
H9 NOR' .-.*.-- W HARRISON S 
WIMCETON, NEW JERSEY m540 

4-0770 

Copy 6 Ti~is coplr c o n t a i n s  
hlack and whitc 
rcprc'lductions of color 
ERTS ina~cs shown in 
copy 1. 

( t i A S A - C B - 1 4 1 1 9 2 )  TClE ECCNCRIC V A L U E  OF N75-14215 
SEMCTE SEASING OF E A R T H  RESOGRCES FAOH 
S P A C E :  A N  EFTS O V E R V I E W  B N C  T F E  V A L U E  
CF C C N T I N U I T Y  OF S E R V I C E .  [€CON, f n c . ,  Unclas 
Princeton, N.J, )  3 6  p HC $3.75 CSCL 35C G 3 J 4 3  06088 

. . 



41s f\!UHT;i HARHtSON S7REFT 
PajNCETO84, NEW JERSE'! 09540 
7alephcna GG3-324-37 78 

THE ECONOMIC VALUE OF HEMOTE 
SENSXNG OF EARTH RESOURCES FROM SPACE: 

AN ERTS OVERVIEW P.ND THE VALUE OF 
CONTINUITY OF SERVICE 

VOLUME X 

I N D U S T R Y  

Prepared for the 
Office of t h e  Administrator 

National Aeronautics and Space Adminstration 
Under Cant*-act NASW-2580 

October 31, 1974 



NOTE OF TRANSMITTAL 

T h i s  r e s o u r c e  management area r e p o r t  i s  p r e p a r e d  for 
t h e  O f f i c e  o f  t h e  A a m i n i s t r a t o r ,  N a t i o n a l  A e r o n a u t i c s  and 
Space A d m i n i s t r a t i o n ,  under Art ic le  I . C . 1  of C o n t r a c t  NASW- 
2580. X t  p r o v i d e s  backup m a t e r i a l  t o  t h e  Summary, Volume I ,  
and t h e  S o u r c e  Document, Volume TI, of this r e p o r t .  The i n -  
terastcf? r e a d e r  i s  r e f e r r e d  t o  t h e s e  docuwents  f o x  a summary 
of d a t a  p r e s e n t e d  herein and i n  t h e  o t h e r  resource management 
areas. 

The data p r e s e n t e d  i n  t h i s  volume are based upon t h e  
b e s t  i n f o r m a t i o n  available a t  t h e  time of p r e p a r a t i o n  anu 
w i t h i n  t h e  r e s o u r c a  of t h i s  s t u d y ,  This i n c l u d e s  a s u r v e y  
of e x i s t i n g  s t u d i e s  p l u s  F e d e r a l  b u d g e t s  and s t a t u t e s .  Through- 
o u t  t h e  a n a l y s i s ,  a  c o n s e r v a t i v e  v i e w p o i n t  h a s  been m a i n t a i n e d .  
N a n e t h e l e s s ,  t h e r e  are, of c o u r s e ,  u n c e r t a i n t i e s  a s s o c i a t e d  
w i t h  any p r o j e c t i o n  of f u t u r e  economic benefits, a n d  t h e s e  
data s h o u l d  be used  only w i t h  t h i s  u n d e r s t a n d i n g .  

ECON acknowledges  t h e  c o n t r i b u t i o n s  o f  K e i t h  L i e t z k e  
who a u t h o r e d  t h i s  volume. 

- 
Keith R. L i d u l y k  

Approved by: 
~ r .   gorge A .  ?iazeXri&, 3 r .  

S t u d y  Manager 

and: - .I 

D r .  K laus  P. H e i k s  
S t u d y  Dire-ctor 



" "* , - :; * 

ABSTRACT 

By excluding the "naturaln connotations of the term 
resource, the industrial resource may be defined as that source 
of support and supply that constitutes the world's capital 
plant. The primary usefulness of an ERS system to this "man- 
made" resource lies in the areas of transportation, construc- 
tion, public administration and regulation. 

Though ERTS imagery has successfully contributed to 
the I;.rprovement of shipping routes, detected previously un- 
known and potentially active faults in construction areas, and 
monitored industrial pollution (Volumes V, VII, fX), there 
has been little economic research concerning the subject of 
ERS applications into this resource area. A s  a result, the ben- 
efit estimations presented in this volume must be regarded as 
tentative and preliminary. 
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1 . 0  XNTRODUCTION AND OVERVIEW: INDUSTRY 

I n  a d d i t i o n  t o  t h e  s e v e n  " n a t u r a l H  r e s o u r c e s  d e a l t  w i t h  
i n  Volumes X T X  t h r o u g h  IX o f  t h i s  r e p o r t ,  t h e r e  e x i s t s  a n  e i g h t h  
"man-made" r e s o u r c e  which m i g h t  b e  s i g n i f i c a n t l y  i m p a c t e d  by 
e a r t h  r e s o u r c e s  s a t e l l i t e s .  T h i s  r e s o u r c e ,  w h i c h  w e  r e f e r  t o  
as " . f n d u s t r y , "  c o v e r s  t h e  e n t i r e  c a p i t a l  p l a n t :  m a n u f a c t u r i n g  
f a c i l i t i e s ,  t r a n s p o r t a t i o n  f a c i l i t i e s  a n d  s y s t e m s ,  i n a t i t u t i o n s ,  
r e s i d e n t i a l  f a c i l i t i e s ,  e t c , ,  a n d  man h i m s e i f .  The v a l u e  
of t h i s  r e s o u r c e  c e r t a i n l y  l ies  i n  the r a n g e  of t r i l l i o n s  o f  
d o l l a r s  and ,  i n  t h e  U n i t e d  S t a t e s  a l o n e ,  is  u s e d  t o  p r o d u c e  
s e v e r a l  h u n d r e d  b i l l i o n  d o l l a r s  o f  a d d i t i o n a l  g o o d s  a n d  s e r v i c e s  
a n n u a l l y .  Some o f  t h e  b r o a d  a r e a s  which  m i g h t  b e n e f i t  by  remote 
s e n s i n g  o f  t h e  ERTS t y p e  a r e  d i s c u s s e d  below. O t h e r  a r e a s  o f  
p o t e n t i a l l y  l a r g e  b e n e f i t s ,  n o t  d i s c u s s e d  h e r e ,  are p o e s i b l e  
u s i n g  d i f f e r e n t  s a t e l l i t e  s y s t e m s ,  f o r  example ,  SEASAT, SMS, 
SEOS, a n d  SSOS. However, i n  a d d i t i o n  t o  t h e  c o n t r i b u t i o n s  
which t h e s e  s a t e l l i t e  s y s t e m s  m i g h t  make, t h e  p o t e n t i a l  b e n e f i t s  
d i s c u s s e d  below a r e  l a r g e l y  i n d e p e n d e n t  o f ,  a n d  i n  a d d i t i o n  t o ,  
t h e  b e n e f i t s  o f  t h e s e  s y s t e m s .  

F i g u r e  1 shows a  t y p i c a l  ERTS image o f  a h i g h l y  i n d u s -  
t r i a l i z e d  a n d  d e n s e l y  p o p u l a t e d  r e g i o n  i n c l u d i n g  t h e  m e t r o p o l i t a n  
a r e a s  o f  N e w  York and P h i l a d e l p h i a  a n d  mos t  o f  N e w  J e r s e y .  Front 
t h i s  image,  i t  i s  p o s s i b l e  t o  l o c a t e  a r e a s  t h a t  a re  h e a v i l y  i n -  
d u s t r i a l i z e d ,  to  d i s c e r n  r e s i d e n t i a l  areas a n d  t o  o b s e r v e  c e r -  
t a i n  t r a n s p o r t a t i o n  n e t w o r k s .  Us ing  a d v a n c e d  s a t e l l i t e  s y s t e m s  
w i t h  t h e r m a l  IR s e n s o r s  i t  m i g h t  a l s o  b e  p o s s i b l e  t o  e s t i m a t e  
e n e r g y  consumpt ion  i n  t h e s e  a r e a s .  M o n i t o r i n g  c h a n g e  i n  c e r t a i n  
p a r a m e t e r s  i n  n e a r  r e a l - t i m e  p r o v i d e s  many i n t e r e s t i n g  oppor -  
t u n i t i e s .  

T a b l e  1 shows t h e  r e s o u r c e  management f u n c t i o n s ,  
(RMFs) d e a l t  w i t h  i n  t h i s  r e s o u r c e  a r e a .  W h i l e  t h e  n a t u r e  o f  t h e  
i n v e s t i g a t i o n s  h e r e  have b e e n  e x p l o r a t o r y  a n d  a n y  b e n e f i t  num- 
b e r s  d e r i v e d  must  b e  t r e a t e d  a s  t e n t a t i v e  a n d  p r e l i m i n a r y ,  t h e  
s c o p e  o f  t h e  RMFs s e r v e s  t o  i n d i c a t e  t h e  p o t e n t i a l  i n  t h i s  a r e a  
and  t h e  need  f o r  f u r t h e r  economic  a n a l y s i s .  

1.1 -- T r a n s p o r t a t i o n  

T o p o g r a p h i c  and s o c i o - e c o n o m i c ,  p a r t i c u l a r l y  demograph ic ,  
maps c o r ~ s t r u c t e d  and u p d a t e d  u s i n g  s a t e l l i t e  d a t a  c o u l d  e x p e d i t e  
l o n g  r a n g e  p l a n n i n g  o f  t r a n s p o r t a t i o n  f a c i l i t i e s .  A l t h o u g h  
t h e  benefits t o  t h e  c o n t i g u o u s  4 8  s t a t e s  n i g h t  be s i g n i f i c a n t  i n  
this a r e a ,  l a r g e  p o t e n t i a l  b e n e f i t s  are thought t o  e x i s t  f o r  
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Figure 1 ERTS-1 Image of the New York a n d  Philadelphia 
Metropolitan A r e a s  and M o s t  of N e w  J e r s e y  
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A l a s k a  a n d  d s v e l o p i n q  c o u n t r i e s .  bledium range p l Z ? n n i n y ,  
m ~ n t h  t o  month ,  vis-a-vi.3 the use of e x i s t i n g  t r a n s p o r t a t i o n  
r+sc)itrces s u c h  a s  the c!ist:ri i ,utio:l  o f  a g r i c u l t u r a l  p r o d u c e  
m i g h t  behef i t  s u b s t a n t i a l l y  from remote s e n s i n g .  Frequsntly, 
problems of f o o d  s u 2 p l y  a r e  n o t  d u e  t o  a l a c k  o f  p r o d u c t i o n ,  
b u t  t o  i m p r o p e r  o r  p o u r  d i s t r i b u t i o n .  Thsse p r o b l e m s  c a n  be 
a l l z v i a t e d  somewhat  through i m p r o v e d  knowledqe of the p r o d u c -  
Lion a n d  c o n s u m p t i o n  by a r e a .  

