t h e s e  c o s t s  might be 

reduced by 30 pe rcen t  i f  l a r g e r  s c a l e  maps were a v a i l a b l e .  The assumption 

i s  ques t ionab le  s i n c e  a l l  highway r o u t e s  a r e  now e x t e n s i v e l y  surveyed be-  

f o r e  c o n s t r u c t i o n ,  a e r i a l  photography is a v a i l a b l e ,  and it is  doubt fu l  

whether more d e t a i l e d  information could be provided through s a t e l l i t e  obser- 

v a t i o n .  

*Los Angeles Times, Feb. 18, 1971. 



Appl ica t ions  47-52 a r e  n o t  considered v a l i d  s i n c e  t h e  upper l i m i t  in 

each case  is  a  s u r r o g a t e  va lue  r e p r e s e n t i n g  t h e  c o s t  which would be i n -  

cur red  i f  t h e  p o s t u l a t e d  informat ion  were t o  be  obta ined  us ing  convent ional  

means. 

AppZications 47 t o  52 

U.S. Annual Benef i t  

47. Es tua r ine  survey $ 600,000 

48. Catalog S o i l  F e r t i l i t y  and Environmental 
C h a r a c t e r i s t i c s  100,000,000" 

49. Photograph Grazing Land Condit ions 100,000 

50. Locat ion and I d e n t i f i c a t i o n  of Fo res t  Resources 3,000,000 

51. Es t imate  Fo res t  Vigor and Yie ld  300,000,000 

52. Land Boundary Survey f o r  Tax Assessment 

"World b e n e f i t .  

I m p l i c i t  i n  t h e  f a c t  t h a t  t h e s e  p r o j e c t s  have n o t  been implemented 

t o  t h e  e x t e n t  suggested i n  t h e  a p p l i c a t i o n  i s  t h e  p o s s i b i l i t y  t h a t  t he  

c o s t  o f  implementation by convent ional  means has  been judged t o  exceed 

t h e  va lue  t o  be r e a l i z e d .  

Discussion o f  Study Findings f o r  Mon i to r i ng  App l i ca t i ons  

Benef i t  e s t i m a t e s  were made f o r  23 monitor ing a p p l i c a t i o n s  which would 

y i e l d  b e t t e r  in format ion  than  is  now a v a i l a b l e  ( see  Table 7 ) .  Es t imates  

f o r  17  a p p l i c a t i o n s  were considered by INTERPLAN t o  be  v a l i d  order -of -  

magnitude economic i n d i c a t o r s .  Many of  t h e s e  e s t ima te s  a r e  f o r  s i m i l a r  

a p p l i c a t i o n s  o r  a r e  f o r  t h e  same a p p l i c a t i o n ,  b u t  wi th  d i f f e r e n c e s  in the 

scope of  b e n e f i t i n g  u s e r s  covered by t h e  e s t ima te .  To f a c i l i t a t e  t h e  d a s -  

cuss ion  of t h e s e  f i n d i n g s  and t h e  i s o l a t i o n  o f  b e n e f i t s  which can be con- 

s i d e r e d  a d d i t i v e ,  t h e s e  a p p l i c a t i o n s  a r e  grouped and d i scussed  according t o  

t h e  d i s c i p l i n e s  which they  r e p r e s e n t ,  

ESTIMATES OF BENEFITS FOR BETTER INFORMATION I N  THE DISCIPLINE OF HY- 

DROLOGY. The Westinghouse and t h e  two PRC s t u d i e s  l i s t  b e n e f i t  e s t i m a t e s  

f o r  f o u r  a p p l i c a t i o n s  i n  t h e  d i s c i p l i n e  of  Hydrology which y i e l d  b e t t e r  i n -  

formation ( a p p l i c a t i o n s  53  t o  56) .  



t s  ; b e n e f i t s  r e p r e s e n t  added va lue .  

APPLICATION 

53. Minimize f lood  
damage 

54. Inc rease  va lue  o 
r e s e r v o i r s  f o r  
r e c r e a t i o n  

55. Inc rease  hydro- 
power gene ra t ion  

ANNUAL BENEFITS USER OR 
($mi l l i ons )  USER RATIONALE OR BASIS FOR ESTIMATE 

U.S. 1 WORLD AGENCY 

U.S. managers Based on c a l c u l a t i o n s  from f o u r  P a c i f i c  North 
of dams used west b a s i n s ,  about 83 percent  of d i r e c t  f l ood  
f o r  f l o o d  l o s s e s  and 75 percent  of i n d i r e c t  l o s s e s  
c o n t r o l  would be saved through u t i l i z a t i o n  of  i m -  

proved runoff  f o r e c a s t s  t o  reduce r i v e r  
l e v e l s  a t  maximum f lood  s t a g e  by 2 f e e t  t o  
produce an e s t ima ted  gross  b e n e f i t  of $18.5 
m i l l i o n .  ' Resul t s  f a c t o r e d  up based on f lood  
l o s s e s  i n  a l l  U.S. r i v e r  b a s i n s .  

Operators  of  Grand Coulee r e c r e a t i o n  use  c a l c u l a t e d  a s  a  
r e s e r v o i r  func t ion  of water  l e v e l  dur ing  warm months- 
r e c r e a t i o n  a  gross  b e n e f i t  of $305,000 f o r  t h e  P a c i f i c  
a r e  a s  Northwest Basin. Resul t s  ex t r apo la t ed  t o  a l l  

U.S. r e s e r v o i r s .  

DOCUBENT 

PRC R-1224 
Vol. I 1  
Page 150 
and Page 159 

Page 159 

Hydroe lec t r i c  
power produc- 
e r s  i n  North 
P a c i f i c  d r a i n -  
age a r e a  

Hydroelectric 
power produc-~ 
e r s  in North 
Pacific, South 
Pacific, Great 
Lakes-St . Law- 
rence River, 

P o s t u l a t e s  10 percent  i nc rease  i n  income from 
increased  power generated a s  a  r e s u l t  o f  
g r e a t e r  water  a v a i l a b i l i t y  from lowered irri- 
ga t ion  water  l o s s e s .  

Westinghouse 
7145A2 
Page 3-3 and 
Page A-78 

improved long-term and shor t - te rm inventory  
and demand f o r e c a s t s .  Supercedes fo l lowing  . 

es t ima te  made i n  PRC R-,1218 s tudy .  

Increased power produced by reducing  r e s i d u a l  PRC R-1218 
r e s e r v o i r  volume and s p i l l a g e  through reduc- Vol. I11 
i n g  inf low f o r e c a s t  e r r o r  from about 15 p e r -  Page 159 
cent  t o  about 5 percent. 

--- --- 
Factored up from preceding estima 
milliori for North Pacific, based on relative 
amount of power produced, 

Page 162 

DISCIPLINE 

Hydrology 
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, Table 7. Monitoring applic, 
I I 

tions yielding be t te r  informati on than now exis t s  ; benefits represent added value. 

USER OR 
USER RATIONALE OR BASIS FOR ESTIMATE 

AGENCY 

1 ANNUAL LENEFITS 
ions )  APPLICATION I# DOCUFENT 

WORLD 

(cont inued 1 I on s i m i l a r  
1 and 

f i t  of $3  m i l l i o n .  There i s  about 3  t imes 
t h i s  acreage of problem lands under p r i v a t e  
i r r i g a t i o n  which would b e n e f i t  t o  t h e  same 
degree .  

Yield i n c r e a s e s  o f  about 2.5 percent  on 40 
m i l  l i o n  a c r e s  c u r r e n t l y  y i e l d i n g  about $350 
p e r  a c r e .  - . 

Westinghouse 
7145A2 
Page 3-3 and/ 
o r  Page A-73 

Pages A-75 
and A-76 

U.S. farmers  
I on 40 m i l l i o n  
1 a c r e s  of irri- 

ment of  S t a t e  
r e c r e a t i o n a l  

s o i l  and water-  
shed conserva t io  

A 10 pe rcen t  i nc rease  i n  e f f e c t i v e n e s s  i n  t h e  
u s e  of t h e  $80 m i l l i o n  budgeted f o r  planning,  
p r o t e c t i o n ,  and ope ra t ion .  

sges A-51 
~d  A-52 

National  Park 
Serv ice  

age A-53 Increased  e f f e c t i v e n e s s  i n  t h e  expenditure  of  
$125 m i l l i o n .  

Bureau of  Out- 
door Recrea- 
t i o n  

- -  1 S t a t e  Recrea- Increased  e f f e c t i v e n e s s  i n  t h e  expenditure  of 
$225 m i l l i o n .  

Page A-53 

Bureau o f  
Reclamation 
and Hydrol ogy, 
Divis ion of  
USGS 

A 10 pe rcen t  i nc rease  i n  e f f e c t i v e n e s s  i n  t h e  
expendi ture  of  $14.7 m i l l i o n .  

Page A-59 

Bureau of  In-  
d ian  A f f a i r s  

A 2 pe rcen t  i nc rease  i n  e f f e c t i v e n e s s  i n  the  
$5.3 m i l l i o n  budget f o r  f o r e s t  and range man- 
agement and 5 percent  of a $1 - 6  m i l l i o n  bud- 
g e t  f o r  s o i l  and moisture surveys on Indian 
l a n d s ,  

Page A-55 64 ,  Range, f o r e s t r y ,  
and land manage- 
ment on Indian 
lands 
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U.S. WORLD AGENCY 

65. Forest f i r e  de- 

t e c t i o n  and dam- se rva t ion  a re  not  c i t e d .  
age assessment 

P 
w increased by a t  l e a s t  1 percent  by fo re -  

wheat-mst-like 
(fungi) stresses U.S, and 15 
in small grains 
other t h a n  grain producin 
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AppZications 53 t o  56 

U.S. Annual Benef i t  

53. Minimize Flood Damage $305,500,000 

54. Inc rease  Value of Reservoi rs  f o r  Recrea t ion  
and Inprove Navigat ion 6,500,000 

55,  Increase  Hydropower Generation Bene f i t s :  

a. (For BuPeau o f  Reclamation) 11,000,000 

b.  (For North p a c i f i c  Drainage Area Producers) 22,500,000 
(5,410,000)* 

c .  (For North P a c i f i c ,  South P a c i f i c ,  Great 
Lakes, S t .  Lawrence River ,  and 1/2 of  Ohio 
River  Drainage Area Producers) (8,260,000)* 

d .  (For Hydropower Producers i n  9 Count r ies )  36,500,000 

e .  (For U.S. Producers) 94,100,000 

56. Improvements i n  I r r i g a t i o n ,  Navigat ion,  Cloud 
Cont ro l ,  e t c .  373,500,000** 

*Values i n  parentheses  a r e  i n i t i a l  e s t i m a t e s  superseded by a l a t e r ,  more 
exhaus t ive  case  s tudy .  

**Benefit  t o  9 c o u n t r i e s ,  i nc lud ing  t h e  United S t a f e s .  

INTERPLAN cons iders  t h a t  v a l i d  b e n e f i t  e s t ima te s  were made f o r  t h e  f i r s t  

t h r e e  a p p l i c a t i o n s  l i s t e d  (53 t o  55) .  The e s t i m a t e s  of  b e n e f i t s  f o r  app l i ca -  

t i o n s  53  and 54 were a r r i v e d  a t  through a n a l y s i s  of  v e r i f i a b l e  d a t a ,  These 

a p p l i c a t i o n s  do n o t  over lap  and, hence, can be considered a d d i t i v e ,  

The f i v e  b e n e f i t  e s t i m a t e s  f o r  a p p l i c a t i o n  55, however, do ove r l ap ,  

Es t imate  (a)  i n  a p p l i c a t i o n  55 was a r r i v e d  a t  by us ing  t h e  expe r t  judgment 

of  a p o t e n t i a l  u s e r ,  whi le  t h e  o t h e r  e s t i m a t e s  (b,  c, d ,  and e )  were made an 

t h e  b a s i s  of c l o s e l y  reasoned a n a l y s i s .  Only t h e  most i n c l u s i v e  U,S, es t im-  

a t e  (e )  which covers  a l l  U.S. .producers  of  hydropower i s  included i n  t h e  sum- 

mary o f  b e n e f i t s  f o r  ! ' be t t e ru  informat ion  a p p l i c a t i o n s .  I t  i s  i n t e r e s t i n g  to 

n o t e  t h a t  e s t ima te  (a )  o f  $11 m i l l i o n  f o r  b e n e f i t s  t o  t h e  Bureau o f  Reclama- 

t i o n  i s  i n  reasonably  good agreement wi th  e s t ima te  (e )  of $94.1 m i l l i o n ,  csn- 

s i d e r i n g  t h a t  i n  1968 t h e  49 Bureau o f  Reclamation hydropower p l a n t s  pro-  

duced about 14 pe rcen t  o f  t h e  t o t a l  hydropower genera ted  i n  t h e  United S t a t e s  

(94.1 x .14 = $13.2 m i l l i o n ) .  The b e n e f i t  e s t ima te  (d) f o r  increased  hydro- 

power gene ra t ion  i n  9 major hydropower producing c o u n t r i e s  ( i nc lud ing  t h e  



United S t a t e s ) ,  was made by f a c t o r i n g  up b e n e f i t  e s t ima te  (c )  . This estim- 

a t e  is  n o t  considered v a l i d  s i n c e  it was superseded by l a t e r  work and since 

i n  most i n s t a n c e s  INTERPLAN does n o t  cons ider  t h a t  v a l i d  e s t i m a t e s  of world 

b e n e f i t s  can be made through t h e  e x t r a p o l a t i o n  o f  U.S. e s t i m a t e s .  

Appl ica t ion  56-which r e l a t e s  t o  b e n e f i t s  t o  be  r e a l i z e d  by t h e  same 

9 hydropower-producing c o u n t r i e s  through improvements i n  i r r i g a t i o n ,  navi- 

g a t i o n ,  and f lood  con t ro l - i s  de r ived  from an e x t r a p o l a t i o n  of  U.S. data  

and l i kewise  is  n o t  considered v a l i d .  

In  summary, t h e  t o t a l ,  a d d i t i v e  b e n e f i t s  which a r e  considered v a l i d  

f o r  monitor ing a p p l i c a t i o n s  y i e l d i n g  b e t t e r  in format ion  i n  t h e  f i e l d  sf 

hydrology a r e  (305.5 + 6.5 + 94.1)  = $406.1 m i l l i o n  annual ly .  

ESTIMATES OF BENEFITS FOR BETTER INFORMATION I N  THE DISCIPLINE OF 

AGRICULTURE. The Westinghouse, IBM, Mathernatica GLM, and t h e  two BRC s tud-  

i e s  l i s t  b e n e f i t  e s t i m a t e s  f o r  14 a p p l i c a t i o n s  i n  t h e  d i s c i p l i n e  of Agri- 

c u l t u r e  which y i e l d  b e t t e r  in format ion  ( a p p l i c a t i o n s  57 t o  70) .  

AppZications 57 t o  70 

U.S. Annual Benef i t  

57. Improved Forecas t s  of  I r r i g a t i o n  Water 
A v a i l a b i l i t y  Bene f i t s :  

a .  (For I r r i g a t i o n  Farms i n  P a c i f i c  
Northwest) 

b ,  (For I r r i g a t i o n  Farms i n  United S t a t e s ,  
33 Mil l ion  Acres) 282,000,000 

58. Detec t ion  o f  Fau l ty  I r r i g a t i o n  P r a c t i c e s  (Bene- 
f i t s  t o  Farmers on 20 Bureau of  Reclamation 
P r o j e c t s  and P r i v a t e  Farmers on S i m i l a r  Prob- 
lem Lands-a To ta l  Acreage of  1,600,000) 12,000,000* 

59. Detec t ion  of Losses o f  I r r i g a t i o n  Water and 
Refined Runoff Es t imates  (Bene f i t s  t o  U. S. 
Farmers on 40 Mi l l ion  Acres of  I r r i g a t e d  Land) 319,000,000" 

60. Planning,  P r o t e c t i o n ,  and Operat ion i n  t h e  
Nat iona l  Park Serv ice  

61. Planning Federal  Grants-in-Aide f o r  Develop- 
ment of S t a t e  Recrea t iona l  Areas 17,000,000* 

"Estimate based on t h e  informed judgment o f  a p o t e n t i a l  u s e r .  



U.S. Annual Benefi t  

62. Planning, Development, Operation, and Maintenance 
of  S t a t e  Recreat ional  S i t e s  $ 15,000,000* 

63. Improvements i n  S o i l  and Watershed Conservation 1,470,000* 

64. Range, Fores t ry ,  and Land Management on Indian 
Lands 

65. Forest  F i r e  Detect ion 

66. Forest  F i r e  Detect ion and Damage Assessment 

67, Improved Range Management Benef i t s  : 

a .  (For Bureau of Land Management) 

b .  (For Publ ic  6 P r i v a t e  Range Management) 

68. Timely Detect ion of Wheat Rust 

69. Detect ion of Wheat-rust-like (Fungi) S t r e s s e s  
i n  Small Grains o t h e r  than Wheat 

70. Reduction of Fores t  Insec t  I n f e s t a t i o n  Losses 

*Estimate based on t h e  informed judgment of a  p o t e n t i a l  u s e r .  

INTERPLAN considers  t h a t  v a l i d  b e n e f i t  e s t ima tes  were made f o r  applica- 

t i o n s  57 t o . 7 0 .  The b e n e f i t  e s t ima tes  f o r  app l i ca t ions  57 t o  59, r e l a t i n g  

t o  b e n e f i t s  which would be r e a l i z e d  by farmers on i r r i g a t e d  land (due t o  

b e t t e r  r e s e r v o i r  management), a re  overlapping. A s  noted,  some were made 

through a n a l y s i s  and some on t h e  b a s i s  of  informed judgment. The es t imate  

f o r  a p p l i c a t i o n  58 from the  Westinghouse r e p o r t  r e f e r s  only t o  "prob lern7" 

lands and is  add i t ive  t o  t h e  b e n e f i t  es t imate  f o r  app l i ca t ion  59 ( a l s o  

from t h e  Westinghouse repor t ) -a  t o t a l  of (319 9 12)  = $331 m i l l i o n  annu- 

a l l y .  Since app l i ca t ions  58 and 59 a r e  s i m i l a r  t o  app l i ca t ion  57, they  a r e  

considered t o  overlap.  The es t ima te  f o r  a p p l i c a t i o n  57 i s  included i n  t h e  

summary of b e n e f i t s  s i n c e  the  documentation was more thorough and the  est im- 

a t e  i s  more conservat ive .  

Benefi t  e s t ima tes  f o r  app l i ca t ions  60 t o  64, a l l  from t h e  Westinghouse 

r e p o r t ,  a r e  considered v a l i d  e s t ima tes  of b e n e f i t s  f o r  t h e  app l i ca t ions  con- 

s i d e r e d  and a re  a d d i t i v e .  Each is  based on a percentage inc rease  i n  the  

e f f e c t i v e  use of  funds i n  an ongoing a c t i v i t y .  

Applicat ions 65 and 66 overlap s i n c e  b e n e f i t s  a r e  claimed f o r  more 

t imely  d e t e c t i o n  o f  f o r e s t  f i r e s  i n  each. Applicat ion 66 appears t o  be 



more inc lus ive  i n  scope s ince  it includes b e n e f i t s  t o  be r e a l i z e d  from 

e a r l y  damage assessment. However, t h e  es t imate  i s  l e s s  inc lus ive  i n  its 

coverage of p o t e n t i a l  use r s  s ince  it represents  b e n e f i t s  t o  t h e  USDA o n l y ,  

while the  b e n e f i t  es t imate  f o r  app l i ca t ion  65 r e f e r s  t o  a l l  U.S. pub l i c  

and p r i v a t e  f o r e s t  managers. Since t h e  es t imate  f o r  app l i ca t ion  65 i s  more 

thoroughly documented, more inc lus ive ,  and i s  based on a  percentage reduc- 

t i o n  i n  v e r i f i a b l e  f o r e s t  f i r e  l o s s e s ,  it is  used i n  t h e  summary of bene- 

f i t s .  

The two b e n e f i t  es t imates  f o r  app l i ca t ion  67 a l s o  overlap.  The estim- 

a t e  o f  $1.75 mi l l ion  annual b e n e f i t  (from t h e  Mathematica r epor t )  i s  used i n  

t h e  summary of b e n e f i t s  f o r  the  sane reasons c i t e d  f o r  app l i ca t ion  65 ,  

In app l i ca t ion  68, gross annual b e n e f i t s  of $146.3 mi l l ion  a r e  estim- 

a ted  i n  t h e  PRC R-1224 repor t  t o  be r e a l i z a b l e  i f  wheat farmers i n  the  

United S t a t e s  have t imely  enough information on wheat r u s t  i n f e c t i o n  t o  

con t ro l  the  spread of  the  d i sease  by spraying.  INTERPLAN considers  t h a t  

t h i s  e s t ima te  is v a l i d ;  however, it is  noted t h a t  t h i s  es t imate  and o t h e r  

s i m i l a r  es t imates  t h a t  purport  t o  a n t i c i p a t e  t o  what an ex ten t  a  broad base 

of  independent use r s  w i l l  use b e t t e r  (o r  new) information must be consid- 

ered  l e s s  c e r t a i n  i n d i c a t o r s  of the  t o t a l  economic impact of the  infsrma- 

t i o n  than when t h e  u l t ima te  u s e r  is an organized group. In t h i s  es t imate  

the  degree of  farmer p a r t i c i p a t i o n  was considered and the  p a r t i c i p a t i o n  

r a t e  used (90 percent  a f t e r  6 years  of the  program) seems reasonable,  

based on cur ren t  use of a g r i c u l t u r a l  information by U.  S, farmers. 

The b e n e f i t  es t imate  f o r  app l i ca t ion  69 i s  considered v a l i d  and addi- 

t i v e  t o  t h e  b e n e f i t  es t imate  f o r  app l i ca t ion  68, Signature technology w i l l  

have t o  be well advanced i n  order  t o  d i s t i n g u i s h  between d i f f e r e n t  types o f  

small g ra ins  and, hence, any ERS information on fungal d i seases  ( i n  the  fo re -  

seeable  f u t u r e )  w i l l  probably p e r t a i n  t o  a l l  small g ra ins .  I t  i s  reasonable 

t o  assume t h a t  a l l  small-grain farmers a r e  l i k e l y  t o  be included i n  the  

program and w i l l  p a r t i c i p a t e  s ince  spray con t ro l s  and t h e  value r e a l i z e d  by 

var ious  g ra in  farmers w i l l  be s i m i l a r .  

The b e n e f i t  es t imate  f o r  app l i ca t ion  70 i s  l ikewise  considered v a l i d  

s i n c e  it is  based on preventing a  percentage of  v e r i f i a b l e  losses  due t o  

f o r e s t  i n s e c t  damage. 



In summary, t o t a l  a d d i t i v e  b e n e f i t s  which a r e  considered v a l i d  f o r  

monitor ing a p p l i c a t i o n s  y i e l d i n g  b e t t e r  information i n  t h e  f i e l d  of  a g r i -  

c u l t u r e  a r e  (282.0 + 8.0 + 17.0 + 15.0 + 1.5  + 0.2 + 15.0 + 1 .8  + 1 4 6 - 3  + 

84.9 + 9 . 0  = $580.7 m i l l i o n ) .  

ESTIMATES OF BENEFITS FOR BETTER INFORMATION WHICH ARE NOT CONSIDERED 

VALID. The PRC R-1218 s tudy  l i s ts  b e n e f i t  e s t i m a t e s  f o r  f i v e  a p p l i c a t i o n s  

( a p p l i c a t i o n s  71 t o  75) .  

Appzications 71 to 75 

U.S. Annual Bene f i t  

71. Reduction o f  A l l  Crop Disease and I n s e c t  
I n f e s t a t i o n  $4,533,000,000 

72. Location of  Mosquito Breeding Areas 2,906,000,000~* 

73. Improved Search and Rescue Operat ions 38,000,000" 

74. Control  of  Solid-Waste-Related Diseases  189,000,008" 

75. Detec t ing  Epidemic Diseases  i n  Animals 1,350,000,000" 

*World b e n e f i t .  

The b e n e f i t  e s t i m a t e s  f o r  a p p l i c a t i o n s  71 t o  75 a r e  n o t  considered 

v a l i d .  In a p p l i c a t i o n  71 the  same r a t i o n a l e  used i n  d e r i v i n g  b e n e f i t  es-, 

t ima te s  f o r  fungal  damage t o  small g r a i n s  i s  app l i ed  t o  t h e  e a r l y  d e t e c t i o n  

and c o n t r o l  of a l l  crop d i s e a s e s .  HNTERPLAN cons ide r s  t h a t  a simple ex- 

t r a p o l a t i o n  of t h e  wheat r u s t  case  t o  a l l  c rops  and d i s e a s e s  i s  n o t  v a l i d  

s i n c e  each d i s e a s e  d i f f e r s  n o t  on ly  wi th  r e s p e c t  t o  d e t e c t i o n  techniques  b u t  

a l s o  wi th  r e s p e c t  t o  t h e  p o s s i b i l i t y  o f  and c o s t  of  c o n t r o l  and t h e  degree 

t o  which farmer p a r t i c i p a t i o n  i n  t h e  program might be  expected.  The ERS 

Program appears  t o  have promise i n  seducing crop losses-not  on ly  i n  t h e  

United S t a t e s ,  b u t  worldwide; however, INTERPLAN cons ide r s  t h a t  val id  es- 

t ima te s  o f  p o t e n t i a l  b e n e f i t s  can only  be obta ined  on t h e  b a s i s  of  a case  

by case  a n a l y s i s .  

Appl ica t ion  72 which p e r t a i n s  t o  t h e  l o c a t i o n  o f  a r e a s  conducive to 

breeding  o f  mosquitoes is  important  s i n c e  it i s o l a t e s  one major a r e a  where 

ERS informat ion  can be  u s e f u l  i n  improving h e a l t h  on a worldwide scale, 

INTERPLAN cons ide r s ,  however, t h a t  t h e  s u b j e c t  m a t t e r  is n o t  amenable t o  



economic ana lys i s .  Apart from the  f a c t  t ha t  the  assumptions of the  analy- 

sis  seem op t imis t i c  with respect  t o  use r  pa r t i c i pa t i on  and spray effec- 

t iveness ,  t h e  der ivat ion of economic bene f i t  on the  ba s i s  of the  average 

wage and unemployment s t a t i s t i c s  published f o r  subsistence economies is 

considered u n r e a l i s t i c .  Unquestionably, the appl ica t ion has mer i t ,  but 

i ts  value requires  j u s t i f i c a t i o n  on o ther  than economic grounds. 

The bene f i t  est imate f o r  appl ica t ion 73 i s  not  considered va l id  

s ince  the  documentation and analys is  presented is  inadequate. 

The benef i t  est imate f o r  appl ica t ion 74 i s  not  considered va l i d  

s ince  it appears unreasonable t o  assume t h a t  a t  any time i n  t he  near 

fu tu re  small quan t i t i e s  of s o l i d  wastes w i l l  be detected e f f ec t i ve ly  

by ERS observations.  Further,  the exis tence  of these  s o l i d  wastes i s  

not  due t o  lack of observation,  but  lack of ac t ion.  

The benef i t  est imate f o r  appl ica t ion 75, l ikewise,  i s  not  consid- 

ered v a l i d  s ince ,  i n  the  foreseeable f u tu r e ,  it is  not  probable t h a t  

the  information could be obtained through ERS observations,  In addi- 

t i o n ,  t he  ana lys i s  exh ib i t s  a lack of understanding of the  foo t  and 

mouth disease  problem. Foot and mouth vaccine is  highly e f f ec t i ve ,  

when used. However, the f a c t  t h a t  t h e  vaccine i s  a v iab le  cu l tu re  

prevents i t s  use i n  breeding stock-and i n  England, where a large  pro-  

por t ion of the  stock i s  exported as  breeding s tock,  use of t h e  vaccine 

is  prevented by law. 

Summary of INTERPLAN's Findings on the  
Better  Informati on Cl ass  of Appl i c a t i  ons 

In the  s tud ies  reviewed, 37 appl ica t ions  were f o r  the purpose of  mak- 

ing  s a t e l l i t e  observations which would y i e ld  b e t t e r  information than 

i s  now being obtained. The t o t a l  value of benef i t  est imates which 

could be considered v a l i d  i s  $1,121.4 mi l l ion .  



O f  t h e  14 mapping app l i ca t ions ,  b e n e f i t  es t imates  f o r  5  appl ica-  

t i o n s  were considered v a l i d  f o r  a  t o t a l  o f  $134.6 mi l l ion .  O f  t he  

23 monitoring app l i ca t ions ,  v a l i d  b e n e f i t  es t imates  were made f o r  3 

hydrology app l i ca t ions  t o t a l i n g  $406.1 mi l l ion  and f o r  14 a g r i c u l t u r a l  

app l i ca t ions  t o t a l i n g  $580.7 mi l l ion .  

Type of Number of Applicat ions Amount of  Valid, Nsn- 
Applicat ion To ta l  With Valid Estimates 

Mapping 14 5 

Monitoring 23 17 

TOTAL 3 7  2  2  $1,121,400,080 



REVIEW OF BENEFIT ESTIMATES PERTAINING TO SATELLITE OBSERVATIONS Y I E L D I N G  
"NEW" INFORMATION 

Nature  o f  t h e  B e n e f i t  Es t imates  

Of the  85 app l i ca t ions  i n  t h e  s t u d i e s  reviewed, 10 app l i ca t ions  ( a l l  

monitoring) were c l a s s i f i e d  a s  producing b e n e f i t s  from s a t e l l i t e  observa- 

t i o n s  which would y i e l d  new information. Two types of  new information can 

be d is t inguished:  (1) information o f  known content  t h a t  can be obtained 

only by observations from a space platform s ince  the  resources t o  be ob- 

served a r e  d ispersed  over the  e n t i r e  e a r t h ' s  su r face ,  and (2)  i n f o m a t i o n  

of  unknown content  which might be obtained a s  a  r e s u l t  of  synopt ic  s a t e l -  

l i t e  observations.  Only new information of  t h e  first type i s  r e f e r r e d  t o  

i n  t h i s  c l a s s i f i c a t i o n .  I t  is  recognized t h a t  the  economic b e n e f i t s  liJhich 

might be r e a l i z e d  from the  l a t t e r  type of information could be s u b s t a n t i a l  

bu t ,  unfor tunate ly ,  t h e s e  b e n e f i t s  a re  no t  q u a n t i f i a b l e  u n t i l  t he  i n f o m a -  

t i o n  content  becomes known. 

Since t h e  information is new, t h e  b e n e f i t  ana lys i s  was approached by 

the  authors  by es t imat ing  the  absolute  value of t h e  information based on 

case examples of  how the  proposed new information might be used. 

Appl i c a b i l  i ty o f  B e n e f i t  Ana l ys i s  t o  t he  "New" I n f o r m a t i o n  Class 

Since t h e  information is  no t  now used i n  an ongoing a c t i v i t y ,  upper 

limits were not  e s t ab l i shed  by reference  t o ,  current  expenditures.  Rather, 

t o  obta in  an upper l i m i t  assumptions were made t h a t  i f  t he  information 

were used i n  a  spec i f i ed  case t h e  b e n e f i t  would be r e l a t e d  t o  some aspect  

of  t h e  cu r ren t  value o f  t h e  resource.  

INTERPLAN considers  t h a t  i f  t he  cases s p e c i f i e d  a r e  c l ea r -cu t  and not 

dependent upon a s e r i e s  of i n t e r r e l a t e d  ac t ions ,  v a l i d  e s t ima tes  of bene- 

f i t s  can be made f o r  each case examined. However, s ince  an inest imable 

number of unant ic ipa ted  and i n t e r r e l a t e d  actions-with both p o s i t i v e  and 

negat ive  economic resu l t s -a re  l i k e l y  t o  be taken i n  r e a l  l i f e ,  t hese  w i l l  

always be uncer t a in ty  a s  t o  whether s u f f i c i e n t  cases (and the  r i g h t  cases) 

have been examined. I f ,  however, on the  b a s i s  of  one o r  two c lea r -cu t  

cases t h e  b e n e f i t s  appear t o  j u s t i f y  t h e  necessary ERS expenditures f o r  



implementation and no major nega t ive  r e s u l t s  can be a n t i c i p a t e d ,  INTERPLAM 

cons ide r s  t h a t  t h e  e s t i m a t e s  obta ined  a r e  v a l i d  i n d i c a t o r s  a t  t h e  prefeasi-  

b i l i t y  l e v e l  o f  a n a l y s i s  o f  t h e  r e l a t i v e  importance of t h e  a p p l i c a t i o n ,  

Discussion o f  Study F ind ings  f o r  Mon i to r i ng  Appl i c a t i  ons 

Benef i t  e s t i m a t e s  were made f o r  10 moni tor ing  a p p l i c a t i o n s  which would 

y i e l d  new informat ion  ( see  Table 8 ) .  Of t h e s e ,  INTERPLAN cons ide r s  that 

v a l i d  b e n e f i t  e s t i m a t e s  were made f o r  a p p l i c a t i o n s  76 t o  79. 

