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ABSTRACT 

This report deals with the impact of remote sensing 
upon marine activities and oceanography. The present capabil- 
ities of the current Earth Resources Technology Satellite 
(ERTS-l), as demonstrated by the principal investigators, as 
well as desirable capabilities from this and other satellite 
systems are discussed. A survey of past studies of ocean 
xpplications of remote sensing has been made and some benefits 
'lave been calculated using these studies and oziginal material. 

Cost-savings benefits have been quantified, particu- 
larly in the area of nautical and hygrographic mapping and 
charting. Considerable benefits have been found in aiding 
coastal zone management. Unquantified benefits are noted as 
being highly significant; these exist in the fields of 
weather (marine) prediction, fishery harvesting and management, 
and potential uses for ocean vegetation. Difficulties in 
quantification are explained, the primary factor being that 
remotely sensed information will be of greatest benefit as 
input to forecasting models which have not yet been constructed. 

Hard benefits range from $6.78H (lower bound) to 
$17.04M (upper bound) . 
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1 . 0  INTRODUCTION A N D  O V E R V I E W :  OCEANS 

The s t u d y  o f  Oceans  c a n  p r o v i d e  a v a s t  s o u r c e  o f  
i n f o r m a t i o n  i b J p o r t a n t  t o  a p p l i c a t i o n s  a s  b r o a d  as w e a t h e r  
p r e d i c t i o n ,  r e c r e a t i o n ,  m i n e r a l  r e s o u r c e s  a n d  f o o d  p r o d u c t i o n .  

P Y e t  t h e  v a s t n e s s  o f  i t s  a r e a  makes t h e  s e a  a  p a r t i c u l a r l y  
d i f f i c u l t  phenomenon t o  s t u d y  a d e q u a t e l y .  Nowhere e lse  i n  t h e  
known u n i v e r s e  i s  t h e r e  a  l a r g e  body o f  w a t e r  d r i f t i n g  f r e e l y  
a b o u t  on a s p i n n i n g  s p h e r e .  I t  is i m p o s s i b l e  t o  model  s u c h  
a  p h y s i c a l  s y s t e m  i n  t h e  l a b o r a t o r y ;  t h e  o n l y  way t o  s t u d y  it 
is t o  o b s e r v e  it. S u r f a c e  s h i p s  and s u b s u r f a c e  v e s s e l s  h a v e  

C v e r t i c a l l y  sampled t h e  o c e a n ,  b u t  t h e  h o r i z o n t a l  d i m e n s i o n ,  
' 5 , 0 0 0  t imes g r e a t e r  t h a n  t h e  mean d e p t h  o f  t h e  o c e a n ,  h a s  
n e v e r  a d e q u a t e l y  b e e n  s e n s e d .  The v a s t n e s s  o f  t h e  s u r f a c e  i s  
beyond t h e  l o g i s t i c  a b i l i t i e s  o f  a i r c r a f t .  The s a t e l l i t e  i s  

I t h e  o n l y  f e a s i b l e  v e h i c l e  f rom which t h e  whole  s u r f a c e  o f  t h e  
$ s e a  c a n  b e  v iewed.  

g :: 
f However, s a t e l l i t e  imagery  c a n  o n l y  b e  employed i n  
r s a m p l i n g  t h e  u p p e r  l a y e r s  o f  t h e  s e a ,  t h e  p a r t  t h a t  i s  s t i r r e d  
5 b y  t h e  wind and l i t  by t h e  s u n .  No m a t t e r  how f a r  w i t h i n  t h e  

r a n g e  o f  f o r e s e e a b l e  t e c h n o l o g i c a l  p r o g r e s s ,  it i s  v e r y  u n l i k e l y  
t h a t  any  i n f o r m a t i o n  below t h e s e  u p p e r  l a y e r s  w i l l  b e  o b t a i n e d  
by s a t e l l i t e .  Under i d e a l  c o n d i t i o n s ,  b l u e  band i m a g i n g  
d e t e c t s  l i g h t  which h a s  p e n e t r a t e d  60 meters; b u t  c o n s i d e r i n g  
t h a t  t h e  mean o c e a n  d e p t h  i s  o v e r  3500 m e t e r s ,  s u c h  r e m o t e  
d e t e c t i o n  d o e s  n o t  t e l l  u s  much a b o u t  t h e  e n t i r e  volume o f  
t h e  ocea- .  