ERTS has a l r e a d y  h a d  s o ~ n e  e f f e c t  i n  s h a r t - t e r m  p l a n n i n g  
i n  t r a n s p o r t a t i o n .  I n  p a r t i c u l a r ,  ERTS i m a g e s  h a v e  been u s e d  
t o  l o c a t e  i c e b e r g s  i n  t h e  N o r t h  ~ t l a n t i c  and Hudson  Bay  i n  o r d e r  t o  
i m p r o v e  s h i p p i n g  i n  t h o s e  r e g i o n s . *  Due t o  t h e  i m p r o v e d  
r e s o l u t i o r ~  o f  ERTS compared  t o  o t h e r  e x i s t i n g  c i v i l i a n  space 
s y s t e m s ,  ERTS i m a g a s  h a v e  b e e n  b e n e f i c i a l  i n  t h i s  regard des- 
pite t h e  f a c t  t h a t  t h e  c o v e r a g e  i s  n o t  a l w a y s  a s  f r e q u e n t  a s  
some users would  d e s i r e .  F i g u r e  2 i l l u s t r a t e s  the c a p a b i l i t y  
of ERTS t o  d e p i c t  i c e  b r e a k  up .  T h i s  image  s h o w s  Lake E r i e  i n  
early rearch n e a r  t h e  t i m e  t h a t  s h i p p i n g  i s  b e i n g  r e s u m e d  f o r  
t h e  summer. B o t h  i c e  f l o o r  a n d  i c e  b r e a k  u p  p a t t e r n s  a r e  
e a s i l y  o b s e r v e d  i n  t h e  image i n d i c a t i n g  t h a t  u s e f u l  a i d s  t o  
n a v i g a t i o n  a r e  o b t a i n e d  a n d  t h a t  more e f f i c i e n t  i c e  b r e a k e r  
r o u t e s  c o u l d  be s e l e c t e d .  W h i l e  t h i s  b e n e f i t  d o e s  a p p e a r  t o  
e x i s t  f o r  ERTS a t  p r e s e n t ,  future s p a c e  s y s t e m s ,  e s p e c i a l l y  
SEASAT, n i g h t  e v e n t u a l l y  s u b s t a n t i a l l y  r e p l a c e  the - u r r e n t  
u s e  o f  ERTS. 

A s i g n i f i c a n t  p o t e n t i a l  a p p l i c a t i o n  of  r e m o t e  s e n s i n g  
e x i s t s  i l l  t h e  c o n s t r u c t i o n  i n d u s t r y .  ' i ' o p o g r a p h i c  and socio- 
economic  ma2s c o u l d  a i d  i n  s i t e  s e l e c t i o n  a n d  p l a n n i n g .  
N a ~ p i n g  s i n k  areas, m u d s l i d e  areas, f o r e s t  f i r e  h a z a r d  

I 

a r e a s ,  a v a l a n c h e  a r e a s  a n d  e a r t h q u a k e  z o n e s  can a l s o  aid i n  
s i t e  s e l e c t i o n .  The d e v e l o p m e n t  o f  a c c u r a t e  " r i s k l 1  maps  
c o v e r i n g  v a r i o u s  h a z a r c s  o f t e n  r e q u i r e s  r e p e t i t i v e  c o v e r a g e  
o v e r  many y e a r s  a n d ,  i n  many i n s t a n c e s ,  n u s t  be u p d a t e d  o n  a 
c o n t i n u i n g  b a s i s .  An ERTS s a t e l l i t e  sys ten  c o u l d  p r o v i d e  a n  
e c o n o m i c  c a p a b i l i t y  f o r  d a t a  g a t h e r i n g  i n  t h i s  a r e a .  ERTS-1 
Cmages have  a l r e a d y  b e e n  i n s t r u m e n t a l  i n  t h e  r e l o c a t i o n  of  a 
b r i d g e  i n  Alaska t h a t  wo-zld o t h e r w i s e  h a v e  b e e n  b u i l t  o n  a 
p r e v i o u s l y  u n d i s c o v e r e d  f a u l t  l i n e . * *  E v e n  i n  r e l a t i v e l y  

* - Oilwcek, v o l .  2 4 ,  n o .  4 0 ,  Nov. 1 9 .  1 9 7 3 ,  M c  L e a n - H u n t e r  
Publications, C a l g a r y ,  A l b e r t a .  

* "  Baker, "ERTS Updates G e o l o g y , "  Geotimes, August  1 9 7 4 ,  p. 21. 
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Figure 2 ERTS-1 Image Showing I c e  Break ilp on L a k e  : * 
E r i c  i n  E a r l y  March i .  

.a' 



p o p u l a t e d  areas, such as C a l i f a r n f a ,  ERTS has l e d  to t h e  d i s -  
covery oE previously unknowq and p o t e n t i a l l y  ac t ive  f a u l t s  and 
to a better understanding of  the known f a u l t  systems,  

I n  a second area, an advanced system including a thermal 
XR band c o u l d  facilitate large scale  thermal mapping on a 
repetitive bas is  f r o m  which c l i m a c t i c  calendars could be dev- 
eloped. These  ca l endars  should find use in construction plan- 
ning. particularly in road building and heavy construction in- 
volving concrete. Whereas certain activities require tern- 
perztures above freezing, others, f n r  example, transy>rtat ion 
of heavy equipment, can b e n e f i t  substantially i t o m  colder 
temperatures and harder ground, ERS applications in c a n s  truction 
will probably be of greatest benefit in northern and developing 
areas. 

1.3 Pub1 ic Administration 

Remote sensjng has broad possibilities Pn public 
monitoring and planning for i n d u s t r i a l  purposes. Many govern- 
m e n t  eontracts for construction or removal of m i n e r a l  end fuel 
resources carry s t i p u l a t i o n s  which must be adhered to by t h e  
working firns. These act iv i t ies  must be monitored in order to 
assure compliance with t5c  regulations; e . g . ,  s t r i p  mining 
o r  offshore d r i l l i n g  might be l i m i t e d  to c e r t a i n  areas. Zoning 
laws a n d  construct ion permits also carry similar stipulations 
limiting a c t i v i t y .  Certain environmental regulations on in- 
dustry  such as t h o s e  r e s t r i c t ing  atmospheric and w a t e r  p o l l u t i o n  
also require monitoxing. These applications are d i s c u s s e d  in 
Polumss V, Yllf, and TX-  The output  of large-scale, multi- 
variate mndels which use demographic statistics to mcasurc and 
p r e d i c t  t r ends  in l and  use are used for private and political 
decision making. T h e s e  models may be adaptable to, or replaced; 
by models which use remote sensed i n p u t s .  The use of ERS data 
could allow more continuous and  timely data inputs to be used 
and more accurate and less expensive output m a y  be possible. 
The possibility 0 5  real-time or near real-time inputs to 
demographic models using ERS d a t a  is an area that rcquires 
fur ther  investigation. 



populated areas, s u c h  as C a l i f o r n i a ,  ERTS h a s  l e d  t o  t h e  d i s -  
covery o f  p r e v i o u s l y  unknow- a n d  p o t e n t i a l l y  a c t i v e  f a u l t s  a n d  
t o  a better  u n d e r s t a n d i n g  o f  the known f a u l t  s y s t e m s .  

I n  a s e c o n d  area, a n  advanced  s y s t e m  i n c l u d i n g  a t h e r m a l  
I R  band c o u l d  f a c i l i t a t e  large scale t h e r m a l  mapping o n  a 
r e p e t i t i v e  b a s i s  from w h i c h ~ c l i m a ~ t i c  c a l e n d a r s  c o u l d  b e  dev- 
e l o p e d .  These  c a l e n d a r s  s h o u l d  f i n d  u s e  i n  c o n s t r u c t i o n  p l a n -  . 
n i n g ,  p a r t i c u l a r l y  i n  r o a d  b u i l d i n g  a n d  heavy c o n s t r u c t i o n  i n -  
v o l v i n g  c o n c r e t e .  Whereas c e r t a i n  a c t i v i t i e s  r e q u i r e  t e m -  
p e r a t u r e s  above  f r e e z i n g ,  o t h e r s ,  far example, t r a n s y 3 r t a t i o n  
o f  heavy  equ ipment ,  c a n  b e n e f i t  s u b s t a n t i a l l y  from c o l d e r  
t e m p e r a t u r e s  a n d  h a r d e r  ground.  BRS a p p l i c a t i o n s  i n  c o n s t r u c t i o n  
w i l l  p r o b a b l y  b e  of g r e a t e s t  b e n e f i t  i a  n o r t h e r n  a n d  d e v e l o p i n g  
areas. 