Appzications 76 t o  79 

U.S. Annual Benefi t  

76. More Timely and Accurate P r e d i c t i o n s  o f  South- 
e a s t  Asian Rice Yie ld  $ 45,300,000 

77. Improve Timeliness  and Accuracy o f  World Wheat 
Product ion Forecas ts  Bene f i t s :  

a .  (For U.S. Commodity Cred i t  Corp.) 85,700,000 

b .  (For U. S. Wheat Farmers, Due t o  Reduction 
i n  Unit  Product ion Cos ts )  28,000,000 

c .  (For Wheat Farmers i n  6 Major Wheat Pro- 
ducing Countr ies-Extrapolated from 70 b . )  (44,000,000) * 

d.  (For U .  S. Agribusiness)  190,000 

e .  (For U.S. Wheat Farmers, Due t o  More Effec-  
t i v e  Use of  Producer Options) 78,000,000 

f .  (For Wheat Farmers i n  6 Major Wheat Produc- 
i n g  Countr ies-Extrapolated from 70' e . )  '(148,000,000) * 

78. Provide More Economic Ship Routing Bene f i t s  : 

a. (For Operators  o f  U.S. Flag Ships Engaged 
i n  Foreign Trade) .20,000,000 

dec reas ing  t o  
8,000,000 

b .  (For  Operators  o f  U.S. Flag Ships Engaged 
i n  Foreign Trade) 7,000,000 

79. Inc rease  U.S. Tuna Catch 12,000,000 

"Values i n  parentheses  a r e  e s t i m a t e s  f o r  c o u n t r i e s  o t h e r  t han  t h e  United 
S t a t e s .  

INTERPLAN cons ide r s  t h e  b e n e f i t  e s t i m a t e  f o r  a p p l i c a t i o n  76 to be v a l i d  

s i n c e  (1) it i s  based on t h e  c l e a r - c u t  and appa ren t ly  sound asswnption that 

U.S. r i c e  fa rmers  w i l l  respond t o  new and t ime ly  market in format ion  and e i t h e r  



Table 8. Monitoring ap 

ANNUAL BENEFITS 
APPLICATION I ($mi l l ions)  . . I U.S. I WORLD 

I I 

,l i c a t i  ons yie ld  

USER OR 
USER 

AGENCY 

U.S. r i c e  
producers  

U.S. Commodity 
Cred i t  Corpor- 
a t i o n  

U.S. wheat 
farmers  

Wheat farmers  
i n  Argent ina,  
A u s t r a l i a ,  
Canada, France 
West Germany, 
I t a l y  

U.S. a g r i -  
bus ines s  

U,S, wheat 
farmers  

Wheat farmers  
i n  Argent i n  a ,  

ing new information; benef i ts  represent value through use. 

RATIONALE OR BASIS FOR ESTIMATE DOCUMENT DISCIPLINE 

Observat ion and p r e d i c t i o n  of  Asian r i c e  
y i e l d s  would permit  i nc reas ing  U.S. r i c e  
product ion i n  yea r s  of  s h o r t  supply and 
p l a n t i n g  of  a l t e r n a t e  (soybean) c rops  i n  
yea r s  o f . s u r p l u s .  P r i c e  and product ion v a l -  
ues  assumed f o r  1970-1989 per iod  a r e  based 
on h i s t o r i c a l  a c t i v i t y  of  r i c e  expor t  indus, 
t r y .  

PRC R-1218 
Vol. I11 
Pages 43 and 
65 

Through d a i l y  monitor ing of  world wheat pro-  
duc t ion  and environmental cond i t i ons ,  more 
t imelyand accu ra t e  information would be  a v a i l  
ab l e  t o  reduce wheat product ion p r o j e c t i o n  
e r r o r s .  This  would permit  reduced s t o r a g e  
r e s u l t i n g  i n  sav ings  i n  ope ra t ing  c o s t s  and 
i n  c o s t s  on investment c a p i t  a1 . 
A r educ t ion  i n  t h e  f l u c t u a t i o n  i n  a c r e s  used 
f o r  producing wheat w i l l  lower u n i t  produc- 
t i o n  c o s t s .  

U.S. va lue  of $28 mi l l i on  ex t r apo la t ed  t o  s e -  
l e c t e d  c o u n t r i e s  on t h e  b a s i s  of  r e l a t i v e  
acreage r ep re sen ted  (1  : 1 . 6 )  . 

PRC R-1224 
Vol. I1 
Page 207 

Page A-468 

p e s t i c i d e  i n d u s t r y  from reduced s t o r a g e  due 
1 t o  advance p r e d i c t i o n s  of farm income i n  p re -  

U.S. va lue  of $78 m i l l i o n  ex t r apo la t ed  on the  
b a s i s  of r e l a t i v e  acreage represented  (1 : 1 - 9 ) .  

Agr icu l ture  
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RATIONALE OR BASIS FOR ESTIMATE 

Aust ra l ia ,  
Canada, France, 
West Germany, 
I t a l y  

Operators of ce an 
U.S, f l a g  s h i p s  ciences 
engaged i n  
fore ign t r a d e  

is could be r e a l i z e d  without space oper 

t e  represents  10 percent  of est imated value 
f world catch and about 16 percent  of  value 
f U.S. catch-1965 and 1975. 

ode l .  Total net benefits equal $3,124.5 m i l -  - 
ion  f o r  a 20-year program o r  an average of 

l m n n i  t n r ~ d  
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Table 8, Monitoring appl ications yielding new information; benefits represent value t h r o u g h  use. (Sheet 3 of 3 )  

APPLICATION 

83. More t imely  and 
accura te  world- 
wide inventory/  
y i e l d  crop pre-  
d i c t i o n s  

84. P red ic t ing  world 
f ood-grain crop 
condieions 

85. Evaporation 
mapping 

ANNUAL BENEFITS 
F p i l i i o n s )  

WORLD 

USER OR 
USER 

AGENCY 

World ag r i cu l .  
t u r e  

U.S. Economic 
Assistance 
Program and 
14 l e s s  devel -  
oped countr ier  

Not s p e c i f i e d  

RATIONALE OR BASIS FOR ESTIMATE 

The va lue  o f  world t r a d e  i n  a l l  a g r i c u l t u r a l  
commodities i s  about 256 times world t r a d e  
i n  r i c e .  U.S. b e n e f i t s  f o r  Applicat ion 76 
a r e  m u l t i p l i e d  by 256 (based on U.S. n e t  
b e n e f i t s  o f  $44.3 m i l l i o n ) .  

S t a b i l i z a t i o n  of 4.5 percent  of t o t a l  food 
g ra in  output  of  14 l e s s  developed coun t r i e s  
would r e s u l t  i n  a  h igher  growth r a t e  f o r  
a g r i c u l t u r a l  s e c t o r  and 1 percent  savings i n  
U.S. fore ign  a s s i s t a n c e  investments.  

Not c i t e d .  

DOCUMENT 

PRC R-1218 
Vol. I11 
Page 251 

PRC R-1224 
Page .A-499 

SRI M-5465 
Vol. I1 
Page 62 

IBM NASW-121 
Vol. B 
Pa r t  I I 
Page. 11-21 

DISCIPLINE 

Agricul ture 

Hydrology 



i nc rease  o r  decrease r i c e  production ( s u b s t i t u t i n g  an a l t e r n a t i v e  soybean 

crop) and (2) s ince  t h e  es t imat ion  of r e s u l t i n g  value i s  based on an ex- 

t r a p o l a t i o n  of  h i s t o r i c a l  d a t a  which can be . v e r i f i e d .  

In app l i ca t ion  77 four  p r i n c i p a l  cases were analyzed i n  es t imat ing  t h e  

b e n e f i t s  t o  be r e a l i z e d  through more t imely and accura te  world wheat pro-  

duction f o r e c a s t s .  Benefi t  es t imate  (a) assumes t h a t  ac t ions  might be 

taken by t h e  U.S. Commodity Corporation t o  lower the  amount of wheat stored 

and hence reduce s torage  cos t s .  This assumption is  c lear -cut  and, although 

(as noted by the  authors)  enabling l e g i s l a t i o n  would be requi red ,  it i s  

reasonable t o  assume t h a t  appropr ia te  measures would be passed i f  t h e  ERS 

c a p a b i l i t y  were demonstrated. Therefore, t h i s  es t imate  is considered t o  

be v a l i d .  

Benefi t  es t imate  (b) assumes t h a t  farmers w i l l  respond t o  new and timely 

market information and w i  11 ad jus t  t h e i r  wheat crop acreage accordingly,  thus  

s t a b i l i z i n g  t h e  number of ac res  p lanted  t o  wheat each yea r .  This s t a b i l i -  

za t ion  w i l l ,  i n  t u r n ,  r e s u l t  i n  lower u n i t  production c o s t s .  Since t h e  assump- 

t i o n  of farmer response is reasonable (based on the  p a s t  response o f  U,S, 

farmers t o  market information) and s ince  s t a b i l i z i n g  productive output usual By 

does r e s u l t  i n  lower u n i t  production c o s t s ,  INTERPLAN considers  t h i s  es t imate  

t o  be v a l i d  and add i t ive  t o  es t imate  ( a ) .  Benefi t  es t imate  ( c ) ,  however, i s  

no t  considered v a l i d  s ince  it r e s u l t s  from an ex t rapo la t ion  of e s t ima te  (b) 

t o  cover 6 coun t r i e s  where INTERPLAN considers  t h a t  farmer response cmnot  be 

predic ted  on the  b a s i s  of  U.S. da ta .  

Benefi t  es t imate  (d) assumes t h a t  producers of farm-related equipment 

and products w i l l  a d j u s t  t h e i r  production t o  minimize inven to r i e s  (and hence 

reduce c o s t s )  i f  advance p red ic t ions  on farm income can be made. This 

assumption is  sound s ince  the  agr ibus iness  community now does attempt t o  

ad jus t  i t s  production a t  l e a s t  p a r t i a l l y  on t h i s  b a s i s .  However, t h e  i m -  

p l i c i t  assumption is  t h a t  the  cu r ren t  overest imation and underestimation 

of  t h e  world wheat market and r e s u l t i n g  over and under production of wheat 

causes a measureable change i n  farm income." The r e l a t i o n s h i p  between fam 

production and farm income is  influenced s o  g r e a t l y  by a m u l t i p l i c i t y  o f  

subs id ies ,  acreage a l lo tments ,  and o t h e r  government p r i c e  s t a b i l i z i n g  



inf luences  t h a t  INTERPLAN considers  the  i m p l i c i t  assumption t o  be f a l s e  and, 

hence, the  es t imate  i s  not  considered v a l i d .  

Benefi t  es t imates  (e) and ( f )  assume t h a t  farmers w i l l  more e f f e c t i v e l y  

u t i l i z e  various producer options i f  s a t e l l i t e - a s s i s t e d  weather information 

provides improved weather f o r e c a s t s .  The assumption would appear valid f o r  

U.S. farmers; however, the  b e n e f i t s  a re  not  due t o  more accura te  forecasts 

of wheat production but  r a t h e r  t o  improved weather fo recas t ing ,  Therefore,  

although t h e  es t ima tes  were r e l a t e d  t o  wheat management by the  authors Eor 

evaluat ion ,  they a r e  not  considered v a l i d  es t imates  of b e n e f i t s  which would 

be r e a l i z e d  by making ERS observations f o r  fo recas t ing  wheat y i e l d  m d  pro- 

duction.  

Two b e n e f i t  es t imates  were made f o r  app l i ca t ion  78 based on the assump- 

t i o n  t h a t  i f  t imely information on s e a  s t a t e s  were provided, opera tors  o f  

U.S. Flagships engaged i n  fore ign t r a d e  would be able  t o  rou te  their sh ips  

more economically. Both es t imates  (one from the  SRI study and one from t he  

PRC R-1218 study) appear t o  be based on t h e  same s t a t i s t i c a l  d a t a  (an IVS'TS 

es t ima te  t h a t  a maximum of  $37 mil l ion  could be saved annually if U,S, f o r -  

e ign  t r a d e  vesse l s  were optimally routed) .  Both b e n e f i t  es t imates  are 

c lose  t o  the  same value although each was based on d i f f e r e n t  assumptions, 

The SRI es t imate  of  $8 mi l l ion  annual savings is  considered t o  be the  more 

v a l i d  es t imate  s ince  the  ana lys i s  is b e t t e r  documented and more closely 

reasoned. 

In view of the  high q u a l i t y  of  the  ana lys i s  (GE s tudy) and t h e  fact 

t h a t  t h e  es t imate  is conservat ive ,  INTERPLAN considers  t h a t  t h e  estimate 

f o r  appl ica t ion  79 is  v a l i d .  

Applicat ions 80-85 a r e  not  considered v a l i d .  

U.S. Annual Benefit 

80. Monitoring o f  Fishing and In te rna t iona l  Agree- 
ments $ 74,000,000 

81. Increase Catch of  Albacore Tuna 388,000,000* 

82, Increase  Catch of A l l  Fish 3,880,000,000* 



U.S. Annual Benefi t  

83. More Timely and Accurate Crop Predic t ions  $11,300,000,000* 

84. P red ic t ing  Food-Grain Crop Conditions 22,000,000 

85. Evaporation Mapping 400,000,000 

*World b e n e f i t .  

Applicat ions 80 and 81 assume t h a t  the  new information w i l l  be used 

i n  i n t e r n a t i o n a l  programs which do n o t  e x i s t  now. I t  appears,  f i rs t  of 

a l l ,  o p t i m i s t i c  t o  assume t h a t  such programs w i l l  be implemented by 1975 

as  i s  assumed i n  the  cases examined and, secondly, u n t i l  t h e  programs m d  

i n t e r n a t i o n a l  agreements a r e  evolved, s p e c i f i c  uses f o r  t h e  information 

can n o t  be pos tu la ted  with any c e r t a i n t y .  [ ~ h e s e  es t imates  a r e  s i m i l a r  t o  

those made i n  t h e  PRC R-1218 and Westinghouse s t u d i e s  r e l a t i v e  t o  p o l l u -  

t i o n  monitoring (app l i ca t ions  23 and 24). A t  the  time the  es t imates  were 

made no s i n g l e  group i n  t h e  United S t a t e s  was responsib le  f o r  p o l l u t i o n  

monitoring a c t i v i t i e s  and, hence, t h e  way i n  which the  information might 

be used could no t  be pos tu la ted  with c e r t a i n t y .  Now, however, since t hese  

a c t i v i t i e s  a r e  defined and a r e  t h e  r e s p o n s i b i l i t y  of  the  EPA, INTERPLM con- 

s i d e r s  t h a t  es t imates  can be made with s u f f i c i e n t  c e r t a i n t y  t o  provide a 

v a l i d  i n d i c a t i o n  of b e n e f i t s .  ] 

The b e n e f i t  es t imate  f o r  app l i ca t ion  83 r e s u l t s  from an ex t rapo la t ion  

of U.S. d a t a  t o  world condi t ions  and, hence, i s  no t  considered v a l i d .  

The b e n e f i t  es t imate  f o r  app l i ca t ion  84 i s  based on a h ighly  imagina- 

t i v e  pos tu la ted  use of  new information on world food gra in  production 

which, by inc reas ing  the  food gra in  output of developing coun t r i e s ,  would 

reduce t h e  requirements f o r  U.S, fo re ign  ass i s t ance  investments. Although 

t h e  case i s  l o g i c a l ,  INTERPLAN considers  t h a t  the  es t imate  i s  not  v a l i b  

s i n c e  too  many f a c t o r s  o the r  than ac tua l  production output a f f e c t  t h e  s i z e  

and d i r e c t i o n  sf U.S. fore ign ass i s t ance  programs. 

The b e n e f i t  es t imate  f o r  app l i ca t ion  85 cannot be considered valid due 

t o  1 ack of documentation and support ing r a t i o n a l e .  



Summary o f  INTERPLAN's F ind ings  on t h e  "New" I n f o r m a t i o n  Class o f  Appl l" ca- 
ti ons 

In t h e  s t u d i e s  reviewed, 10 app l i ca t ions  were f o r  t h e  purpose o f  making 

s a t e l l i t e  observat ions  which would y i e l d  new information,  a l l  app l i ca t ions  

be ing  i n  t h e  monitoring category.  The t o t a l  va lue  of b e n e f i t  es t imates  f o r  

t h e  four  app l i ca t ions  which could be considered v a l i d  i s  $179 m i l l i o n ,  A 

b e n e f i t  es t imate  of $78 m i l l i o n  f o r  more e f f e c t i v e  use  of producer opt ions  

by wheat farmers was considered v a l i d ,  bu t  i s  no t  included i n  t h e  summary of 

b e n e f i t s  s i n c e  it depended on provis ion  of improved weather f o r e c a s t s  r a t h e r  

than on observat ion of e a r t h  resources .  

Type of Number of Applicat ions Amount of Valid,  Non- 
Applicat ion To ta l  With Valid Est imates overlapping Est imates 

Monitoring 10 4 $179,000,000 

SUMMARY OF INTERPLAN'S FINDINGS FOR ALL INFORMATION CLASSES OF APPLICATIONS 

INTERPLAN reviewed b e n e f i t  e s t ima tes  f o r  a  t o t a l  of 85 app l i ca t ions  i n  

a l l  t h r e e  c l a s s e s  of information.  O f  t hese ,  app l i ca t ions  f o r  43 were con- 

s ide red  t o  have v a l i d  b e n e f i t  e s t ima tes ,  t o t a l i n g  about $1.4 b i l l i o n  i n  gross 

annual b e n e f i t s  t o  t h e  United S t a t e s .  The d i s t r i b u t i o n  of  app l i ca t ions  asid 

b e n e f i t  e s t ima tes  across  t h e  t h r e e  information c l a s s e s  and two app l i ca t ion  

types  i s :  - - 
CLASS OF INFORMATION 

ITEM - SAME BETTER NEW 
MAP- MONITOR- MAP- MONITOR- MAP- MONITOR- TOTAL 

TYPE OF APPLICATION PING I N G  PING TrJG PING I N G  

Gross Annual Benef i t s  
($mil l ions)  26.9 27.3 134.6 986.8 - 179.0 P354,6 

Number of Applica- 
t i o n s  with Valid 
Est imates 11 6 5 17 - 4 43 

To ta l  Number of Ap- 
p l i c a t i o n s  ' 16 2 2 14 23 - 10 8 5 



SECTION 3 

THE APPRAISAL 

The r e s u l t s  of  INTERPLAN1s review (Section 2) of ten  s tud ies  r e l a t i n g  

t o  the  economic benef i t s  t o  be obtained from Earth Resources Survey Satel- 

l i t e  systems a re  used i n  t h i s  sect ion t o  appraise:  

1. The extent  t o  which the  f indings  of these previous s tud ies  a r e  adequate 

ind ica to rs  of the  expected cost -benef i t  e f fect iveness  of fu tu re  operational  

Earth Resources Survey S a t e l l i t e s  

2. The value of these  previous s tud ies  t o  t he  ERS Program f o r  d i r ec t i ng  

RED a c t i v i t i e s .  

THE EXTENT TO WHICH THE F INDINGS OF THE PREVIOUS STUDIES ARE 
ADEQUATE INDICATORS OF THE EXPECTED COST-BENE F I T  EFFECTIVE-  
NESS OF FUTURE OPERATIONAL EARTH RESOURCES SURVEY SATELL ITES 

G e n e r a l  A p p r a i s a l  

COST ESTIMATES. Early i n  the  review it was observed t h a t  f i v e  o f  the  

ten  s t ud i e s  could not  be considered cost -benef i t  s t ud i e s  s ince  es t imates  were 

made f o r  e i t h e r  benef i t s  o r  cos t s ,  but  not both. Of the  f i v e  s tud ies  where 

both ben e f i t s  and cos t s  were estimated only th ree  (PRC R-1218, PRC R-1224, 

and GE) were of s u f f i c i e n t  scope t o  be considered system cost -benef i t  i ~ ~ a i y -  

ses .  None of these th ree ,  however, considered the t o t a l  scope of the  poten- 

t i a l  ERS system benef i t s .  

However, a va l i d  order-of-magnitude indicat ion of the ERS system cost 

pe r  s a t e l l i t e - y e a r  of $20-50 mil l ion was obtained from four  s t ud i e s  where 

system cos t s  were estimated. This est imated system cost  pe r  s a t e l l i t e -  

year  includes est imates f o r  RED and da t a  reduction,  processing, and d i s t r i bu -  

t i o n  but  not  the  cos t s  which may be incurred by the  uses  i n  incorporating the  

information i n t o  h i s  present  a c t i v i t y .  For some use rs  (e.g.,  cartographers)  

these  cos t s  may be high. However, INTERPLAN concurs with t h e  opinion of t h e  

NAS Summer Study Economic Panel t h a t  these cos t s  should not  be included i n  

system cos t  est imates and agrees with the  authors of the  PRC R-1224 repor t  



t h a t  such u s e r  c o s t s  should be considered p a r t  of  the  b e n e f i t  ana lys i s  and 

es t imated  on an appl ica t ion-by-appl ica t ion  b a s i s .  INTERPLAN concludes, the re -  

f o r e , t h a t  the  system cos t  es t imate  of  $20-50 mi l l ion  p e r  s a t e l l i t e - y e a r  i s  

an adequate p r e f e a s i b i l i t y  i n d i c a t o r  of f u t u r e  ERS system cos t s .  

BENEFIT ESTIMATES. A general  appra i sa l  of t h e  f ind ings  of the  review 

of b e n e f i t  es t imates  r evea l s  t h a t  a  number of  d i f f i c u l t i e s  a r e  encountered 

i n  at tempts t o  provide an adequate ind ica t ion  of  the  b e n e f i t s  which may be 

r e a l i z e d  from the  ERS Program. One d i f f i c u l t y  i s  t h a t  of determining the  

ex ten t  t o  which b e n e f i t  ana lys i s  can be used i n  evaluat ing  app l i ca t ions  i n  

t h e  var ious  c l a s s e s  of information (same, b e t t e r ,  new), and another  d i f f i -  

c u l t y  is  t h a t  of  determining who is  proper ly  t o  be considered the  benefac- 

t o r  and t o  what ex ten t  cos t -benef i t  techniques can be appl ied  i n  es t imat ing  

t h e  s i z e  of b e n e f i t s  which may be r e a l i z e d  by these  benefactors .  

NASA's c h a r t e r  conta ins  t h e  broadest  s tatement regarding the  proper 

benefactors  of NASA's e f f o r t s ;  these  e f f o r t s  a re  If. . . f o r  the  b e n e f i t  of 

"11 mankind."* In appra is ing  t h e  r e s u l t s  of the  review, it is  apparent 

t h a t  it i s  not  poss ib le  t o  es t imate  f u l l y  the  economic b e n e f i t s  which w i l l  

be r e a l i z e d  by such a broad base of use r s  (to say  nothing of the  many non- 

economic b e n e f i t s ) .  

During the  review, however, judgments were made by INTERPLAN on the ex- 

t e n t  t o  which u s e r  b e n e f i t s  can be est imated f o r  app l i ca t ions  i n  each class 

of information and t h e  point  a t  which such e f f o r t s  become counterproductive.  

S imi la r ly ,  judgments were made f o r  each c l a s s  of  information on t h e  extent  

to which app l i ca t ions  i n  each information c l a s s  could be subjec ted  t o  analy-  

sis. 

Based on these  judgments used by INTERPLAN during the  review, the  Eol- 

lowing b e n e f i t  es t imates  were considered v a l i d  and, hence, i n  t h e  opinion 

of INTERPLAN the  f ind ings  of p a s t  s t u d i e s  i n d i c a t e  t h a t  on the  order  of 

$1.4 b i l l i o n  i n  annual r e t u r n s  can be expected from the  f u t u r e  ERS Program, 

"National Aeronautics and Space Act of 1958. 



(Since i n  most cases INTERPLAN did not  consider the  world benef i t  est imates 

t o  be va l i d ,  t h i s  amount represents  p r i nc ipa l l y  U.S. bene f i t s . )  

Valid Benefit Estimates f o r  U.S. ($million/yeak) 
Type of INFORMATION CLASS 

Application Same Bet ter  - New Total  

Mapping 26.9 134.6 - 161.5 

Monitoring 27.3 986.7 179.0 1193.0 

TOTAL 54.2 1121.3 179.0 1354.5 

I f  t he  sum of benef i t s  considered va l i d  by INTERPLAN i s  used i n  conjunc- 

t i o n  with the system cost  pe r  s a t e l l i t e  year of $20-50 mi l l ion ,  the  po t en t i a l  

cost-benefi  t e f fec t iveness  of  the  Program appears l a rge .  

In the  following discussion these  va l i d  benef i t  es t imates ,  as well as 

est imates f o r  major appl ica t ions  which could not  be considered va l i d ,  a re  

appraised t o  determine t he  extent  t o  which the  va l i d  bene f i t  est imates shown 

above provide an adequate indicat ion of the  magnitude of f u tu r e  benef i t s  

which can be expected t o  r e s u l t  from t h e  operational  ERS Program, 

Appraisal of Benefit Estimates f o r  the  
"Same" Informati on Cl ass  of Appl i c a t i  ons 

BASIS FOR THE APPRAISAL. In est imating benef i t s  t o  be rea l i zed  from 

t h i s  c l a s s  of information the re  was no need t o  attempt t o  place a value on 

the  information i t s e l f  s ince  the information t o  be obtained from the  ERS 

s a t e l l i t e  i s  assumed t o  be the  same as i s  present ly  used. Rather, the  bene- 

f i t  which was estimated i s  the po t en t i a l  savings which might be r ea l i z ed  i n  

an ongoing a c t i v i t y  i f  information from t h e  ERS Program were subs t i tu ted  for 

the  information obtained by current  information-gathering processes,  

Although the appl ica t ions  i n  the  vssamevv information c l a s s  appear pedes - 
krian when compared t o  some of the  more imaginative ERS appl ica t ions  which 

can be visual ized,  benef i t  est imates f o r  t h i s  c lass  of information can be 

made with g r ea t e r  c e r t a i n ty  than f o r  the  "bet terw o r  "new" information 

c lasses .  Ver i f iable  da ta  on the  current  cos t  of performing the  t ask  i s  

avai lable  f o r  analys is ,  and t he  knowledgeable judgment of users  present ly  

engaged i n  co l l ec t ing  and disseminating t he  same kind of information can be 

u t i l i z e d  i n  formulating the  est imates.  Therefore, t he  extent  t o  h i c k  bene- 

f i t  es t imates  f o r  t h e  "samew c l a s s  of information can adequately ind ica te  



t he  b e n e f i t s  which can be expected from the  ERS Program i s  l imi ted  only by 

how thoroughly t h e  s t u d i e s  have covered t h e  p o t e n t i a l  u s e r  market. 

APPRAISAL OF STUDY FINDINGS-$54 MILLION, ANNUALLY. In the  s t u d i e s  r e -  

viewed, b e n e f i t  es t imates  f o r  mapping app l i ca t ions  i n  t h e  "same" i n f o m a t i o n  

c l a s s  were made f o r  the  following use r s :  USDI, U.S. Mineral Explorat ion In- 

dus t ry ,  and U.S. Community of Profess ional  Geographers. 

Appraising these  r e s u l t s  INTERPLAN f e e l s  t h a t  the  es t imates  f o r  t h e  

mapping app l i ca t ions ,  viewed as  a  whole, a r e  va luable  but  r ep resen t  only a 

small por t ion  of t h e  p o t e n t i a l  use r s  who may b e n e f i t  from s u b s t i t u t i n g  

s a t e l l i t e - a c q u i r e d  information f o r  t h a t  gathered by conventional techniques. 

Also, the  b e n e f i t  es t imates  made f o r  mapping app l i ca t ions  i n  t h e  q ' s m e f f  

c l a s s  of information were only gross b e n e f i t  es t imates .  In no case were 

es t imates  made of the  c o s t  of reducing the  s a t e l l i t e  d a t a  i n  such a way that 

t h e  output  i s ,  i n  f a c t ,  t he  same as  now being used. The Summer S t i~dy  Geodesy- 

Cartography Panel Report i n d i c a t e s  (regarding s a t e l l i t e  photography) thae  

these  c o s t s  may be s u b s t a n t i a l .  For example, an investment of  about $5 m i l -  

l i o n  i s  suggested f o r  r e c o n c i l i a t i o n  of formats and f o c a l  lengths  to current 

data-reduction instrumentat ion.  In addi t ion  the  Panel s t a t e s :  

q"l%e s ign i f i cance  of s a t e l l i t e  photography as  an economical da ta -acqu i s i t ion  

system f o r  car tographic  end products r e s t s  almost e n t i r e l y  on q u a n t i t a t i v e  

cons idera t ions  i n  terms of the  l a rge  number of photographs obta inable  i n  rela- 

t i v e l y  s h o r t  periods and t h e  s tagger ing  wealth of information content  i n  each 

s i n g l e  photograph. A major problem consequently is  t o  develop the  t e e h n o l o a  

of d a t a  e x t r a c t i o n ,  ana lys i s ,  and processing.  Each of  these  s t e p s  p resen t s  

requirements incompatible with p resen t  mapping techniques. A r ep resen ta t ive  

l ist  of i n i t i a l  research and development p r o j e c t s  i n  support of  the  problem 

includes : automatic map compilation equipment, car tographic  d a t a  b m k s  (con- 

t a i n i n g  c o a s t l i n e s ,  road information, topography, vegeta t ion ,  and the  l i k e )  

with automatic map d a t a  e x t r a c t i o n ,  s i m p l i f i c a t i o n ,  e d i t i n g ,  and p r i n t i n g ;  

and soph i s t i ca ted  p a t t e r n  ana lys i s  and recogni t ion   technique^.'^ 

CONCLUSIONS. I* reference  t o  mapping, INTERPLAN concludes thae  a more 

comprehensive survey of  the  p o t e n t i a l  u s e r  market a s  well  a s  the  c o s t  sf 

necessary RGD f o r  d a t a  reduction would have t o  be accomplished before  t h e  



es t ima tes  t h a t  were made f o r  mapping t a s k s  could be considered t o  be adequate 

i n d i c a t o r s  of the  b e n e f i t s  which a r e  t o  be expected from t h e  ope ra t iona l  ERS 

Program i n  providing the  same mapping information now being c o l l e c t e d  by 

o t h e r  means. 

In r e fe rence  t o  monitoring, INTERPLAN concurs with p a s t  s t u d i e s  which 

regard  t h e  major con t r ibu t ion  of monitoring t a s k s  of the  ERS t o  be i n  pro- 

v id ing  "bet te r"  and "new" information,  bu t  with one important exception---that 

of monitoring p o l l u t i o n  e f f e c t s :  a i r ,  water ,  and thermal .  A s  d iscussed  i n  

t h e  review,*the b e n e f i t  es t imates  made i n  p a s t  s t u d i e s  (PRC R-1218 and West- 

inghouse) were based on information which must now be considered obso le t e .  

INTERPLAN concludes, t h e r e f o r e ,  t h a t  an i n v e s t i g a t i o n  o f  c o s t  savings which 

might be r e a l i z e d  i n  the  cu r ren t  Environmental Protec t ion  Agency program 

through use  of ERS information would a l s o  be requi red  before  t h e  b e n e f i t  e s -  

t imates  f o r  monitoring app l i ca t ions  i n  the  ttsamell c l a s s  of information could 

be considered t o  adequately r ep resen t  t h e  f u t u r e  e f fec t iveness  o f  t h e  ERS 

Program i n  providing t h e  same information now being c o l l e c t e d  by conventional  

means. 

Appraisal of Benefit Estimates for  the 
"Better" Informati on Class of Appl ication 

BASIS FOR THE APPRAISAL. Est imates of  the  b e n e f i t s  which w i l l  be rea.1- 

ized  from producing " b e t t e r u  information were found t o  be more d i f f i c u l t  to 

make than s i m i l a r  es t imates  f o r  t h e  "sameu information c l a s s .  This i s  

b a s i c a l l y  due t o  the  f a c t  t h a t  i n  order  t o  make such an es t ima te ,  f i rs t  t h e  

way i n  which more t imely,  more comprehensive, o r  more d e t a i l e d  information 

could be used has  t o  be def ined  and, second, a  judgment has t o  be made of 

t h e  e x t e n t  t o  which t h e  r e s u l t i n g  information could o r  would, i n  f a c t ,  be 

used. 

The b e n e f i t  es t imates  f o r  t h i s  c l a s s  of information r ep resen t  the  value 

which i s  added through use  of  information,  and hence t h e  s i z e  of these  bene- 

f i t s  can be expected t o  be much g r e a t e r  than t h e  c o s t  savings es t imated  f o r  

t h e  "same" information c l a s s .  Concomitantly, t h e  b e n e f i t s  w i l l  probably r e -  

q u i r e  a  longer  term f o r  r e a l i z a t i o n .  