F o r t u n a t e l y ,  t h e  l a y e r  o f  t h e  o c e a n  e x p o s e d  t o  t h e  
over -v iew is  f a r  more s i g n i f i c a n t  t h a n  t h e  sum of  t h e  o t h e r  
l a y e r s .  I t  i s  t h e  p a r t  o f  t h e  o c e a n  t h a t  o v e r w h e l m i n g l y  
c o n c e r n s  t h e  e v e r y d a y  a f f a i r s  o f  mankind. I t  i s  t h e  s i t e  o f  
waves,  s t o r m  s u r g e s ,  t h e  r i s e  o f  t i d e ,  and o t h e r  c h a n g e s  o f  
s e a  l e v e l .  I t  c o v e r s  t h e  c o n t i n e n t a l  s h e l v e s  where  o i l  and 
m i n e r a l s  a r e  b e i n g  r e c o v e r e d .  I t  i s  t h e  p a r t  o f  t h e  s e a  t h a t  
most  c o n c e r n s  s a i l o r s ,  b e c a u s e  o f  c u r r e n t s ,  d e s t r u c t i v e  
waves ,  d a n g e r o u s  s h o a l s ,  o r  d r i f t i n g  i c e .  I t  i m p i n g e s  on 
t h e  b e a c h e s ,  h a r b o r s ,  and e s t u a r i e s  t h a t  a r e  i m p o r t a n t  f o r  
i n d u s t r y ,  r e c r e a t i o n ,  and  human h a b i t a t .  I t  i n c l u d e s  t h e  
zone t h a t  s u p p o r t s  t h e  p h o t o s y n t h e s i s  upon which  t h e  whole  
b i o l o g i c a l  r e s o u r c e  o f  t h e  s e a  depends .  

And n o t  o n l y  i s  t h i s  t h e  p a r t  o f  t h e  s e a  by which  
mankind i s  most  a f f e c t e d ,  b u t  i t  i s  a l s o  t h a t  p a r t  o f  t h e  
s e a  which h e  most  a f f e c t s .  D r e d g i n g  f o r  h a r b o r s ,  t h e  



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

T h i s  l a y e r  a l s o  i n c l u d e s  t h e  a i r / w a t e r  i n t e r f a c e .  
V i r t u a l l y  a l l  e n e r g y  t h a t  c o n t r o l s  t h e  i n n e r  w o r k i n g s  o f  
t h e  s e a  f l o w s  a c r o s s  t h i s  i n t e r f a c e ;  a l l  t h e  w a t e r  t y p e s  
t h a t  c o n s t i t u t e  t h e  o c e a n ' s  anatomy h a v e  t h e i r  y e n e s i s  a t  
t h e  s u r f a c e  i n  t h e  r e g i o n  o f  e x p o s u r e  t o  t h e  s u n  a n d  wind.  
L i k e  t h e  s e d i m e n t s  o f  t h e  e a r t h ' s  c r u s t ,  t h e  s e a  i s  composed 
o f  t i l t e d  s t r a t a  t h a t  o u t c r o p  somewhere a t  t h e  s u r f a c e .  T h u s ,  
a  c o m p l e t e  map o f  t h e  s u r f a c e  m u s t  c o n t a i n  much i n f o r m a t i o n  
a b o u t  t h e  w a t e r  m a s s e s  i n  t h e  d e e p e r ,  d a r k e r  r e g i o n s .  