1.3 P u b l i c  A d m i n i s t r a t i o n  

Remote s e n s i n g  h a s  b r o a d  p o s s i b i l i t i e s  i n  p u b l i c  
m o n i t o r i n g  a n d  p l a n n i n g  f o r  i n d u s t r i a l  p u r p o s e s .  Many govern-  
ment c o n t r a c t s  f o r  c o n s t r u c t i o n  o r  r emova l  o f  m i n e r a l  a n d  f u e l  
r e s o u r c e s  c a r r y  s t i p u l a t i o n s  v h i c h  mus t  be a d h e r e d  t o  b y  t h e  
work ing  f i r m s .  These  a c t i v i t i e s  mus t  be m o n i t o r e d  i n  o r d e r  to 
a s s u r e  c o m p l i a n c e  w i t h  t h e  r e g u l a t i o n s ;  e - g . ,  s t r i p  m i n i n g  
o r  o f f s h o r e  d r i l l i n g  m i g h t  be l i m i t e d  t o  c e r t a i n  areas. Zoning 
l a w s  a n d  c o n s t r u c t i o n  p e r m i t s  a lso c a r r y  s i m i l a r  s t i p u l a t i o n s  
l i m i t i n g  a c t i v i t y .  C e r t a i n  e n v i r o n m e n t a l  r e g u l a t i o n s  on i n -  
dustry s u c h  a s  t h o s e  r e s t r i c t i n g  a t m o s p h e r i c  a n d  w a t e r  p o l l u t i o n  
also r e q u i r e  m o n i t o r i n g .  These  a p p l i c a t i o n s  are d i s c u s s e d  i n  
Volumes V, VfII, and  I X .  The o u t p u t  o f  l a r g e - s c a l e ,  a u l t i -  
v a r i a t e  models  which use demograph ic  s t a t i s t i c s  t o  m e a s u r e  a n d  
p r e d i c t  t r e n d s  i n  land u s e  are  u s e d  f o r  p r i v a t e  a n d  p o l i t i c a l  
d e c i s i o n  making. These  models  may be a d a p t a b l e  to,  or r e p l a c e d ;  
by models  which u s e  r e m o t e  s e n s e d  i n p u t s .  The u s e  of ERS d a t a  
c o u l d  a l l o w  more c o n t i n u o u s  a n d  t i m e l y  d a t a  i n p u t s  to be u s e d  
a n d  more a c c u r a t e  a n d  l ess  e x p e n s i v e  o u t p u t  may be p o s s i b l e .  
T h e  p o s s i b i l i t y  o f  r e a l - t i m e  o r  n e a r  r e a l - t i m e  i n p u t s  t o  
demographic  models  u s i n g  ERS data i s  a n  a r e a  t h a t  r e q u i r e s  
f u r t h e r  i n v e s t i g a t i o n ,  



DETAILED EXAMINATION OP B E N S F I T S  BY KElF 

T h i s  s e c t i o n  contains documentation of benefits 
obtainable from an EKTS-like E4S satellite system applied to 
i n d u s t r y ,  as presented i n  Volumes I and II and i n  the i n t r o -  
d u c t i o n  t o  this volcme. I n  this appendix ,  beaefits are discussed 
and demand for information in this resource ai.ca is identified, 
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fiTkPPINC I C F  BUILD-UP PND RREBK-UP 

f i n t i o a a l e  f o r  B e n e ~  i t  ----..-----. --- 
Ice b u i l d - u p  i n  n a v i g a t e d  w a t e r s  i m p e d e s  a n d  Zreque3 t l . y  

ha2ks  t r a n s p o r t a t i o n  by s h i p  i n  c e r t a i n  N o r t h e r n  areas. The 
G r c a t  Lakes an4 t h e  IIudson Bay s h i p p e r s  e x p e r i e n c e  t h i s  p r o b l e m s  
the G r e a t  Lakes a re  g e n e r a l l y  o p e n  f o r  s h i p p i n g  o n l y  f r o m  Nay 
t h r o u g h  November, a n d  most o f  t h e  A r c t i c  is o n l y  o p e n  a t  mos t  
two n o n t h s  o f  t h e  y e a r .  T h e  a l t e r n a t i v e s  l e f t  d u r i n g  t h e  win-  
t e r  mon ths  a r e  r e l a t i v , ? l y  e x p e n s i v e :  rail o r  t r u c k  t r a n s p o r t  
or non-dnlivsry aad storage. With  r e g a r d  t o  t h e  b e n e f i t  o f  i n -  
C o r m a t i o n  5n t h i s  f d n c t i o n ,  t h e  i m p o r t a n c e  i s  c e n t e r e d  i n  t h e  
1 , I a rg ina l  aonths when clear routes e x i s t  but passage i s  h a z a r -  
dous due t o  many f r e e l y  f l o a t i n g  p i e c e s  of  ice.  D u r i n g  t h e s e  
months there is l i t t l e  s h i p p i n g  due t o  l a c k  of i n f o x m a t i o n  
a b o u t  s a f e  p a s s a g e w a y s .  Knowledge o f  ice f l a w s  c a n  a lso  p r o -  
v i d e  t a c t i c a l  5 .n fo rma t ion  fo: C o a s t  Guard  i c e  breakers  a n d  c a n  
a l l o w  c h a n n e l s  t o  s t a y  open f o r  a l a r g e r  p a r t  o f  t h e  y e a r .  In- 
proved i n f o r m a t i o n ,  t h e n ,  c a n  i n c r e a s e  t h e  season of t h i s  m o s t  
c o s t - e z f e c t i v e  fo rm o f  t r a n s p o r t ,  However, t h i s  i n f o r n a t i o n  
m u s t  be o f  a  c o n t i n u o u s  and r e a l - t i m e  nature d u e  t o  t h e  r a p i d l y  
c n a n g i n g  i ce  c o n d i t i o n s .  W h i l e  t h e  s o u t h e r n  p a r t s  o f  t h e A r c t i c  
Sea never become e n t i r e l y  f r o z e n ,  t h e  frequency of i c e b e r g s  
3 n  the sea  changes and p r e s e n t s  a t h r e a t  t o  m a r i n e  a c t i v i t y  
i n  t h e  axea.  I n f o r m a t i o n  i n  t h i s  r e g i o n  i s  becoming  i n c r e a s i n g l y  
i n p o r t a n t .  a s  Alaskaq and o t h e r  n o r t h e r n  r e s o u r c e s  become more 
and more  d e v e l o p e d .  

F e d e r a l  Government  A c t i v i t i e s  a n d  ~ t ? p o n s i b i l i t i e s  -- --- 
T a c t i c a l  i ce  r e c o n n a i s s a n c e  i s  c a r r i e d  o u t  by NOAA a n d  

v tile C o a s t  Guard w h i l e  t h e  f u n c t i o n  o f  s t r a t e g i c  i c e  mapp ing  
i s -  performed by NOAA a n d  t h e  L a k e  S u r v e y  C e n t e r .  A c t i n g  w i t h i n  
the fran?cwosk o f  the L a k e  S e a s o n  E x t e n s i o n  Program, t h e  C o a s t  

- Guard 1 ) r ~ s c n t l y  expends a b o u t  $300,000 o n  i t s  i c e  r e c o n n a i s s a n c e  
a c t i v i t i e s .  NOAA and t h e  Lake S u r v e y  C e n t e r  t o g e t h e r  s p e n d  a b o u t  
$200 ,000  u n d e r  t h e  same p r o g r a m .  S i n c e  the i n c e p t i o n  o f  t h i s  
p r o g r a m  t h e  burden oE t h e  actual r e c o n n a i s s a n c e  f l i g h t s  has been 
t r a n s f e r r e d  in l a r g e  p a r t  f rom t h e  Lake Survey Center to NOAA 
a n d  t h e  C o a s t  Guard ( N i n t h  D i s t r i c t ) .  T h e s e  d a i l y  f l i g h t s  a r e  
e q u i p p e d  w i t h  s e n s o r  systems w h i c h  i n c l u d e  c a m e r a s ,  a l a s e r  
profilometer, a q r o u n d  n ~ a p p i n g  r a d a r  a n d  a n  i m a g i n g  i n f r a r e d  l i n e  
scanner. NOAA f l i y l l t s  also i n c l i t d e  d a y l n i g h t  a l l - w e a t h e r  Side- s 

L o o k i n g  R a d ; ~ r .  The information c o l l e c t e d  b y  the o p e r a t i o n a l  
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I flig11t:s is transaitted to ships on the Lakes and to the L a k ~  
Survey Center, which eventually use it t o  pxeparc ice c h a r t s  
and maps. 

Non-Federal Activities - , , 

Several other national governments alsb have ice sar- 
vey programs, primarily Canada and the Scandinavian cocntries, 

The Function - of Rem3te Sensi-3 

Remote sensing can provide coverage in area, frequency, 
and timeliness unavailable by other methods. 

Economic and Technical Models for Estimating Renefits o f  R e m e  ' 

Sensed Data 

Clough and McQuillan, 4 working with the Canada Centre 
for Remote Sensing, ahve reported an in depth investigation on 

. . 
the economic benefits of remote sensing of sea i c e .  They ar- 
rived at benefit estimates using improved information of sea 
ice from NOAA and ERTS to operate more efffciently. Although 
ERTS has a maximum coverage of only 10 consecutive days out of 
18, navigators prefer ERTS-1 imagery over that of NOAA because 
of its superior resolution (100 meters compared to .8  km). C l o u g h ' .  
and McQuillian have documented large gross benefits in this arza. 

Their report considers three systems, two of which arc 
significant for this analysis: 

1. Reception of NOAA and ERTS imagery and transmission 
to Arctic ships (Cost :  $85,000 annually fox operations 
and $325,000 for capital equipment for transmission. 
Additional $900,000 to equip one-half of the Arctic ships 
with $12,000 receivers). 