The s tudy r e s u l t s  i n d i c a t e  t h a t  s ince  p o t e n t i a l  u s e r s  of t h e  b e t t e r  

information a re  now engaged i n  using s i m i l a r  information,  the  way i n  which 

the  b e t t e r  information might be used and t h e  ex ten t  t o  which ac t ion  will be 

taken can be es t imated  reasonably well .  The PRC R-1224 s tudy ' s  es t imate  of  

t h e  add i t iona l  hydropower which might be generated as  a  r e s u l t  of  b e t t e r  

long-term and short- term water inventory and demand f o r e c a s t s  i s  a case i n  

po in t .  Based on cur ren t  dam management p r a c t i c e s ,  t h e  way i n  which b e t t e r  

information would be used i n  reducing hedge and improving drawdown s t r a t e g y ,  

i n t e r - r e s e r v o i r  coordinat ion,  and head e f f i c i e n c y  could be defined and (in 

s p i t e  of  the  f a c t  t h a t  a  p r e d i c t i v e  model would be required before  the  i n -  

formation would be useable)  t h e  e f f e c t s  could be simulated f o r  eva lua t ion ,  

Since i n  t h i s  case the  u s e r  group is  organized, t h e  e x t e n t  t o  which 

the  information w i l l ,  i n  f a c t ,  be used depends more on technological  devel-  

opments ( e .g . ,  t h e  "Moving Forecast  Scalef1 o f .  t h e  PRC R-1224 study) than the  

degree of u s e r  p a r t i c i p a t i o n  i n  t h e  program (which can be assumed), provid-  

ing  i t s  use  is shorn t o  be c o s t  e f f e c t i v e .  

However, when the  primary use r s  a r e  a l a rge  body of  independent agents 

(such a s  farmers) ,  es t imat ing  t h e  ex ten t  t o  which t h e  information w i l l  be 

used i s  l e s s  c e r t a i n .  For example, i n  the  PRC R-1224 ana lys i s  leading t o  

b e n e f i t  es t imates  f o r  the  more t imely de tec t ion  of  wheat r u s t  it was assumed 

t h a t  over  a  20-year per iod  U.S. farmer p a r t i c i p a t i o n  i n  a spray  contro l  pro- 

gram w i l l  i nc rease  from 10 percent  i n  t h e  f i rs t  year  t o  90 percent  i n  the  

s i x t h  t o  twent ie th  year .  A s i m i l a r  es t imate  f o r  farmer p a r t i c i p a t i o n  i n  15 

s e l e c t e d  wheat producing coun t r i e s  was 10 percent  i n  t h e  f i r s t  year  inc reas -  

ing  t o  90 percent  i n  t h e  seventeenth t o  twent ie th  year .  Predic t ions  suc11 as 

these  regarding the  ex ten t  t o  which b e t t e r  information w i l l  be used can be 

made with l e s s  c e r t a i n t y  than s i m i l a r  p red ic t ions  f o r  organized groups, 

Nevertheless INTERPLAN cons idess  t h a t  agencies now disseminating s i m i l a r  i n -  

formation t o  these  use r s  a r e  i n  a posit5on t o  make these  p red ic t ions  with 

s u f f i c i e n t  c e r t a i n t y  t h a t  the  r e s u l t i n g  b e n e f i t  es t imates  can be v a l i d  osder- 

sf-magnitude i n d i c a t o r s .  



Therefore, t h e  ex ten t  t o  which b e n e f i t  es t imates  f o r  t h i s  c l a s s  of  i n -  

formation can adequately i n d i c a t e  t h e  b e n e f i t s  from ERS s a t e l l i t e s  i n  pravid-  

ing  b e t t e r  information depends on (1) how thoroughly t h e  s t u d i e s  have covered 

t h e  p o t e n t i a l  use r  market, and (2) how'well the  ac t ions  which can and w i l l  be 

taken by the  proposed use r s  have been an t i c ipa ted .  

APPRAISAL OF STUDY FINDINGS: U.S. BENEFITS-$1.1 BILLION, ANNUALLY,, Ap- 

p r a i s i n g  t h e  r e s u l t s  of the  review, INTERPLAN f e e l s  t h a t  t h e  es t imates  made 

i n  p a s t  s t u d i e s  f o r  "be t t e rn  information app l i ca t ions  a r e  adequate pse feas i  - 
b i l i t y  i n d i c a t o r s  of  U.S. b e n e f i t s  which can be expected t o  r e s u l t  from t h e  

ERS Program i n  inproving upon the  t ime l iness  and q u a l i t y  of i n f o m a t i o n ,  More 

app l i ca t ions  were analyzed i n  t h i s  c l a s s  of information than i n  o t h e r  c l a s s e s  

and l a rge  payoffs  f o r  seve ra l  app l i ca t ions  could be considered v a l i d .  

Three of the  l a r g e s t  b e n e f i t  es t imates  i n  t h i s  c l a s s  of information,  a l -  

though they a r e  judged t o  be  v a l i d  order-of-magnitude es t imates  based on t h e  

ma te r i a l  presented,  a r e  sub jec t  t o  u n c e r t a i n t i e s  which might be removed wi th  

a  modest amount of add i t iona l  work. They a re :  Expedite Explorat ion for 

Petroleum (app l i ca t ion  39) ,  Minimize Flood Damage Losses ( app l i ca t ion  551, 

and Improve Forecasts  of I r r i g a t i o n  Water A v a i l a b i l i t y  ( app l i ca t ion  5 9 ) "  

The order  of magnitude of the  Westinghouse gross es t imate  of b e n e f i t s  t o  

be r e a l i z e d  from expedi t ing  the  explora t ion  of  petroleum ($125 mi l l ion)  i s  

p a r t i a l l y  confirmed by the  Summer Study Report d i scuss ions .  However, the  

documentation of the  Westinghouse es t imate  i s  s c a n t ,  t h e r e  a r e  d iscrepancies  

between the  t e x t  and accompanying t e x t  f i g u r e s ,  and the  u s e r  c o s t s  which may 

be incurred  i n  o rde r  t o  u t i l i z e  the  information (which may be l a rge )  are not 

i nves t iga ted .  

The PRC R-1224 es t imate  f o r  minimizing f lood  damage ($306 mi l l ion)  i s  

derived from es t imates  of f lood damage losses  t h a t  would be averted i n  two 

s p e c i f i c  North P a c i f i c  bas ins  i f  t h e  maximum f lood  s t age  were reduced by 2 

f e e t .  U.S, b e n e f i t s  were obtained by ex t rapo la t ion  of these  r e s u l t s  across 

a11 U.S. bas ins  depending on the  f lood  damage losses  which were sus ta ined i n  

these  bas ins .  The f a c t  t h a t  the  f lood contro l  c a p a b i l i t i e s  of t h e  various 

bas ins  were n o t  considered and, hence, whether a  2-foot reduction i n  peak 

f lood l e v e l  could be a t t a i n e d  exposes t h e  e s t ima te  t o  uncer t a in ty  beyond the  

normal u n c e r t a i n t i e s  which accompany any ex t rapo la t  ion.  Since t h i s  appl ica t ion  



was t r e a t e d  i n  much l e s s  depth than o t h e r  aspects  o f  the  water  management 

case and s i n c e  the  b e n e f i t  es t imate  of $306 mi l l ion  is t h e  l a r g e s t  s i n g l e  

b e n e f i t  which could be considered v a l i d  i n  t h e  s t u d i e s  reviewed, INTERPLM 

f e e l s  t h a t  reducing t h i s  p r i n c i p a l  unce r t a in ty  i s  warranted. 

The PRC R-1224 es t imate  of i r r i g a t i o n  b e n e f i t s  ($282 mi l l ion)  due t o  

improved water management assumes 100 percent  farmer p a r t i c i p a t i o n  i n  t h e  

program. Although es t imates  of t h e  degree of p a r t i c i p a t i o n  by independent 

ind iv idua l s  a re  sub jec t  t o  some uncer t a in ty ,  good es t imates  can be made by 

informed exper t s  (as  was apparently done i n  the  PRC R-1224 wheat r u s t  case 

where 90 percent  farmer p a r t i c i p a t i o n  a f t e r  6 years  i s  p red ic ted ) .  These- 

f o r e ,  i n  view of the  s i z e  of  the  es t imate ,  removal of t h i s  unce r t a in ty  i s  

f e l t  t o  be warranted. 

APPRAISAL OF STUDY FINDINGS: WORLD BENEFITS. For t h e  most p a r t ,  

INTERPLAN f e e l s  t h a t  it i s  counterproductive t o  make es t imates  of worldwide 

b e n e f i t s ,  e i t h e r  on the  b a s i s  of ex t rapo la t ion  from U.S. d a t a  o r  on the  

b a s i s  of a consensus of world-user opinion. An exception t o  t h i s  opinion 

is made, however, f o r  t h e  case of the  p o t e n t i a l  worldwide b e n e f i t s  which 

might be a t t a i n e d  from improved water  management. D a m  bu i ld ing  and irriga- 

t i o n  schemes have been t h e  preoccupation of  emerging na t ions  f o r  t h e  l a s t  

two decades. In s p i t e  of the  b i l l i o n s  of d o l l a r s  t h a t  have been expended 

(much o f  it from U.S. sources ) ,  it is  d i f f i c u l t  t o  f i n d  a s i n g l e  water pro-  

j e c t  t h a t  has performed as  expected. While the  f a i l u r e s  can be a t t r i b u t e d  

i n  p a r t  t o  inadequate o r  u n r e a l i s t i c  planning,  unquestionably a l a r g e  propor- 

t i o n  of the  problem r e s t s  with t h e  lack of adequately t r a i n e d  management per-  

sonnel  and lack of  adequate hydrological  information. 

I t  i s  f e l t  t h a t  v a l i d  es t imates  of b e n e f i t s  from a poss ib le  s u b s t i t u t i o n  

of automated dam management a s s i s t ance  and improved hydrologica l  information 

could be made i f  t h e  appropr ia te  sources (such a s  hydrology exper t s  i n  the  

World Bank] a r e  consulted and t h a t  these  es t imates  would c o n s t i t u t e  a s i p i f i -  

cant  improvement i n  ind ica t ing  the  non-U.S. b e n e f i t s  which might be r e a l i z e d  

through t h e  Program. Natura l ly  s i m i l a r  es t imates  could be sought from water 

management exper t s  i n  t h e  developed countr ies  t o  complete the  coverage of  

p o t e n t i a l  worldwide u s e r s ,  



CONCLUSIONS. Although an adequate p r e f e a s i b i l i t y  indicat ion of the  

fu tu re  e f fec t iveness  of the  program has been made f o r  the  "be t t e rM "infoma- 

t i o n  c l a s s  of appl ica t ions  f o r  U.S. bene f i t s ,  INTERPLAN concludes t h a t  an 

improved ind ica t ion  might be gained i f  the  c i t e d  uncer ta in t i es  i n  three  o f  

the l a rg e s t  es t imates  were removed. Also, a  s i gn i f i c an t  indicat ion of  po- 

t e n t i a l  world benef i t s  would be gained i f  considerat ion were given t o  the  

global  u se r  market f o r  improved water management information. 

Appraisal o f  B e n e f i t  Est imates f o r  the 
"New" In fo rmat ion  Class o f  App l i ca t i ons  

BASIS FOR APPRAISAL. Obtaining new information on ea r t h  resources i s  

the  most exc i t ing  area  of the Earth Resources Survey Program-and a l so  t he  

area  where the  l a rge s t  payoffs, economic and noneconomic, a r e  expected, I t  

i s  simultaneously the  a rea  where est imation of t he  f u l l  benef i t s  which may 

be rea l i zed  is  subject  t o  the  g r ea t e s t  amount of uncer ta inty .  

Since the  information does not  cur ren t ly  e x i s t ,  areas where the  synop- 

t i c  s a t e l l i t e  capab i l i ty  can be used t o  produce new kinds of information had 

t o  be postulated f i r s t .  Then t he  ways i n  which the  information might be 

used, and by whom, had t o  be hypothesized and the  e f f e c t  of these  postula ted 

uses evaluated on a case-by-case ba s i s .  

Whether t h e  ul t imate  users  are  independent agents o r  organized groups, 

an inestimable number of unanticipated and i n t e r r e l a t ed  actions-with both 

pos i t ive  and negative resul ts -are  l i k e l y  t o  be taken i n  response t o  new i n -  

formation. Thus t he  ex ten t  t o  which the  es t imates  w i l l  ac tua l ly  ind ica te  

the  eventual benef i t s  t o  be rea l i zed  from new information depends p a r t l y  an 

how well t h e  cases se lec ted  represent  the probable uses of the  i n foma t ion ,  

After  probable uses a re  i so l a t ed ,  f u r t he r  uncer ta inty  e x i s t s  i n  es t imat ing 

"ow the  postula ted users  w i l l  a c t ,  and, f u r t he r  what benef i t s  they may der ive ,  

The p o s s i b i l i t y  of obtaining new information on ea r t h  resources i s  re- 

Bated, f o r  the  most p a r t ,  t o  the  synoptic perspective which the  s a t e l l i t e  

platform o f f e r s .  For the  f i r s t  time t r u l y  global  information can be obtained 

and disseminated t o  po t en t i a l  use rs ,  worldwide. Estimating the  extent  t o  

which these  worldwide po t en t i a l  use rs  w i l l  a c t  upon postula ted new in fomat ion  



of a global  na ture  i s ,  t h e r e f o r e ,  a  n a t u r a l  temptation presented t o  any in- 

v e s t i g a t o r .  INTERPLAN considers ,  however, t h a t  making es t imates  of t he  glo- 

b a l  b e n e f i t s  t o  be r e a l i z e d  from new information is  too  specu la t ive  t o  y i e l d  

order-of-magnitude ind ica t ions .  For t h i s  reason it is  f e l t  t h a t  es t imates  

of  b e n e f i t s  f o r  t h i s  c l a s s  of information should be r e s t r i c t e d  t o  examining 

how use r s  i n  the  United S t a t e s  might b e n e f i t ,  on a case-by-case b a s i s ,  with 

the  recogni t ion  t h a t  the  r e s u l t s  w i l l  be sub jec t  t o  many u n c e r t a i n t i e s  and 

t h a t  adequate i n d i c a t o r s  may not  be obta inable .  Therefore,  t h e  e x t e n t  to 

which b e n e f i t  es t imates  f o r  the  sfnew" c l a s s  of- information can adequately 

i n d i c a t e  the  b e n e f i t s  of  ERS s a t e l l i t e s  depends upon (1) how well  c l ea r -cu t  

and important uses  f o r  new information have been imagined and def ined,  (2) 

how thoroughly t h e  s t u d i e s  have covered the  p o t e n t i a l  U.S. u s e r  market, and 

(3) how well  the  ac t ions  which can and w i l l  be taken by proposed U,S, use r s  

have been an t i c ipa ted .  

APPRAISAL OF STUDY FINDINGS-$179 MILLION, ANNUALLY. Appraising the  

f ind ings  of  the  review, it i s  i n t e r e s t i n g  t o  note  t h a t  of the  85 p o t e n t i a l  

ERS app l i ca t ions  which were i s o l a t e d  i n  previous s t u d i e s ,  only 10 could be 

considered i n  t h e  "newu information c l a s s  ( i . e . ,  dependent on t h e  synoptic 

c a p a b i l i t y  of t h e  s a t e l l i t e )  and of  these  10, s i x  r e f e r  t o  very s i m i l a r  ap- 

p l i c a t i o n s  f o r  inc reas ing  the  catch of the  tuna o r  h e r r i n g  fami l i e s  o f  fish, 

Although the  way i n  which the  app l i ca t ions  were c l a s s i f i e d  by INTERPLAM is 

admittedly a r b i t r a r y ,  t h e  f a c t  t h a t  only about 5 percent  o f  a l l  t h e  d i s t i n c t l y  

d i f f e r e n t  app l i ca t ions  (which were defined well  enough t o  be included i n  the 

comparisons) depended upon the  synopt ic  c a p a b i l i t y  of  the  s a t e l l i t e  i s  an 

i n d i c a t i o n  o f  how l imi ted  our a b i l i t y  is  t o  comprehend t h e  f u l l  p o t e n t i a l  of  

ERS observations.  

The combined e f f e c t  of l i m i t a t i o n s  i n  imagining uses  f o r  new information 

and the  number of p o t e n t i a l  uses  which cannot be est imated with c e r t a i n t y  is 

t h a t  the  e s t ima tes  which were obtained f o r  t h i s  c l a s s  of information ($179 

mi l l ion)  a r e  l i k e l y  t o  v a s t l y  underestimate t h e  f u t u r e  b e n e f i t s  of the  opera- 

t i o n a l  ERS Program i n  providing new information.  

The fact t h a t  t h e  t r a d i t i o n a l  sys temat ic  cos t -benef i t  ana lys i s  i s  diffi- 

c u l t  to apply t o  t h e  I9newfv information c l a s s  o f  app l i ca t ions  does not  i m p l y  



t h a t  th ink ing  about these  problems should be discontinued.  Quite t o  t h e  

cont rary ,  it should be encouraged because it is  an undisputed f a c t  t h a t  t h e  

ques t  f o r  qtnew" information has been t h e  d r iv ing  fo rce  of human progress .  

Most of the  possessions and values of modern man a r e  due t o  t h a t  ques t ,  

Within the  r e a l i t i e s  of l i f e ,  c e r t a i n  elements of  the  cos t -benef i t  

a n a l y s i s  a re  most h e l p f u l  i n  increas ing the  e f f i c i e n c y  of  human search f o r  

new information.  When a proposal i s  prepared,  o r  a s tudy is c a r r i e d  out, 

it i s  probable t h a t  progress i s  being made i n  t h e  fol lowing a reas :  

e Novel areas  of app l i ca t ions  (of the  ERS system, f o r  example) a r e  

i s o l a t e d  

e An i d e a  of the  value o f  the  novel app l i ca t ion  i s  formed 

e Technological needs f o r  novel app l i ca t ions  a r e  perceived,  conceptual- 

ized,  and eventual ly  defined 

e An opera t ional  system i s  conceptualized 

e Costs of development a n d o p e r a t i o n  of a n o v e l  s y s t e m a r e e s t i m a t e d ,  

The l a s t  ( i . e . ,  cos t )  a r e a  i s  of paramount importance t o  NASA, prsspec- 

t i v e  u s e r  agencies,  and individual  u s e r s .  I f  t h e  order  of magnitude of  the  

cos t  involved becomes known, a reference  po in t  i s  es tab l i shed  f o r  judging 

whether it i s  v'wosthwhilest t o  develop a novel system, even i f  t h e  eventual  

payoff cannot be est imated.  This kind of reasoning was behind t h e  f i n m c i n g  

o f  CoPumbus, Watts, Edison, and t h e  nuc lea r  power r e a c t o r .  I t  should be 

noted t h a t  i n  a l l  these  cases t h e  c o s t s  o f  t h e  venture (system) were estima- 

t e d  q u i t e  accura te ly  i n  advance; t h e  technology needed was spec i f i ed  and- 

when and where needed-invented; the  magnitude o f  b e n e f i t s  a r i s i n g  from t h e  

new ventures  was invar i ab ly  underestimated by severa l  orders  o f  mamitude,  

and b e n e f i c i a r i e s  were never c o r r e c t l y  i d e n t i f i e d .  Also, t h e  reasons os ig -  

i n a l l y  i s o l a t e d  f o r  proceeding with the  venture were invar i ab ly  wrong b u t ,  

a s  experience i n d i c a t e s ,  t h e  i n c i d e n t a l  b e n e f i t s  were s u f f i c i e n t  ts cover 

c o s t s  o f  development and opera t ion  wi th in ,  say ,  two decades. 

While reasoning by analogy is  dangerous, h i s t o r i c a l  evidence appears t o  

point  out  t h a t  the  q s n e ~ v s  information c l a s s  of  ERS app l i ca t ions  might b e s t  be 

approached from the  s i d e  of c o s t s  ( a s  d i s t i n c t  from b e n e f i t s ) ,  Once'cssts 

are es t imated  (e.g.,  on the  b a s i s  o f  system requirements f o r  technology) the  



judgment of NASA, u s e r  agencies,  and t h e  f i n a n c i a l  and i n d u s t r i a l  community 

should be r e l i e d  upon with r e s p e c t  t o  whether an investment (equivalent  t o  

t h e  est imated c o s t )  should be made t o  enable the  e x p l o i t a t i o n  of  a novel ap- 

p l i c a t i o n .  Both t h e  f u t u r e  ERS Program and NASA's moon explora t ion  are cases 

i n  p o i n t .  

CONCLUSIONS. I t  has been pointed out  i n  Section 2 t h a t  many of t h e  

v a l i d  es t imates  were based on exper t  opinions. In the  c l a s s  o f  "newvP infoma- 

t i o n  where a r igorous  ana lys i s  of  p o t e n t i a l  b e n e f i t s  is  no t  poss ib le ,  the  use 

of  exper t  opinions t o  obta in  a " fee lw f o r  the  ventures '  c o s t s  and, poss ib ly ,  

b e n e f i t s  should the re fo re  be encouraged. 

NASA recognized t h e  value of  c o l l e c t i v e  exper t  judgment i n  i t s  sponsoring 

of  the  NAS Summer Study. In a s i m i l a r  way, p o t e n t i a l  u s e r s  whose f i e l d s  o f  

i n t e r e s t  a r e  covered i n  the  g'new" information c l a s s  should be given the  oppor- 

t u n i t y  t o  express t h e i r  p ro fess iona l  opinions on whether t h e  p resen t ly  concep- 

t u a l i z e d  systems f o r  acquir ing  new information a r e  worth implementing. Such 

a c o l l e c t i o n  of opinions may well  be the  b e s t  and only way t o  obta in  reason- 

able  e f fec t iveness  i n d i c a t o r s .  

Pas t  s t u d i e s  have concentrated more on es t imat ing  the  b e n e f i t s  (however 

imaginary) of new information. Since es t imat ing  the  c o s t s  of acquir ing  new 

information can be accomplished with much g r e a t e r  c e r t a i n t y ,  a more v a l i d  in -  

d i c a t i o n  of e f fec t iveness  may be obtained by s t a r t i n g  f i r s t  with c o s t  estim- 

a t e s .  INTERPLAN concludes the re fo re  t h a t  the  i n i t i a t i o n  o f  a modest, organ- 

ized  c o l l e c t i o n  of such opinions,  s t a r t i n g  with an assembly of well-reasoned 

armd complete c o s t  es t imates  would r e s u l t  i n  an improved ind ica t ion  of the  

e f fec t iveness  of the  ERS Program i n  producing new information. 

THE VALUE O F  THE PREVIOUS STUDIES  TO THE 
ERS PROGRAM I N  D I R E C T I N G  R&D A C T I V I T I E S  

B a s i s  .for the  A p p r a i s a l  

In formulat ing a b a s i s  f o r  appra is ing  the  value of p a s t  s t u d i e s  i n  d i r e c t -  

ing RGD a c t i v i t i e s ,  INTERPLAN attempted t o  v i s u a l i z e  what kind of  i n f o m a t i o n  

an ERS manager of RED would requ i re  i n  order  t o  implement an orderl,y RED pro- 

gram. I t  was concluded t h a t  the  RGD manager should have (1) a knowledge of 



what appl ica t ions  are  des i red by the r e a l  world of use rs ,  (2) an est imate 

of the economic benef i t s  expected from these  appl ica t ions ,  and (3) a de f i n i -  

t i o n  of the technological  developments which a r e  required f o r  each of  the  

appl ica t ions  and t h e i r  cos t  and r e l a t ed  time-frames. Then, i f  the  r e l a t i v e  

importance of t h e  required technological  developments ( i n  r e a l i z i ng  the  bene- 

f i t s  from each app1ication)were expressed quan t i t a t ive ly  as a funct ion,  of 

the  t o t a l  bene f i t s  t o  be gained, the values which a r e  assigned t o  the  de- 

velopments i n  each appl ica t ion could be combined f o r  those technological  

developments which a re  common t o  more than one of the  app l ica t ions ,  

Thus, a  p r i o r i t y  ranking based on the  economic value of technological  

developments (as opposed t o  a p r i o r i t y  ranking of appl ica t ions)  could be 

evolved which could be used i n  conjunction with,development co s t s ,  time- 

frames, and o ther  noneconomic c r i t e r i a  t o  optimize the  e f fec t iveness  of 

the  RGD program. The degree t o  which pas t  s tud ies  have provided t h i s  i n -  

formation was, the re fore ,  considered t o  be the  ba s i s  f o r  appra i sa l ,  

Discussion o f  Study Findings 

The concept t h a t  the  optimum cost -effect iveness  of the  fu tu re  ERS sys-  

tem could 6 e s t  be rea l i zed  by i s o l a t i n g  common user  requirements was i m -  

p l i c i t  i n  many of the  pa s t  s tud ies  and e x p l i c i t l y  s t a t e d  i n  severa l .*  

"Westinghouse, page 6-2: "Obviously, a  commonality and cen t r a l i z a t i on  of  
the  i n t e rp r e t i ve  function must be i den t i f i ed  t o  minimize the  t o t a l  cost  over 
an expected mix of appl ica t ion t r a f f i c . l s  
IBM, Vol. D,  pages D - 1  and D-2: "Heretofore, experiment programs have been 
compiled from among candidate experiment ideas submitted by i n t e r e s t ed  i n -  
ves t iga to rs .  This approach bu i lds  the experiment program 'from the bottom 
up , '  . . . The diverse  and f a r  reaching po t en t i a l  of the  ORL experiment. pro- 
gram d i c t a t e s  t h a t  a more comprehensive and e x p l i c i t  procedure be used f o r  
iden t i fy ing  and i n t e r r e l a t i n g  the s i gn i f i c an t  ORL experiments. The p r i nc i -  
pal  output of t h i s  study i s  a user-oriented framework f o r  experiment synthe- 
s is  which meets these   requirement^.^^ 
S m @ i e s  of Pane2 Reports, Swmner Study, pages 61 and 62: v'Two approaches 
[ the separate-disc ipl ine  approach and the  common-use approach] were taken to 
cost ing the hypothetical  system proposed by the  earth-resources d i s c ip l i ne s  
. . . . The t o t a l  quan t i f i ab le  savings t h a t  r e s u l t  from replacing t h e  
separate  -d i sc ip l ine  approach with the  common-use approach over the 7-year time 
frame i s  approximately $83 mil l ion . . . . In many ins tances  these  comon-use 
systems increased t he  range of coverage and information obtainable f o r  several  
of the  d i s c ip l i ne s .  Thus, such q u a l i t a t i v e  benef i t s  appears t o  augment the  
quan t i t a t i ve  savings i n  cos t  obtained by the  common-use approach." 



The way i n  which economic s t u d i e s  can provide t h i s  information t o  the  

ERS RED manager i s  al luded t o  i n  the  IBM and Summer Study r e p o r t s ,  suggested 

i n  t h e  PRC R-1218 study,  and most c l e a r l y  demonstrated i n  the  PRC R-1224 and 

GE s t u d i e s .  The first th ree  s t u d i e s  ind ica te  t h a t  the  appl ica t ions  des i red  

by users  need t o  be i s o l a t e d  f i rs t  and t h a t  when es t imates  of b e n e f i t s  f o r  

these  app l i ca t ions  a re  made, commonalities i n  t h e  equipment required  t o  s a t -  

i s f y  t h e  appl ica t ions  can be determined and used i n  optimizing t h e  benefits 

from proposed opera t ional  systems. In order  t o  permit optimization o f  t h e  

ERS system cost -benef i t  e f fec t iveness ,  however, information i s  needed on 

more than est imated b e n e f i t s  from appl ica t ions  and the  cos t  of equipment 

development. This add i t iona l  information is  described f o r  s p e c i f i c  applica- 

t i o n s  i n  t h e  PRC R-1224 study i n  t h e  form of relevancy matrices which show 

the  chain of information requirements which l ink  t h e  b e n e f i t s  t o  be r e a l i z e d  

from an appl ica t ion t o  the  technologies which must be developed i n  order  t o  

provide the  information (see Figure 2) .  

A s  shown i n  Figure 2, i n  order  f o r  b e n e f i t s  t o  be r e a l i z e d  by prospective 

u s e r s ,  fo recas t s  (or  p red ic t ions )  on various e a r t h  condit ions are  needed be- 

f o r e  improved management decis ions  can be taken. This p red ic t ive  i n f o m a t i a n ,  

i n  t u r n ,  i s  derived from information on e a r t h  resources,  e a r t h  physics,  and 

meteoroPogica1 phenomena acquired by sensors which measure t h e  s t a t u s  of 

these  phenomena. A s i m i l a r  chain of information requirements i s  described i n  

the  GE s tudy f o r  t h e  four  cases examined by GE, although t h e  t emino logy  d i f -  

f e r s  from t h a t  of t h e  PRC study.  

PNTERPLAN concurs with an opinion expressed on t h i s  aspect  of the  PWC 

R-1224 work: vvThrough t h e  use of modeling techniques and mult i-stage r e l e -  

vmce  matr ices ,  an a n a l y t i c a l  format i s  developed f o r  synthesizing m d  examin- 

ing  f u t u r e  opera t ional  Earth resources survey systems. The procedure a l s o  

gives promise sf u t i l i t y  i n  planning t h e  extens ive  RGD e f f o r t s  which. must pre- 

cede most opera t ional  systems. !'* 

*Robert A. Summers, vrSystems Analysis Techniques i n  Earth Resources Sa te l -  
l i t e  Systems Planning,vv presented a t  t h e  Sixth  In te rna t iona l  Sympasim on 
Remote Sensing of Environment, Uniyersi ty of Michigan, Ann Arbor, Michigm, 
14 October 1969, 



1 SUFFICIENT 

2 MAJOR CONTRIBUTION 

3 CONTRIBUTION 

4 SLIGHT CONTRIBUTION 

Figure 2.  Sequential matrices r e l a t i n g  sensors t o  water management 
decisions and benef i t s .  
SOURCE: PRC R-1224, Volume I ,  page 29. 



INTERPLAN a l s o  be l i eves  t h a t  the  GE attempt t o  quant i fy  t h e  interdepen- 

dencies between p red ic ted  b e n e f i t s ,  types of information t o  be acquired,  mea- 

surements, sensors ,  and system c a p a b i l i t i e s  (as expressed i n  t h e  '"ystena 

e f fec t iveness  modelH*) i s  a s i g n i f i c a n t  cont r ibut ion  t o  f u r t h e r  el .ucidat ion 

of  t h e  way i n  which information of value f o r  RGD planning purposes can be 

acquired from economic s t u d i e s .  

If these  e f f o r t s  a r e  extended s o  t h a t  t h e  technological  developments 

(p red ic t ions ,  measurements, and sensor requirements) common t o  a l l  of the  

major app l i ca t ions  i s o l a t e d  i n  p a s t  s t u d i e s  a r e  r e l a t e d  q u a n t i t a t i v e l y  t o  the  

b e n e f i t s  which w i l l  be  r e a l i z e d  from t h e i r  use i n  s p e c i f i c  app l i ca t ions  m d  

t hese  r e s u l t s  a r e  pooled ( a f t e r  being weighted appropr ia te ly)  across a l l  the 

app l i ca t ions  considered, an ERS System Effec t iveness  model could be developed 

which could be used t o  optimize t h e  cos t -benef i t  e f fec t iveness  of the ERS 

Program. The optimum RED s t raaegy,  however, i s  influenced by a number of 

f a c t o r s  i n  add i t ion  t o  optimum cost -benef i t  e f fec t iveness .  For example: 

1. Some b e n e f i t s  (or  r e tu rns )  probably should be r e a l i z e d  reasonably ear ly  

i n  the  program-they must be r e a d i l y  i d e n t i f i a b l e  and of  a s i z e  s u f f i c i e n t  

t o  j u s t i f y  continued expenditure of RGD funds. 

2 .  The long-term r e t u r n  should be kept i n  mind and a balance maintained be- 

tween high payoff developments r equ i r ing  s i g n i f i c a n t  e f f o r t  (and longer de- 

velopment per iods)  and lower payoff developments y ie ld ing  quickly obta inable  

b e n e f i t s .  

3.  The b e n e f i t s  should be  time-phased i n  such a way t h a t  they a r e  spread 

f a i r l y  evenly over the  envisioned program period-there must be no long sue- 

cession of "leanvs years .  

4. E f f o r t s  should be c a r r i e d  on i n  developing more than one technology-- 

t h e  program must be f l e x i b l e  enough t o  permit s h i f t i n g  t h e  development em- 

phas is  a s  new f a c t s  come t o  l i g h t .  