The r e l a t i o n s h i p  be tween  t h e  o c e a n  a n d  t h e  o v e r l y i n g  
a t m o s p h e r e  i s  s o  i n t i m a t e  t h a t  n e i t h e r  c a n  be d e s c r i b e d  w i t h -  
o u t  c o n s i d e r a t i o n  o f  t h e  o t h e r .  The m e t e o r o l o g i s t  is  i n t e r e s t -  
e d  i n  t h e  u p p e r  o c e a n  b e c a u s e  it s t o r e s  a n d  t r a n s p o r t s  a 
s i g n i f i c a n t  p o r t i o n  o f  t h e  w o r l d  b u d g e t  o f  h e a t ,  and  m o d i f i e s  
a i r  m a s s e s  d u r i n g  t h e i r  l o n g  d w e l l t i m e  o v e r  t h e  o c e a n .  
C o n v e r s e l y ,  t h e  o c e a n o g r a p h e r  r e a l i z e s  t h a t  n e a r l y  a l l  t h e  
e n e r g y  found  i n  t h e  o c e a n  i s  d e r i v e d  e i t h e r  f r o m  t h e  s u n  o r  
f rom t i l e  o v e r l y i n g  a i r .  S l u g g i s h  e v e n t s  i n  t h e  o c e a n  t e n d  t o  
be t h e  summation o f  much more d r a m a t i c  e v e n t s  t h a t  a r e  f i r s t  
a p p a r e n t  i n  t h e  l a r g e  s c a l e  w e a t h e r  p a t t e r n s .  

S a t e l l i t e s  w i l l  p r o v e  t o  b e  p a r t i c u l a r l y  u s e f u l  o c e a n  
o b s e r v e r s  i n  t h e  f u t u r e  b e c a u s e  n e a r l y  a l l  i m p o r t a n t  o c e a n  
p a r a m e t e r s  c a n  o r  w i l l  be a b l e  t o  b e  s e n s e d  f r o m  s a t e l l i t e  o r  
communicated v i a  s a t e l l i t e  u s i n g  DCP's ( D a t a  C o l l e c t i o n  
P l a t f o r m s ) .  C o a s t a l  w a t e r  c i r c u l a t i o n  c a n  b e  d e t e r m i n e d  
f rom t u x b i d i t y  p a t t e r n s .  E s t u a r i n e  w a t e r  m i x i n g  c a n  a l s o  be  
s e e n .  Water  d e p t h  and h a z a r d s  t o  n a v i g a t i o n  c a n  b e  s p o t t e d  
u s i n g  p r o c e s s i n g  t e c h n i q u e s ,  d e p e n d i n g  upon t u r b i d i t y  con-  
d i t i o n s  which c a n  a l s o  b e  measured .  S e a  i c e  c a n  b e  d e t e c t e d  
and  c u r r e n t  s p e e d  and d i r e c t i o n  a r e  found  t h r o u g h  i t s  move- 
ment .  Major o c e a n  c u r r e n t s  c a n  b e  l o c a t e d  a n d  t h e i r  move- 
m e n t s  m o n i t o r e d .  C h l o r o p h y l l - a  c a n  b e  m e a s u r e d ;  i t s  
e x i s t e n c e  i s  a s i g n  o f  v e g e t a t i o n  o r  a l g a e  upon which  f i s h  
f e e d  and t h e  p r e s e n c e  o r  a b s e n c e  o f  which i s  f e l t  t o  b e  a  
good i n d i c a t o r  o f  t h e  " h e a l t h "  of  a n  e s t u a r y .  Wate r  
c o n t a m i n a t i o n  c a n  b e  d e t e c t e d  t o  a  l i m i t e d  d e g r e e  now and  
p r o b a b l y  t o  a  h i g h e r  d e g r e e  i n  t h e  n e a r  f u t u r e .  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  b a n d s  w i l l  b e  a b l e  t o  m e a s u r e  o c e a n  
s u r f a c e  t e m p e r a t u r e s  and  a c t i v e  microwave s e n s o r s  w i l l  b e  
a b l e  t o  m e a s u r e  s e a  s t a t e .  F i x e d  a n d  f r e e l y  f l o a t i n g  d a t a  
buoys  ( D C P ' s )  w i l l  m e a s u r e  w a t e r  c o n t e n t  a n d  c u r r e n t  s p e e d  
and d i r e c t i o n .  