2. Addition to 1 of SOAR (side looking airborne radar) ! , . c \- 

(Cost: $100,000 annually for operations and $2,000,000 . 2 , ., . 
. . 

for capital equipment. Expected total benefits to both .. 
Canada and U.S. for seismic survey, and Inbound Arctic 
Shipping are given in Table 2. Additional annual benefits. . . 

of $55 - $90 million are estimated for Outbound Arctic 
Shippin:;. B e n e f i t s  in pipelines and St. Lawrence Gulf 2 

- shipping are discussed). - __--- - - -  - -----+ -- 

* Clough and McQuillnn, "Economic Benefits of Sea Tcc R e m o t e  
Sensing Systems," LMFOR Journal, 4 April, 1974. 
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Extracting b ~ n e f i t s  for t h e  U.S. a l o n e  i s  a  complicated 
p r i ~ c a s s  and would i n y < > l y e  r e v i c w i n q  the s t a t i s t i c s  c o m p i l c d  b y  
C l o u s  and i4cQui l lan  i n  their report. While i t  i s  c l e a r  t h a t  
k l a s k .  i s  only a s m a l l ,  undeveloped part of the N o r t h e r n  Hemis- 
p t,.st':c above t.he U.S.-Canadian b o r d e r ,  i t s  i m p o r t a n c e  as a source 
t.,f :.w materials w i l l  make s h i p p i n g  to  a n d  f rom A l a s k a  an e s s e n -  
. i s 1  a c t i v i t y  a n d  t h e  r n a n i t o r i n g  O F  i c e  c o n d i t i o n s  valuable. 
01% ;:auld p r h a p s  roughly  e s t i m a t e  t h a t  anywhere  from 0 . 0 5  t o  
0 . 1  ~ : f  the t o t a l  b e n e f i t s  c i t e d  by Clough and McQui l l an  m i g h t  
q : b  tz t h e  U . S .  v i a  A l a s k a ,  however ,  such a n  e s t i m a t e  could 
be s i g n i E i c a n t l y  in e r r o r .  

A commercial s e i s m i c  s u r v e y  company has a l r e a d y  begun 
. ; s in$  E R T S - I  imagery t o  a i d  t a c t i c a l  n a v i g a t i o n  i n  t h e  Arctic.* 
::ucah i n f o r m a t i o n  enabled a s h i p  t o  survey a l a r g e  a r e a  t h a t  
k : t u l d  otherwise have beon missed by showing a  l a r g e  o p e n i n g  
i n  Z h a  i c e  and a p a t h  t o  i t .  T h i s  i n f o r m a t i o r .  a l l o w e d  an  ad- 
d . i t i o n a l  an<:-day s u r v e y  valued at $100,000 that would o t h e r w i s e  
have  been lost-. 

A n a l y s i s  o f  EHTS-1 d a t a  i n d i c a t e s  t h a t  s e a  i c e  can  be 
i d 2 n t i f i e d  i n  all spectral b a n e s  because o f  i t s  h i g h  reflec- 
t a n c e  an'? the c o n t r a s t  w i t h  t h e  a l m o s t - n o - r e f l e c t a n c e  of water. 
C o  ;eiderable i r l f o r c t 3 t i o n  o n  ice type and i c e  su r f ace  c h a x a c -  
t e - i z t i c s  can be o b t a i n e d .  Al though  sea ice and clouds have 
si 1i2.a.: r e f l e c t s n c c u ,  methocls h a v e  been developed for easy 
c ! i f f e r c n t i a t j  n L ~ t w e z n  them. Because of i t s  h i g h e r  r e s o l u t i o n ,  
E R T S - 1  provides s u p e r i o r  iceberg citing t o  Nimbus, ITOS, o r  
Pi3;IA.  

The  f o l l o w i n g  i n f o r m a t i o n  h a s  been  e x t r a c t e d  from MSS 
images i n  c o n j u n c t i o n  w i t h  f i e l d  d a t a : * *  

( a )  s u r f a c e  d i s t r i . b u t i o n  of suspended m a t t e r ,  t c m -  
F e r a t u r e  and s . \ t ' n i t y  a.l.ong the c o a s t  

IC 

( b )  x a s t a l  c u r r e n t  d i r e c t i o n s  from g r o u n d e d  i c e  a n d  
ice-ctistr? at i o n  p a t t e r n s  

--- 
* Oi'waek, ...- --- vol. 2 4 ,  n o .  4 0 ,  Nov. 1 9 , . 1 9 7 3 ,  McLean-Hunter 

' u b i i c a t i o n s ,  C a l q a r i P ,  A lber ta .  

* i l a r n e s  a n d  Rc:nin l . tz ,  " N e w  I n s i g h t s  into t h e  I n f l u e n c e  o f  
Ice of the C o a s t a l  Marina Envi ronment  of t h e  Beaufort  S c a ,  
A l a . ; k ; l .  " S y r n ] . m s i u ~  011 S i q n i f  i c a n t  Results O b t a i n e d  from ERFS- 
1," M/?;;A, March 1 . 9 7 3 ,  p ,  
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( c )  d e t e r m i n a t i o n  of ice-movement patterns from suc- 
0 :- : cessive  overlapped images 

(d)  correlation QE grounded i c e  w i t h  topographic h i g h s .  
, . 

Estim-ate of ERTS E c o n o m i c ~ a p a b i l i t i e s  - -  
From the above analysis, i t  3s felt t h a t  t h e  U.S. would 

captuxe a portion of t h e  benefits documented by Clough and 
- .  McQuillan, perhaps 0 . 0 5  to 0.1, or anywhere from 2-25 million 

dorlars a n n u a l l y ,  These f igures  should be c o n s i d e r e d  to be very 
" s o f t . "  

Table  2 l jenef i ts  fxorn R e m o t e  Sensing of Sea Ice 

Sensor System, 
benefits .in $ m i l l i o n  (1973)  

Benezits due to Near-Ternt  All-Weather 
S u r v e i l l a n c e  

I n f o  Syste in  C a p a b i l i t y  

I Added to 1 

Seismic Survey 
Marine 1 .'o 
On-Ice , 2.5 

Artic Shipping  
Inbound 

1 9 7 4  1 . 8 - 2 . 4  4.2-4.8.  
1980 4 .8 -6 .4  ' 1 1 - 2 - 1 2 . 8  

T o t a l  B c n e E i t s  2.13-7.4 6.7-15.3 

Grand Total 9 .5 -22 .7  

Fiauxes compiled from: Clough and McQuillian, 
"Economic B e n e f i t s  of  Sea Ice Remote S e n s i n g  
S y s t e m s " ,  TEFOR J o u r n a l ,  4 Apr i l  1974. 
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A I D S  TO T3E S U R V E Y  OF XNDUSTRTAL GROWTH AND DECLINE 

Rationale - for Benefit 

Statistics on industrial change are important for- - '- 

entrepreneurs and for local and regional commevical polfcy- 
making. Accurate records are compiled-only at long intervals- 
Jntdrpolation and extrapolation are not sufficiently ac- 
curate fox much decision-making and are subject to Ealsification 
by special interest groups. Records of building permits are 
not compiled on a-Federal or state level; local authorities 
frequently overestimate or underestimate so as to increase 
state and Federal aid. 

Federa l  Government -- Activities and Responsibilities P 

+ The Department of Commerce handles all Federal data- 
gathering functions in this area. The Social and Economic 
Statistics Administration is the primary adgency active in this 
area. 

t 

Rctivities similar to those in the Federal government 
are carried out at state, regional, and local levels. 

Functions of Remote Sensing --- 
Remote sensors can pictorially depict how regions are 

expanding. They can determine location and direction of the 
slovement and make this information available to authorities in 
one consistent and continuous format. Sites of industrial as 
well as residential construction can be detected. Levels of 
economic activity might be 5nferxed from thermal infrared 
radiation patterns if the sensors have sufficient resolution. 
.Intensity of capital employment (and, therefore, labor em- 

# ployment) would be indirectly measured. Factories as well as 
multi-shift factories could be located. A l l  this information 
could add to better economic decision-making at Federal, regional 
an8 loca3. levels. 

Ecoaomic and Technical Models Ear Estimating the BeneIits of -- 
Remote Sensed Data ----.------ 

This information would be of a "new capability" type. 
St is unlikely that it would reblace any existing data-gathering 
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activities, Mostly i t  would compile and provide already 
" existing i n f o r m a t i o n  t o  a u t h o r i t i e s  i n  a s i n g l e  Poxmat. NO 

attempt  a t  e s t i m a t i n g  the  v a l u e  of t h i s  j,nformation has been 
made. 

Estimate of ERTS Economic  Capabilities 
-11.- 

0 a. ERTS-1 does n o t  carry a thermal I R  sensor. V i s u a l  
wavele~g" s e n s i n g  r e s o l u t i o n  i s  border l ine  for measuring i n -  
dustrlal c o n s t r u c t i o n .  Without highly improved s e n s i n g  
inc ludi - .g  g very h i g h  r e s o l u t i o n  i n f r a r e d  s e n s z r ,  i t  is un- 
likely t h a t  an ERS system could capture any o f  the abave- 
mentioned benefits. 
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LONG RA:JGE TEMRkHATURE CYCLES 

R a t i o n a l e  for A e n e S i t  --.----- 

H i s t o r i e s  of  g r o u n d  freezing can i m p a c t  c o n s t r u c t i o n  
p l a n n i n g .  E s t i m a t e  of t h e  d u r a t i o n  o f  the s e a s o n  w i l l  a i d  i n  
d e t e r m i n i n g  work f o r c e  size i n  order t o  a v o i d  t h e  c o s t  o f  wor- 
k i n g  w i t h  frozen, snow-covered, o r  swamp-l ike  g r o u n d .  T h i s  
i n f o r m a t i o n  w i l l  be of greatest u s e  t o  c o n s t r u c t i o n  crews and  
p l a n n e r s  i n  A l a s k a  and e h e  Mounta in  s t a t e s .  

Fede ra l  Government Activities a n d  R e s p o n s i b i l i t i e s  ------ 
The E n v i r o n m e n t a l  S c i e n c e  S e r v i c e s  A d m i n i s t r a t i o n  i s  

the primary a g e n c y  a c t i v e  i n  t h i s  area. Whereas  t h e y  have a 
s i z a b l e  budget a n d  l a r g e  r e s p o n s i b i l i t i e s ,  t h e s e  a r e  g e n e r a l l y  
n o t  i m p a c t e d  f o r  this f u n c t i o n .  