I f  c o n s t r a i n t s  such a s  these  were incorporated i n t o  an ERS system e f fec -  

t iveness  model (by weighting t h e  b e n e f i t s  from technologica l  developments ac- 

cording t o  t h e  importance of  short- term r e t u r n  versus long-term r e t u r n ,  develop- 

ing  c o n s t r a i n t s  on the  spread of  b e n e f i t s  across  time, e t c . )  a m u l t i - c r i t e r i a  

*GE, P'Final Report on t h e  Space/Oceanographic Study, " (Section 6) , March 1968, 



dec i s ion  model would be evolved which should be of g rea t  va lue  i n  d i r e c t i n g  

R I D  a c t i v i t i e s .  

If these  models were developed a t  an e a r l y  s t a g e ,  i . e . ,  before  o r  concur- 

r e n t  with t h e  ERTS s e r i e s ,  then a s  experimental r e s u l t s  a r e  obtained t h e  de- 

gree of technologica l  at tainment  could be measured aga ins t  t h e  technology re-  

qui red  i n  var ious  app l i ca t ions  and appropr i a t e  adjustments made i n  t h e  param- 

t e r s  of  the  model. The optimum system of  proposed ope ra t iona l  app l i ca t ions  

which r e s u l t e d  from t h e  i n i t i a l  ranking of  technologica l  developments @auld 

thus  be updated t o  r e f l e c t  t h e  cu r ren t  technologica l  s t a t e  of  t h e  a r t .  

Appraisa l  o f  Study Findings 

Since t h e  scope of many of t h e  s t u d i e s  reviewed was l imi t ed ,  t he  benefit 

es t imates  made f o r  most of t h e  app l i ca t ions  were n o t  supported by a d e f i n i t i o n  

of t h e  chain of informational  requirements which l ink  t h e  u s e r  b e n e f i t s  t o  

technologica l  developments. Therefore,  i n t e g r a t i o n  of t h e  b e n e f i t  es t imates  

f o r  use i n  RED planning i s  no t  p r e s e n t l y  p o s s i b l e .  Fur ther ,  s i n c e  each s tudy 

was designed t o  accomplish d i f f e r e n t ,  suboptimum goals-even i n  ins t ances  

(PRC and GE s t u d i e s )  where informat ional  requirements were defined i n  detail 

-addi t ional  work would be requi red  t o  i n t e g r a t e  t h e  f indings  a t  t he  ERS sys-  

tem l e v e l  i n  s p i t e  of t h e  f a c t  t h a t  many requi red  technologica l  developments 

a r e  common t o  s e v e r a l  of t h e  app l i ca t ions  analyzed, e . g . ,  measurements of 

wind d i r e c t i o n  and v e l o c i t y ,  and su r face  temperature. ( I t  should be noted 

t h a t  t h e  r e a l i z a t i o n  of b e n e f i t s  from many of t h e  app l i ca t ions  depends on 

having information on meteorological  phenomena a s  we 11 as  e a r t h  resource  

phenomena. ) 

In view of t h e s e  f a c t s ,  t h e  f ind ings  of pas t  s t u d i e s  ( in  s p i t e  of  t h e  

excel lence  of some) do no t  provide much t o t a l  system guidance f o r  de te rn~ in ing  

t h e  scope and d i r e c t i o n  of RGD e f f o r t s .  The i r  main (and s i g n i f i c a n t )  value 

l i e s  i n  t h e  f a c t  t h a t  t h e  s t u d i e s  i n d i c a t e  those  e a r t h  resources t h a t  poten- 

t i a l  u se r s  f e e l  a r e  worthwhile observing, t h e  type of  information which ap- 

pear s  t o  be most d e s i r a b l e  t o  acqui re ,  and t h e  o rde r  of  magnitude o f  t h e  bene- 

f i t s  which can .be expected i f  var ious  app l i ca t ions  a r e  implemented, 



Concl us i ons 

INTERPLAN concludes from t h i s  a p p r a i s a l  t h a t  a l though an important  d a t a  

base has  been acqui red  through p a s t  work on t h e  b e n e f i t s  t o  be r e a l i z e d  from 

ERS a p p l i c a t i o n s  (and t o  a  l e s s e r  e x t e n t  on t echno log ica l  requi rements ) ,  this 

d a t a  base would be of  g r e a t e r  va lue  f o r  p lanning  RED a c t i v i t i e s  i f  an exten-  

s i o n  and supplementat ion o f  p a s t  work were performed. S p e c i f i c a l l y ,  a multi- 

c r i t e r i a  dec i s ion  model f o r  RED p lanning  would have t o  be  conceptua l izec~ 

and t h e  informat ion  r equ i r ed  by t h e  model def ined .  (The re levancy  ma t r ix  

concept of  t h e  PRC R-1224 s tudy  and t h e  system e f f e c t i v e n e s s  model o f  t h e  

GE s tudy  provides  an e x c e l l e n t  s t a r t i n g  p o i n t  f o r  t h i s  work.) Supplementary 

work would then  have t o  be  undertaken,  a t  l e a s t  on h igh  pay-off a p p l i c a t i o n s ,  

t o  o b t a i n  informat ion  on t echno log ica l  requirements  i f  t hey  have not a l r eady  

been documented. F i n a l l y ,  t h e  f i nd ings  would have t o  be i n t e g r a t e d  through 

use  of  t h e  m u l t i - c r i t e r i a  RED dec i s ion  model and updated a s  experimental  Te- 

s u l t s  a r e  obta ined .  



SECTION 4 

THE APPROPRIATE NATURE OF FUTURE STUDIES 

FUTURE ECONOMIC STUDIES 

The f ind ings  of t h e  t e n  economic s t u d i e s  reviewed and appraised by 

INTERPLAN c o n s t i t u t e  an impressive d a t a  base of information on t h e  est im- 

a t ed  c o s t s  of and b e n e f i t s  from t h e  f u t u r e  ERS Program. Two of th.e system 

s t u d i e s  (PRC R-1224 and GE) , i n  add i t ion  t o  providing va luable  cos t -bene f i t  

information,  contain important i n s i g h t s  i n t o  t h e  way i n  which t h e  f ind ings  

of p a s t  economic s t u d i e s  can be of value i n  g iv ing  guidance f o r  RED a c t i v i -  

t i e s  a t  t h e  ERS system l e v e l .  

In  view of these  accomplishments it is concluded t h a t  no f u r t h e r  de- 

t a i l e d  cos t -bene f i t  s t u d i e s  are  requi red  a t  t h e  p r e f e a s i b i l i t y  l e v e l  of 

development. Rather,  it is  concluded t h a t  a  modest amount of add i t iona l  

work i n  c e r t a i n  areas  t o  supplement t h e  f ind ings  of  p a s t  s t u d i e s  would: 

1. Improve t h e  adequacy of e s t ima tes  of b e n e f i t s  t o  be r e a l i z e d  from t h e  

f u t u r e  ERS Program 

2. Permit i n t e g r a t i o n  of t h e  major f ind ings  of p a s t  s t u d i e s  t o  provide 

an i n d i c a t i o n  o f  ERS system e f f e c t i v e n e s s  a s  well  a s  t o  provide guidance 

f o r  RGD planning.  

Supplementary Economi c Studies 

The seven areas  where INTERPLAN considers  t h a t  supplementary e f f o r t  is 

warranted a re :  

1. Cartography-including a t  l e a s t  geologic ,  land use ,  and geographic 

maps. To extend t h e  scope of  p o t e n t i a l  u se r s  covered by t h e  b e n e f i t  est im- 

a t e s  f o r  app l i ca t ions  1-11 and t o  provide a  more d e t a i l e d  d e f i n i t i o n  o f  

requi red  technologies  and t h e i r  c o s t s  (see pages 22-23, 64-65). 

2. Monitoring p o l l u t i o n  ef fec ts - inc luding a i r ,  water ,  and thermal .  To 

update t h e  b e n e f i t  es t imates  of  t h e  PRC R-1218 and Westinghouse s t u d i e s  

( app l i ca t ions  23 and 24)and t o  provide desc r ip t ions  of the  technologies 

r equ i red  (see  pages 26-27, 30-31, 65) .  



3. Expediting explora t ion  of petroleum and minerals  with improved mspping 

c a p a b i l i t y .  To extend, i n  g r e a t e r  depth,  t h e  b e n e f i t  es t imates  of the West- 

inghouse study (app l i ca t ion  39) and t o  provide a  more d e t a i l e d  definition of 

r equ i red  technologies and t h e i r  c o s t s  (see pages 35, 37-38, 67 ) .  

4 .  Minimizing f lood damage losses  through improved water  management, To 

extend,  i n  g r e a t e r  depth,  t h e  b e n e f i t  e s t ima te  of t h e  PRC R-1224 s tudy f o r  

app l i ca t ion  53 (see pages 40, 67-68). 

5 .  Increas ing  t h e  y i e l d  from i r r i g a t e d  land due t o  improved water manage- 

ment. To extend,  i n  g r e a t e r  depth,  t h e  b e n e f i t  es t imate  of t h e  PRG R-1224 

s tudy f o r  a p p l i c a t i o n  57 (see pages 41, 68) .  

6 .  Improving worldwide water  management. To extend and analyze i n  g r e a t e r  

depth world b e n e f i t s  f o r  app l i ca t ions  55 and 56 of t h e  PRC R-1224 s tudy ( see  

pages 40-41, 68-69) . 
7.  Uses f o r  " new" information.  To extend,  i n  scope and depth,  the bene- 

f i t  e s t ima tes  of  p a s t  s t u d i e s  and t o  def ine  requi red  technologies  (see  pages 

A more s p e c i f i c  d e s c r i p t i o n  of  work t o  be accomplished i s  shown i n  

Table 9 and amplif ied by no tes  a t  t h e  end of t h i s  s e c t i o n .  The mount  of 

e f f o r t  which INTERPLAN suggests  could be devoted t o  each of t h e s e  areas i s  

ind ica ted  i n  terms of  a  suggested funding l e v e l  and dura t ion  of e f f o r t ,  

The t o t a l  funds suggested a r e  $300,000, extending over  a  pe r iod  of 1 2  months, 

System Integration o f  Findings-The R&D Decision Model 

A s  a  r e s u l t  of t h e  appra i sa l  of  the  value of p a s t  s t u d i e s  i n  providing 

d i r e c t i o n  t o  RED a c t i v i t i e s ,  INTERPLAN concludes t h a t  the  development o f  m 

ERS system-effect iveness model and a r e l a t e d  m u l t i - c r i t e r i a  RED decis ion  

model would permit  i n t e g r a t i o n  of the  economic f ind ings  of p a s t  s t u d i e s .  

The r e s u l t s  of t h i s  i n t e g r a t i o n  would g ive  an improved i n d i c a t i o n  of  ERS 

system e f f e c t i v e n e s s  and a l s o  would permit  use of  t h e  l a rge  d a t a  base of  i n -  

formation which has  been acquired i n  the  r a t i o n a l  formulat ion of the ERS RED 

program. INTERPLAN concludes t h a t  a  s tudy should be i n i t i a t e d  t o  develop 

t h e s e  models ( p r i o r  t o  and concurrent  with t h e  ERTS s e r i e s )  and that t h e  i n -  

formation acquired from p a s t  and supplementary s t u d i e s  be used as inpu t s  t o  

t h e  models during t h e  s tudy.  The ob jec t ives  of t h e  s tudy would be to: 



T a b l e  9 .  Suggested f u t u r e  supplementary  economic s t u d i e s .  

cluding a t  l e a s t  
geological ,  land 

including a i r ,  

STUDY AREA 

Same Provide a compre- Estimate f o r  
(see Note 2) hensive coverage promising 

of p o t e n t i a l  U.S. uses  
use r  market 

Same Cover p o t e n t i a l  Estimate f o r  
(see Note 2) uses  f o r  National promising 

(EPA), s t a t e ,  and uses 
l o c a l  p o l l u t i o n  

SUG- 
GESTED 

COST 
($000) 

Define f o r  
each type 
of  map 

Define f o r  
p o t e n t i a l l y  
cost-effec-  
t i v e  uses 

SUG- 
GESTED 

DURATION 
(months) 

Supplement, 
where required 
f ind ings  of 
p a s t  work 

Define f o r  
p o t e n t i a l l y  
cos t -e f fec -  
t i v e  uses 

WORK TO BE ACCO\IPLISHED 
BEhEFIT ESTIbLiTES I 7tCH.\OLOGICAL DEVELOPbEhlS (see Note 1) 

Supplement, 
where required,  
f ind ings  of 
pas t  work 

Define fo r  
p o t e n t i a l l y  
cost-effec-  
t i v e  uses 

3. Expediting ex- 
p l o r a t i o n  of 
petroleum and 
minerals with 
improved map- 
ping capabi l-  
i t y  

PREDICTIONS*" 
USER-RELATED 

COSTS 

' 

Better- Define s p e c i f i c  Estimate f o r  
informed map uses f o r  U.S. promising 
judgment indus t ry  and uses 
(see Note 3) document benef i t  

e s t imate  f o r  
each use i s o l a -  
t e d  

APPROACH* 

Define f o r  
promising 
uses 

bEASUREbENTS** OBJECTIVE 

Define f o r  
promising 
uses 

SENSORS 

Define f o r  
promising 
uses 

4. Minimizing 
f lood  damage 
losses  
through 
improved water 
management 

5. Increasing the  
y i e l d  from ir- 
r iga ted  land 
due t o  i m -  
proved water 
management 

6 .  Improving 
worldwide 
water man- 
agement 

7 .  Uses f o r  "new" 
information re -  
s u l t i n g  from 
global  obser- 
vat ions 

Better- Improve upon 
ana lys i s  PRC R-1224 ex- 
(see Note 3) t r apo la t ion  of 

Columbia Basin 
b e n e f i t s  t o  
U.S. b e n e f i t s  

pa t ion  r a t e s  

9 Better- Obtain world- 
informed wide b e n e f i t  
judgment est imate through 
(see Note 3) concensus of 

worldwide use r  
opinion (based 
on PRC R-1224 
es t imate  f o r  
U.S. benef i t s )  

12 New Search f o r  and 

None None None None 

*The study approach suggeste in  the  notes  referenced.  
**Refers t o  t e rn in  



1. Define q u a n t i t a t i v e l y  t h e  r e l a t i o n s h i p  ( a t  l e a s t  f o r  s e v e r a l  major ap- 

p l i c a t i o n  areas)  between t h e  t o t a l  d o l l a r  b e n e f i t s  expected from the app l i -  

ca t ion  and the  technologica l  developments ("predic t ions ,  " "measurements s, " 
and sensors)  requi red .  The techniques developed i n  t h e  GE s tudy should be 

evaluated f o r  poss ib le  use during the  course of  work. 

2 .  Describe the  Irnecessary and s u f f i c i e n t  condit ions" which would cons t i -  

t u t e  t h e  c o n s t r a i n t s  on pooling t h e  b e n e f i t s  which a r e  expected from techno- 

l o g i c a l  developments common t o  s e v e r a l  a p p l i c a t i o n  a reas .  

3 .  Develop appropr ia te  s e t s  of equat ions t o  descr ibe  t h e  e f f e c t i v e n e s s  of 

t h e  ERS system and t o  s imula te  the  e f f e c t  of  var ious  RED dec is ions  on the  

s i z e  of economic r e t u r n s  which can be expected i f  t h e  r e t u r n s  a re  optimized 

with r e spec t  t o  the  d e s i r e d  r e l a t i v e  importance ( t o  NASA) of shor t - te rm r e -  

t u r n s ,  long-term r e t u r n s ,  balanced output  over t ime,  spread of RED resources  

among developments, and/or o t h e r  r e l evan t  economic and noneconomic c r i t e r i a ,  

4 .  Prepare formats f o r  use i n  f u t u r e  s t u d i e s  t h a t  de f ine  t h e  s p e c i f i c  cost  

and b e n e f i t  information and technologica l  information t o  be acquired s o  t h a t  

the  f ind ings  of t h e s e  s t u d i e s  can se rve  d i r e c t l y  a s  inpu t s  i n t o  a  t o t a l  sys-  

tem i n t e g r a t i o n  (see Note 5 ) .  

This  e f f o r t  (described i n  g r e a t e r  d e t a i l  i n  Appendix C) might be  compbe- 

t ed  i n  24 months a t  a  c o s t  of about $200,000. 

FUTURE NONECONOMIC STUDIES 

Although t h i s  s tudy was l imi t ed  t o  economic cons ide ra t ions , four  inps r -  

t a n t  noneconomic areas  appeared t o  be s o  c lose ly  r e l a t e d  t o  t h e  f ind ings  of 

p a s t  economic s t u d i e s  t h a t  it was concluded t h a t  f u t u r e  s t u d i e s  i n  these  

areas  would be warranted. The four  a reas  a r e :  

1. Elucida t ion  of  noneconomic c r i t e r i a  

2. Education of p o t e n t i a l  u s e r s  

3 .  Conceptual izat ion of  the  o rgan iza t iona l  form and management of  an opera- 

t i o n a l  ERS system 

4. Development of a  Biospheric  Model. 

El u c i  d a t i  on o f  Noneconomic C r i t e r i a  

I t  i s  recognized t h a t  t h e  RGD manager i n  ass igning funding priorities 

t o  var ious  p o t e n t i a l  technologica l  developments must cons ider  more t h m  eco- 

nomic c r i t e r i a .  INTERPLAN concludes, t h e r e f o r e ,  t h a t  an e f f o r t  should be 

sus ta ined  t o  i s o l a t e ,  e l u c i d a t e ,  ca t egor i ze ,  and evalua te  t h e  impact of  non- 

8 2  



economic c r i t e r i a  on t h e  ERS Program (see  Note 6 ) .  These c r i t e r i a  should 

be s t u d i e d  methodica l ly  and t h e  e s t ima ted  e f f e c t s  should be incorpora ted  

i n t o  both RED and budgetary planning processes .  INTERPLAN sugges ts  t h a t  

one o r  two such s t u d i e s  could be i n i t i a t e d ,  each n o t  t o  exceed about 9 

months and $40,000. 

Educati  on of Poten t i  a1 Users 

Q . ~ i O l b  Many of t h e  s t u d i e s  reviewed s t r e s s  t h e  importance of e a r l y  educ-"- 

f o r  f u t u r e  u s e r s  o f  ERS informat ion .  INTERPLAN agrees  with t h i s  opinion 

and b e l i e v e s  t h a t  some p rospec t ive  u s e r s  should be s u f f i c i e n t l y  motivated 

t o  e i t h e r  v o l u n t a r i l y  p a r t i c i p a t e  i n  NASA-sponsored s t u d i e s  f o r  a p p l i c a t i o n s  

i n  t h e i r  sphere of i n t e r e s t  o r  t o  undertake these  s t u d i e s  independent ly i f  

NASA's f u l l  support  i s  o f f e r e d .  During t h e  course of such work, t h e s e  

s t r o n g l y  motivated p o t e n t i a l  u s e r s  would n o t  only become f u l l y  aware of ERS 

p o t e n t i a l i t i e s  and problems b u t  t hey  may a l s o  uncover new a p p l i c a t i o n s  and/ 

o r  provide  f u r t h e r  t e c h n i c a l  guidance i n  t h e  l i g h t  of t h e i r  own e x p e r t i s e ,  

Therefore ,  it i s  concluded t h a t  i t  might be worthwhile f o r  NASA t o  o f f e r  

some seed money t o  government agencies  ( i nc lud ing  f o r e i g n  governments), i n -  

d u s t r i a l  o rgan iza t ions ,  o r  r e sea rch  o rgan iza t ions  who w i l l  a l s o  a s s ign  

matching funds t o  t h e  e f f o r t .  

For example, an o i l  company might be  induced t o  s tudy  i n  depth t h e  ERS 

a p p l i c a t i o n s  which might reduce petroleum exp lo ra t ion  c o s t s ,  o r  t h e  World 

Bank might be  w i l l i n g  t o  examine t h e  p o t e n t i a l  va lue  of ERS observa t ions  i n  

i t s  h y d r o e l e c t r i c  o r  i r r i g a t i o n  p r o j e c t s  ( see  Note 7 ) .  NASA might o f f e r ,  

say ,  s p e c i a l i z e d  informat ion  on ERS c a p a b i l i t i e s  and t e c h n i c a l  personnel  arid 

might conduct educa t iona l  conferences ,  e t c . ,  b u t  t h e  bulk of  t h e  s tudy  would 

a c t u a l l y  be f inanced  by t h e  p o t e n t i a l  u s e r s .  If p o t e n t i a l  u s e r s  p a r t i c i p a t e  

i n  such a  program, t h e  d o l l a r  base  o f  t h e  RED manager might be broadened an6 

f ind ings  might be obta ined  which a r e  unobta inable  i n  any o t h e r  way, INTERPLm 

sugges t s  t h a t  money might be o f f e r e d  i n i t i a l l y  t o  sponsor  two s t u d i e s  f o r  a  

t o t a l  c o s t  o f  $50,000 t o  be completed w i t h i n  12 months. 



Conceptual i z a t i  on of t h e  Organizat ional  Form 
and Management of an Operational ERS System 

Although a  t r u l y  ope ra t iona l  system i s  seve ra l  years  away, INTERPLPJh' b e -  

l i e v e s  t h a t  it i s  not  too  soon t o  commission a  s tudy which would consider  

poss ib le  organiza t ional  forms and the  management of an ope ra t iona l  system, 

These ope ra t iona l  a spec t s  of  the  system were no t  considered i n  any of t h e  

s t u d i e s  reviewed. This  s tudy would cons ider  such t o p i c s  a s  the  advantages 

and disadvantages of a  governmental agency opera t ing  the  system versus  a pri- 

v a t e  company (e .g . ,  NOAA versus  COMSAT), fo reseeab le  o rgan iza t iona l  and ad- 

m i n i s t r a t i v e  c o s t s ,  out lays  f o r  ground f a c i l i t i e s ,  u s e r  educat ion,  etc, DUP- 

i n g  t h e  s tudy a  pro fomna p r o f i t  and l o s s  s tatement  would be formu.lated cov- 

e r i n g  about t h e  f i r s t  5 years  of opera t ion .  

I t  i s  suggested t h a t  the  f i r s t  phase of the  s tudy should concern an 

opera t iona l  system but  be l imi t ed  t o  U.S. b e n e f i t s  only.  The second phase 

of the  s tudy,  t o  be conducted only a f t e r  t h e  experimental r e s u l t s  from t h e  

ERTS s e r i e s  a re  known, would conceptual ize an ope ra t iona l  ERS system wi th  

g lobal  b e n e f i t s .  Many i n t r i c a t e  p o l i t i c a l  problems of an i n t e r n a t i o n a l  na- 

t u r e  would have t o  be c a r e f u l l y  thought through. For example, many po l i cy  

ques t ions  w i l l  have t o  be explored on the  a v a i l a b i l i t y ,  d isseminat ion ,  and 

p r i c e  s t r u c t u r e  of information derived from t h e  ERS observat ions .  

The ob jec t ive  of t h e  second phase of t h e  s tudy would be t o  p o s t u l a t e  

c e r t a i n  worldwide ob jec t ives  ( e .g . ,  increased  a g r i c u l t u r a l  production,  i m -  

proved water management, minimization of damage and d i s a s t e r  lo s ses )  and 

t o  examine how an ERS system could b e s t  con t r ibu te  t o  implementing these  

ob jec t ives .  (The unique synopt ic  c a p a b i l i t y  of  t h e  ERS system and a d d i t i o n a l  

b e n e f i t s  which might be secured due t o  economies of s c a l e  should a l s o  be con- 

s ide red .  ) 

The second phase of the  s tudy of the  worldwide ERS system would be based 

on t h e  information acquired i n  p a s t  s t u d i e s  as  wel l  a s  t h e  add i t iona l  ir,forrna- 

t i o n  which would be acquired i n  t h e  supplementary s t u d i e s  d iscussed  i n  this 

s e c t i o n .  Since i t  appears advisable  t o  inc lude  t h e  experimental d a t a  from t h e  

ERTS s e r i e s ,  t h e  second phase of t h e  s tudy probably would n o t  be i n i t i a t e d  

before  t h e  end of  1972. 



The cos t  of t h e  Phase 1 e f f o r t  i s  es t imated  a t  about $100,000 and 

should be completed wi th in  about 12 months. 

Development of a Biospheric Model 

INTERPLANfs appra i sa l  of t h e  value of  p a s t  s t u d i e s  f o r  d i r e c t i n g  R E D  

emphasized t h e  immediate value t h e s e  f ind ings  might have i n  i s o l a t i n g  

which technologica l  c a p a b i l i t i e s  should be developed, i . e . ,  the  develop- 

ment aspects  of t h e  RGD program. INTERPLAN a l s o  f e e l s  t h a t  a s  the  EATS 

s e r i e s  progresses and "predict ions" on e a r t h  condi t ions  a re  q u a n t i f i e d  a 

d a t a  base  may be e s t a b l i s h e d  which would be of va lue  t o  a  longer-range 

research  aspect  of  t h e  RGD program, i . e . ,  cons t ruc t ion  of a  b iospher i c  

model which s imula tes  b iospher i c  condi t ions  and, hence, can be used to 

formulate improved "predict ions" on these  condi t ions  . 

Although it i s  f a r  too  e a r l y  t o  desc r ibe  with any c l a r i t y  t h e  elements 

of  a  b iospher i c  model, INTERPLAN b e l i e v e s  t h a t  an i n i t i a l  attempt t o  pro-  

v ide  such a  d e s c r i p t i o n  might be made by concurrent ly s tudying changes 

i n  t h e  s t a t u s  of those  e a r t h  resources ,  e a r t h  phys ics ,  and meteorological  

condi t ions  which- a re  monitored i n  var ious  e a r t h  observat ion programs, 

Such a  s tudy would attempt t o  i s o l a t e  b a s i c  r e l a t i o n s h i p s  between t h e  

changes i n  observed condi t ions  which could be used t o  p r e d i c t  f u t u r e  

changes i n  these  condi t ions .  

A r e p r e s e n t a t i v e  example of t h e  s o r t  of r e l a t i o n s h i p  which might 

emerge i s  the  r e c e n t l y  discovered c o r r e l a t i o n  between unusual ly warm 

bas ins  i n  t h e  P a c i f i c  ( loca ted  a s  a  r e s u l t  of ocean buoy measurements) 

and t h e  abnormally cold  winter  weather condi t ions  which have been ex- 

perienced r e c e n t l y  i n  nearby land masses. Natura l ly  t h e  work would i n -  

clude a  s tudy of man-caused changes i n  b iospher i c  phenomena. For example, 

t h e  e f f e c t  of  t h e  c r e a t i o n  of l a rge  r e s e r v o i r  b a s i n s  on increased  earth- 

quake a c t i v i t y  o r  t h e  e f f e c t  of  g lobal  p o l l u t i o n  on s p e c i f i c  ecologies  

might be s tud ied .  



Although t h e  i n i t i a l  raw d a t a  on e a r t h  resources from which these  reha- 

t ionsh ips  might be i s o l a t e d  w i l l  no t  be a v a i l a b l e  u n t i l  t h e  f i r s t  experimen- 

t a l  ERS r e s u l t s  a re  obtained,  INTERPLAN f e e l s  it i s  no t  t o o  soon t o  i n i t i a t e  

a  modest attempt t o  o u t l i n e  t h e  kinds of d a t a  requi red  and t h e  approach which 

might be used i n  the  search f o r  fundamental r e l a t i o n s h i p s  and t o  desc r ibe ,  i n  

s k e l e t a l  o u t l i n e ,  t he  elements of t h e  model. Since meteorological  phenomena 

a r e  now being monitored, t h e  raw d a t a  from t h e  c u r r e n t  meteorological  model 

could serve  a s  a  f a c t u a l  b a s i s  f o r  t h e  s tudy.  

Figure 3 shows how the  b iospher i c  model might f i t  i n t o  the  e a r t h -  

observation/user-decision cycle .  I t  i s  noted t h a t  i f  such 

METEOROLOGICAL 

Figure 3. The b i  ospheri c model i n  the earth-observati onluser-deci s i  on 
cycle . 



a model were developed i n  the  ERS Program, the re  might a l s o  be same rmi f ica -  

t i o n s  of poss ib le  s ign i f i cance  t o  t h e  organiza t ional  form of the  opera t ional  

Program. That i s ,  t h e  output of the  model might be  genera l ized  i n  such a 

way t h a t  a l l  u se r s  were served through provision of information of general  

(as  well a s  s p e c i f i c )  use  t o  a l l - the  way i n  which weather f o r e c a s t s  s r e  

now furnished.  In t h i s  way t h e  Program might be organized as a pub l i c  (or 

worldwide) se rv ice  I f .  . . f o r  t h e  b e n e f i t  of a l l  mankind," r a t h e r  thm as  a 

se rv ice  of  value t o  s p e c i a l  u s e r s .  

I t  i s  suggested t h a t  t h e  i n i t i a l  e f f o r t  might cos t  about $128,000 and 

would be completed i n  about 12 months. This e f f o r t  would use  d a t a  from t he  

meteorological  model a s  a s t a r t i n g  po in t  f o r  conceptual izing t h e  s k e l e t a l  

model and would prepare the  ground f o r  u t i l i z a t i o n  o f  ERTS d a t a  i n  future 

work. 

SUMMARY OF SUGGESTED FUTURE STUDIES 

A s  a r e s u l t  of t h e  review and a p p r a i s a l ,  INTERPLAN concludes t h a t  a 

modest amount of add i t iona l  e f f o r t  t o  supplement and extend the  findings 

of p a s t  s t u d i e s  would be of va lue  t o  t h e  ERS Program. These f u t u r e  s t u d i e s  

and t h e i r  suggested funding and dura t ion  a re :  

SUGGESTED SUGGESTED 
FUNDING D U M T I O N  

SUGGESTED FUTURE STUDIES ($000) (months) 

ECONOMIC 

1. Cartography 6 0 9 

2 .  Monitoring Po l lu t ion  5 0 9 

3. Expediting Petroleum and Mineral Explorat ion 60 9 

4. Minimizing Flood Damage 30 6 

5.  Increasing Yield from I r r i g a t e d  Land 10 3; 

6 .  Improving Worldwide Water Management 50 9 

7 .  Uses f o r  vvNewvP Information 40 B 2 

8. ERS System-Effectiveness Model and a Decision 
Model f o r  RGD' Planning 200 I8 

TOTAL ECONOMIC 500 



SUGGESTED SUGGESTED 
FUNDING DURATION 

SUGGESTED FUTURE STUDIES ($000) (months) 

NONECONOMIC 

9 .  Elucidat ion  of Noneconomic C r i t e r i a  

10. Education of P o t e n t i a l  Users 5 0 1 2  

11. Conceptualization of the  Organizat ional  
Form and Management of an Operat ional  ERS 
Sys tem 100 1 2  

12. Development of a  Biospheric Model 120 1 2  

TOTAL NONECONOMIC 310 

TOTAL 810 

NOTES 

NOTE 1. The d e f i n i t i o n  of technological  requirements and es t imat ion  

of development c o s t s  should be a t  l e a s t  a s . d e t a i l e d  a s  i n  t h e  PRC R-5224 

and GE s t u d i e s .  

NOTE 2. INTERPLAN suggests  t h a t  t h e  b e n e f i t s  est imated f o r  t h e  "sme" 

information c l a s s  of  app l i ca t ions  be derived s o  a s  t o  represent  the savings 

which can be r e a l i z e d  by u s e r s  through s u b s t i t u t i n g  ERS observations a s  a  

source of information f o r  conventional sources.  A t  t he  p r e f e a s i b i l i t y  

l e v e l  of development these  es t imates  should (1) be made on the  basis o f  the  

informed judgment of the  p o t e n t i a l  u s e r s ,  (2) include the  magnitude of re- 

l a t e d  u s e r  c o s t s  which probably w i l l  be incurred ,  and (3) be l imi ted  t o  the  

savings r e a l i z a b l e  by U.S. use r s  only. 

NOTE 3. INTERPLAN suggests  t h a t  t h e  b e n e f i t  es t imates  f o r  the ""bt"Cee7psv 

information c l a s s  of app l i ca t ions  be derived s o  as  t o  represent  the  incse-  

mental value which can be expected from t h e  use of  improved infomat iof i  i n  

an ongoing a c t i v i t y  where the  p resen t  use is  def inable .  These es t imates  

should include use r - re la t ed  cos t s .  The choice of es t imat ing  technique 

( e i t h e r  informed judgment o r  ana lys i s )  should be made on an applicat ion-by- 

app l i ca t ion  b a s i s .  However, when the  r e a l i z a t i o n  of  b e n e f i t s  dipends on 

the  j o i n t  p a r t i c i p a t i o n  of  a  body o f  independent agents ,  es t imates  o f  t h e  

a n t i c i p a t e d  degree of p a r t i c i p a t i o n  should be based on informed j u d ~ e n t ,  

A t  the  p r e f e a s i b i l i t y  l e v e l  of development, INTERPLAN suggests  that the 



es t ima tes  of b e n e f i t s  be l imi t ed  t o  p o t e n t i a l  U.S. u s e r s  (with the  excep- 

t i o n  of app l i ca t ions  i n  the  a r e a  of water  management, a s  noted i n  Sec t ion  

3 ) .  