Although the potential advantages are great, oceano- 
graphic remote sensing is in a very juvenile stage. Compared 
with forestry, agriculture, terrestrial geography, and meteo- 
rology, air sensing techniques have been little applied to 
ocean observation. This is largely because both the scale and 
the distance from base has inhibited the effectiveness of 
aircraft. Thus, oceanographers do not have a transitional 
base from which to move to the application of satellite 
imagery. Acquiring *'ground trutha* presents unusual difficulty 
when remote sensing is applied to oceans. But the biggest 
problem in using remotely sensed information is the entire 
historic orientation of oceanography. Although the idea that 
the sea derives its constitution and motive force at the 
airlsea boundary is well-established in oceanographic theory, 
in practice the data of oceanic observation have usually been 
obthined and analyzed in vertical sections. As a result the 
presently existing instruments, data-handling routines, 
analytic methods and the oceanographers themselves have all 
been oriented toward verticar rather than horizontal aggregates 
of information. How quickly and how well this prevailing 
orientation can be redirected is, of course, a function of 
how much society and science is willing to invest in research 
and technology to make the transition. Thus, oceanography 
has a wholly new capability in its data gathering and one 
which will yield valuable information. But due to the 
uniqueness of this data source, direct user application is 
not in the immediate future. 

It is easy to identify the beneficiaries of improved 
understanding of the ocean, particularly in the United States. 
We are a maritime pecple, 80 percent of whom live and work in 
coastal areas conditioned by the sea. Even our heartland 
cornbelt owes its productivity to the maritime air frcin the 
Carribbean, without which it would be a relatively unproduc- 
tive plain. Over 90,000 miles of coast afford the varied 
environment for recreation, welfare, livelihood and commerce 
for some 100 million of our citizens. Conversely, the c ~ a s t a l  
seas on occasion present hazards to life and property that 
sometimes overwhelm whole regions in calamity. 

In looking toward benefit determination, one import- 
ant point must be made. None of the ultimate consumers of 
information about the ocean can use raw data effectively. In 
many applications information of the current situation is 
sufficient. In ocean applications, the data almost invariably 
must be put into models which forecast future conditions. For 
example, the fisherman is not particularly well served by the 
day-to-day report of where the fishing was good. Rather he 
needs to know, when he leaves port, where the fish will be when 



he  a r r i v e s  on t h e  grounds ;  t h u s ,  he s a v e s  s e a r c h  t ime .  O r ,  
on a  l o n g e r  t ime  s c a l e ,  he needs  t o  know how b o u n t i f u l  a 
g i v e n  f i s h e r y  may be i n  t h e  s ea son  ahead s o  t h a t  he  c a n  make 
a  w i s e  d e c i s i o n  a s  t o  h i s  i n v e s t m e n t  i n  c o s t l y  s h i p  and g e a r .  
On a  l o n g e r  t ime  s c a l e  s t i l l ,  t h e  e n t r e p r e n e u r  who must p ro -  
v i d e  a canne ry  o r  o t h e r  marke t ing  f a c i l i t i e s  must  e v a l u a t e  t h e  
t h e  f u t u r e  o f  t h e  f i s h e r y  o v e r  t h e  expec t ed  l i f e  o f  h i s  
i nves tmen t .  T h i s  need f o r  f u t u r e ,  and n o t  p r e s e n t ,  i n f o r m a t i o n  
a p p l i c a t i o n  h o l d s  f o r  f i s h e r m e n ,  v a c a t i o n e r s ,  s h i p  o p e r a t o r s  
and mar ine  e n g i n e e r s .  Thus,  t h e  immediate a p p l i c a b i l i t y  of 
r emote ly  s ensed  oceanograph ic  i n f o r m a t i o n  i s  l e s s e n e d  because  
t h e  complex ma thema t i ca l  models n e c e s s a r y  f o r  p r e d i c t i o n  a r e  
g e n e r a l l y  n o t  i n  e x i s t e n c e .  I t  i s  f a i r  t o  s a y  t h a t  h e r e t o f o r e  
t h e  u n a v a i l a b i l i t y  o f  d a t a  on a  g l o b a l  s y n o p t i c  b a s i s  h a s  
p r e v e n t e d  t h e  c o n s t r u c t i o n  o f  a d e q u a t e  models t h a t  c o u l d  b e  
u sed  f o r  t h e s e  p r e d i c t i v e  pu rposes .  Fo r  t h i s  r e a s o n ,  t h e  v a s t  
m a j o r i t y  o f  b e n e f i t s  fro11 s a t e l l i t e  s e n s i n g  a p p l i e d  t o  o c e a n s  
w i l l  a c c r u e  i n  r e s e a r c h  and is  u n q u a n t i f i a b l e  a t  p r e s e n t .  