T h e  Fcnction of Remote S e n s i n g  ---- 
S a t e l l i t e s  w i t h  t h e r m a l  i n f r a r e d  c o u l d  map g r o u n d  

t e m p e r a t u r e  a n d  d o c u n e n t  h i s t o r i e s  o f  ground freezing f rom 
which e s t i m a t e s  of c o n s t r u c t i o n  s e a s o n  l e n g t h s  c o u l d  be made 
narc a c c u r a t e l y .  T h e  same f u n c t i o n  c o u l d  be done b y  r e m o t e  
sensing i n  areas where s e a s o n a l  f l o o d i n g  o c c u r s ,  

Economic a n d  T e c h n i c a l  Models f o r  Estimating B e n e f i t  oQ Remote ---------------------- 
Sensed n:ita ---- 

An analysis o f  t h e  benefit of improved i n f o r m a t i o n  o f  
w o r k  s e a s o n  d u r a t i o n  would depend upon the t y p e  o f  s e t - u p  ~ n d e r  
which c o n s t r u c t i o n  is c a r r i e d  on i n  t h e  more r e m o t e ,  n o r t h e r n  
areas .  I t  i s  l i k e l y  t h a t  t h e  job c o n t r a c t o r  f o r  a n  e x c a v a t i o n  
would contract workers f o r  what  h e  expects t o  be his work 
season. Whereas i n  most  markets s u c h  c o n t r a c t s  a r e  n o t  neces-  
sary t o  a e t r a c t  workers b e c a u s e  o f  s h o r t  s u p p l y  of l a b o r ,  i t  

# i s  f e l t  t h a t  these a g r s e m e n t s  a r e  n e c e s s a r y  i n  r e m o t e  a r e a s  
such a s  Alaska. 

One way which one  m i g h t  a p p r o a c h  e s t i m a t i n g  
benefits from t h i s  improved i n f o r m a t i o n  would be t o  pose 
a h y p o t h a t i c a l  s i t u a t i o n  u n d e r  which a c o n t r a c t o r  w o r k s .  
I n  k h i s  s i t u a t i o n  w e  w i l l  s a y  t h a t  t h e  c o n t r a c t  i s  w o r t h  
more t h a  q u i c k e r  h e  agrecs  t o  c o m p l e t e  t h e  b u i l d i n g  b e c a u s e  
t h e  sooner i t  i s  i n h a b i t a b l e  b y  t h e  owner t h e  moxe i t  i s  
w o r t h  t o  h i m ,  e.g. hc c o u l d  rent i t  o u t .  However, t h e r e  i s  

A - R  
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a p e n a l t y  if t h e  building i s  late i n  c o m p l e t i o n  b e c a u s e  it i s  
u n a v a i l a b l e  t o  t h e  o w n e r , &  

Thus  i n  b i d d i n g  upon t h e  c o n t r a c t ,  t h o  b u i l d e r  w a n t s  

6 t o  know how much t i m e  ho c a n  e x p e c t  t o  work o v a r ,  say ,  a two 
year  p e r i o d .  One f a c t o r  which  m u s t  b e  t a k e n  i n t o  c o n s i d e r a t i o n  

, i n  t h e  n o r t h e r n  l a t i t u d e s  i s  t h e  p e r i o d  o f  t i m e  d u r i n g  w h i c h  
t h e  g r o u n d  i s  n o t  f r o z e n .  E x c a v a t i o n  on  f r o z e n  g r o u n d  i s  can- 
s i d e r a b l y  mare c o s t l y  t h a n  o n  u n f r o z e n  g r o u n d .  Thus  i n  wor- 
k i n g  i n  Alaska, t h e  b u i l d e r  m i g h t  o n l y  wish t o  p l a n  upon d o i n g  
ai;tsiiatfon for ,  say, tei;  u a e k s  cut of t!:: yez r ,  h*lt he 
w o u l d  l i k e  t o  have t h e  b e s t  p o s s i b l e  i n f o r m a t i o n  a s  t o  e x a c t l y  
how l o n g  h e  c a n  e x p e c t  t h e  g r o u n d  to  be w o r k a b l e .  If h z  o v e r -  
e s t i m a t e s  t h e  work s e a s o n  l e n g t h ,  h e  e i t h e r  c o n t i n u e s  work un- 
der u n f a v o r a b l e  c o n d i t i a n s  a n d  works  a t  a  l o s s  far t h a t  p e r i o d ,  
or h e  d o e s  n o t  work f o r  t h a t  t i m e  a n d  i s  l a t e  upon c o m p l e t i o n ,  
suffering a p e n a l t y .  1:' h e  u n d e r e s t i m a t e s  t h e  work s e a s o n  
l e n g t h ,  h e  f o r e g o e s  t h e  o p p o r t u n i t y  of h a v i n g  t h e  b u i l d i n g  com- 
p l e t e d  i n  a s h o r t e r  t i m e  and t h e r e f o r e  h a v i n g  it  w o r t h  moxe 
money t o  him. A h i s t o r y  o f  g r o u n d  f r e e z i n g  f o r  p r e v i o u s  y e a r s  
wou ld  enable him t o  a better j u d g e m e n t  of  h i s  woxk s e a s o n  
l e n g t h .  

A n o t h e r  way o f  l o o k i n g  a t  t h e  value of  this i n f o r -  
n a t i o n  i s  t o  d e t e r m i l l e  t h e  c o n t r a c t o r ' s  c o m m i t t e d  c o s t s ,  w h i c h  
h e  f o r e g o e s  i f  h e  estimates t h e  s e a s o n .  'ithe contractor f a c e s  
a d e c i s i o n  i n v o l v i n g  a t r a d e - o f f  b e t w e e n  h i r i n q  a l a r g e  amount 
o f .  c a p i t a l  ( r e n t a l  of e x c a v a t i o n  equipment, c e m e n t  m i x e r s ,  

- e t c . ) ,  a n t i c i p a t i n g  a s h o r t  s e a s o n  o r  a s m a l l  work f o r c e  a n d  
c a p i t a l  o u t l a y ,  a n t i c i p a t i n g  a l o n g e r  work s e a s o n .  I f  he 
u n d e r e s t i m a t e s  t h e  l c n g t h  o f  h i s  s e a s o n ,  h e  h a s  h i r e d  t o o  muck: 
c a p i t a l  a n d  t o o  many w o r k e r s  f o r  t h e  p r o j e c t  a n d  h e  f o r e g o e s  
extra p r o f i t  t h a t  h e  c o u l d  have b e e n  e a r n i n g  durirg t h a t  t i m e .  
S f  h e  o v e r e s t i m a t e s  t h e  season, h e  i s  e i t h e r  t o r c e d  t o  cease  
w o r k  l o s i n g  a l l  c o m m i t t e d  e x p e n s e s  and  p r o f i t  o r  t o  work 

e u n d e r  p o o r  c o n d i t i o n s ,  t h u s  l o s i n g  p r o d u c t i v i t y  a n d  p r o f i t .  
An a c c u r a t e  h i s t o r y  of g r o u n d  f r e e z i n g  f o x  a n  a r e a  wou ld  g i v e  
the? d e c i s i o n  maker  better i n f o r m a t i o n  i n  w h i c h  t o  work .  

F o r  e x a m p l e ,  i n  1 9 7 2  t o t a l  c a n s t r u c t i o n  e x p e n d i t u r e s  
i n  Alaska were $ 3 7 4  m i l l i o n  ( u p  4 4 %  f r o m  L971), broken 
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down a s  follows: $ 1 1 2  m i l l i o n  f o r  n o n - r e s i d e n t i a l ,  $108 rniL1.i.011 
for r e s i r i e n t i a l ;  a n d  $154 m i l l i o n  f o r  n u n - b u i l d i n g  ( i . e . ,  high- 
ways ,  a i r p o r t s ,  ctc.). Sea Tab le  3 .  

If  we as sume  a n  a v e r a g e  work season o f  20  weeks, o w ; -  
e s t i m a t i o n  o f  which forces work to progrc3ss undax un%avorable 
o o n d i t i - o n s ,  data f o r  p a s t  y e a r s  m i g h t  cause a n  i m p r o v e m e n t  i n  
s o ; ? o n  l e n g t h  p r o d i c : t i o n  accurzcy of 5% o r  o n e  week. A s  statad 
above, i f  t h e  c o n t r a c t o r  u n d e r e s t i m a t e s  t h e  work season b y  
o n e  week ,  h e  t h e n  l o s e s  o n e  week's p r o f i t s  a n d  h a s  h i r e d  t o o  
much c a p i t a l ;  i f  h e  o v e r e s t i m a t e s  t h a  season, h e  e i t h e r  
s h u t s  down, l o s i n g  a b o u t  36.8% of  h i s  e x p e c t e d  c o s t s  f o r  that 
week, or h e  c o n t i n u e s  work u n d e r  a d v e r s e  c o n d i t i o n s ,  s u f f i c i e n t ,  
w e  w i l l  a s s u m e ,  t o  a l s o  n e g a t e  a l l  p r o f i t s  f o r  t h a t  week .  Thu.3 
i n  A l a s k a  a n  a v e r a g e  improvemen t  i n  p r e d i c t i o n  accuracy by one 
week* c o u l d  s a v e  5% o f  o v e r h e a d  a n d  p r o f i t  o r  $ 2 . 4  m i l l i o n .  

C u r r e n t  ERTS A c t i v i t j e s  

Snow c o v e r  i n  ERTS-1 imagery i s  e a s i l y  s een  t h u s  
e n a b l i n g  snow c o v e r  h i s t o r i e s  t o  be p r e p a r e d .  Ho~qever ,  
EHTS h a s  no  t h e r m a l  i n f r a r e d  sensor, w h i c h  w o u l l  b e  n e c e s s a r y  
for this f u n c t i o n .  S e a s o n d l  f l o o d i n g  c a n  a l s o  aasilp be 
mapped f rom ERTS-1 imagery. 

E s t i m a t c  of ERTS Rconomic Ca~abilitics ---- -.------ .----. - 
No at tempt  at f i r m  benefit e s t i n a t i o n  for t h i s  f u n c -  

t i o n  has b e e n  mads ,  although p o s s i b l e  mode l s  for s u c h  cs-  
t i m a t i o n  a r e  presented. 

* T h i s  i s  o n l y  a n  a s sumed  i m p r o v e m e n t ;  t h e r e  a r e  n o  g r o u n d s  
fox t h a t  p a r t i c u l a r  f i g u r e .  T h i s  i m p r o v e d  a c c u r a c y  can come 
e i t h e r  a t  t h e  b e g i n n i n g  o r  a t  t h e  e n d  of t h e  season, or  both. 