NOTE 4.  In view of t h e  u n c e r t a i n t i e s  i n  es t imat ing  b e n e f i t s  f o r  t h e  

"neww information c l a s s  of a p p l i c a t i o n s ,  INTERPLAN suggests  t h a t  es t imates  

of  the  value o f  t h e  app l i ca t ions  be  approached from a cons idera t ion  o f  

c o s t s .  As  app l i ca t ions  f o r  uses  of  new information a r e  i s o l a t e d ,  the  

technologica l  development requirements should be def ined  i n  s u f f i c i e n t  de- 

t a i l  s o  t h a t  a  comparison can be made ( a t  t h e  system l e v e l )  of  t h e  new 

app l i ca t ion  requirements which a r e  common t o  app l i ca t ions  i n  the  fssame'8 

and "be t t e r f1  c l a s s e s  of information.  The incremental cos t  of developing 

s p e c i a l  technologies ,  i n  add i t ion  t o  r e l a t e d  u s e r  c o s t s ,  should then  be 

presented t o  exper t s  i n  the  app l i ca t ion  a r e a  ( i n  t h e  United S t a t e s  and 

worldwide) f o r  a  consensus on whether the  value seems t o  be worth the  e s -  

t imated add i t iona l  c o s t  f o r  development and implementation. 

NOTE 5.  Separate formats would be prepared f o r  t h e  ana lys i s  of V ' s m e , P "  

" b e t t e ~ , ~ '  and "new" information c l a s s e s  of app l i ca t ions  ( o r  an a l t e r n a t i v e  

method f o r  c l a s s i f y i n g  d i f f e r e n t  types of app l i ca t ions  may be evolved] ,  

The s t u d i e s  shown i n  Table 9 should be conducted i n  conformance t o  these  

formats s o  t h a t  t h e  u t i l i t y  of the  formats a re  t e s t e d  and v e r i f i e d  before  

being appl ied  t o  new a reas .  

NOTE 6. The major noneconomic c r i t e r i a  might be i s o l a t e d ,  f o r  exam- 

p l e ,  by cons ider ing  the  con t r ibu t ion  ERS observat ions could make toward 

so lv ing  p ress ing  problems i n  t h e  United S t a t e s  i n  the  e a r l y  1970% such 

a s  unemployment, t h e  n a t i o n a l  balance of payments, s o c i e t a l  h e a l t h  and 

s a f e t y ,  e t c .  

NOTE 7. A growing i n t e r e s t  w i th in  t h e  World Bank i n  p o t e n t i a l  uses 

f o r  s a t e l l i t e  information i s  noted.  The Specia l  P ro jec t s  Off ice  and t h e  

Regional Di rec to ra te s  ( e s p e c i a l l y  t h e  Southeast Asia Direc tora te)  have i n -  

d i c a t e d  an i n t e r e s t  i n  seve ra l  ERS app l i ca t ions .  Therefore,  t he re  may be 

a p o s s i b i l i t y  t h a t  NASA and t h e  World Bank might undertake t h i s  work 

j o i n t l y  . 



A P P E N D I X  A 

EARTH R E S O U R C E S  S U R V E Y  PROGRAM 

I N T R O D U C T I O N  

This appendix contains a b r i e f  desc r ip t ion  of  the  p resen t  ERS Pro- 

gram t o  a i d  the  r eader ' s  understanding of t h i s  r e p o r t ,  a s  well as t o  

summarize INTERPLANts understanding of  the  cu r ren t  ERS Program. 

P U R P O S E  AND O B J E C T I V E S  O F  T H E  E R S  PROGRAM 

The ERS Program ( a  component of NASA's Earth Observations Program) 

is concerned with mapping and monitoring the  e a r t h ' s  environment and i t s  

n a t u r a l  resources using remote sensors  placed i n  a i r c r a f t  and space p i a t -  

forms. The d a t a  obtained by these  means can be appl ied  i n  such d i s c i -  

p l i n e s  a s  oceanography, hydrology, a g r i c u l t u r e ,  geology, f o r e s t r y ,  and 

geography, thus  con t r ibu t ing  t o  a more e f f i c i e n t  land use ,  t o  improved 

u t i l i z a t i o n  of  the  e a r t h ' s  n a t u r a l  resources (both land and s e a ) ,  and t o  

more e f f e c t i v e  cont ro l  of t h e  atmospheric environment. The s p e c i f i c  

ob jec t ives  o f  the  ERS Program are*:  

"1. Define r e a l  world problems t o  which space technology can make a 

b e n e f i c i a l  con t r ibu t ion .  

2.  Determine performance o f  remote sensors ,  e s t a b l i s h  s igna tu re  recog- 

n i t i o n  c r i t e r i a .  

3 .  Develop sensors ,  subsystems, and experimental spacec ra f t ,  along with 

e f f i c i e n t  means f o r  g e t t i n g  i n t o  o r b i t .  

4.  Determine scope and conf igura t ion  of opera t ional  systems ( inc luding 

spacec ra f t ,  a i r c r a f t ,  and ground segments). 

5 .  Develop d a t a  handling techniques. 

6 ,  Assist u s e r  agencies i n  developing a community of  exper t s  prepared 

t o  u t i l i z e  space-derived remote-sensing data .s '  

*NASA, Office of Space Science and Applicat ions,  Earth Observations Pro- 
gram Review, Washington, D . C . ,  November 1969, page 6. 



STRUCTURE AND FUNCTION OF THE ERS PROGRAM 

The ERS Program is  divided i n t o  t h r e e  components-the A i r c r a f t  Pro- 

gram, the  Spacecraft  Program, and Supporting Research and Technology, 

The A i  r c r a f t  Program 

This component of t h e  ERS Program is  being used t o  eva lua te  remote 

sensor  systems and t o  ob ta in  mul t i spec t ra l  d a t a  of  e a r t h l y  phenomena f o r  

ana lys i s  by u s e r s  i n  t h e  var ious  d i s c i p l i n e s .  The a i r c r a f t  a r e  used as 

pla t forms t o  c a r r y  combinations of sensors  f o r  eva lua t ing  t h e i r  u t i l i t y  

and t h e i r  performance over s p e c i f i e d  instrumented t e s t  s i t e s  on the  

ground. Two types of  remote sensors  a re  being evalua ted:  those  that 

v l l i l l u m i n a t e s  t a r g e t s  and rece ive  r e f l e c t e d  r a d i a t i o n  and those  t h a t  

opera te  a s  pass ive  monitors of n a t u r a l  and c u l t u r a l  emissions o r  ref  l e c -  

t i o n s  from t h e  e a r t h ' s  ~ u r f a c e . ' ~  The ERS A i r c r a f t  Program uses  two 

types of a i r c r a f t - t h e  low-to-medium a l t i t u d e  a i r c r a f t  ( the  Convair 240 

which ranges up t o  15,000 f e e t  and t h e  E l e c t r a  P-3A and Hercules C-130B 

which range up t o  25,000 f e e t )  and t h e  high a l t i t u d e  a i r c r a f t  ( the  RB- 

57F which ranges up t o  60,000 f e e t ) .  The RB-57F c a r r i e s  a v a r i e t y  o f  

sensors  (an RS-7(IR) i n f r a r e d  scanner-imager, I R  spectrometer  and radi- 

ometer, two RC-8 me t r i c  and s i x  Hasselblad multiband cameras) on a 

p a l l e t ,  while  microwave sensors  a re  c a r r i e d  i n  t h e  nose of  t h e  a i r c r a f t ,  

The Hercules C-130B w i l l  c a r r y  a 24-channel m u l t i s p e c t r a l  scanner,  and 

two met r i c  and s i x  Hasselblad cameras. A mobile ground-truth vehic le  

w i l l  a l s o  be u t i l i z e d  a s  p a r t  of t h e  Hercules C-130B sensor  v e r i f i c a t i o n  

equipment. 

The Spacecra f t  Program: Unmanned 

The Earth Resources Technology S a t e l l i t e s  (ERTS) comprise a major 

po r t ion  of t h e  spacec ra f t  program; s i x  s a t e l l i t e s  (A, B ,  C ,  D, E ,  F)  are 

now i n  va r ious  s t a g e s  o f  planning and cons t ruc t ion .  

ERTS-A AND B. Funding f o r  t h e  ERTS-A and B s a t e l l i t e s  has  been ap- 

proved and t h e  ERTS-A i s  scheduled f o r  launch during the  f i r s t  q u a r t e r  



of 1972. These s a t e l l i t e s  a r e  designed t o  determine t h e  usefulness  and 

t h e  opera t ing  e f f i c i e n c y  of  t h e  system, t o  f l i g h t  t e s t  t h e  sensor s ,  and 

t o  provide d a t a  t o  the  u s e r  community i n  order  t o  develop useable  i n f o m a -  

t i o n  such a s  p l o t s  o f  geologica l  f e a t u r e s ,  coas ta l  a reas ,  snow and i c e  

cover,  e t c .  The p r i n c i p a l  performance and design c h a r a c t e r i s t i c s  of t h e  

ERTS-A and B have been s p e c i f i e d  a s  a  sun-synchronous, c i r c u l a r ,  neas- 

p o l a r  o r b i t  (496 n  mi) ,  an o r b i t - a d j u s t  c a p a b i l i t y ,  an a t t i t u d e  c o n t r o l  

of  l e s s  than 0.7', an onboard d a t a  recording f a c i l i t y ,  20-minute sensor  

opera t ion  p e r  o r b i t ,  wideband d a t a  t ransmission (20 MHz, S-band), a pay- 

load capac i ty  of  350 pounds, a  spacec ra f t  weight of  approximately 1200 

pounds, and t h e  a b i l i t y  t o  r epea t  coverage every 17 days during a life- 

time of 1 year .  The proposed sensors  t o  be included i n  t h e  ERTS-A pay- 

load inc lude  t h r e e  h igh-resolu t ion  r e t u r n  beam vid icon TV cameras (with  

a  r e s o l u t i o n  of  300-600 f e e t  p e r  l i n e  p a i r ,  a  coverage of 100x180 n m i ,  

and green,  red ,  and n e a r  I R  s p e c t r a l  bands) ,  a  4-channel m u l t i s p e c t r a l  

po in t  scanner (with r e s o l u t i o n  of 440 f e e t  p e r  l i n e  p a i r ,  a  100 n m i  

swath coverage, and green, r ed ,  near-IR, and I R  s p e c t r a l  bands) ,  and d a t a  

c o l l e c t i o n  equipment. 

ERTS-C AND D .  I t  has  been proposed t h a t  t h e  f i l m  recovery s a t e % -  

l i t e s ,  ERTS-C and D ,  funct ion  during t h e  l i f e t i m e  of ERTS-A and B t o  pro- 

v ide  a  c o r r e l a t i v e  base f o r  t h e  lower-resolut ion e l e c t r o n i c  r e t u r n  d a t a  

of  ERTS-A and B. The d a t a  from ERTS-C and D i s  expected t o  provide an 

e a r l y  h igh-qua l i ty  record  of the  e a r t h ' s  f e a t u r e s ,  a  benchmark t o  be 

used i n  observing e a r t h  changes on l a t e r  f l i g h t s ,  and an e a r l y  mapping 

c a p a b i l i t y .  The cameras proposed f o r  use  i n  the  ERTS-C and D a re  similar 

i n  r e so lv ing  power t o  those  used i n  t h e  Apollo spacec ra f t  b u t  would have, 

i n  add i t ion ,  me t r i c  f i d e l i t y .  

ERTS-E AND F. While ERTS-A and B and t h e  f i l m  recovery s a t e l l i t e s  

ERTS-C and D w i l l  focus p r imar i ly  on surveying land (and adjacent  water  

a reas )  t a r g e t s ,  ocean surveys w i l l  be t h e  main ob jec t ive  of  ERTS-E and 

F f l i g h t s .  Although t h e  spacec ra f t  and subsystems proposed a r e  s imilar  

t o  ERTS-A and B, t h e  sensors  and o r b i t  of  ERTS-E and F would be opt imized 

f o r  surveying t h e  ocean. I t  i s  expected t h a t  t h e  ERTS-E and F s a t e l l i t e s  

w i l l  acqui re  information on s e a  s t a t e ,  ocean su r face  temperature,  ocean 



co lo r ,  ocean c u r r e n t s ,  s e a  i c e ,  c o a s t a l  processes ,  and o t h e r  sea-or iented  

phenomena. To ga the r  t h i s  type of  d a t a  it is  proposed t h a t  ERTS-E and F 

c a r r y  a thermal i n f r a r e d  scanner and radiometer ,  an imaging spectromerer ,  

and a pass ive  microwave scanner.  Oceanographic research  sh ips  a r e  ex- 

pected t o  provide ground-truth information.  

SMALL APPLICATIONS TECHNOLOGY SATELLITES. The Small Applicat ions 

Technology S a t e l l i t e s  (SATS) a r e  proposed t o  supplement t h e  ERTS s e r i e s  

i n  o rde r  t o  provide an e a r l y ,  r a p i d  space - f l igh t  t e s t i n g  of  sensors  and 

subsystems. These s a t e l l i t e s  w i l l  t e s t  c r i t i c a l  subsystem improvements 

and e s t a b l i s h  t h e  r e l i a b i l i t y  and u t i l i t y  of  advanced sensors .  Since 

t h e  proposed spacec ra f t  a r e  small (Scout s i z e )  and experiments b a s i c a l l y  

s ingle-purpose,  missions w i l l  be s impl i f i ed  and equipment can be optimized 

f o r  the  p a r t i c u l a r  experiment c a r r i e d .  

The S p a c e c r a f t  Program: Manned 

The ERS Program a l s o  employs manned spacec ra f t  f o r  acqui r ing  d a t a  

v i a  remote sensors .  Ear ly  c o l o r  photographs taken on Mercury, Gemini, 

and Apollo f l i g h t s  demonstrated t h e  p o t e n t i a l  of  remote sens ing  from 

space platforms and l ed  t o  t h e  first con t ro l l ed  m u l t i s p e c t r a l  experiment 

(S065). This experiment was performed from Apollo 9 us ing  four  Hassel- 

b l ad  cameras-one with c o l o r  I R  f i l m  and t h r e e  with black and white film 

used with f i l t e r s  t o  match t h e  near-IR, green, and red  bands proposed 

f o r  the  ERTS t e l e v i s i o n  camera. The experiment confirmed t h e  choice of 

bands f o r  t h e  TV camera, provided d a t a  f o r  u s e r  a n a l y s i s ,  and a l s o  pro- 

vided i n i t i a l  information on a t tempts  t o  eva lua te  t h e  u t i l i t y  of  simui- 

taneous spacecraft- imagery and of sequen t i a l  a i r c r a f t  imagery f o r  use i n  

resources  inventory.  

The 1972 SKYLAB s e r i e s  of t h e  Manned Orbi t ing  Research Labora tor ies  

(MORL) (a  r e l a t e d  program) a l s o  w i l l  c a r r y ,  a s  a p a r t  of  i t s  equipment, 

an Earth Resources Experiment Package (EREP) which w i l l  col1ec"caata an 

e a r t h  resources .  This  equipment w i l l  c o n s i s t  of  s i x  r i g i d l y  mounted 70 

mm m u l t i s p e c t r a l  cameras with s i x  d i f f e r e n t  f i l t e r / f i l m  combinal:ions, 



f o u r  black and white and two c o l o r  (S-190); one i n f r a r e d  spectrometer  

with a  0.4 t o  15.5 micron range (S-191); one 10-band m u l t i s p e c t r a l  

scanner (S-192); and one K-band radiometer-scatterometer-altimeter (S- 

193/194). 

Support ing Research and Techno1 ogy (SR&T) 

SENSOR-SIGNATURE RESEARCH. E f f o r t s  i n  sensor-s ignature  research  

have been d i r e c t e d  towards e s t a b l i s h i n g  q u a n t i t a t i v e  r e l a t i o n s h i p s  i n  

remote sens ing  ana lys i s  by using spacec ra f t  imagery concurrent ly  wi th  

a i r c r a f t  and ground d a t a .  Research has  a l s o  been going on i n  t h e  area 

of  automatic c l a s s i f i c a t i o n  of t h e  e a r t h ' s  f e a t u r e s .  In t h i s  area, d i g i -  

t i z e d  d a t a  obtained from a  m u l t i s p e c t r a l  scanner has  been used q u i t e  

s u c c e s s f u l l y  as  a  means of i d e n t i f y i n g  crops ,  and shows p o t e n t i a l  f o r  

use i n  c l a s s i f y i n g  s o i l s ,  i d e n t i f y i n g  t e r r a i n  c l a s s e s ,  and recording  

c o a s t a l  processes such a s  sedimentat ion flow p a t t e r n s .  

INSTRUMENTAT ION RESEARCH AND DEVELOPMENT. The Instrument a t  ion  Re - 
search  and Development a r e a  of  SRGT develops and procures instruments  

f o r  d a t a  management and f o r  remote sens ing  of e a r t h  resources .  For i n -  

s t ance  a  s i g n i f i c a n t  r ecen t  development i s  t h a t  of t h e  24-channel mul t i -  

s p e c t r a l  scanner.  The l a r g e  number of channels i n  t h i s  scanner w i l l  

provide r e sea rche r s  with t h e  a b i l i t y  t o  c l a s s i f y  d i f f e r e n t  ob jec t s  w i t h  

b e t t e r  accuracy which w i l l  enable t h e  equipment t o  be optimized f o r  

t h e  s p e c i f i c  types  of  d a t a  des i r ed .  

ADVANCED STUDIES. The primary ob jec t ive  of t h e  Advanced Studies  

segment of SRGT i s  t o  provide i n s i g h t s  i n t o  t h e  f u t u r e  na tu re  of the  

ERS Program-future d a t a  requirements and f u t u r e  d a t a  u t i l i z a t i o n  ex- 

p e r i m e n t s - ~ ~  t h a t  a  research  program can be planned t o  e f f e c t i v e l y  

meet these  needs and a l l o c a t e  funding. 

BUDGET AND FUNDING 

Out of NASA's t o t a l  es t imated  budget of $2.7 b i l l i o n  f o r  FY 1371, 

moneys s e t  a s ide  f o r  space app l i ca t ions  t o t a l  approximately $180 m i l l i o n ;  

o f  t h i s  amount approximately $60 m i l l i o n  w i l l  be earmarked f o r  t h e  ERS 



Program. Within t h e  ERS Program, i n  FY 1971, t h e  ERS A i r c r a f t  budget 

w i l l  be some $10 mi l l ion ;  ERTS-A and B ,  some $30 mi l l ion ;  and ERTS-6 

and D and Supporting Research and Technology, l e s s  than $20 mi l l ion .  

The ERS funding is planned t o  inc rease  t o  some $100 m i l l i o n  annually 

by 1975, inc luding ERTS follow-on p r o j e c t s .  In  add i t ion ,  u s e r  agencies 

(USDA, USN, ESSA) w i l l  j o i n t l y  spend some $5 mi l l ion  on ERS-oriented 

a c t i v i t i e s .  



APPENDIX B 

DOCUMENT-BY-DOCUMENT REVIEW 

PART I: DISCUSSION 

The fol lowing t e n  documents were reviewed by the  INTERPLN team: 

1. Stanford Research I n s t i t u t e ,  SRI P ro jec t  M-5465, Sept.  1965 

2. I n t e r n a t i o n a l  Business Machines Corporation, Federal  Systems Divi-  

s i o n ,  NASw-1215, February 1966 

3 .  Cornell  Univers i ty ,  The Center f o r  Aer i a l  Photographic Studies ,  

December, 1967 

4. Westinghouse, Defense and Space Center,  7145A2, Dec. 1967 (Final 

Summary Report, Feb. 1968) 

5. Planning Research Corporation, PRC R-1218, Jan .  1968 

6 .  General E l e c t r i c  Company, Miss i l e  and Space Division,  March 1968 

7, Mathematica, Grazing Land Management, September, 1968 

8. Mathematica, Es tuar ine  and Coastal  Management, June, 1969 

9 .  Planning Research Corporation, PRC R-1224, November, 1969 

10. Summer Study on Space Appl ica t ions ,  National  Academy of Sciences,  

National  Research Council,  Division of  Engineering, 1969. 

Eight documents (2, 3 ,  4, 5,  6 ,  7, 8 ,  and 9)  were c i t e d  i n  the  con- 

t r a c t u a l  agreement; two a d d i t i o n a l  documents (1 and 10) were reviewed a t  

t h e  suggest ion of NASAss Technical Di rec to r  of t h e  s tudy s ince  they con- 

t a i n  va luable  background information and, hence, meri ted inc lus ion  i n  

t h e  review and appra i sa l  .* 

A t  t he  conclusion o f  t h e  document-by-document review, annotated 

b ib l iog raph ies  of t h e  t e n  documents were prepared (see P a r t  11) esver- 

ing  t h e  fol lowing i tems of information: 

1. Purpose of the  Document 

2. Nature of  Contents 

*In add i t ion  t o  these  t e n  documents, INTERPLAN read (b t formally 
review) t h e  document "Report of t h e  Task Force Syracus oject on 
Non Economic C r i t e r i a  f o r  Evaluat ing S a t e l l i t e  Appli e c t ~ , ' ~  May 
1969, which was rece ived by INTERPLAN s h o r t l y  be fo re  
t h i s  s tudy.  
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3. Summary of Findings 

4. Document Conclusions 

5 .  Document Recommendations 

Comments on t h e  major s t r e n g t h s  and weaknesses of the  documents are a l s o  

included i n  each b ib l iography.  

Af te r  completing t h e  synopt ic  review and appra i sa l  (Sect ions 2 and 

3 ) ,  team members then assessed  these  t e n  documents with r e spec t  t o  t h e  

con t r ibu t ion  each made i n  i n d i c a t i n g  t h e  economic b e n e f i t s  which can be 

expected t o  r e s u l t  from t h e  f u t u r e  ope ra t iona l  ERS. This  con t r ibu t ion  

was evalua ted  a s  a  funct ion  of both t h e  scope of t h e  s tudy and t h e  va l id -  

i t y  of  t h e  b e n e f i t  e s t ima tes  (amenabil i ty of t h e  sub jec t  mat ter  t o  

economic ana lys i s  and t h e  adequacy of t h e  ana lys i s  performed). FOP each 

document, t h e r e f o r e ,  both con t r ibu t ing  f a c t o r s ,  i . e . ,  scope and v a l i d i t y  

of f ind ings ,  were assigned a  score  from 1 ( l e a s t )  t o  10 ( g r e a t e s t )  by con- 

census of t h e  team members. In  view of t h e  h igh ly  sub jec t ive  nature of  

t h e  r a t i n g ,  no attempt was made t o  weight t h e  importance of v a l i d i t y  vis- 

2-vis scope-instead, a  simple product of t h e  two f a c t o r s  was used as an 

o v e r a l l  document r a t i n g .  These sco res  and t h e i r  products  a r e  given i n  

Table B - 1 .  

Table B - I .  INTERPLAN's r a t i n g  o f  t he  c o n t r i b u t i o n  each document made i n  
i n d i c a t i n g  t h e  economic b e n e f i t s  expected from ERS, 

Westinghouse 7145A2 

General E l e c t r i c  
Mathematica (Grazing) 
Mathemat i c a  (Es tuar ies)  

National  Academy Summer Study 

* Combined with Document No. 9 
**Combined with Document No. 8 



In t h e  opinion of t h e  review team, t h e  PRC and Westinghouse s t u d i e s  

made the  g r e a t e s t  d i r e c t  con t r ibu t ion  toward i n d i c a t i n g  t h e  expected 

economic b e n e f i t s  t o  be obtained from ERS, although a l l  t he  s t u d i e s  con- 

t r i b u t e d  t o  inc reas ing  t h e  team's understanding of e a r t h  resources bene- 

f i t  a n a l y s i s .  The v a l i d i t y  of t h e  f ind ings  was judged equa l ly  high i n  

t h e  Westinghouse, PRC, Mathematica, and GE s t u d i e s  i n  s p i t e  of t h e  f a c t  

t h a t  each used a  d i f f e r e n t  approach i n  e s t ima t ing  b e n e f i t s .  In t h e  Nest- 

inghouse s tudy,  e s t ima tes  of b e n e f i t s  were based on t h e  mature judgments 

of  experienced people; i n  t h e  PRC s t u d i e s ,  es t imates  were mainly evolved. 

a n a l y t i c a l l y  through case s t u d i e s ;  i n  t h e  Mathematica s t u d i e s ,  e s t ima tes  

were based on r e f i n e d ,  deductive ana lys i s ;  and i n  t h e  GE s tudy,  a  combin- 

a t i o n  of mature judgment and ana lys i s  was employed. The consensus o f  the  

team ( r e f l e c t e d  i n  the  sco res  given) is  t h a t ,  a t  t h e  p r e f e a s i b i l i t y  l e v e l  

of  a n a l y s i s  ( i f  proper ly  executed) ,  v a l i d  order-of-magnitude e s t ima tes  

can be obtained us ing  any of these  approaches. 

Because t h e  r e p o r t s  reviewed d i f f e r  s o  much-in scope, purpose, vol-  

ume, context ,  and presentat ion-no s a t i s f a c t o r y  way was found t o  express 

i n  one score  t h e  consensus of t h e  team i n  ba lancing  t h e  va lue ,  f o r  example, 

of  t h e  managerial wisdom of t h e  National  Academy Summer Study aga ins t  t he  

s t r i k i n g l y  obvious t echn ica l  and cos t ing  competence of  t h e  General E l e c t r i c  

s tudy,  the  academic f i n e s s e  (and concomitant lack of  t echn ica l  depth) of  

t h e  Mathematica s t u d i e s ,  o r  t h e  a n a l y t i c a l  thoroughness of  t h e  PRC s t u d i e s ,  

Also no way was found t o  appra ise  i n  one score  t h e  thoroughness and cover- 

age of r e p o r t s  whose s tudy methods v a r i e d  from conducting a  v a r i e t y  o f  

in terv iews i n  one agency (Westinghouse) t o  a  more specu la t ive  but analyki-  

c a l  coverage (PRC), The team's opinions a l s o  were swayed unavoidably by 

t h e  q u a l i t y  of  p resen ta t ion  and r e p o r t  r e a d a b i l i t y .  Thus, t he  PRC and GE 

r e p o r t s  were a  r e a l  p leasure  t o  read-some of t h e i r  passages ( e s p e c i a l l y  

i n  execut ive  summaries) were examples of  t h e  b e s t  p ro fess iona l  r e p o r t  

w r i t i n g  eve r  encountered by t h e  team. 



PART I I : ANNOTATED BIBLIOGRAPHIES 

DOCUMENT N O .  1 

Stanford Research I n s t i t u t e .  PRIORITY ANALYSIS OF MANNED ORBITAL RE- 

SEARCH APPLICATIONS. SRI Project  M-5465. September 1965. 

Vol ume I .  Summary Report. 25 pp. 

Volume 11. Detailed Reports by Individual Study Teams. 196 p p ,  

Project  Manager: John G.  Meitner 

CONTRACTING AGENCY 

Prepared f o r  the  Douglas A i r c r a f t  Company, Inc. ,  Miss i les  6 Space 

Systems Division a s  p a r t  of  a  con t rac t  f o r  NASA. 

PURPOSE OF THE DOCUMENT 

To def ine  U .  S. and world b e n e f i t s  der ived  from a  manned o r b i t i n g  

research  1 ab o r a t  ory (MORL) . 

NATURE OF CONTENTS 

The repor t  i s  a  c o l l e c t i o n  of loose ly  i n t e g r a t e d  ind iv idua l  r e p o r t s  

which eva lua te  a  NASA-compiled l is t  of  MORL candidate experiments.  A 

t a b l e  i s  presented i n  which va r ious  experiments a r e  graded according t o  

c r i t e r i a  which a r e  developed i n  t h e  r e p o r t .  The r e p o r t  conta ins  a sec- 

t i o n  on the  evalua t ion  of s o c i a l  b e n e f i t s  t o  be der ived  from MORL experi- 

ments and t h r e e  s e c t i o n s  on economic b e n e f i t s  t o  be der ived  from an 

opera t iona l  MORL. 

Economic b e n e f i t s  a r e  discussed and/or es t imated  f o r  the  purpose 

o f  i d e n t i f y i n g  high payoff app l i ca t ions  of a  MORL which might operate 

concurrent ly  with unmanned ERS and a e r i a l  photography programs. The 

t h r e e  s e c t i o n s  on economic b e n e f i t s  dea l ,  r e s p e c t i v e l y ,  with b e n e f i t s  

associa ted  with land resources ,  ocean resources ,  and meteorology. In 

add i t ion ,  appendix ma te r i a l  i s  presented  which conta ins  (1) a  mathemat i - 
c a l  model f o r  e s t ima t ing  t h e  value of  r a i n f a l l  f o r e c a s t s  t o  a g r i c u l t u r e ,  



(2) a  case s tudy f o r  eva lua t ing  r a i n f a l l  fo recas t ing  i n  India ,  (3) a 

b r i e f  review of  electromagnetic  sens ing  technology, and (4)  t h e  use of 

r a d a r  a s  a  meteorological  t o o l .  

SUMMARY OF FINDINGS 

o I t  appears t h a t  95 percent  of t h e  t o t a l  worldwide economic benefits 

(almost $700 mi l l ion )  from t h e  use of  MORL r e s u l t  from two ocean appi ica-  

t i o n s ,  f i s h  mapping and s h i p  rout ing .  

e Benef i t s  t o  t h e  United S t a t e s  represent  l e s s  than 20 percent  of  t h e  

t o t a l  ocean app l i ca t ions  b e n e f i t .  

@ Rela t ive ly  minor immediate b e n e f i t s  a re  foreseen f o r  land appl ica-  

t i o n s ,  i . e . ,  a g r i c u l t u r e ,  f o r e s t r y ,  geology, and hydrology. Th i s  is 

due t o  some ex ten t  t o  t h e  a b i l i t y  of a i r c r a f t  and unmanned ERS t o  perform 

c e r t a i n  missions with equal o r  g r e a t e r  e f f i c i e n c y .  

DOCUMENT CONCLUSIONS 

e The g r e a t e s t  s o c i a l  b e n e f i t  from MORL w i l l  accrue from enhanced 

n a t i o n a l  p r e s t i g e .  This  goal is  b e s t  served by fundamental research  ex- 

periments and missions which hold t h e  promise of major economic r e t u r n s  

(hundreds of mi l l ions  o f  d o l l a r s  pe r  yea r ) .  

s A p r i o r i t y  of MORL missions can be e s t ab l i shed ;  the  h ighes t  ranking 

category conta ins  s e l e c t e d  fundamental research  experiments and e a r t h -  

o r i e n t e d  app l i ca t ion  experiments arranged i n  o rde r  of decreasing a n t i c i -  

pated economic payoffs .  

The g r e a t  va lue  of a  MORL-in comparison with an unmanned orbital 

s t a t ion - res ides  (a) i n  the  v a s t  complexity of t a s k s  a  man can perform 

r e l i a b l y ,  e .g . ,  research  and (b) i n  t h e  e f f i c i e n c y  of a  man i n  co l lec t -  

i n g  only p e r t i n e n t  information,  again dur ing  the  research  phase,  A man 

provides a  unique recogni t ion  element and any response t imes involved 

i n  manned experiments a re  equal t o  r e a l  t ime. The r e l i a b i l i t y  o f  

s a t e l l i t e  experimentat ion t h a t  i s  i n i t i a l l y  very  complicated can there- 

f o r e  be provided by manned missions a t  l e s s  than the  p r o h i b i t i v e  costs 

involved i n  unmanned missions. 



DOCUMENT RECOMMENDATIONS 

o A MORL should be launched with p r i o r i t y  given t o  those  missions 

which w i l l  conduct fundamental research  experiments a s  well a s  those  

designed t o  y i e l d  economic r e t u r n s  bu t  a l s o  have s o c i a l  and p o l i t i c a l  

value.  

STRONG POINTS 

1. Addresses t h e  sub jec t  of  eva lua t ing  t h e  incremental b e n e f i t s  t o  

be der ived  from manned observat ion s a t e l l i t e s  vis-A-vis unmanned obser- 

va t ion  s a t e l l i t e s  o r  a i r c r a f t  platforms.  

WEAK POINTS 

1. The r e p o r t  i s  poorly organized. 

2 .  The depth of b e n e f i t  ana lys i s  v a r i e s  g r e a t l y ,  and many of the es- 

t imates  a r e  undocumented. 

3.  A wide range of  t o p i c s  is  addressed with l i t t l e  i n t e g r a t i o n  of t h e  

f ind ings  . 

KEY WORDS 

MORL, Manned O r b i t a l  Research, Soc ia l  Benef i t s ,  Economic Benef i t s ,  

Ear th  Oriented,  Land Resources, Ocean Resources, Meteorology, Electro- 

magnetic Sensing, Radar. 