Turn ing  t o  q u a n t i f i a b l e  b e n e f i t s ,  c o n s i d e r a b l e  c o s t -  
s a v i n g s  and i n c r e a s e d  c a p a b i l i t y  e x i s t  i n  t h e  a r e a  o f  ocean  
mapping. I s l a n d  c h a r t i n g  can  be done e a s i l y  and v e r y  c h e a p l y  
by s a t e l l i t e ,  p a r t i c u l a r l y  c o n s i d e r i n g  t h e  c o s t  o f  s e n d i n g  a  
s h i p  D r  a  p l a n e  4000-6000 m i l e s  t o  do t h e  same j a b ;  and 
f z e q u e n t l y  t h e  s y n o p t i c  eye  c a n  improve maps w h i , ' l  a r e  dange r -  
o u s l y  m i s l e a d i n g  ( s e e  F i g u r e  2 and e x p l a n a t i o n  i;, RMF 7 .1 .1 . )  
Hydrographic  mapping, p r i m a r i l y  i n v o l v i n g  w a t e r  d e p t h  c h a r t i n g  
t o  f i n d  n a v i g a b l e  a r e a s ,  can  a l s o  be done i n e x p e n s i v e l y  by 
s a t e l l i t e  where p o s s i b l e .  C l e a r  w a t e r  and h i g h l y  r e f l e c t i v e  
botto,ns p r o v i d e  t h e  b e s t  a r e a s  f o r  s a t e l l i t e  w a t e r  d e p t h  
mapping; d e p t h s  of  60 m e t e r s  have been c h a r t e d .  T u r b i d  w a t e r s  
p r o v i d e  g r e a t e r  problems because  l i g h t  does  n o t  p e n e t r a t e  w e l l .  
Here t h e r e  i s  room f o r  s t a t i s t i c a l  methods f o r  e s t i m a t i n g  bot tom 
d e p t h ;  i t  w i l l  t a k e  t ime  t o  d e v e l o p  t h e s e  methods.  

P o l l u t i o n  d e t e c t i o n  w i l l  p rove  t o  be a  s i g n i f i c a n t  
f u n c t i o n  of remote  s e n s i n g .  Ocean dumping i n  t h e  New York 
B i g h t  i s  c l c a r l y  shown i n  t h e  ERTS image o f  F i g u r e  1. Coas t -  
a l  c i r c t ? l c l t i o n  a n a l y s i s  w i l l  g i v e  i n f o r m a t i o n  a b o u t  what 
w i l l  happen t o  waste: which a r e  dumped f i v e  or 30 m i l e s  
o f f s h o r e .  Sediment  plumes and t u r b i d i t y  p a t t e r n s  p r o v i d e  
much i n f o r m a t i o n  a b o u t  t i d a l ,  r i v e r  and e s t u a r i n e  c u r r e n t s  
( s e e  F i g u r e  6 ) .  B e n e f i t s  from remote  d e t e c t i o n  o f  o i l  s p i l l s  
have been q u a n t i f i e d .  The New J e r s e y  Depar tment  o f  Envi ron-  
men ta l  P r o t e c t i o n  h a s  i n d i c a t e d  c o n s i d e r a b l e  b e n e f i t  i n  
d e t e r m i n i n g  optimum ocean o u t f a l l  p l acemen t s .  

The N.J .D.E.P.  h a s  a l s o  e s t i m a t e d  b e n e f i t s  f rom 
s y n o p t i c  o b s e r v a t i o n  o f  how c o a s t a l  zone l a n d  u s e  i s  changing .  
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They have detected land use changes as small as two or three 
acres using limited enhancement techniques. Further benefits 
have been demonstrated by N.J.D.E.P. in shoreline protection 
and new legislation. 

Unquantified benefits are abundant in weather preaic- 
tion, fishery management, and assessing the effects of 
pollution. The supply of food in the oceans is enormous. 
Presertly little-used sea vegetation offers a food supply with 
dimensions and growth sufficient to stem many of the fears of 
devastating world food shortages. 