Table 3 1 9 7 2  k ? o a t h e r - S c c s i t i v e  Conatr  nct ioxi 
C o s t s  i.11 hlasks -.--------- -- I=-= I , .  

--- ---- --..-- ---.--..--------- 
--v--- *-- 

costs, $ millions (1973) 
I 

Sources: C o n s t r r r c t i o n  c o s t  f i g u r e s  from S t a t i s t i c a l  A b s t r a c t  
of the United Ststcs, 1973 Beather S e n s i t i v e  per- 
c c r t a g e r  from " A n  AssesxmenL of t h e  Ecoaomic B e n e f i t s  
of Continuous On-Demand E ~ r t h  Observation Data", 
prepzrgd by ERJM and ECOU, Inc. for M A S A  u n d e r  
contr,nct I i A S S - 2 0 0 2 1 ,  31 August 1974 
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SXrL'E S E L E C T I O N  POL? TN9!JSTRT#f', RESIDENTIAL AND XNST:ETlJTIONAL 
C O K S T R U C T I O N  

K a t i u n a l - ? ?  f o x  R e n  -- --- -----..-- 

A w i d e  range o f  factors coma i n t o  c o n s i d e r a t i o n  i n  
s e l e c t i n g  s site f o r  c o n s t r u c t i o n :  s o c i o - e c o n o m i c  f a c t o r s  s u c h  
a s  p r o x i m i t y  t o  i m p o r t a n t  commerce ( e . g . ,  shopping c e n t e r s  for  
f o r  r e s i d e n t i a l  a r e a s ,  d i s t r i b u t i o n  and s u p p l y  c e n t e r s  E 3 r  
i n d u s t r y ) ,  and n a t u r a l ,  p h y s i c a l  o n e s  such as w e a t h e r  a s h  
yeo loqy .  For a s u p p l i e r  of consumer  g o o d s ,  i n f o r m a t i o n  abou:. 
p o p u l a t i o n  and p o p u l a t i o n  t r e n d s  i n  h i s  area c a n  bs i m p , r t a f i L .  
f o r  h i s  inves tmen?  d e c i s i o n s .  

F e d e r a l  Government A c t i v i t i e s  a_na R e s p o n s i b i l i t i e s  
A -- - 

On all govevnmeut levels, i n f o r m a t i o n  i m p o r t a n t  t o  t h i s  
f u n c t i o n  i s  a c c u m u l a t e d  and  d i s s e m i n a t e d .  The b r e a d t h  of t . h i s  
t y p e  o f  data i s  enormous,  e x t e n d i n g  from t o p o g r a p h y  and  goa- 
g r a p h y  from t h e  U . S .  G e o l o g i c a l  Survey and p o p u l a t i o n  s t a t i s t i c s  
and t r ~ n d s  f rom t h e  Bureau o f  Census  a l l  t h e  way down t o  l o c a l  
p l u g s  f rom t h e  Cilarnbi-?r o f  Cornme t ce .  However, this i n f o r * i % a t i o n  
is  u s u a l l y  n o t  s u f f i c i e n t l y  r e c e n t  for many p u r p o s e s .  

~u-r~ct ion O E  35mote S e n s i n g  

Remote s e n s i n g  o f f e r s  many c a p a b i l i t i e s  which can be 
u s a d  by B e c i s i o n  makars  i n  e v a l u a t i n g  a p a r c e l  o f  p r o p e r t y  %ox 
n p a r t i c u l a r  c o n s t r u c t i . o n  p u r p o s e .  The p r i m a r y  f u n c t i o n  
d e m o n s t r a t e d  s o  Ear ,  which  i n d u s t r y  i s  a p t  t o  c a p i t a l i z e  upon,  
i s  t h e  a b i l i t y  o f  s a t e l l i t e s  t o  s p o t  f a u l t s  and l i n e a m e n t s  and 
t o  p i n p o i n t  earthquake e p i c e n t e r s .  O t h e r  g e o p h y s i c a l  f a c t o r s  
are i m p o r t a n t  i n  c h o o s i n g  a s i t e ;  phenomena such a s  mud s l i d e s , '  
ctvalanchos ,  f o r e s t  fires, avd floods c a n  b e  d e t e c t e d  a n d  t h e i r  
histories i n  g i v e n  a r e a s  documented.  The l i k e l i h o o d  o f  forest  
a n d  f i e l d  fires m i g h t  even  be a b l e  t o  b e  d e t e r m i n e d  by m e a s u r i n g  

I g round  wetness and vegetative c o n d i t i o n s  by  s a t e l l i t e .  

Demographic n a p p i n g  i s  i m p o r t a n t  f o r  many f i r m s  i n  
d e t e r m i n i n g  t h e  best p l a c e  t o  l o c a t e  a new b r a n c h .  Whereas t h i s  
clumograpl~il= i n f o r m a t i o n  i s  g e n e r a l l y  ava ! . l ab le ,  r c ~ n o t c  s e n s i n g  
o f f e r s  t h e  p o s s i b i l i t y  o f  f requt?nt  u p d a i i n g  a t  low c o s t  and 
p . rov id ing  t o p o g r a p h i ?  a s  well a s  demograph ic  d a t a  i n  a s i n g l e ,  
consistent f o r m a t .  This l u s t  aspect o f  p r o v i d i n g  a  b r o a d  r a n g e  
i n f o r m a t i o n  i n  one  fo rma t  w i l l  peobably be o n e  of t h e  biggest 
s e l l i n g  p o i n t s  f o r  c ' l r t h  rcsrlurccez; s a t e l l i t e  data a s  used by 
i n d u s t r y .  
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Economic a n d  T e c h n i c a l  Models f o r  C s i i a n t : i q q  B e n e f i t s  of  
P. *-------..----------------.---------- 
Remote S e n s e d  Data 

it. --------- 
A n  E3TS-like E R S  system o f f e r s  many capabilities which  a i d  

i n  a s s e s s i n g  t h e  " t r ~ e "  v a l u e  of a pice of l i ~ n d .  HisCories of 
f l o o d s ,  mud slides and e a r t h q u a k e s - -  and o t h f  r i r i f o ~ r m a t i o .  
wh ich  m i g h t  h e l p  i n  d e t e r m i n i n g  t h e  p r o b a b i l i t y  of these zrid 
. > t h e t  events -- are  s i g n i f i c a n t  a s p e c t s  o f  t h e  rc?al trorth o f  
a n y  p r o p e r t y .  T h e  r i s k  o f  d e s t r u c t i o n  o f  a p r o p o s e d  s t r u c t i i r e  
i s  p a r t  o f  t h e  cost o f  t h c t  s t r u c t u r e .  An a rea  w h i c h  h a s  L 

h i g h  l i k e l i h o o d  o f  e a r t h q u a k e  m i g h t  be q u i t e  w e l l - s u i t e d  a s  a 
0 g r a z i n g  l a n d ,  b u t  o b v i o u s l y  a p o o r  p l a c e  f o r  a n u c l e a r  r e a c t o r  

o r  a n  e i g h t y - s t o r y  b u i l d i n g .  B u i l d i n g s  s u c h  a s  h o u s e s  wh ich  
might  be c o n s t r u c t e d  i n  t h i s  e a r t h q u a k e  a r e a  w o u l d  r e q u i r e  
a d d i t i o n a l  s t r u c t u r a l  s u p p o x t ,  s u c h  a s  steel or  c o n c r e t e  r e i n -  
f o r c e m e n t ,  . h u s  i n c r e a s i n g  t h e i r  c o s t .  These f a c t o r s  (1.imj.teA 
usage p c s s i b i l i t i e s  and more c o s t l y  usage) c a u s e  the demand f o r  
p r o p e z t y  i n  a n  e a r t h q u a k e - p r o n e  a r e a  t o  be Zeqs t h a n  t h e  de, , , , ind 
for c o m p a r a b l e  l a n d  i n  a n  earthquake-free zone .  ImperEect 
knowledge  o f  t h e  r e a l  s t a t e  o f  a p i e c e  o f  y r c p e r t y  ( o r  a n y  
g o o d ,  e - g - ,  a n  a u t o m o b i l e )  l e a d s  t o  i n e f f i c i e n t  r e s o u r c e  appro- 
p r  ia t i o n s .  

- 
I C o n s i d e r  a n  area w h i c h ,  t a k e n  as a n  a g g r e g a t e ,  i s  

known t o  h a v e  a n  esrthyuake p r o b a b i l i t y ,  o; " r i s k "  v a l i l e ,  
b a s e d  on  p a s t  h i s t o r y .  Such  naps are a l r e a d y  i n  e x i s t e n c e ,  
e . g . ,  Figure 3 ,  b u t  n o t  a t  a v e r y  h i g h  l e v e l  o f  d e t a i l .  I f  
o n  t h e  b a s i s  of new i n f o r m a t i o n ,  e . g . ,  t h e  d e t e c k i o r ~  a n d  

F' 
p i a c e 3 e n t  of  a f a u l t  z o n e  w i t h i n  t h e  a r e a ,  we a r e  a b l e  t o  
d i s a g g r e y a t e  t h e  a r e a  i n t o  s m a l l c r  a r e a s  each o f  wh ich  has 
a d i f f e r e n t  le- el o f  r i s k ,  i t  will b e  possible t o  p c o v i d z  
c o n s t r u c t i o n  more n e a r l y  m a t c h e d  t o  t h e  s e i s m i c  r i s k  of 
each s p e c i f i c  a r e a .  T h i s  i s c r e a s e  i n  e f f i c i e n c y  L J r O V i d e  an  
economic  b e n e f i t .  T h i s  b e n e f i t  c o u l d ,  i n  p r i n c i p l e ,  be 

0' measured b y  t h e  increase i n  land v a l u e s ,  for  -;:hat l a n d  b h i c h  
i s  s u b s e q u e n t l y  consumed,  g i v e n  the i m p r o v e d  i n f o r m a t i o n .  