DOCUMENT N O .  2 

International  Business Machines Corporation, Federal Systems Division. 

ORBITING RESEARCH LABORATORIES (ORL) EXPERIMENT PROGRAM. Contract No, 

NASw-1215. February 1966. 

Volume A.  Framework f o r  Synthesis. 29 pp.  

Volume B.  Par t  I - Agricul ture jFores t ry .  127 pp. 

Par t  I1 - Geol ogy/Hydrol ogy. 143 pp. 

Par t  I11 - Oceanography/Marine Technology. 80 pp. 
Par t  IV - Geography. 120 pp.  

Par ts  V t o  XI11 (These documents do not t r e a t  earth-oriented 

appl i ca t ions  and thus were not reviewed. ) 

Volume C. Guidelines f o r  Comprehensive Fl ight  Program. 33 p p .  

Annex 1 . 158 pp. 

Annex 2.  192 pp. 

Volume D.  Summary of Results.  30 pp. 

Volume E .  B i  bl iographical References f o r  I1 l u s t r a t i ons  and Tables,  29 pp, 

CONTRACTING AGENCY 

The s tudy was undertaken f o r  NASA. 

PURPOSE OF THE DOCUMENT 

To p resen t  a  framework f o r  syn thes iz ing  a  meaningful e a r t h - o r b i t a l  

experiment program f o r  the  National  Aeronautics and Space Administrat ion.  

NATURE OF CONTENTS 

P a r t i c u l a r  goals  of e a r t h  observat ion were i d e n t i f i e d  i n  Agr icul ture  

and Fores t ry ,  Geology and Hydrology, Oceanography and Marine Technology, 

and Geography. Earth observat ion app l i ca t ions  t o  a i d  i n  a t t a i n i n g  these 

goals  were then i d e n t i f i e d  i n  terms of  knowledge requirements.  F i r s t -  

o rde r  e s t ima tes  were then made of t h e  phenomena t o  be observed and exper i -  

ment a1 equipment packages were s p e c i f i e d  f o r  ind iv idua l  app l i ca t ions  



Mul t i app l i ca t ion  equipment packages were then  synthes ized  which would 

t ake  advantage of  common requirements  with regard  t o  i n s t rumen ta t ion  

and o r b i t a l  pa ths .  

U.S. and world b e n e f i t s  which might r e s u l t  from implementing rhe 

a p p l i c a t i o n s  were a l s o  e s t ima ted .  A t o t a l  of 50 e a r t h - r e l a t e d  appiica- 

t i o n s  were d i scussed :  15 i n  Agr i cu l tu re  and Fores t ry ,  12 i n  Oceanography 

and Marine Technology, 11 i n  Geography, and 12 i n  Geology and Hydrology, 

I t  should be noted  t h a t  b e n e f i t s  were n o t  es t imated  f o r  a l l  of  t h e s e  a r e a s  

and t h a t ,  i n  some cases ,  s e v e r a l  a p p l i c a t i o n s  were aggregated under one 

b e n e f i t  e s t i m a t e .  

Two types  of  b e n e f i t s  were c i t e d :  sav ings  (through r educ t ion  i n  

annual c o s t s  over  p r e s e n t  c o l l e c t i o n  methods) and improvements (through 

t o t a l  i nc reased  y i e l d  accru ing  from improved techniques  over  a  pe r iod  

of  s e v e r a l  y e a r s ) .  

SUMMARY OF FINDINGS 

e Estimated b e n e f i t s  r e s u l t i n g  from use  o f  a s a t e l l i t e  survey system 

f o r  f o u r  e a r t h  d i s c i p l i n e s  a r e :  

World ($mi l l ion)  U.S. ($mi l l i on )  
Annual Savings Long Term Annual Savings Long Term 

Agr i cu l tu re /Fores t ry  130 11,000 26 840 

Geology/Hydrology 620 6,000 170 2,500 

Oceanography/Marine 

Technology 800 7,000 350 3,590 

Geography 3  3 800 9 I00 

DOCUMENT CONCLUSIONS 

e "The f u n c t i o n a l  a n a l y s i s  approach [ the  p roces s  o f  syn thes i z ing  

equipment packages around p a r t i c u l a r  a p p l i c a t i o n s  and then  developing 

m u l t i a p p l i c a t i o n  packages t o  t ake  advantage of t h e  u s e  o f  pa r t i cu l a l r  

equipments f o r  s e v e r a l  i n d i v i d u a l  a p p l i c a t i o n s ]  developed and appl ied  

i n  t h e  s tudy  e s t a b l i s h e s  a  workable framework f o r  syn thes i z ing  a  cohe- 

s i v e  manned e a r t h  o r b i t a l  experiment program. 



DOCUMENT RECOMMENDATIONS 

o Rela t ive  t o  the  use of the  methodology developed i n  t h e  s tudy,  i t  

was recommended t h a t  "the funct ion  ana lys i s  progress  ( s i c )  should be 

deepened by the  extens ive  p a r t i c i p a t i o n  of  s c i e n t i s t s  and engineers  

exper t  with t h e  c r u c i a l  problems and requirements of  t h e  ind iv idua l  

S/T [ s c i e n t i f i c  and technologica l ]  a reas  ." 
o "Processing and disseminat ion of t h e  l a r g e  q u a n t i t i e s  of  inforrna- 

t i o n  t o  be obtained from ORL i s  a fundamental problem which should re-  

ce ive  e a r l y  cons idera t ion  . . . . E f f e c t i v e  use of t h e  d a t a  r equ i re s  

t h a t  channels of information flow be e s t a b l i s h e d  with a l l  prospect ive  

u s e r s ,  inc luding agencies such a s  t h e  Department of Agr icul ture  and t h e  

U.S. Geological Survey and t h e i r  counterpar ts  i n  fore ign  na t ions  which 

may wish t o .  p a r t i c i p a t e  i n  t h e  program." 

STRONG POINTS 

1. Discusses a  method f o r  developing in t eg ra ted  instrument  packages 

and o r b i t a l  pa ths  which w i l l  s a t i s f y  t h e  requirements f o r  making obser-  

va t ions  across  a  wide range of app l i ca t ions  i n  seve ra l  d i s c i p l i n e s ,  

WEAK POINTS 

1. The b e n e f i t  e s t ima tes  i n  most cases  a r e  unsupported by a n a l y s i s ,  

document a t  ion, o r  re ference  t o  exper t  opinion.  

2 .  Benef i t s  which a r e  designated a s  improvements a re  c i t e d  i n  such a 

way t h a t  they  cannot be , t r ans la t ed  i n t o  annual b e n e f i t s .  

KEY WORDS 

Agricul ture ,  Fores t ry ,  Geology, Hydrology, Oceanography, Marine 

Technology, Geography, Atmosphere, Communications, Navigation, T r a f f i c  

Control ,  F l igh t  Program, Food, Transpor ta t ion ,  Mineral Resources, Wastes, 

Weather Forecas t ing ,  Weather Modificat ion,  A i r  Po l lu t ion ,  Remote Sensing, 

Apollo Systems, Biomedicine, Operations Techniques, Spacecraf t  Subsystems, 

Extra-Vehicular Engineering. 



DOCUMENT NO.  3 

Cornell Universi ty,  The Center f o r  Aerial Photographic Studies.  POTEh- 
TIAL BENEFITS TO BE DERIVED FROM APPLICATIONS OF REMOTE SENSING OF 

AGRICULTURAL, FOREST, AND RANGE RESOURCES. December 1967. 120 pp, 

Project  Manager: Dona1 d J . Be1 cher 

CONTRACTING AGENCY 

The document was prepared f o r  NASA under terms of a  U.S. Department 

of Agr icul ture  Economic Research Service  c o n t r a c t .  

PURPOSE OF THE DOCUMENT 

To i n d i c a t e  t h e  magnitude of p o t e n t i a l  b e n e f i t s  t o  t h e  United S t a t e s  

and t h e  world from remote sens ing  of  a g r i c u l t u r a l ,  f o r e s t ,  and range r e -  

sources.  

NATURE OF CONTENTS 

The r e p o r t  p resen t s  a  genera l  overview of t h e  s t a t e  of t h e  a r t  m d  

p o t e n t i a l  app l i ca t ions  f o r  remote sens ing  i n  t h e  f i e l d s  of a g r i c u l t u r e ,  

range management, and f o r e s t r y .  Three main s u b j e c t  a reas  a re  covered: 

1. The c a p a b i l i t i e s  of var ious  sensor  types 

2 .  C a p a b i l i t i e s ,  ope ra t ions ,  and c o s t  o f  a e r i a l  ( i . e . ,  a i r c r a f t )  sens-  

i n g  

3 .  Applicat ions of remote sens ing .  

Much of  t h e  t echn ica l  d iscuss ion  is  o r i e n t e d  t o  a e r i a l  sens ing ,  

Current c o s t s  of a e r i a l  survey i n  t h e  United S t a t e s  a re  quoted, and broad 

es t ima tes  a r e  made f o r  the  c o s t  of performing worldwide remote sensing 

missions us ing  j e t  a i r c r a f t  a s  t h e  platform. 

General a r e a s  of  app l i ca t ion  a r e  discussed i n  which remote sensing 

would be u s e f u l ,  bu t  b e n e f i t s  were no t  es t imated  f o r  these  a r e a s ,  Es- 

t imates  of b e n e f i t s  were made, however, f o r  many s p e c i f i c  a p p l i c a t i o n s ,  



The coverage of the  r e p o r t  r e l a t i v e  t o  these  s p e c i f i c  app l i ca t ions  and 

b e n e f i t  es t imates  can be summarized a s  fol lows:  

Range 
Agr icul ture  Management Fores t ry  -- Total 

No. of  Applicat ions Lis ted  117 7  2  7 1 250 

No. of  Benef i t  Est imates 6 4 3 4  2 8 1 2  6 

tam-  There i s  a l s o  a  general  d i scuss ion  of b e n e f i t s  and b e n e f i t  e s - '  

a t i n g  and an appendix wherein the  t o p i c  of  economic m u l t i p l i e r s  i s  dls- 

cussed. A format is developed f o r  the  evalua t ion  of b e n e f i t s  and costs 

(development, opera t ions ,  d a t a  a c q u i s i t i o n ,  and u s e r  app l i ca t ion ] .  T h i s  

format i s  no t  used, however, i n  t h e  ana lys i s  of  t h e  p o t e n t i a l  a p p l i c a t i o n s ,  

SUMMARY OF FINDINGS 

o The e i g h t  most promising general areas f o r  t h e  app l i ca t ion  of reaote 

sens ing  a re :  

1. Resource evalua t ion  and planning 

2 .  Rural t r a n s p o r t a t i o n  development 

3. B e t t e r  d i s t r i b u t i o n  of food on a  worldwide b a s i s  

4 .  Improved educat ion 

5.  So i l  c l a s s i f i c a t i o n  and mapping 

6 .  Mi t iga t ing  d i s a s t e r  problems 

7. Detect ion of new p l a n t s  r e s i s t a n t  t o  d i sease  and i n s e c t  damage 

8. Veter inary  medicine r e sea rch .  

o Tota l  worldwide b e n e f i t s  which a r e  a t t r i b u t a b l e  t o  speci f ie  applica- 

t ions a r e  of an o rde r  of magnitude of $100 b i l l i o n  annually.  Of t h i s  t o t a l ,  

approximately $50 b i l l i o n  accrue i n  range management, about $40 billioc i n  

a g r i c u l t u r e ,  and about $2 b i l l i o n  i n  f o r e s t r y .  The s i x  s p e c i f i c  appl ica-  

t i o n s  f o r  which t h e  l a r g e s t  b e n e f i t s  were es t imated  a re :  

1. S o i l  c l a s s i f i c a t i o n  (range management) $25 b i l l i o n  

2. Rural roads ( a g r i c u l t u r e )  $15 b i l l i o n  

3. Weather modif icat ion (range management) $10- b i l l i o n  

4 .  Locating i r r i g a b l e  a reas  (range management) $10 b i l l i o n  

5 .  Insec t  and d i sease  damage con t ro l  ( ag r i cu l -  $10 b i l l i o n  
t u r e )  

6.  S o i l  mapping (ag r i cu l tu re )  
106 

$ 5 b i l l i o n  



e The t o t a l  cos t  of  i n i t i a l l y  photographing 31 m i l l i o n  square miies 

of  the  wor ld ' s  a rab le  range and f o r e s t  lands by j e t  a i r c r a f t  i s  est ima- 

t e d  t o  be $15 mi l l ion .  

o Six  j e t  a i r c r a f t  a re  s u f f i c i e n t  t o  provide r e g u l a r  a e r i a l  survey 

s e r v i c e s  f o r  the  world 's  croplands,  ranges,  and f o r e s t s  a t  an annual 

cos t  of some $30 mi l l ion .  

Q To be use fu l  i n  most a g r i c u l t u r a l  app l i ca t ions ,  remote sens ing  data 

must be i n t e r p r e t e d  and placed i n  t h e  u s e r s 1  hands wi th in  20 t o  30 days,  

The information must be made a v a i l a b l e  i n  a s t i l l  s h o r t e r  time f o r  a p p l i -  

ca t ions  which dea l  with t h e  prevention of damage. 

DOCUMENT C O N C L U S I O N S  

There a r e  numerous p o t e n t i a l  app l i ca t ions  f o r  remote sens ing  which 

w i l l  r e s u l t  i n  major economic b e n e f i t s .  

s I t  w i l l  t ake  time ( a t  l e a s t  u n t i l  1975) t o  develop s a t i s f a c t o r y  

sensors .  

o Black and white  photography is  p r e s e n t l y  t h e  most technologica l ly  

advanced sensor  used i n  remote sens ing .  Color photography i s  second, 

s Radar scanning holds  g r e a t  promise f o r  t h e  f u t u r e  but  a t  present 

is  d i f f i c u l t  t o  i n t e r p r e t ,  i s  degraded by bad weather condi t ions ,  and 

t h e  equipment i s  heavy and r e q u i r e s  a  l a r g e  power supply,  

In f ra red  sensing is  u s e f u l  i n  many a reas  ( e s p e c i a l l y  i n  f o r e s t r y ) ,  

Although t h e  technique c u r r e n t l y  l acks  r e l i a b l e  ground c a l i b r a t i o n  f o r  

use i n  sens ing  vege ta t ion ,  it i s  h igh ly  promising. 

DOCUMENT RECOMMENDAT I O N S  

s Introduce j e t  a i r c r a f t  i n t o  t h e  f i e l d  of a e r i a l  photography; expand 

t h e  scope of such photography. 

S T R O N G  P O I N T S  

1. Imaginative c o l l e c t i o n  and l i s t i n g  of e x i s t i n g  and p o t e n t i a l  a p p l i -  

ca t ions  f o r  remote sens ing .  



2. Informative,  although q u a l i t a t i v e ,  comments on t h e  p o s s i b i l i t i e s  

and l i m i t a t i o n s  f o r  remote-sensing techniques.  

3 .  L i s t i n g  of some 120 knowledgeable ind iv idua l s  i n  t h e  f i e l d s  covered 

by t h e  r e p o r t .  

4 .  Informative desc r ip t ions  of a e r i a l  photography c a p a b i l i t i e s  i n  the  

United S t a t e s .  

5. Good b ib l iography.  

WEAK POINTS 

1. No background ma te r i a l  i s  presented t o  support  t h e  b e n e f i t  est im- 

a t e s .  

2 .  Benef i t s  a r e  no t  uniquely a t t r i b u t a b l e  t o  s a t e l l i t e - d e r i v e d  informa- 

t i o n .  

3 .  L i t t l e  emphasis i s  placed on cu r ren t  USDA a c t i v i t i e s .  

4.  D i f f i c u l t  t o  read because of i n c o r r e c t  page i n s e r t i o n  and binding, 

KEY WORDS 

Aeria l  Photography, Remote Sensing, Sensors ,  In f ra red ,  Photography, 

Data Acquis i t ion ,  Agr icul ture ,  Fores t ry ,  Rangeland. 



DOCUMENT NO.  4 

Westinghouse E l e c t r i c  Corporat ion,  Defense and Space Center .  EROS AP- 

PLICATIONS BENEFIT ANALYSIS. 7145A 2.  

Final Report. December 1967. 140 pp. 

Final Summary Report. February 1968. 23 pp. 

CONTRACTING AGENCY 

The s tudy was performed f o r  t h e  Geological Survey, U.S. Department 

of the  I n t e r i o r .  

PURPOSE OF THE DOCUMENT 

To i d e n t i f y  a  methodical,  de fens ib le  s e t  of s p e c i f i c  app l i ca t ions  

f o r  which an e a r l y  s a t e l l i t e  could be proven c o s t - e f f e c t i v e .  

NATURE OF CONTENTS 

The document i s  devoted p r imar i ly  t o  es t imat ing  b e n e f i t s  which 

would accrue from t h e  use of EROS t o  agencies wi th in  USDI, t o  c e r t a i n  

o t h e r  s t a t e  and f e d e r a l  government ope ra t ions ,  and t o  p r i v a t e  opera- 

t i o n s  which a r e  r e l a t e d  t o  USDI a c t i v i t i e s .  In add i t ion ,  t h e  parameters 

of t h e  proposed EROS system a r e  defined,"  an i l l u s t r a t i o n  i s  presented 

of t h e  s e n s i t i v i t y  of b e n e f i t s  t o  r e s o l u t i o n  and frequency of observa- 

t i o n ,  and c e r t a i n  c r i t e r i a  a re  presented f o r  ob ta in ing  d a t a  (sun angle, 

e t c . )  . 
An important p a r t  of the  r e p o r t  i s  Appendix A which conta ins  a coi- 

l e c t i o n  of e s t ima tes  which a r e  based on in terv iews,  p r imar i ly  with USDI 

personnel .  Est imates a re  c i t e d  of b e n e f i t s  from 30 a p p l i c a t i o n s ,  These 

es t imates  a r e  presented a s  a  funct ion  of ground r e s o l u t i o n  and/or f r e -  

quency of observat ion ,  In t h e  body of  t h e  r e p o r t  t hese  app l i ca t ions  and 

*A p i c t o r i a l  format which i s  t h e  equivalent  of 9"x9" hard-copy simultane-  
ous imagery i n  two s p e c t r a l  bands covering 100x100 mi les  with 100- foo t  
ground r e s o l u t i o n .  Coverage is - +SO0 l a t i t u d e ,  17-day frequency of ob- 
se rva t ion .  109 



b e n e f i t  es t imates  a r e  then arranged i n  a  matr ix format where t h e  co%ums  

correspond t o  major USDI t a sk  a reas  : water ,  energy, environmental haz-  

a rds ,  human resources and suppor t ,  land,  and food and timber. The rows 

of the  matr ix  correspond t o  the  l e v e l  of a c t i v i t y  t o  which p a r t i c u l a r  

app l i ca t ions  apply: ob jec t ive  d e f i n i t i o n ,  appl ied  r e sea rch ,  planning,  

government opera t ions ,  and p r i v a t e  opera t ions .  The b e n e f i t s  t o  USDT ac- 

crue mostly i n  the  research  and planning a reas .  

Appendix B is  a  summary t a b l e  where 69 app l i ca t ions  a r e  a l loca ted  

among 10 USDI u s e r  agencies (without b e n e f i t  e s t ima tes ) .  Appendix C 

presen t s  a  method f o r  c a l c u l a t i n g  sun angle.  

SUMMARY OF F I N D I N G S  

o USDI would r e a l i z e  about $70 m i l l i o n  i n  annual gross  b e n e f i t s  from 

EROS imagery. 

e Tota l  annual gross b e n e f i t s  t o  government and p r i v a t e  opera t ions  

( inc luding USDI b e n e f i t s )  a r e  est imated t o  be about $538 mi l l ion  annual ly ,  

@ I t  was n o t  found poss ib le  t o  develop a  s u i t a b l e  genera l  ques t ion-  

n a i r e  t o  ob ta in  r e l i a b l e  b e n e f i t  e s t ima tes .  

c A t  t h e  time of  wr i t ing  it was found imprac t i ca l  t o  develop cost. es- 

t imates  f o r  a l l o c a t i o n  aga ins t  gross  b e n e f i t s  because t h e  d a t a  process ing  

and disseminat ion a c t i v i t y  i s  not  defined.  

DOCUMENT CONCLUSIONS 

a A massive c e n t r a l i z e d  d a t a  process ing  a c t i v i t y  i s  requi red  t o  ex- 

p l o i t  EROS c a p a b i l i t i e s .  There should be no manual process ing  o r  human 

i n t e r p r e t a t i o n .  

DOCUMENT RECOMMENDATIONS 

s A study should be made which examines i n  depth one o r  more of t h e  

"matureu app l i ca t ions  which have immediate economic leverage ,  (For  ex- 

ample, app l i ca t ions  providing b e n e f i t s  t o  farmers producing on Bureau 



of  Reclamation i r r i g a t e d  lands a r e  more "maturetr than  those  which aid 

a r e sea rch  g e o l o g i s t . )  Th i s  s tudy  should be  a complete c o s t - b e n e f i t  

s tudy  with p a r t i c u l a r  emphasis on t h e  da ta -process ing  and i n t e r p r e t a -  

t i o n  system. 

s The r o l e  of t h e  EROS Program Of f i ce  should be cont inued and s t r e n g t h  

ened wi th in  USDI a s  a communications medium among t h e  o t h e r  Bureaus. 

STRONG POINTS 

1. The b e n e f i t  e s t i m a t e s  a r e  based on t h e  opinions and judgments of 

knowledgeable USDI o f f i c i a l s  who a r e  very  f a m i l i a r  with t h e  p o t e n t i a l  

a p p l i c a t i o n s .  

2 .  The c r e d i b i l i t y  of t h e  e s t ima te s  is  enhanced by r e fe rence  t o  on- 

going expendi tures  o r  o t h e r  economic i n d i c a t o r s .  

WEAK POINTS 

1. There i s  no c o s t  in format ion .  

2 .  There is  l i t t l e  comparison t o  a l t e r n a t i v e  systems. 

KEY WORDS 

EROS, Space, Sensors ,  Systems, Mapping, User Education, Cost-Benefi t  

Study. 



DOCUMENT NO. 5 

Planning Research Corporat ion.  A STUDY OF THE ECONOMIC BENEFITS A N D  

IMPLICATIONS OF SPACE STATION OPERATIONS. PRC R-1218. January 1968, 

Volume I .  Summary. 41 pp. 

Volume 11. Cost /Benefi t  Methodology. 69 pp. 

Volume 111. Case S tud ie s .  258 pp. 

P r o j e c t  Manager: Allen H .  Muir 

CONTRACTING AGENCY 

The document was prepared f o r  t h e  National Aeronautics and Space 

Administrat ion.  

PURPOSE OF THE DOCUMENT 

To develop a  comprehensive and cons i s t en t  methodology f o r  t h e  def -  

i n i t i o n  of s a t e l l i t e  information ga ther ing  and disseminat ion systems 

and t h e  economic evalua t ion  of such systems. 

NATURE OF CONTENTS 

The general  and s p e c i f i c  dreas  of app l i ca t ion  f o r  s a t e l l i t e - d e r i v e d  

d a t a  which were analyzed i n  t h i s  r e p o r t  a r e  l i s t e d  below, with those 

f i v e  app l i ca t ions  which were subjec ted  t o  i n t e n s i v e  case s t u d i e s  desig- 

nated  by a s t e r i s k s :  

Agr icul ture :  1. Crop inventory and y i e l d  - r i c e *  

2 .  Survey f o r  new a g r i c u l t u r a l  land 

3 .  Crop s t r e s s  - wheat r u s t *  

- Natural  Di sas t e r  : 4.  Fores t  f i r e  de tec t ion  

Fores t ry :  5 .  Diseases and i n f e s t a t i o n  of f o r e s t s  

Oceanography: 6 .  Increased ha rves t  of marine l i f e *  

7. Iceberg-dangers monitoring 

8. Improved n a u t i c a l  c h a r t i n g  

9 .  Economic s h i p  rou t ing  by monitoring sea s t a t e  



Health : 

Hydrology: 

Geology: 

17. 

Government Operations : 18. 

Geography : 19. 

Search and Rescue: 20. 

Resource Management: 21. 

Solid-waste de tec t ion  and management 

Animal d i sease  de tec t ion  

A i r  p o l l u t i o n  monitoring 

Water p o l l u t i o n  monitoring 

Minimization of malar ia  by low-water con t ro l*  

Water sources monitoring f o r  power genera t ion  

e f f i c i ency*  

Survey geologica l  f e a t u r e s . f o r  f u e l s  and min- 

e r a l s  

Monitor e ros ion ,  s i l t i n g ,  e t c .  

Survey land f o r  b e t t e r  t a x  assessment 

Mult iple  b e n e f i t s  from improved mapping 

Rapid loca t ion  of  d i s t r e s s e d  veh ic l e s  and 

personnel  

S o i l  survey. 

A l l  candidate app l i ca t ions  l i s t e d  above ( se l ec ted  from a  pre l iminary  

l i s t  of 234 poss ib le  app l i ca t ions )  show i d e n t i f i a b l e  p o t e n t i a l  b e n e f i t s  

which a r e  poss ib le  beginning i n  t h e  e a r l y  19701s,  Benef i t s  were calcu-  

l a t e d  over a  20-year per iod ,  1970-1989. Noneconomic b e n e f i t s  a re  c i t e d  

f o r  t h e  malar ia  case s tudy,  i . e . ,  50,000 l i v e s  and 6 b i l l i o n  s i c k  days 

saved. 

Most of the  r e p o r t  i s  devoted t o  i n t e n s i v e  cos t -bene f i t  case s t u d i e s  

of t h e  f i v e  s e l e c t e d  app l i ca t ions .  Each case s tudy is  devoted t o  a 

s p e c i f i c  app l i ca t ion  wi th in  a  more general  candidate a r e a  (e  . g  . , wheat 

r u s t  con t ro l  a s  a  p a r t i c u l a r  case of a g r i c u l t u r a l - s t r e s s  a p p l i c a t i o n s ) ,  

For each case ,  u s e r  needs f o r  information a r e  def ined ,  a  simple system 

syn thes i s  i s  performed, and primary ( d i r e c t )  b e n e f i t s  a re  es t imated ,  

Considerable a t t e n t i o n  is  a l s o  devoted t o  economic m u l t i p l i e r s  by which 

t h e  t o t a l  impact o f  t h e  primary b e n e f i t s  on secondary s e c t o r s  o f  t h e  

economy i s  assessed.  Results  of t h e  s p e c i f i c  case s t u d i e s  a r e  ext rapola-  

t e d  t o  cover o t h e r  app l i ca t ions  on a  nationwide and worldwide b a s i s ,  Of 

t h e s e  f i v e  case s t u d i e s ,  t h e  c o s t  of poss ib le  a l t e r n a t i v e  systems was 

ca lcu la t ed  f o r  a l l  b u t  number 14, Minimization of  Malaria.  The o the r  



s i x t e e n  app l i ca t ions  a r e  a l s o  analyzed although n o t  through the  method 

of in t ens ive  cos t -bene f i t  case s tudy.  

SUMMARY OF FINDINGS 

A t o t a l  of about $60 b i l l i o n  i n  annual b e n e f i t s  may be r e a l i z e d  

through an opera t ional  e a r t h  observat ion s a t e l l i t e  system opera t ing  i n  

t h e  time i n t e r v a l  1970-1989 (based on ex t rapo la t ions  from t h e  2 1  appli- 

ca t ions  noted above). These a re  a l l o c a t e d  

Agr icu l tu ra l  S t r e s s  

Agr icu l tu ra l  Inventory/Yield 

Fores t ry  

Hydro1 ogy 

Health 

Oceanography 

Natural  D i sas t e r s  

Search and Rescue 

a s  fol lows:  

$27,000 mi l l ion  

11,340 mi l l ion  

9 mi l l ion  

373 mi l l ion  

17,872 mi l l ion  

1,576 mi l l ion  

645 mi l l ion  

57 mi l l ion  

Government Operations 202 mi l l ion  

Geophysics 42 mi l l ion  

Geography 114 mi l l ion  

e Costs a r e  small compared t o  b e n e f i t s  a s  exemplif ied by t h e  findings 

of the  fol lowing s p e c i f i c  cases  which were analyzed (cos t s  and b e n e f i t s  

over t h e  time per iod  1970-1989 a r e  c i t e d  i n  incremental mi l l ions  o f  

d o l l a r s  discounted a t  6 percent  t o  1970): 

Pro-ra ta  To ta l  Cost of  
Sys tern Net Alterslat ive  

Applicat ion Costs* Benefi t  A i r c r a f t  System 

1. Adjustment of  Rice Yield 6 

2 .  Wheat Rust Control 6 

3 ,  Increased Yield of Tuna 7 

4. Reservoir  Management 6 

5.  Malaria  Control 5 

"Exclusive of  space f l i g h t  subsystem c o s t s .  

**Well i n  excess of a l l  except app l i ca t ion  3 .  



DOCUMENT C O N C L U S I O N S  

s The cos t -bene f i t  s t u d i e s  c l e a r l y  support  t h e  economic f e a s i b i l i t y  

of s a t e l l i t e - a s s i s t e d  information systems. 

@ Development of t h e  cu r ren t  (1968) s t a t e  of the  a r t  w i l l  allow a 

system t o  be opera t ional  i n  t h e  e a r l y  1970's i f  an RED program i s  under- 

taken immediately. 

Case s t u d i e s  a r e  requi red  i n  t h e  depth undertaken i n  PRC R-1218 t o  

eva lua te  t h e  t echn ica l  and economic f e a s i b i l i t y  of an opera t ional  system, 

Commonality of equipment tends  t o  be high f o r  mul t ip l e  a p p l i c a t i o n s ,  

DOCUMENT RECOMMENDATIONS 

A second, deeper i t e r a t i o n  of a  few cases should be c a r r i e d  out t o  

provide f i rmer  support  t o  t h e  ope ra t iona l  concepts,  t o  e s t a b l i s h  r e a l i s -  

t i c  RED requirements,  and t o  quan t i fy  add i t iona l  socioeconomic impacts,  

Cos t /benef i t  techniques should be extended t o  j u s t i f y  and manage 

space and space-re la ted  RED having p o t e n t i a l  socioeconomic impacts 

S T R O N G  P O I N T S  

1. Comprehensive development of a n a l y t i c a l  methodology. 

2 .  Well w r i t t e n  r e p o r t .  

WEAK P O I N T S  

1. Rigorous methodology i s  l inked by undocumented and not  always ix- 

d i spu tab le  assumptions. 

2 .  Cost-benefi t  c a l c u l a t i o n s  a re  no t  subjec ted  t o  s e n s i t i v i t y  a n a l y s i s .  

3 .  Order-of-magnitude e s t ima tes  of b i l l i o n - d o l l a r  b e n e f i t s  a re  quoted 

a s  univalues and not  i n  terms of ranges of va lues ,  

4.  Many u n r e a l i s t i c  observat ions ,  s ta tements ,  and assumptions are pre- 

sented  i n  d e s c r i p t i v e  mater ia l  on p o t e n t i a l  app l i ca t ions .  

5 .  Many ex t rapo la t ions  of f ind ings  appear t o  be tenuous. 



KEY WORDS 

Socioeconomic Trends, Cost-Benefit  Study, Hydroelec t r ic ,  Rice, Wheat 

Rust, Fishing,  Malaria,  Sensors,  O r b i t a l  Parameters,  Ear th-Orbi ta l ,  

Fores t ry ,  Oceanography, Diseases, Wastes, Animals, A i r  Po l lu t ion ,  Water 

Po l lu t ion ,  Geology, Minerals,  Mapping, Rescue, Geophysics, Geography, 



DOCUMENT NO. 6 

General E l e c t r i c  Company, Mis s i l e  and Space Divis ion.  FINAL REPORT OM 
THE SPACE/OCEANOGRAPHIC STUDY. March 1968. 167 pp. 

P r o j e c t  Manager: E .  Ludwick 

CONTRACTING AGENCY 

The evalua t ion  was prepared f o r  t h e  National  Council on Marine Re- 

sources and Engineering Development. 

PURPOSE OF THE DOCUMENT 

To def ine  t h e  na tu re  of u s e f u l  oceanographic information which can 

be c o l l e c t e d  v i a  s a t e l l i t e  and t o  de f ine  t h e  c h a r a c t e r i s t i c s  of satellite 

systems t o  c o l l e c t  t h i s  information.  The information requirements are 

based on n a t i o n a l  po l i cy  a s  s t a t e d  i n  t h e  Marine Resources and Enginees- 

i ng  Development Act of  1966. This  po l i cy  has f o u r  b a s i c  goals :  

1. Protec t ion  of h e a l t h  and proper ty  

2 .  Enhancement of commence, t r a n s p o r t a t i o n ,  and n a t i o n a l  s e c u r i t y  

3 .  Rehab i l i t a t ion  of commercial f i s h e r i e s  

4 .  Increased u t i l i z a t i o n  of (ocean) resources ,  

NATURE OF CONTENTS 

The r e p o r t  conta ins  a  survey of e x i s t i n g  information,  a  description 

of space/oceanography systems app l i ca t ions ,  and an evalua t ion  of postu-  

l a t e d  systems. I t  desc r ibes  p a r t i c u l a r  app l i ca t ions  r e l a t i v e  t o  the  

b a s i c  goals  and l i s ts  ocean phenomena which might be observed t o  imple- 

ment t h e s e  app l i ca t ions .  The requi red  q u a l i t y  of each observat ion i s  

s p e c i f i e d  and s a t e l l i t e  systems a r e  synthes ized  t o  provide the  s p e c i f i e d  

da ta .  System cos t  e s t ima tes  a re  generated f o r  these  systems and the 

methodology is developed t o  eva lua te  space oceanographic systems. 



SUMMARY OF FINDINGS 

e Rela t ive  t o  t h e  n a t i o n a l  po l i cy  noted above, t h e  b a s i c  economic 

needs (worldwide a s  well  a s  U.S.) which may be f u l f i l l e d  by s a t e l l i t e  

systems p e r t a i n  t o :  

1. Improvements i n  f o r e c a s t i n g  weather and ocean condi t ions  

2. Enhancement of commerce and ocean shipping 

3 .  Increased ha rves t  from the  sea .  

s To meet these  needs, fou r  types of  measurements a r e  des i r ed  which 

may be obtained v i a  s a t e l l i t e :  

1. Sea-surface temperature 

2. Wave c h a r a c t e r i s t i c s  

3. Phenomena which a r e  r e l a t e d  t o  t h e  presence of f i s h  

4. Ice/water  i n t e r f a c e .  

e Within the  e x i s t i n g  s t a t e  o f t h e  a r t  t hemax imumsys temef fec t ive -  

ness  r e l a t i v e  t o  observat ions i s  0.71 (on a s c a l e  0 t o  1 ) .  This  i s  due 

t o  t h e  degradat ion of observat ion c a p a b i l i t y  due t o  darkness,  cloud 

cover,  e t c .  

e The maximum p o t e n t i a l  observat ion e f f e c t i v e n e s s  was ca lcu la t ed  for 

seve ra l  exemplar systems. For example, a s i n g l e ,  3-sensor s a t e l l i t e  w i l l  

provide 0.28 e f f e c t i v e n e s s  ( a t  an annual c o s t  of $42 mi l l ion )  and a sys-  

tem which employs two 6-sensor s a t e l l i t e s  w i l l  provide 0.69 e f f e c t i v e n e s s  

-almost t h e  t h e o r e t i c a l  maximum f o r  ocean app l i ca t ions - (a t  an annual 

c o s t  of $108 m i l l i o n ) .  

The l a r g e s t  b e n e f i t s  c i t e d  a re  found f o r  monitoring i n  order  t o  

maintain n a t i o n a l  quotas f o r  f i s h  ca tches .  U.S. b e n e f i t s  f o r  this app l i -  

c a t i o n  a r e  es t imated  t o  range from $74 m i l l i o n  t o  $215 m i l l i o n  m n u a l l y  

with corresponding g lobal  b e n e f i t s  of $900 m i l l i o n  t o  $2 b i l l i o n ,  

DOCUMENT CONCLUSIONS 

e There a r e  a number of d a t a  requirements concerning t h e  ocean surface 

which can be s a t i s f i e d  through remote sens ing  by space-borne sensor s ,  



e S i g n i f i c a n t  technologica l  and developmental e f f o r t  has  been and i s  

be ing  d i r e c t e d  toward advancement of space oceanography. 

The s t a t e  of  t h e  a r t  i n  sensor  technology i s  such t h a t  f e a s i b l e  sys-  

tems may be pos tu la t ed  f o r  space oceanographic app l i ca t ions .  

e U t i l i z a t i o n  of space oceanographic systems can provide unique psac- 

t i c a l  b e n e f i t s .  

e Continuing t e c h n i c a l  and i n v e s t i g a t i v e  e f f o r t  is  requi red .  

DOCUMENT RECOMMENDATIONS 

s In genera l ,  t h e  recommendations a re  f o r  a d d i t i o n a l  technical .  e f f o r t  

i n  s a t e l l i t e  development and system d e f i n i t i o n  t o  provide an ope ra t iona l  

c a p a b i l i t y  i n  t h e  1970 "time period" and t o  continue these  e f f o r t s  to 

a t t a i n  increased  c a p a b i l i t i e s  a s  time goes on. 

STRONG POINTS 

1. Expert,  c l e a r ,  and p r e c i s e  syn thes i s  of space ocean technology, with 

an e s p e c i a l l y  competent desc r ip t ion  of sensors .  

2 .  Precise,  e l e g a n t ,  and meaningful evalua t ion  of oceanographic space 

systems inc luding development and use o f  an imaginat ive,  bu t  r e a l i s t i c ,  

system-effect iveness model. 

3 .  Competent evalua t ion  of system c o s t s .  

4. Clear  documentation of  a l l  s ta tements ,  quoted f a c t s ,  and f i g u r e s .  

5. Well thought-out recommendations. 

6.  Readable r e p o r t .  

WEAK POINTS 

1. Somewhat inconclusive d i scuss ion  of  the  economic b e n e f i t s  sf space 

oceanography. 

2 ,  Lack of an up-to-date s t a t i s t i c a l  base used i n  t h e  d i scuss ion  of 

ocean f i s h i n g ,  of f -shore  petroleum and minerals  search and e x p l o i t a t i o n ,  

and ocean t r a n s p o r t .  

3 .  Reticence i n  t h e  d iscuss ion  of  nontechnical  and noneconomic g lobal  

problems . 



KEY WORDS 

Space, Oceanography, Sea, Sea Food, Fishing, Sensors, S a t e l l i t e s ,  

Effectiveness,  Cost-Benefit Study. 



DOCUMENT NO.  7 

Mathematica. COST BENEFIT STUDY OF THE EARTH RESOURCES OBSERVATION SATEL- 

LITE SYSTEM: GRAZING LAND MANAGEMENT. (GLM) By Charles R. F r a n k ,  Jir, 

and Klaus-Peter Heiss. September 1968. 86 pp. 

CONTRACTING AGENCY 

The document was prepared f o r  the  Astro E lec t ron ics  Division o f  RCA, 

PURPOSE OF THE DOCUMENT 

To p resen t  a  cos t -bene f i t  ana lys i s  of U.S. grazing land management, 

NATURE OF CONTENTS 

The document conta ins  an in-depth,  d e t a i l e d  ana lys i s  of one general  

app l i ca t ion  of EROS*, genera l  d e s c r i p t i o n s  of the  theory of  measuring 

c o s t s  and b e n e f i t s ,  and a  review of cu r ren t  p r a c t i c e s  i n  grazing-land 

management. Three sources of  s a t e l l i t e - d e r i v e d  b e n e f i t s  a re  pos tu la t ed :  

1. Savings r e l a t i v e  t o  t h e  c o s t  of obta in ing  a e r i a l  photographs 

2.  Improved management through accura te  p r e d i c t i o n  of grazing l a d  con- 

d i t  ions  

3 .  Forecas ts  of forage  growth. 

Although these  e s t ima tes  a re  well supported ph i losoph ica l ly ,  they 

a r e  based only on t h e  assumption of  small  percentage improvements over 

cu r ren t  p r a c t i c e s .  Costs f o r  t h e  s a t e l l i t e  system a r e  c i t e d  but  witlaout 

support ing c o s t  analyses.  The r e p o r t  a l s o  conta ins  appendices on techni- 

c a l  f a c t o r s  and c o s t  e f f e c t i v e n e s s ,  methodology f o r  measuring the  va lue  

of t h e  forage resource ,  and a  d iscuss ion  of  d iscount ing  t o  p resen t  value.  

*EROS sensor  d a t a  i s  taken t o  be  m u l t i s p e c t r a l  t e l e v i s i o n  p i c t u r e s  with 
100- t o  200-foot r e s o l u t i o n  and 15 t o  20 observat ions  p e r  yea r ,  no t  allow- 
ing  f o r  cloud cover.  



SUMMARY OF F INDINGS 

@ U.S. b e n e f i t s  w i l l  be small with i n i t i a l  EROS systems ($100 t o  $300 

thousand annually) but  w i l l  i nc rease  t o  about $2.6 m i l l i o n  a s  the  system 

a t t a i n s  b e t t e r  r e s o l u t i o n  and o the r  t echn ica l  c a p a b i l i t i e s .  

s World b e n e f i t s  w i l l  be much g r e a t e r  s i n c e  t h e  world 's  graz ing  Smds 

a r e  10 times the  s i z e  of  those  i n  t h e  United S t a t e s .  

DOCUMENT CONCLUSIONS 

s U.S. b e n e f i t s  from grazing land management app l i ca t ion  w i l l  not 

cover t h e  c o s t  of  EROS (which is s t a t e d  t o  be $17 mi l l ion  annually] ,  

e Future s a t e l l i t e s ,  t o  be most u s e f u l ,  r e q u i r e  a  s t e reoscop ic  cap- 

a b i l i t y  and observat ion c a p a b i l i t i e s  i n  a s  many a s  12 s p e c t r a l  bands, 

DOCUMENT RECOMMENDAT IONS 

e, A more i n t e n s i v e  s tudy should be undertaken a f t e r  experimentaZ sateZ- 

Zites have been launched t o  ob ta in  b e t t e r  e s t ima tes  of t h e  poss ib le  bene- 

f i t s  t o  graz ing  land management. In t h i s  s tudy a  sample survey would be 

made of p o t e n t i a l  u s e r s  such a s  USDI and Fores t  Service  o f f i c i a l s  and i n -  

d iv idua l  1 ives tock  producers.  

s The e a r l i e s t  s a t e l l i t e s  should be designed with two funct ions  i n  

mind: t o  se rve  high payoff app l i ca t ions  and t o  perform appl ied  research, 

The r e s u l t s  of the  appl ied  research  may be used i n  t h e  choice sf design 

f o r  l a t e r  f l i g h t s .  

e Economic ana lys i s  should be done on a  cont inuing b a s i s  leading  t o  

thorough cos t -bene f i t  ana lys i s  a s  t h e  performance c a p a b i l i t i e s  of  a satel- 

l i t e  become b e t t e r  known. This ana lys i s  should be devoted t o  s i n g l i n g  out 

t h e  most ZikeZy high payoff uses .  Thorough cos t -bene f i t  ana lys i s  may be 

u s e f u l  i n  t h e  next  design s t age -a f t e r  d a t a  from experimental s a t e l l i t e s  

becomes a v a i l a b l e .  

STRONG POINTS 

1. The t o p i c  o f  s a t e l l i t e  app l i ca t ion  t o  GLM is  thoroughly d iscussed ,  

122 



2 .  An e legan t  t h e o r e t i c a l  ana lys i s  of  p o t e n t i a l  b e n e f i t s  of  t h e  EROS 

system f o r  one app l i ca t ion .  

3 .  Highly l o g i c a l  and p r a c t i c a l  recommendations. 

WEAK POINTS 

1. The conclusions and recommendations a r e  no t  c l e a r l y  expressed.  it 

i s  d i f f i c u l t  t o  d i s t i n g u i s h  which of  t h e  conclusions and recommendations 

apply t o  t h e  GLM app l i ca t ion  and which apply t o  EROS app l i ca t ions  i n  

genera l .  

2.  System c o s t s  a r e  no t  e x p l i c i t l y  t r e a t e d .  

3.  Fa i lu re  t o  grasp  t h e  f u l l  p o t e n t i a l  of  t h e  EROS-type sys tem,  

KEY WORDS 

Cost-Benefit  Study, EROS, S a t e l l i t e s ,  Land Management, Economic 

Analysis ,  Livestock, Photos, Forecast ing,  Forage. 



DOCUMENT NO. 8 

Mathernatica. COST BENEFIT STUDY OF THE EARTH RESOURCES OBSERVATION SATEL- 

LITE SYSTEM: ESTUARINE AND COASTAL MANAGEMENT. By Edward J. Greenb la t  

and Klaus-Peter  Heiss.  June 1969. 81 pp.  

CONTRACT I N  G AGENCY 

The s tudy was conducted f o r  the  Astro E lec t ron ics  Division of RCA, 

Princeton,  N . J .  

PURPOSE OF THE DOCUMENT 

To i n v e s t i g a t e  app l i ca t ions  and provide an a n a l y s i s  of p o s s i b l e  eco- 

nomic b e n e f i t s  of the  EROS system* i n  e s t u a r i n e  and c o a s t a l  a r e a s ,  

NATURE OF CONTENTS 

A s i g n i f i c a n t  po r t ion  of t h e  r e p o r t  i s  devoted t o  de f in ing  the  nature 

of  e s t u a r i e s  and t o  descr ib ing  t h e i r  importance. The na tu re  of government 

a u t h o r i t y  over t h e  e s t u a r i n e  zone i s  a l s o  def ined  i n  d e t a i l .  A b r i e f  ( i n -  

conclusive)  s e c t i o n  is  a l s o  devoted t o  poss ib le  EROS app1ication.s i n  t h e  

e s t u a r i n e  zone. 

In t h e  s e c t i o n  of the  r e p o r t  t h a t  i s  devoted t o  measuring t h e  eco- 

nomic b e n e f i t  of EROS, t h e  e x t e n t  of U.S. and world e s t u a r i n e  a reas  are 

def ined .  The only b e n e f i t  which is a c t u a l l y  es t imated  i s  r e l a t e d  t o  the 

savings which would accrue i f  s a t e l l i t e - d e r i v e d  d a t a  could r ep lace  data 

which would otherwise be gathered by conventional methods. An appendix 

i s  devoted t o  t echn ica l  f a c t o r s  and cos t - e f fec t iveness  of  ERS. 

*"EROS is  a  Department of  t h e  I n t e r i o r  program f o r  t h e  u t i l i z a t i o n  of 
space -c ra f t  technology i n  resources  surveying and management. There i s  
no EROS s a t e l l i t e  a s  such. The s a t e l l i t e s  r e f e r r e d  t o  a r e  those  of  MASABs 
ERTS p r o j e c t .  The f i r s t  of these ,  ERTS-A, w i l l  c a r r y  t h r e e  m u l t i s p e c t r a l  
t e l e v i s i o n  cameras a s  i t s  b a s i c  sensor .  The term EROS i s  used f o r  con- 
venience only." I t  is i m p l i c i t l y  assumed, however, t h a t  ground r e s o l u t i o n  
of 100 t o  200 f e e t  is  now a v a i l a b l e .  



In the  d iscuss ions ,  f requent  reference  i s  made t o  t h e  Mathematics 

GLM study,  Document No. 7 .  The cos t -benef i t  methodology which was de- 

veloped i n  the  GLM r epor t  was ,appl ied  i n  t h i s  s tudy.  

SUMMARY OF F I N D I N G S  

e Seven of the  t en  l a r g e s t  metropoli tan a reas  i n  the  world border on 

e s t u a r i e s .  This has r e s u l t e d  i n  extreme changes i n  t h e  e s t u a r i n e  environ- 

ment-including pollution-which has diminished t h e  value of  the  e s t u a r i e s  

f o r  o t h e r  uses .  

e In addi t ion  t o  being an important human i n d u s t r i a l  h a b i t a t ,  e s tu -  

a r i e s  and marshlands are  a primary base of l i v i n g  ocean resources ,  

e In the  U.  S. , t he re  i s  no government agency t h a t  has o v e r a l l  cogni- 

zance f o r  e s t u a r i n e  management although many have r e s p o n s i b i l i t i e s  i n  the  

area .  The i n t e r e s t  of t h e  Corps of ~ n ~ i n e e r s  appears t o  dominate. 

s EROS s a t e l l i t e s m i g h t b e u s e d t o i d e n t i f y a r e a s  o f m a r i n e  growth and 

sources of  n u t r i e n t s  and poss ib ly  t o  provide information r e l a t i v e  t o  non- 

l i v i n g  resources i n  addi t ion  t o  monitoring po l lu t ion .  

o I t  i s  d i f f i c u l t  t o  c a l c u l a t e  the  probable marginal economic b e n e f i t s  

t o  be der ived from add i t ions  t o  c u r r e n t l y  ava i l ab le  information. 

About 500 thousand square miles would have t o  be  observed pe r iod i -  

c a l l y  i n  a n a t i o n a l  e s tua r ine  program. Only p a r t  of  t h i s  i s  being sb- 

served c u r r e n t l y  on a sys temat ic  b a s i s .  

e Near-term U.S. gross b e n e f i t s  of about $600 thousand annually would 

increase  t o  perhaps $21 mi l l ion  annually i n  10 years  a s  s a t e l l i t e  yer- 

formance inc reases  and a s  the  survey program becomes broader and more 

i n t ens ive .  These b e n e f i t s  a r e  savings which would accrue a s  s a t e l l i t e  

surveys rep lace  a i r c r a f t  surveys and a s  the  scope and frequency of sur- 

veys inc rease  over the  next  10 years .  

DOCUMENT CONCLUSIONS 

Estuar ine  and c o a s t a l  app l i ca t ions  do n o t  j u s t i f y ,  by themselves or 

i n  combination with graz ing land app l i ca t ions  (Document No. 7 ) ,  t he  c o s t  

of an EROS system. 
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e The policy of designing s a t e l l i t e  systems f o r  e a r l y  high pay-off 

may not  be the  be s t ,  s ince ,  a t  present ,  pay-offs a r e  uncertain.  

s The r e s u l t s  derived from applied research,  based on ea r l y  EROS 

systems, may be used i n  the  choice of design f o r  l a t e r  operat ional  satel- 

l i t e  systems. 

e The most appropriate model f o r  EROS-type design decisions i s  an un- 

c e r t a i n ty  model i n  which information obtained i n  an ea r l y  s tage  of the  

program provides inputs f o r  the  following design s tage .  

DOCUMENT RECOMMENDAT IONS 

e I so l a t e  appl ica t ions  with a  high P'expected value" payoff. 

e Design e a r l y  EROS-type s a t e l l i t e  systems f o r  higher pay-off applica- 

t i o n  and f o r  applied research.  - 
s In the  design, consider t r ad ing  o f f  flbetter-information-late~QD for 

ea r l y  but  r i sky  commercial pay-off. 

STRONG POINTS  

1. Well-documented descr ip t ions  of es tua r ine  and coasta l  areas  of t h e  

United S ta tes .  

2 .  Elegant treatment of  economic benef i t  ana lys i s ,  

3 .  Logical conclusions. 

4.  Well wri t ten  repor t .  

5. Good bibliography. 

WEAK POINTS  

1. System cos t s  are  not  e x p l i c i t l y  t r e a t ed .  

2 .  Report is d i f f i c u l t  t o  read because of poor organiz'ation and printing. 

3 .  Lack of s u f f i c i e n t  da t a  t o  inves t iga te  the  po t en t i a l  of  ERS over a 

wide range of appl ica t ions .  
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Cost-Benefit Study, EROS, S a t e l l i t e s ,  System Analysis, Estuar ies ,  

Sea Coast, Management, Ecosystems, Life  Forms, Environmental Factors,  

Economic Values, S a t e l l i t e  Applications, Surveying, Fish. 



DOCUMENT NO. 9 

Planning Research Corporat ion.  A SYSTEMS ANALYSIS OF APPLICATIONS OF 

EARTH ORBITAL SPACE TECHNOLOGY TO SELECTED CASES IN WATER MANAGEMENT 

AND AGRICULTURE. PRC R-1224. November 1969. 

Volume I .  Technica l  Summary. 51 pp. 

Volume I I. Technical  Report  ( i n c l u d i n g  separate Appendix volume) , 

853 pp. 

P r o j e c t  Managers: A l l e n  H. Mu i r  and John F. Magnot t i .  

CONTRACTING AGENCY 

The repor t  was prepared f o r  NASA i n  p a r t i a l  f u l f i l lmen t  of a request  

by the  Bureau of the  Budget. 

PURPOSE OF THE DOCUMENT 

To formulate and evaluate f e a s ib l e  fu tu re  operational  system concepts 

f o r  applying s a t e l l i t e -ba sed  remote sensing t o  improve t he  management o f  

spec i f i c  water resources and ag r i cu l t u r a l  a c t i v i t i e s .  

NATURE OF CONTENTS 

The document contains cos t -benef i t  case s tud ies  f o r  th ree  ERS appli- 

cat ions .  These a re  in-depth s tud ies  which a re  supported by s t a t i s t i c s  

and extensive ana ly t i ca l  modeling t o  determine u se r  requirements, system 

cha rac t e r i s t i c s ,  bene f i t s ,  and cos t s .  Scenarios are  used extensively  i n  

the  modeling and f o r  i l l u s t r a t i v e  purposes, 

The s p e c i f i c  appl ica t ions  s tudied are :  (1) water management o f  t h e  

Columbia River Basin t o  increase bene f i t s  from hydropower generation,  

i r r i g a t i o n ,  f lood control ,  navigation,  and rec rea t ion ;  (2 )  management 

of wheat crop y i e ld  and inventory control  f o r  the  United S ta tes ;  and (3) 

e a r l y  detect ion and control  of wheat-rust fungi t o  increase  the  wheat 

y i e ld  i n  the  United S ta tes .  



The b e n e f i t s  est imated f o r  the  P a c i f i c  Northwest a re  ext rapola ted  

separa te ly  t o  major r i v e r  bas ins  i n  t h e  r e s t  of  t h e  United S t a t e s  (allow- 

i ng  f o r  individual  bas in  c h a r a c t e r i s t i c s ) ,  and est imated f o r  the  rest of 

the  world us ing broader assumptions. The p o t e n t i a l  b e n e f i t s  from wheat 

crop y i e l d  and inventory management a r e  est imated f o r  t h e  United S t a t e s  

(considering worldwide production) and then ext rapola ted  t o  p o t e n t i a l  

world b e n e f i t s .  S imi lar ly ,  wheat r u s t  cont ro l  b e n e f i t s  a r e  est imated 

f o r  U.S. farmers and ext rapola ted  t o  the  r e s t  of the  world. 

The est imated t o t a l  cos t  of t h e  conceptualized system is  compared 

with the  est imated p o t e n t i a l  b e n e f i t s  from each app l i ca t ion .  Benefi ts  

and c o s t s  of  the  space-ass is ted  information system a r e  compared t o  bene- 

f i t s  and c o s t s  of an a i r c r a f t - a s s i s t e d  information system a s  well as of  

s e l e c t e d  non-information a l t e r n a t i v e s .  

SUMMARY O F  F I N D I N G S  

e I f  the  multi-purpose s a t e l l i t e  system s p e c i f i e d  i n  t h e  r epor t  P', . . 
were employed and used t o  manage the  t h r e e  systems s tud ied  i n  t h i s  r e p o r t ,  

t h e  discounted 20-year n e t  b e n e f i t  t o  t h e  United S t a t e s  would be approxi- 

mately $9.6 b i l l i o n .  I f  world b e n e f i t s  can be r e a l i z e d  they would add 

about $50 b i l l i o n  [over t h e  20-year per iod] .  

The cos t  of  a  s a t e l l i t e - a s s i s t e d  system, which is est imated to be 

about $2.5 b i l l i o n  over t h e  20-year program per iod ,  could be supported 

by t h e  b e n e f i t s  from any one of  the  t h r e e  app l i ca t ions .  

Tota l  U.S. annual b e n e f i t s  from water management a re :  

Hydroelectr ic  Power $94 mi l l ion  

I r r i g a t i o n  282 mi l l ion  

Flood Control 306 mi l l ion  

Recreation and Navigation 6.5 mi l l ion  

e Annual U.S. gross b e n e f i t s  from wheat-crop management w i l l  be about 

$214 mi l l ion  t o  t h e  p o t e n t i a l  u s e r  groups which were s tud ied ,  

Annual U.S. gross b e n e f i t s  t o  farmers from wheat-rust con t ro l  could 

approach $146 mi l l ion .  



e Mission performance c a p a b i l i t y  would be severe ly  degraded i f  ERTS 

s a t e l l i t e s  were s u b s t i t u t e d  f o r  the  recommended s a t e l l i t e  conf igura t ion  

(Advanced System I )  . Degradation would be on t h e  order  of 75 t o  90 

percent  from the  wheat rust and hydrology app l i ca t ions  and from 10 t o  75 

percent  f o r  t h e  wheat inventory/y ie ld  app l i ca t ion .  

DOCUMENT CONCLUSIONS 

e A s a t e l l i t e - a s s i s t e d  information system f o r  water management, wheat- 

.crop management, and wheat-rust cont ro l  is t e c h n i c a l l y  f e a s i b l y  and could, 

i f  research  and development i s  adequately supported, be opera t ional  by 

the  mid o r  l a t e  1970ss ,  

e The information system conceptual ized i n  the  study could provide 

s u b s t a n t i a l  b e n e f i t s  t o  d i f f e r e n t  groups of u s e r s .  Although a l t e r n a t i v e  

systems may be l e s s  expensive f o r  some s p e c i f i c  app l i ca t ions ,  t h e  t o t a l  

c o s t s  f o r  a  inulti-purpose s a t e l l i t e - a s s i s t e d  system a r e  expected "& be 

considerably l e s s  than the  sum of  b e n e f i t s  t o  t h e  various u s e r  groups, 

The a n t i c i p a t e d  water  management b e n e f i t s  i n  the  P a c i f i c  Northwest alone 

would be s u f f i c i e n t  t o  pay f o r  the  e n t i r e  s a t e l l i t e - a s s i s t e d  i n f o m a t i o n  

system. Benefi t  from o the r  app l i ca t ions  s tud ied  would then be obtained 

e s s e n t i a l l y  without s i g n i f i c a n t  add i t iona l  c o s t s .  

e The benef i t - cos t  r a t i o s  a r e  s u f f i c i e n t l y  promising t o  suggest the  

need f o r  i n t e n s i f i c a t i o n  of  the  research  e f f o r t s  leading toward a possible 

f u t u r e  opera t ional  s a t e l l i t e - a s s i s t e d  information system. Since the  f i r s t  

s e r i e s  of dedicated e a r t h  resources research  s a t e l l i t e s ,  designated Earth 

Resources Technology S a t e l l i t e s  (ERTS), a r e  scheduled t o  be i n  o r b i t  i n  

1972, the  t iming of f u t u r e  decis ions  on t h e  development o f  poss ib le  future 

opera t ional  systems should be c l o s e l y  coordinated with the  ERTS p r o g r m  

a s  it evolves. 

e I n t e n s i f i e d  research  and development i n  the  earth-based sc ience  

models; i n  u s e r  decision-models; i n  d a t a  s to rage ,  r e t r i e v a l ,  and process-  

ing;  and i n  remote sensors  i s  needed. In p a r t i c u l a r ,  t h e  development 

should inc lude  i n t e r p r e t i v e  and p r e d i c t i v e  models which a r e  based on 



physical phenomena appropriate t o  a se lected ea r th  a c t i v i t y  and which 

are  s t ruc tured  t o  make e f f ec t i ve  use of the  emerging capab i l i t i e s  of  

mul t ispectra l  remote sensing. 

DOCUMENT RECOMMENDATIONS 

e None, except those which can be drawn from.the conclusions. 

STRONG POINTS  

1. An exce l len t ,  well-organized document. 

2. ' Text is supported by well-reasoned appendices. 

3 .  Valid f indings a t  t he  p r e f e a s i b i l i t y  l eve l  of analysis .  

4. In t e l l i gen t  presentation of values of po ten t ia l  benef i t s  elver a 

20-year timeframe. 

5. Well reasoned and supported conclusions. 

6 .  Areas where spec i f i c  action can be taken are  outl ined i n  t h e  conclusions, 

WEAK POINTS  

1. Derivation of univalue maximum benef i t s  only-lack of discussion of 

ranges of values. 

2. Rigorous chains of analyses are  in terrupted by doubtful assumptions, 

3 .  Some of the  benef i t s  c i t e d  i n  the  wheat-management case are  based 

on speculation as  t o  the  use of p red ic t ive  information. 

4.  While the  need t o  develop predic t ive  models i s  c i t ed  i n  the  conclu- 

s ions ,  the  degradation which might r e s u l t  from the  lack of such models 

is  not estimated. 

ME K WORDS 

System Analysis, Earth Orb i ta l ,  Water Management, Agriculture,  Sen- 

so r s ,  Models, Hydrology, Cost-Benefit Study, Wheat, Wheat Rust, Pac i f i c  

Northwest, Columbia Rives Basin, Rivers, Hydroelectric, I r r i ga t i on ,  Fanod 

Control, Navigation, Recreation. 



DOCUMENT NO. 1 0  

Summer Study on Space Appl i c a t i  ons , National Academy o f  Sc i ences ,  National 

Research Counci 1 , Division o f  Engineer ing.  USEFUL APPLICATIONS OF" EARTH- 
ORIENTED SATELLITES. January  1969. 

Study Chairman: Dr. W. Deming Lewis 
Report o f  t h e  Central  Review Committee. 34 pp. 

Summaries of  Panel Reports.  92 pp. 

Panel 1 .  Forestry-Agricul  ture-Geography. 69 pp. 

Chairman: R .  Keith Arnold 

Panel 2. Geology. 65 pp, 

Chairman: Ron J .  P .  Lyon 

Panel 3.  Hydrology. 73 pp. 

Chairman: Paul Bock 
Panel 4." Meteor01 ogy. 73 pp. 

Chairman: Verner E. Suami 

Panel 5. Oceanography. 104 pp. 

Chairman: G i f fo rd  C .  Ewing 

Panel 6." Sensors  and Data Systems. 85  pp. 

Chairman: David A. Landgrebe 

Panel 7.* Poin ts - to-Poin t  Cormunication. 149 pp. 

Chairman: Richard B. Marsten 

Panel 8." Systems f o r  Remote-Sensing Information and D i s t r i b u t i o n ,  91 gp, 

Chairman : Arthur  G. Anderson 

Panel 9." Poin t - to -Poin t  Communications. 172 pp. 

Chairman: Cole A. Armstrong 

Panel 10." Broadcast ing.  121 pp. 

Chai man :  Mil bur  L. P r i  t chard  

Panel 11." Navigation and T r a f f i c  Cont ro l .  85  pp. 

Chairman: P.  C.  S a n d r e t t o  

Panel 12."" Economic Analys i s  

Chairman: James B. Hobbs 

*These repor ts  were not reviewed s ince  the  contents were not  per t inent  t o  
the  f i v e  ea r th  resources d i s c ip l i ne s  included i n  the  scope of BN"kERPLMBs 
work. 
**Report not  received. 



Panel 13. Geodesy and Cartography. 45 pp. 

Chai rman : Frederick J . Doyle 

CONTRACTING AGENCY 

The study was undertaken a t  the  request  of NASA. 

PURPOSE OF THE DOCUMENT 

To repor t  the  f indings  of a study group which was convened to deter- 

mine the  probable fu tu re  usefulness of  s a t e1  l i t e s  i n  p r a c t i c a l  ea r th -  

or iented appl ica t ions  and t o  examine the  economic f ac to r s  involved, 

NATURE OF CONTENTS 

In the  repor ts  reviewed, the  problem areas  of the  world a re  d i s -  

cussed i n  r e l a t i on  t o  the spec i f i c  d i s c ip l i ne s  being considered by the  

separate  panels.  In general ,  the re  a re  comprehensive discussions of  

the i n t e r r e l a t i onsh ip  between po t en t i a l  use rs ,  appl ica t ions ,  general 

observables, and des i red frequency of observation. There a re  a lso 

discussions of po t en t i a l  economic bene f i t s ,  and a comprehensive cost  

analys is  i s  presented f o r  f i r s t -genera t ion  systems. ' 

Emphasis was placed on the  development of system concepts f o r  per- 

forming ea r th  observations i n  the various d i s c ip l i ne s  and the  i den t i f i c a -  

t i o n  of problem areas  which w i l l  require  f u r t h e r  work i n  order  t o  achieve 

the  u l t imate ly  des i red capab i l i t i e s .  

While emphasis is  placed on space systems, the  r o l e  sf a i r c r a f t  i n  

the  t o t a l  program is a l so  del ineated as  well a s  the  requirements f o r  

land and ocean surface  systems. 

The repor t  of the Central Review Committee of  the  Study and t he  

Summaries of Panel Reports contain a s e r i e s  of observations on t h e  ERS 

Program i n  general and on those f ac to r s  leading t o  common-use systems, 

Socia l  and economic influences and in te rna t iona l  concerns a r e  a l s o  ad- 

dressed,  A s e r i e s  of general recommendations are  made r e l a t i v e  to the  

conduct of the  t o t a l  ERS Program. 