# 
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:i, -- 
: - I Current ERTS A c t i v i t i e s  
,, 2 

. . ERTS has demonstrated great effectiveness in locat ing 
1: 
a .  previously undetected, potentially a c t i v e  faults and f a u l t  

0 zones and in improving the placement of eaxthquake epicenters. 
As a xesuzt  of ERTS imagery, new areas, previously considered 

i s  safe frun earthquake disaster, have been found to be potentialfy 
dangerous. Some investigators have a l s o  bean led t o  the  con- 

. - clusion t h a t  seismicity patterns a l o n e  are insufficient for 
i ,  
X' . 0 

defining areas susceptible to earthquakes.  (See RMF 5.1.1.) 
.- , 
-. - -  ;-.' 

2 .. 
* - 

This information will prove particularly valuable in the 
" - - .  A r c t i c  for the planning of the Alaskan pipeline. Companies 

investing in it wish to make up of all possible information to 
"+! assure its continued u s e a b i l i t y .  Fau l t  information i n  Alaska 

has already l e d  t o  t h e  c h a n g i n g  of t h e  p l a n n e d  site of o n e  
bridge located near  the proposed pipeline.* 

Lstimatc of ERTS Economic Capabilities 

Although  it  i s  o b v i o u s  from t h e  above d i s c u s s i o n  t h a t  
+ 

: i 
significant b e n e f i t s  already exist from ERTS-1 data, no 
attempt has been made to quantify them for this f u n c t i o n .  

f? 

I 
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Rationale for Benefit. --- 
Nar3.d food authoxiiies qenerally agree that current 

problems of food ~ h o r t a g a s  a:@ problems of spatial distribution 
and not of supply. W i t h i n  the U.S., shortages of rail cars 
force grain to be stored instead of shipped to market. Reeately 
sensed information contributing to better crop y i e l d  estimates 
can allow for more efficient management of transport f a c i l i t i e s  
both at home and abroad. Prior knowledge of where crops are 
r a i l i n g  can allow r e l i e f  p lanning .  

pederal Government f i c k i v f t i e s  and R e s p o n s i b i l i t i e s  

The U.S. Department of Agriculture enqages in exten- 
s i ~ e  activity in prediction of harvest in order to radvce 
price fluctua.tions in n g x i c u l t u r a i  commodities. (See RbIP 1.2.1 
and 1.2.2.) This a c t i v i t y  also bas some impact in price 
l e v c l i n g  in t h e  transportat ion industry. 

r u n c t i o n  of Remote S e n s i n y  - 

Renote s e n s i n g  provides b e t t e r  estimates of crop 
prodnct ion  anc? t h u s  allows fur- efficient p l a n n i n g  for trans- 
p o r t a t i o n  of these  comnodit ies .  

C u r r e n t  ERTS h c t i v i t i e s  ----- 
Soe Agricul ture  (Volume 111). 

E s t i m a t e  of ERTS Economic Capabilities 

No attempt has  been made here  to estimate t h e  value 
0 2  remote sensing in this RMF. 

I 
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MONITORING THE ENVIRONHZNTAL IMshCT OF CONSTRUCTION ANC 
OPERSTZON OF THE ALASKAN PIPELYiaE 

R a t i o n z l e  f o r  Bansf i ts  

P r o p o s a l s  for t h e  c o n s t r u c t i o n  o f  t h e  A l a s k a n  p i p e l i n e  
came u n d e r  s t r o n g  cr i t icism f r o m  e n v i r o n z e n t a l i s t s  who feared 
t h a t  i t  would  d r a s t i c a l l y  u p s e t  t h e  e c o l o g y  of t h e  area. I n  
p a r t i c u l a r ,  it was feared that t h e  p i p e l i n e  wou ld  p r o h i b i t  
m i g r a t i o n  of t h e  c a r i b o u  h e r d s ,  a l t h o u g h  o t h e x  e n v i r o n m a n t a l  
fears were also expressed. M o s t  ax1 o b j e c t i o n s  a n d  c o u n t e r -  
o b j e c t i o n s  have bean r a i s e d  w i t h  l i t t l e  e v i d e n c e  t o  back them 
up, Now that t h e  a c t u a l  c o n s t r u c t i o n  seems to be an  e v e n t u a l i t y ,  
i t  w i l l  prove t o  be a t e s t i n g  ground f o r  s i - a i l a r  e c o l o g i c a l  
q u e s t i o n s .  I n E o r m a t i o n  g a i n e d  h e r e  c a n  be u s e d  to more r e a l i s -  
t i c a l l y  argue p o s i t i o n s  a n d  a r r i v e  a t  working d e c i s i o n s ,  if not 

,- i m p r o v e d  i n s i g h t  i n t o  t h e  A l a s k a n  s i t u a t i o n .  
I i 

F e d e r a l  Government  A c t i v i t i e s  and R e s p o n s i b i l i t i e s  

A c t i v i t i e s  i n  t h i s  area would f a l l  u n d e r  t h e  j u r i s d i c t i o n  
o f  t h e  E n v i r o n m e n t a l  P r o t e c t i o n  Agency and t h e  B u r e a u  of  Sport 
F i s h  and W i l d l i f e ,  Rowever ,  n o  s p e c i f i ~  a c t i v i t y  r e g a r d i n g  this 
f u n c t i o n  i s  known. 

Non-Fede ra l  A c t i v i t i e s  

T h e r e  e x i s t s  a s t a t e  Land U s e  P l a n n i n g  C o m n i s s i o n  i n  
Alaska whleh w i l l  o v e r s e e  t h i s  t ype  of a c t i v i t y .  

The F u n c t i o n s  o f  R e m o t e  S e n s i n g  

S a t e l l i t e  s e n s i n g  w i l l  p r o v i d e  a tapping  of snow c o v e r  a n d  
v e g e t a t i o n  w h i c h  f a c i l i t a t e  on-gro1:n5 s t u d i e s  for e n v i r o n m e n t a l  

I - -  effects. I t  is  n o t  known how man's a c t i v i t y  i n  t h e  area w i l l  
a f f e c t  the A r c t i c  e n v i r o n m e n t .  Remote s e n s i n g  w i l l  enable moni-  

* t o r i n g  of these e f f e c t s  and how long i t  takes for t h e  A r c t i c  t o  
return t o  its o r i g i n a l  c o n d i t i o n .  These f u n c t i o n s  w i l l  r . l L o k  
further m o n i t o r i n g  t o  be u n d e r t a k e n  w i t h  g r e a t e r  ~ o s t - e f f i c i e n u y .  
Such  improved  c o s t - e f f i c i e n c y  may mean t h e  d i f f e r e n c e  i n  implemen- 

0 t a t i o n  o f  s u c h  e n v i r o n m e n t a l  data g a t h e r i n g ,  R a w g i n d l  a s  i t  i s  
considered t o  be. 

C u r r e n t  ERTS A c t i v i t i e s  --- - 
The  U n i v e r s i t y  o f  A l a s k a  i s  pa:-farming m u l t i - d i s c i p l i r t a r y  

O s u r v e y s  o f  pasts o f  A l a s k a ,  i ncZud inc j  t h e  praposed p i p e l i n e  s i t e .  
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They are mappinq'areas fa~orabla t o  car ibou  herds and locating 
environrnsntal  f e a t u r e s  tha t  arise from l a r g e  caribou aggregations. 
T h i s  a c t i v i t y  i n ~ r e a s e s  our understanding of t h i s  environment 
and the dninals in it and will e n a b l e  bet ter  a s s e s s m e n t  a E  t h e  
e f f e c t s  of man's a c t i v i t y  in the area. 

Z s t i m a t e  o f  ERTS Ec0nom.i.c Benefits -- 
Although ERTS will help fn contributing to our knowledge 

oE environmenral factors, no monetary benefit has been assigned 
to this function. 
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MONXTOR COHPLIANCE WITH Z O N I N G  AND CONSTRUCTION PERMITS 

Rationale f o r  G e n e f i t s  
---* --*-.-+---- 

Under various statutes a n d  c o n t r a c t s  the t y p e  and e x t e n t  
of c o n s t r u c t i o n  a n d  d e v e l o p m e n t  a c t i v i t y  i s  r e g u l a t e d .  Efamples 
axe c o n s t r u c t i o n  p e r ~ q i t s  t o  i n d u s t r y  a n d  c o n t r a c t s  t o ' m i n e r a l  a n d  
f o s s i l  f u e l  e x t r a c 2 i o n  f i r m s .  S i m i l a r  r e g u l a t i o n s  exist i n  
f o r e s t r y ,  l i m i t i n g  t h e  area  t o  be c u t .  E f f e c t i v e  m o n i t o r i n g  keeps 
t h e  i n c i d e n c e  o f  i l f e g a l  a c t i v i t y  low.  P r o b a b l y  t? ie b i g g e s t  single 
a p p l i c a t i o n  here i s  i n  s t r i p  m i n i n g ;  a n d  e x a m p l e  of blatant 
illegal a c t i v i t y  i s  when M i d - S t a t e  C o a l  Company (Kentucky) .actually 
stripped a c o u n t r y  road. 

Federal Government A c t i v i t i e s  a n d  R e s p o n s i b i l i t i e s  

: 1 R e g u l a t o r y  a c t i v i t i e s  a r e  u n d e r t a k e n  by many f e d e r a l  
agencies, such as t h e  B u r e a u  o f  Land Management and the B u r e a u  
o f  S i n e s  of t h e  D e p a r t m e n t  of t h e  I n t e r i o r .  