SUMMARY OF FINDINGS 

0 In genera l ,  a two-pronged approach is  necessary t o  achieve the  de- 

s i r e d  opera t ional  c a p a b i l i t y  i n  the  d i s c i p l i n e s  of Forestry-Agriculture-  

Geography and Hydrology. This involves (1) deployment of s t a t e - o f  - the-  

a r t  s a t e l l i t e s  wi th in  t h r e e  o r  four  years  and (2) immediate i n i t i a t i o n  sf 

long-term RGD leading t o  systems which w i l l  provide complete opera t ional  

c a p a b i l i t y  i n  10 t o  15 years .  The long-term systems would contain i m -  

proved sensing and a l s o  would f e a t u r e  advanced d a t a  systems t o  make full 

use o f  t h e  observations.  

o The s t a t e  of the  a r t  of oceanography r e l a t i v e  t o  t h e  development 

and use of  space-oceanographic systems probably l a g s  t h a t  of  t h e  o t h e r  

d i s c i p l i n e s .  The f i r s t  oceanographic s a t e l l i t e s  w i l l  be heavi ly  degen- 

dent  on su r face  equipment (such a s  buoys) t o  achieve c a p a b i l i t y ,  

0 To ta l  cos t  f o r  a 7-year opera t ional  program (of f i r s t - g e n e r a t i o n  

systems) is  about $1 b i l l i o n  i f  sepa ra te  systems a r e  used t o  serve  each 

d i s c i p l i n e  (Forestry-Agriculture-Geography, Geology, Hydrology, Meteor- 

ology, and Oceanography), Savings o f  about $83 mi l l ion  over t h i s  time 

period would r e s u l t  from a common use  approach us ing t h r e e  s a t e l l i t e  

types (Earth k s o u r c e s ,  Data-Collecting k l a y  , and Meteorological) and 

an a i r c r a f t  r ada r  system t o  augment t h e  s a t e l l i t e s  i n  serving the  

geology d i s c i p l i n e .  

e The s t a t e  o f  the  a r t  of s a t e l l i t e  design now allows more complex 

s a t e l l i t e s  with consequent savings i n  d a t a  processing on the  su r face ,  

e Benef i t s  t o  a g r i c u l t u r e  and f o r e s t r y  may be of the  o rde r  of  magni- 

tude of $15-22 mil l ion  annually t o  t h e  U.S. and $44-81 mi l l ion  annually 

worldwide, t ak ing  i n t o  cons idera t ion  only one l imi ted  aspect  sf t h e  

p o t e n t i a l  economic benef i t s - tha t  of  improvements i n  d a t a  systems, 

DOCUMENT CONCLUSIONS 

e The b e n e f i t s  from space app l i ca t ion  a r e  expected t o  be l a r g e r  than 

most of the  study p a r t i c i p a n t s  had o r i g i n a l l y  be l ieved,  and c e r t a i n l y  

l a r g e r  than the  c o s t s  of  achieving them. However, an extens ive ,  coherent ,  



and s e l e c t i v e  program w i l l  be required t o  achieve these  b e n e f i t s .  Also, 

the  funding of the  present  space-applicat ions program is  too small by a 

f a c t o r  of 2 o r  3 when compared t o  t h e  s u b s t a n t i a l  oppor tuni t ies  t h a t  

could be r e a l i z e d  i f  f i n a n c i a l  support were increased by t h i s  amount, 

e I t  w i l l  be des i rab le  f o r  NASA t o  continue i ts  t echn ica l  leadership  

beyond the  RED s tage  i n t o  a phase of p i l o t  operat ion.  Po ten t i a l  user  

agencies should p a r t i c i p a t e  i n  t h i s  work. 

s Imaginative organizat ional  and p o l i t i c a l  innovation i s  important 

f o r  suggest ing p a t t e r n s  f o r  i n t e r n a t i o n a l  space appl ica t ions .  

s To prevent crowding of t h e  geosynchronous o r b i t ,  i n t e r n a t i o n a l  agree- 

ment may be required.  

e User education of l a rge  numbers of people i n  bus iness ,  indust ry ,  and 

t h e  U.S. government agencies w i l l  be e s s e n t i a l .  

s The use of manned vehic les ,  pe r  s e ,  does not  a t  present  appear neces- 

s a r y  o r  economically des i rab le  f o r  the  operat ion of t h e  various space- 

app l ica t ions  systems. 

DOCUMENT RECOMMENDATIONS 

e Greater  emphasis should be given i n  f u t u r e  programs and a c t i v i t i e s  

t o  e a r t h  s a t e l l i t e  programs with promise of  beneficial app l i ca t ions ,  

Funding should be a t  the  $200-300 mi l l ion  p e r  year l e v e l ,  

NASA should take  t h e  r e s p o n s i b i l i t y  f o r  involving p o t e n t i a l  users 

i n  t h e  experimental program. 

e NASA and t h e  Department of  S t a t e  should continue t o  develop a 

favorable  i n t e r n a t i o n a l  cl imate f o r  ERS, 

e Support sf sensor-signature RGD should be increased.  

STRONG P Q I N T S  

1. Well presented summaries and d e t a i l e d  views of some 200 exper ts  from 

business ,  indust ry ,  and t h e  academic world. 



2.  Consti tutes a general encyclopedia on the  s t a t e  of t he  art. of 

earth-oriented s a t e l l i t e s .  
! 

WEAK POINTS , 

1. There a re  numerous gene ra l i t i e s  and omissions (unavoidable when pre- 

sent ing consensus views of approximately 200 individuals) .  
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APPENDIX C 

SUGGESTED APPROACH TO DEVELOPMENT OF AN 

ERS SYSTEM EFFECTIVENESS AND R&D D E C I S I O N  MODEL 

The core suggest ion which emerged from t h i s  s tudy (Section 3 ,  pages 72- 

78; Sect ion  4, pages 80-82) is  t h a t  an ERS system e f fec t iveness  and RGD de- 

c i s i o n  model should be developed i n  the  near  f u t u r e  i n  order  t o  provide a 

q u a n t i t a t i v e  framework f o r  i n t e g r a t i n g  the  f indings  of  p a s t  and f u t u r e  s tud-  

i e s  on the  c o s t s ,  b e n e f i t s ,  and technological  requirements of  the  ERS system, 

Since INTERPLAN considers  t h a t  development of  such a model i s  of s i g n i f i -  

cance t o  a l l  f u t u r e  work, t h i s  Appendix is  included (1) t o  desc r ibe  and dis- 

cuss b r i e f l y  the  fundamental r e l a t i o n s h i p s  which INTERPLAN f e e l s  can be used 

t o  express the  cos t -benef i t  e f fec t iveness  of  the  ERS system and (21 t o  suggest 

an approach toward development of  a  model which appears t o  INTERPLN t o  be one 

which w i l l  r e s u l t  i n  the  most p r a c t i c a l  ERS RGD planning t o o l ,  

TERMINOLOGY 

The terminology used i n  t h i s  Appendix t o  descr ibe  the  chain o f  informa- 

t i o n  requirements (benef i t s ,  p red ic t ions ,  measurements, sensors)  which l i n k  

the  b e n e f i t s  from an app l i ca t ion  t o  sensor  measuring c a p a b i l i t i e s  is taken 

from the  PRC R-1224 study.  In t h i s  terminology t h e  benef i t s  from an applica- 

t i o n  r e s u l t  from using a number of predictions which have been made on e a r t h  

resources and meteorological  (and e a r t h  physics)  condit ions ( e .g . ,  crop vigor, 

streamflow, s e a  s t a t e )  a s  a  b a s i s  f o r  taking ac t ion .  Formulation of t h e  

predictions, i n  t u r n ,  depends on obta in ing information from measmernents of 

e a r t h  resources and meteorological (and e a r t h  physics)  phenomena ( e  . g , , rain- 
f a l l ,  p l a n t  temperature, s o i l  mois ture) .  The q u a l i t y  of  the  measurements and 

p red ic t ions  (and., hence, the  magnitude of  b e n e f i t s  which w i l l  be r e a l i z e d )  

depends, i n  t u r n ,  upon the  degree t o  which s p e c i f i c  sensor  measuring capabil- 

i t i e s  a re  developed. 



CHARACTERISTICS OF THE MODEL 

I t  i s  f e l t  t h a t  the  f i n a l  RED decis ion  model should be a  mathematical 

expression of the  r e l a t i o n s h i p s  between ERS system b e n e f i t s  (from major 

u s e r  app l i ca t ions )  and RED cos t s  ( f o r  developing s p e c i f i c  technological  

c a p a b i l i t i e s )  which i s  described i n  such a  way t h a t  t h e  cos t -benef i t  effec- 

t iveness  of the  ERS system can be optimized sub jec t  t o  t h e  foreseeable  RED 

budget and c e r t a i n  r e a l i s t i c  c o n s t r a i n t s  on RED planning a c t i v i t i e s .  

In a  cursory review of the  l i t e r a t u r e  over 30 methods f o r  evaluat ing  

and s e l e c t i n g  RED p r o j e c t s  were located .  However, these  methods a r e  a l l  

designed t o  a t t a i n  the  ob jec t ives  of  p r o f i t - o r i e n t e d  f irms o r  the  m i l i t a r y  

and, hence, none of them appears t o  be r e a d i l y  adaptable t o  the  r a t h e r  

s p e c i a l i z e d  ob jec t ives  of t h e  ERS RED programming e f f o r t .  In  add i t ion ,  

while most of t h e  methods examined def ine  i n  p r e c i s e  mathematical language 

the  i n t r i c a c i e s  of var ious  aspects  of  RED problems and o f f e r  imaginative 

s o l u t i o n s ,  INTERPLAN f e e l s ,  f o r  t h e  most p a r t ,  t h a t  the  models suggested i n  

the  l i t e r a t u r e  r equ i re  d a t a  which i s  e i t h e r  not  usua l ly  ava i l ab le  at t he  

p r e f e a s i b i l i t y  l e v e l  o r ,  i f  ava i l ab le ,  genera l ly  cannot be supplied with 

t h e  p rec i s ion  implied. 

Therefore, i n  an e f f o r t  t o  evolve a  p r a c t i c a l  t o o l  designed s p e c i f i c a l l y  

f o r  ERS program use,  it is  v i sua l i zed  t h a t  i n i t i a l l y  a  s t a t i c  model would be 

described where the  values s p e c i f i e d  would rep resen t  the  est imated p r o g r m  

c o s t s  and b e n e f i t s  discounted t o  p resen t  worth. Subsequently, t h e  model would 

be re f ined  ( t o  t h e  degree t h a t  requi red  values can be est imated) t o  include 

dynamic considera t ions  such as  changes i n  the  s i z e  of b e n e f i t s  t o  be r e a l i z e d  

across  time, development time-frames f o r  s p e c i f i e d  l e v e l s  of  tech.nological 

c a p a b i l i t y  (and t h e  time versus RED c o s t  i n t e r a c t i o n ) ,  changes i n  the  s i z e  

of  t h e  expected RED budget with time, and the  l i k e ,  Const ra in ts  would then 

be imposed on the  dynamic model which, a t  a  minimum,would (1) permit t h e  a 

priori  s e l e c t i o n  of c e r t a i n  app l i ca t ions  which, f o r  non-economic reasons,  

should be included i n  t h e  system, ( 2 )  con t ro l  the  timing of t o t a l  b e n e f i t s  

over the  l i f e  of t h e  ERS program, (3) place  maximum and minimum limits on 

t h e  number of  technological  c a p a b i l i t i e s  being developed, and (4 )  g emi t  t h e  

t o t a l  opera t ional  c o s t  of  t h e  program t o  be l imi ted .  



THE STATIC MODEL 

The mathematical r e l a t i o n s h i p  -between major elements of a  s t a t i c  model 

upon which the  dynamic model would be based a re  b r i e f l y  described below. 

Only a b r i e f  desc r ip t ion  of t h e  s t a t i c  model i s  given here  i n  order  t o  pre- 

s e n t  INTERPLAN1s understanding of  the  b a s i c  ERS cos t -benef i t  r e l a t i o n s h i p s ,  

A s  discussed i n  more d e t a i l  l a t e r  i n  t h i s  Appendix, it i s  f e l t  t h a t  attempts 

should f i r s t  be made t o  quant i fy  t h e  r e l a t i o n s h i p s  described i n  the  s t a t i c  

model before an attempt i s  made t o  incorpora te  dynamic considera t ions ,  

I t  i s  premised t h a t  the  ob jec t ive  of the  s t a t i c  model i s  t o  i s o l a t e  

those  technologies which, when developed t o  a  s p e c i f i e d  c a p a b i l i t y  l e v e l ,  

w i l l  optimize the  b e n e f i t s  from t h e  ERS system of app l i ca t ions  a t  a cost 

equal t o  the  foreseeable  RGD budget. 

Benefit Relationships 

In t h e  course of  t h i s  study, b e n e f i t  es t imates  were analyzed for a broad 

spectrum of app l i ca t ions  which pos tu la te  the  a c q u i s i t i o n  of the  same, b e t t e r ,  

and new information from s a t e l l i t e  observations,  

The b e n e f i t s , $ B ,  t o  be optimized, the re fo re ,  a r e  

where 

Bi 
= Tota l ,  ne t* ,  discounted b e n e f i t s  ($1 

BSi = Cost savings from same information app l i ca t ions  

B~ i 
= Added value from better information app l i ca t ions  

B ~ i  
= Absolute value from new information app l i ca t ions  

f o r  i = 1 . . . n app l i ca t ions .  

Although t h e  components of B r ep resen t  d i f f e r e n t  kinds of  economic values,  i 
t he  i n i t i a l  ob jec t ive  w i l l  be t o  maximize 

i r r e s p e c t i v e  of these  i n t r i n s i c  d i f f e rences .  A t  some l a t e r  t ime,  if desi red ,  

*Benefit  t o  use r  l e s s  u s e r f s  own c o s t ,  



t he  r e l a t i v e  importance of d i f f e r e n t  kinds of b e n e f i t s  t o  t h e  program could 

be introduced by appropr ia te ly  weighting t h e  BSi, BBi, and BNi. 

Now 

where 

P = the  p red ic t ions  upon which u s e r  decis ions  a r e  taken (see Note I] 

S = t he  s ign i f i cance  of each p red ic t ion  t o  r e a l i z a t i o n  of t h e  t o t a l  
b e n e f i t  

f o r  j  = 1 . . . m p red ic t ions .  

Fur ther ,  

where 

M = the  measurements which a r e  requi red  t o  formulate each p red ic t ion  

W = t he  weight given t o  each measurement t o  express i t s  importance 
i n  obta in ing a "perfect"  p red ic t ion  (see Note 2) 

I 

f o r  k = 1 . . . r measurements. 

Each measurement can, of course, be made a t  var ious  l e v e l s  of  p rec i s ion  

depending upon t h e  technologica l  c a p a b i l i t y  which has been developed. That 

is ,  the  q u a l i t y  of  each % (and r e l a t e d  payoffs)  i s  a funct ion  of t h e  l e v e l ,  

1, of technologica l  development. I f ,  say,  t h r e e  l e v e l s  of technological  

development a r e  considered f o r  each measurement, t h e r e  w i l l  be tlzree s e t s  

of payoffs  associa ted  with each M i j k :  (Mijkl Dijkl) , (MijkZ D i j k Z )  and 

(Mijk3 ' D i j k ~  ) where D r ep resen t s  the  degree t o  which the  value sf the  

measurement- i s  degraded due t o  t h e  less- than-perfec t  measuring c a p a b i l i t y  

f o r  1 = 1, 2 ,  3 c a p a b i l i t y  l e v e l s ,  

Cost Relationships 

Regarding t h e  cos t  aspects  of the  model, two major c o s t  elements can be 

i d e n t i f i e d :  (a) RGD cos t  and (b) opera t ional  cos t .  Since only RGD costs 

a r e  germane t o  the  i n i t i a l  s o l u t i o n ,  only RGD c o s t s  a r e  considered i n  t h e  

s t a t i c  model, although an opt ional  cons t ra in t  on t o t a l  opera t ing  costs  

would be included.  Operat ional  cos t s  would be computed a f t e r  systems of 

app l i ca t ions  a r e  i s o l a t e d  (based on RGD c o s t  e f fec t iveness )  by considering 



t h e  requirements of each app l i ca t ion  r e l a t i v e  t o  t h e  frequency of observat ions ,  

coverage, e t c . ,  and t h e  cos t s  r e s u l t i n g  from t h e  p o t e n t i a l  use of a n c i l l a r y  

information sources such as  b u o y - s a t e l l i t e  combinations. The sum o f  RED 

cos t s  and opera t ional  c o s t s  can then be used t o  express t h e  r e s u l t i n g  cost- 

b e n e f i t  e f fec t iveness  of  the  t o t a l  ERS program. 

I f  Ckl i s  considered t o  be the  RED cos t  f o r  developing a s p e c i f i c  mea- 

surement c a p a b i l i t y ,  then the  expression 
r 

C Ckl  
k=1 

(where 1 = 1, 2 ,  o r  3) can be s e t  equal t o  t h e  foreseeable  RED budget and t h e  

most cos t -e f fec t ive  RED budget a l l o c a t i o n  determined by i s o l a t i n g  the  s e t  of 

Mkl with the  l a r g e s t  t o t a l  payoff .  

I n p u t s  a n d  O u t p u t s  

INPUTS. For opera t ion  of t h e  model, values would have t o  be q u a n t i f i e d  

and assigned t o  t h e  following va r i ab les  f o r  each u s e r  decis ion  model (applica-  

t i o n )  considered: 

1. Bi,  t he  b e n e f i t  t o  be a t t a i n e d  f o r  implementation o f  each app l i ca t ion  

2 .  Sij9 t h e  s ign i f i cance  of each p red ic t ion  t o  r e a l i z a t i o n  of the  b e n e f i t  

(assuming t h a t  "perfec tvv p red ic t ions  can be obtained) 

3. H i i j k 9  t h e  weight each measurement has r e l a t i v e  t o  obta in ing $!perfectf '  

p red ic t ions  

4. Dijk19 t h e  degree t o  which the  value (or  payoff)  of each measurement 

w i l l  be degraded i f  less- than-perfec t  measuring c a p a b i l i t y  i s  a t t a i n e d  

5 .  Ck19 t h e  RED cos t  f o r  developing a s p e c i f i e d  l e v e l  of measurement cap- 

a b i l i t y  

6 .  Foreseeable RED budget.  

OUTPUTS. I t  is  suggested t h a t  t h e  output of  the  s t a t i c  model be arrmged 

t o  y i e l d :  

1. A l is t  of the  optimum system of app l i ca t ions  

2 ,  Tota l  b e n e f i t s  t o  be r e a l i z e d l  



a.  from the  system of app l i ca t ions  

b.  from each app l i ca t ion  

c.  from each app l i ca t ion  as a  f r a c t i o n  of the  t o t a l  p o t e n t i a l  payoff of  

the  app l i ca t ion  

3,  Measuring c a p a b i l i t i e s  requi red  and t h e  l e v e l  of technologica l  capability 

t o  be developed 

4 .  Required sensors  

5 .  Operational parameters such as coverage, frequency of  observat ions ,  anci l- 

l a r y  information sources ,  and the  l i k e  

6 .  Operat ional  c o s t s  t o  s a t i s f y  t h e  requirements of  5 above. 

SUGGESTED APPROACH 

The fol lowing sequen t i a l  approach t o  development of t h e  model i s  suggested 

i n  an e f f o r t  t o  insure  t h a t  the  f i n a l  r e s u l t  w i l l  be a  p r a c t i c a l  planning tool 

f o r  ERS RED guidance : 

(1  .) Develop and complete the  mathematical desc r ip t ion  of t h e  s t a t i c  model 

described above inc luding development o f  a  program t o  i s o l a t e  the  optimum s e t  

of measurements and measuring c a p a b i l i t i e s .  ( I t  i s  a n t i c i p a t e d  t h a t  a l i n e a r  

programming approach would be used i n i t i a l l y . )  Af ter  completing the  mathema"t- 

c a l  development, formats of requi red  d a t a  inputs  would be prepared f o r  use i n  

p o l l i n g  exper t s  f o r  q u a n t i f i c a t i o n  of inpu t s .  

( 2  .) Test  t h e  model on t h e  system of four  app l i ca t ions  described i n  the GE 

study,  using the  q u a n t i t a t i v e  r e l a t i o n s h i p s  between b e n e f i t s ,  p red ic t ions ,  

measurements and sensors ,  and the  opera t ional  c o s t s  which were developed i n  

t h e  study.  Expert judgment would be sought t o  obta in  RGD cos t  e s t ima tes ,  At 

t h i s  s t age  t h e  e f f e c t  of  a l t e r n a t i v e  and/or a n c i l l a r y  information sources 

[such as  b u o y - s a t e l l i t e  combinations) would be introduced i n t o  the  desc r ip t ion  

of  the  model and t e s t e d  us ing t h e  GE d a t a  on these  measurements, 

A s  was discussed i n  t h e  body of t h e  r e p o r t ,  t h e  GE s tudy emphasized ex- 

p ress ing  t h e  q u a n t i t a t i v e  r e l a t i o n s h i p s  between sensors ,  measurements and 

p red ic t ions  and the  o v e r a l l  e f fec t iveness  of t h e  system i n  a t t a i n i n g  the  

ob jec t ives  of the  app l i ca t ions ,  The es t imat ion  of  b e n e f i t s  was pursued i n  

much l e s s  d e t a i l .  Therefore,  while t h e  q u a n t i t a t i v e  r e l a t i o n s h i p s  developed 



i n  the  GE r epor t  can be used a t  an e a r l y  s t age  t o  t e s t  the  funct ioning sf 

the  model, t h e  r e s u l t s  with r e spec t  t o  cos t -benef i t  e f fec t iveness  could 

no t  be considered v a l i d  unless  f u r t h e r  work were undertaken t o  improve upon 

some of t h e  b e n e f i t s  est imated.  

(3.) Obtain from profess iona l s  es t imates  of t h e  q u a n t i t a t i v e  r e l a t ionsh ips  

between b e n e f i t s ,  p red ic t ions ,  and measurements and t h e  RED cos t  es t imates  

f o r  developing s p e c i f i c  c a p a b i l i t i e s  ( i . e . ,  d a t a  input  requirements) for 

a t  l e a s t  the  f i v e  h ighes t  payoff app l i ca t ions  i s o l a t e d  i n  t h i s  s tudy as 

l i s t e d  below: 

Estimated h n u a l  
Application U.S. Benefi ts  

Application Number Report ($mi 1 l ion)  

1. Detecting fungi  s t r e s s e s  
i n  small g ra ins  68, 69 PRC R-1224 2 38 

2. Providing world wheat 
production f o r e c a s t s  77 PRC R-1224 115 

3. Expediting explora t ion  
of p e t r o  leum 39 Westinghouse 125 

4. Improving f o r e c a s t s  of PRC R-1224 
i r r i g a t i o n  water a v a i l -  and 
a b i l i t y  57, 58, 59 Wes tinghouse -300 

5. Minimizing f lood damage 
through improved water 
management 5 3 PRC R-1224 300 

I t  i s  suggested t h a t  (a) information be  obtained on these  app l i ca t ions  in 

approximately the  order  shown and (b) a l l  information be obtained on one 

app l i ca t ion  before  e f f o r t  is  expended on the  next .  The order  i n  which ap- 

p l i c a t i o n s  a r e  l i s t e d  r e f l e c t s  INTERPLAN'S opinion as t o  inc reas ing  d i f f i -  

c u l t y  of quant i fy ing t h e  requi red  r e l a t i o n s h i p s  and i s  based on the n m b e s  

of "predic t ionsg '  and 'smeasurements" involved, t h e  q u a l i t y  of t h e  data base 

ava i l ab le ,  and the  presence (or  absence) of requirements f o r  u s e r  predictive 

submodels, i . e . ,  the  Moving Forecast  Scale requi red  i n  t h e  PRC water  manage- 

ment cases (4 and 5 .above). 

In genera l  it i s  f e l t  t h a t  the  d i f f i c u l t i e s  involved i n  quantifying cases 1 

t o  3 a r e  broadly equivalent .  a s  a r e  those  of cases 4 and 5. 



(4 . )  Input t h e  d a t a  acquired i n  (3) above i n t o  t h e  model. Run the  model 

a s  da ta  on each successive app l i ca t ion  i s  acquired t o  t e s t  t h e  reasonable-  

ness and u t i l i t y  of the  output .  

(5.) Extend the  mathematical desc r ip t ion .  of t h e  model t o  inc lude  d y n m i c  

cons idera t ions  and those  RGD c o n s t r a i n t s  considered by NASA t o  be of most 

value i n  planning RED a c t i v i t i e s .  The dynamic parameters t o  be included i n  

the  model would be s e l e c t e d  on the  b a s i s  of  the  degree t o  which profess ion-  

a l s  consider  t h a t  q u a n t i t a t i v e  d a t a  can be obtained,  o r  c red ib ly  es t imated ,  

After  the  mathematical model i s  defined,  corresponding dynamic programriling 

techniques would be evolved. Considering the  probable complexity of t h e  

dynamic model, it i s  a n t i c i p a t e d  t h a t  s imula t ion ,  r a t h e r  than a n a l y t i c a l  

techniques, w i l l  be  used. 

(6 .) Obtain from profess iona l s  t h e  requi red  add i t iona l  dynamic values on 

the  app l i ca t ions  evaluated i n  (3) above and input  t h i s  information i n t o  t h e  

model t o  t e s t  t h e  reasonableness and u t i l i t y  of the  output ,  

(7 . )  Use d a t a  obtained from t h e  ERTS s e r i e s  t o  update t h e  values est imated 

previously.  New budgetary information may a l s o  be a t  hand t o  f u r t h e r  update 

the  model va lues .  

(8.)  Input d a t a  from t h e  remaining app l i ca t ions  i s o l a t e d  i n  pas t  and sugges- 

t e d  supplementary work (see  pages 79-81) a s  well  a s  any new app l i ca t ions  

which may have been analyzed i n  t h e  in ter im.  

(9.)  Update the  values i n  t h e  model a s  new information is  acquired,,  

NOTES 

1. The chain of information requirements f o r  mapping app l i ca t ions  proceed 

d i r e c t l y  from benefits t o  measurements with no prediction requirements,  

Therefore, f o r  these  app l i ca t ions  

Bi = Mik ' Wik (see Equation 2) 
k=I  

2. I t  is  noted t h a t  t h e  Sij of Equation 1 and t h e  W i j k  of Equation 2 are 

probably no t  mutually independent, a s  assumed here .  I t  i s  f e l t ,  however, 

t h a t  the  decis ion  as t o  whether o r  n o t  an attempt i s  made t o  def ine  these  

dependent funct ions  should be based on t h e  degree t o  which ac tua l  users  a r e  

able  t o  descr ibe  and evaluate  the  interdependencies.  
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APPENDIX E 

STATEMENT OF WORK 

The Contractor w i l l  perform an anaZysis, review, and appraisal o f  cost- 
b e n e f i t  analyses o f  the  Earth Resources Survey S a t e l l i t e  System. 

Under t h i s  con t rac t  t h e  c o n t r a c t o r  s h a l l  provide t h e  Earth Observa- 

t i o n s  Programs Off ice  of the  Off ice  of  Space Science and Appl ica t ions ,  

NASA Headquarters,  with an a n a l y s i s ,  review, and appra i sa l  of the  c s s t -  

b e n e f i t  s t u d i e s  previous ly  conducted f o r  Earth Resources Survey S a t e l l i t e  

Sys tems . 

In at tempts t o  quan t i fy  the  c o s t s  and t h e  r e s u l t i n g  b e n e f i t s  that 

w i l l  accrue from t h e  survey of e a r t h  resources from space, s eve ra l  analy- 

s e s  have been made, by governmental and non-governmental agencies.  These 

analyses ,  conducted independently of one another ,  have adopted d i f f e r e n t  

bases ,  assumptions, and t e c h n i c a l  and economic approaches. For t h i s  x i~d  

perhaps o t h e r  reasons,  t h e  r e s u l t s  and conclusions of these  analyses do 

not  p resen t  a conformity of opinions.  Therefore,  it i s  d i f f i c u l t  t o  

a s sess  t h e  va lue  of any ind iv idua l  ana lys i s  o r  t o  f u l l y  e x p l o i t  t he  find- 

ings  of t h e s e  s t u d i e s  i n  conducting t h e  Earth Resources Survey Program. 

Therefore i n  order  t o  attempt a consol ida t ion  of  opinions,  t h e  cont rac-  

t o r  s h a l l  e x e r t  i t s  b e s t  e f f o r t s  t o  accomplish t h e  fol lowing:  

1. Review cos t -bene f i t  s t u d i e s ,  a s  d i r e c t e d  by NASA, which r e l a t e  to 

t h e  economic b e n e f i t s  t o  be obtained from the  Earth Resources Survey 

S a t e l l i t e  Systems. The s t u d i e s  t o  be reviewed w i l l  inc lude ,  but  not 

n e c e s s a r i l y  be l imi t ed  t o ,  s t u d i e s  conducted by t h e  fol lowing organiza-  

t i o n s  : * 
I BM 
Planning Research Corporation (2) 
Cornel l  Aeronautical  Laboratories  ( s i c  ) ** 
General E l e c t r i c  Company 
Westinghouse E l e c t r i c  Company 
Mathematica 

*The r e p o r t s  t o  be s tud ied  under t h i s  con t rac t  w i l l  be furn ished by NASA, 
**Cornell Univers i ty ,  The Center f o r  Aer ia l  Photographic S tud ies .  



2 .  Assess t h e  ex ten t  t o  which these  previous s t u d i e s  a re  adequate 

i n d i c a t o r s  of t h e  expected cos t -bene f i t  e f f ec t iveness  of f u t u r e  opera- 

t i o n a l  ERS. 

3 .  Assess the  value of these  s t u d i e s  f o r  d i r e c t i n g  RED a c t i v i t i e s .  

4.  Ind ica te  t h e  appropr ia te  na tu re  of f u t u r e  economic s t u d i e s  i n  t h e  

ERS Program. 



THE EPILOGUE 

I t  i s  generally agreed that  Spaceship Earth was launched 
about f ive  b i l l i o n  years ago. L i fe  f i r s t  appeared on Planet 
Earth approximate Zy three b i l l i o n  years ago. . . . Modem man 
emerged about f i f t y  thousand years ago. 

Informed conjecture on the solar energy s t i l l  available 
and on the probability of cosmic accidents encourages us t o  
bel ieve that  it should be possible-barring man made catas- 
trophies-to sustain l i f e  on our planet for a t  l eas t  three 
mi l l ion  more years, 

NAS Swnmer Study on Space Applications, page 74.  

This i s  a r e p o r t  on the  f i r s t  s t e p s  of  t h e  world 's  most e x h i l a r a t i n g  

search of t h e  1970's-how t o  apply space sc ience  t o  t h e  s o l u t i o n  o f  global  

problems, how t o  s u s t a i n  l i f e  on our p l a n e t  f o r  t h r e e  m i l l i o n  more y e a r s ,  

The time span examined i n  t h i s  s tudy i s  a mere 30 yea r s .  However, t h e  prob- 

lems fac ing  mankind between now and the  yea r  2000 a re  formidable: 

s A hungry world populat ion of s i x  b i l l i o n  
e Two hundred sepa ra te  na t iona l  governments with widely d ivergent  poPi- 

t i c a l  and s o c i a l  a s p i r a t i o n s  
o "Standing room onlyw on t h e  e a r t h ,  with consequent pressures  t o  colon 

i z e  the  s e a  and the  moon 
e Man-made environmental degradat ion,  inc luding poss ib le  exhaust ion of 

b a s i c  e a r t h  resources  t h a t  may portend t h e  e x t i n c t i o n  of l i f e ,  

Unless the  problems of  the  next  30 yea r s  a re  solved,  hopes f o r  the  

next  3 m i l l i o n  years  f o r  our  p l ane t  a r e  f u t i l e .  

The way t o  t h e  s o l u t i o n  may be through space.  The s t u d i e s  reviewed i n  

t h i s  document i n d i c a t e  t h a t  s a t e l l i t e - d e r i v e d  information should enable us 

t o  understand,  a t  l a s t ,  t h e  t r u e  na ture  of our  biosphere.  This  understand- 

ing  may l ead  t o  the  g lobal  management of  e a r t h ' s  productive resources and 

t h e  p rese rva t ion  of  i t s  environment. Ear th-or iented  s a t e l l i t e s ,  opera t ing  

i n  monitoring, command, and ac t ion  pos tu res ,  may become prime ins tmments  

f o r  preserv ing  and managing t h e  e a r t h  a s  one system. 

From t h i s  s tudy INTERPLAN has  learned t h a t  although t h e  search t o  apply 

space sc ience  t o  the  needs of  t h i s  p l a n e t  has b a r e l y  begun, America's under- 

s tanding of t h e  economics and technology of space has  reached such maturity 

that-given p o l i t i c a l  oppor tuni ty  and leadership- th is  understanding could 

be transformed, well  before t h e  year  2000, i n t o  b e n e f i t s  f o r  a l l  mmkind,  
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