The F u n c t i o n s  of Ksmote S e n s i n g  

Remote s e n s i n g  has t h e  a b i l i t y  t o  c o v e r  a v a s t - ' a r e a  re- 
p e a t e d l y  a t  v e r y  low m a r g i n a l  c o s t .  The q u a n t i t y  of i n f o r m a t i o n  
received is  m e r e l y  a f u n c t i o n  o f  t h e  d e s i r e d  l e v e l  of r e s o l u t i o n .  
W i t h i n  l i k e l y  r e s o l u t i o n  l i m i t s  a re  detection o f  i l l e g a l  s t x i p  

$. I a . i n i : ~ g  a c t i v i t i e s ,  i l l e , : a l  forest h a r v e s t i n g ,  i l l e g a l . c o n s t r u c t i o n ,  
' 1 

and, perhaps, o f f s h o r e  operations a n d  f i s h i n g -  
. ! ,- 
C; j 
.. ; Economic and T e c h n i c a l  K o d e l s  f o r  E s t i m a t i n g  t h e  D e n e f i t s  of 
$ ?  
., , R e m o t e  seased nata 
. , 

The t y p e  of o p e r a t i o n  d i s c u s s e d  i n  this RMF is g e n e r a l l y  
n o t  performed on any s p e c i f i e d  b a s i s ,  t h u s  t h e r e  i s  n o  real c o s t -  
s a v i n g  p o t e n t i a l  i n v o l v e d .  Any b e n e f i t  i n v o l v e d  would be i n  
f i n e s  l e v i e d  a g a i n s t  t h e  v i o l a t o r s  a n d  i n  f u r t h e r  i n h i b i t i n g  

1 o t h e r  o f f e n d e r s .  

Current ERTS A c t i v i t i e s  

i to R e s o l u t i o n  c a p a b i l i t i e s  a r e  presently c a p a b l e  of d e t e c t i n g  

; I i l l e g a l  s t r i p p i n g  a c t i v i t i e s ,  forestry h a r v e s t i n g  v i o l a t i o n s  and 
C l a r g e - s c a l e  c o n s t r u c t i u n .  ' I ' f E s t i n a t e  af ERTS Economic C a p a b i l i t i e s  -----.. 

Although satellite m o n i t o r i n g  will he of some b e n e f i t  i n  
Lhia  area, s u c h  b e n e f i t  r e m a i n s  u n q u a n t i f i e d  a t  p r e s e n t .  

~ = 
'8 A-19 



A P P E N D I X  3: 

SUhIIYARY OF APPLXCABLE FEDERAL UUDSETS 

T h e r e  are t h r e e  F c d e r a l  depar-cinents t h a t  c u r r e n t l y  
impact the r e s o u r c e  managencat functions discussed in t h i s  
volume.  These a r e  t h e  Departments o f  A g r i c u l t u r e ,  Commerce, 
a n d  I n t e r i o r .  

A s  m e n t i o n e d  i n  R14F N o .  6 . 4 . 2 ,  T r a n s p o r t a t i o n  of 
C o n m o d i t i e s ,  t h e  USDA seeks t o  i m p r o v e  commodity d i s t r i b u t i o n  
i n  b o t h  t h o  d o m e s t i c  a n d  w o r l d w i d e  markets (see a l sa  Volume 111 
of this r e p o r t ] .  On t h e  do~estic f r o n t ,  the A g r i c u l t u r a l  Mar- 
k e t i n g  S e r v i c e ,  l )  provides m a r k e t  news c o n c e r n i n g  c o m n o d i t y  
movements a n d  locations (FY75 b u d g e t  f o r  new s e r v i c e  - $10  m i l -  ! 
l i o n ) ;  2 )  has the r e s p o n s i b i l i t y  for a s s i s t i n g  farmers i n  ob -  
t a i n i n g  t h e  e s s e n t i a ?  g o o d s  and s e x v i c e s  n e c e s s a r y  for e f f i c i e n t  
E x a n s p o r t a t i o n  o f  farm p r o d u c e ;  a n d  3 )  b y  d i r e c t i o n  of s e c t i o n  t .  

'.. ' 1 
3 2  of t h e  A g r i c u l t u r a l  A d j u s t m e n t  A c t ,  the AbIS has t h e  power 
t o  d i v e r t  surplus c o m m c d i t i e s  f rom n o r m a l  c h a n n e l s  of t r a d e  i 

i 
t o  new m a r k e t s  and uses  (AblS total b u d g e t  F Y 7 5  - $39 m i l l i o n ) .  i 

I 

X n t e r n a t i o n s l l y ,  the F o r e i g n  A g r i c u l t u r a l  S e r v i c e  has 
? i 

t i t e  express d u t y  t o  a s s i s t  American f a r m e r s  i n  m a i n t a i n i n g  a n d  t.'i 
e x p a n d i n g  f o r e i g n  m a r k e t s .  Unde r  the a u t h o r i t y  of  t h e  T r a d e  
E x p a n s i o n  A c t ,  a n d  t h e  A g r i c u l t u r a l  Trade Deve lopmen t  a n d  

1 
i 

A s s i s t a n c e  A c t ,  the FWS assists f o r e i g n  t r a d e s m e n  and f a t - m e r s  f 
i n  d e v e l o p i n g  a n d  t r a n s p o r t i n g  t h e i r  c o m m o d i t i e s  i n t o  t h e  i j 
E!nited S t a t b s  (total F'Y75 budget - $35 m i l l i o n ) .  

! ', : ._ : 
W i t h i n  the D e p a r t m e n t  of Commerce, the N a t i o n a l  O c e a n i c  I 

e n d  A t m o s p h e r i c  A d m i n i s t r a t i o n  a n d  t h e  S o c i a l  a n d  Economic  i 
i 

S e a t i c t i c s  A d m i n i s t r a t i o n  have p a r t i c u l a r  i m p o r t a n c e  t o  t h e  
i n d u s t r i a l  service. ~ O A A ' E .  r e s p o n s i b i l i t y  for c h a r t i n g  t h e  
c o a s t a l  and Great J,akes r e g i o n s *  i n c l ~ ~ d e s  the mapp ing  of ice 
b n i l d - u p  and break-up i n  n o r t h e r n  s h i p p i n g  l a n e s  (FY75 b u d g e t  :-, 1 

I I 

? o r  charting - $51 m i l i i o n ) .  (See RMF 8.1.1.) The S o c i a l  ant? ! 
Economic S t a t i s t i c s  A d m i n i s t x a t i . o n  c o n d u c t s  i n t e r c e n s a l  
dar :?ographic  ~ r s t i m a t e s  (FY budget f o r  i n t e r c e l ' l s a l  surveys - $1.5 1 
m i l l i o n )  p r c v i d b n g  for t h e  devctopment: ;nd p r e p a r a t i o n  of  up- 
da ted  p o p u l a t i o n  a n d  p s r  c a p i t a  estimates as required by t h e  
Department of t h e  T r e a s u r y  for t h e  equitable a l l o c a t . i o n  oE 

' 8  

. funds  u n d e r  t h e  General Revenue S h a r i n g  A c t . * *  ( S e e  RMF No. 8.2.1.). I 

* O f f i c e  of  Pianaqcmcnt a n d  B u d g e t ,  r11e B z d g e t  o f f_ the  United 
S t . a t e s  ..-*- Govcrnmant, (United S t a t e ;  Governmellt P u b l i c a t i o n  
O f f i c e ,  1975), p.244. 



Within the Department of the  I n t e r i o r ,  b o t h  tho Bureau 
09 Land Management and the Alaska Powex  Commission have r e s -  
ponsibilities regarding t h e  environmental impack o f  the Al.:..skan 
p i p e l i n e ,  The BLM is charged with the v c o n s e r v a t i o n ,  management, 
and d e v e l o p m i n t  oS 2 7 8  million acres in Alaska."* (FY7!: budget 
for national resource management  - $ 9 7  ~ n i l l i o r i . )  The Alaska 
Power, Administration 1) is funded to provide invzstigative sur- 
v e y s  to determine the e c o n o m i c a l  and appropriate m e a n s  o f  dev-  
eloping AAaskan energy sources (FY75 budget for general i n v e s -  
t i g a t i o n s  - 5636 thousand); 2 )  transfers fu i ids  to the  Bureau o f  
Sport Fisheries and W i f d l i f e  to investigate the fish and wild- 
life a s p e c t s  of the A l a s k a  Power Administration's general inves- 
t i g a t i o n s  program (FY75 budget f3r fish and wildlife s t u d i e s  - 
$10 t h o u s a n @ ) .  

With regard t o  the enforcement of strip mining z o n i n g ,  
the Buroau of Mines c o n d u c t s  inquiries i n t o  surface  mine use, 

i - reclamation and disposal of minerals and mineral fuels IFY75 
t I budget for e n g i n e e r i n g  and mine evaluat ion - $7.7 million). 

3 - - - 
* Ibid., p.519. 



APPBPIDT Y C 

SUMf.1AItY Ok' A I ' P L I C A B L E  L A K S  AND S'i'ATU'TI.:S 

Table 4 provi6as a s u a n L s r y  of a p p l i c a b l e  f ~ ? d c r n t  
l a w s  and s t a 5 u t e s  concerning t h e  i n d u s t r i a l  resource arca. 

I Table 4 F e d e r a l  S t a t u t e s  P e r t i n e n t  t o  Rezn,to S e n s l t ~ u  of  the i n t u r t r i a l  Rrsource Area I 

~ a m e '  of Fedaraf S t a t u t e  

Surface  S i n i r b j  C o n t r o l  
ant1 Rcclanatlon A c t  o: 
1973 

Surface  tsfni~bg Rocla- 
n a t i o n  Act o f  1973 

D a t e  

Pcndiny 

reclanat ion o p e r a t i o n s  

. i Departanent o f  I requires inspec t iorbs  of s : ~ r t a c e  
I n t e r i o r  m j  n ing  and rdcl .~:na:ion I 

i N a t i o n a l  Rnvironaon- A l l  Federal 
taI Palicy A c t  hgcrrcic? 

I G a t e r  Rcsobyces 1 I D e p a r t n a r t  o f  
P l a n n i n g  Act Alaskan Xnt . t r io t  
h'atar iieYouIrgS 

rryuirrr all i n s t i t u t i o n s  z e c ~ t v i n ~  
f e d e r a l  aid L o  f i l l  a n  c a v i r o . ? n e n ? a l  
inpact st3tea:ertt 

c n 1 . l ~  f o x  p1s:'niny of c o : ~ s r r v < ~ ' . i o n  
an3 d::valopadat  o f  A 1 ~ s L ; l n  w a t + r  
r e s o u r c e s  
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