Satellites will also show great application with the 
use of DCP's or data buoys. These platforms will provide con- 
tinuous and important information which could only be gathered 
at prohibitively high costs. Satellites will provide the meaas 
for communicating this information to the processors and users. 

Benefits by Resource Management Function are summarized 
i n  Table 1; in depth explanation and quantification of these; 
benefits can be found in Appendix A. Additionally, relevant 
Federal budgets and statutes are located in Appendices B and C, 
respectively. Desired sensing capabiiities from future 
satellite imaging devices are shown in.Table 2. 

1.1 Cartography, Thematic Maps and Visual Displays 

Satellite imaging provides activities not feasible 
by other means. Islands and reefs never before mapped can be 
detected and charted. Water depths over large areas can be 
measured at minimal costs. The movements of shoals, reefs 
and islands can be monitored. For navigation purposes, 
satellite sensing will be particularly useful; the draft 
of the bigger tankers, except for the super-tankers, do not 
exceed 15 meters. Although ocean bottom cannot be detected 
in many areas, it would be possible to ascertain that there 
are no barriers to navigation at 20 meters. Turbidity pre- 
sents the biggest problem to light penetration, but methods 
are being developed to determine water depth even in turbid 
waters. The Environmental Research Institute of Michigan is 
socn to publish a report on this subject. 

1.2 Statistical Services 

Various indicators are useful in determining the 
"health" of an ocean area, the most important of which is the 
presence of chlorophyll-a. Monitoring the existence of 
chlorophyll enables one to infer the availability of food for 
fish; it is a good barometer for determining how man's 



Besoure+ k n a g e m e n t  Vumctior 

7.1.2 T b e r u l  n p p i r q  o f  t h e  o c e a n s  

V.1.3 Mapping ocean  ice and  p o l a r  c a p s  

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

1.2.1 Monitor o c e a r  food  s u p p l y  

7.1 Ca lenaa r s  

7.3.1 Monitor tide8 and  c u r r e n t s  i n  
c o a s t a l  r a t e r s  

7.3.2 Monitor t h e  movement o f  t h e  
major o c e a n i c  c u r r e n t s  

1.4 A l l o c a t i o n  

7.4.1 Opt imi te  ocean  f i she r i . 8  - 
raaa9ement 

7.4.3 Improve c o a s t 8 1  =one management 

1.4.4 o p t i n t t e  ocean  s h i p p i n g  r o u t e s  

7.5 Conservat ion 

1.5.1 Improve s h o r e l i n e  p r o t e c t i o n  
p r g r a m s  

7.S.2 Control  ocean p o l l u t i o n  

7.S.3 monitor o i l  s l i c k s  

1.6 Damage P reven t ion  anil Assessment  

7.6.1 Reduce ocean r e s o u r c e s  l o a ~ e s  
due t o  man-made changes' 

7.8 Research 

7.8.1 Research on ocean  p a r a m e t e r s  . 
1.0.2 Research on e s t u a r i n e  eco logy  

1.9 Adminis t ra t ive .  J u d i c i a l  and 
L * g i s l a t i r e  

7.9.1 Aid i n  e n f o r c i n g  n a t i o n a l  
rod i n t e r n a t i o n a l  r e g u l a t i o n s  
and agreements  

7.9.2 Aid i n  d e s i g n i n g  l e g i s l a t i v e  
c o n t r o l s  and a d m i n i s t r a t i v e  
procedures  

t o t a l  r 

nard b e n e f i t s  documented i n  SCOW 
c a s e  s t ' a i e s  .................... 
S o f t  Benefits. .  ................. 

Source : ECON 
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activities are affecting the biology of an estuary. 
Chorophyll-a can also point out ocean vegetation fcr harvesting 
purposes - 
1.3 Calendars 

Currents can be mapped and monitored by satellite 
imagery. Coastal circulation information important for marine 
engineering and planning optimum waste disposal can be ascer- 
tained from turbidity patterns- Ocean current movemznts 
important for shipping and heat transfer information can be 
observed through changes in ocean color and chlorophyll 
content. 

1.4 I Allocation 

Fish availability prediction models are under develop- 
ment. ~ i s h  catchbocean parameter correlation studies have 
already been made and the results are significant. Not only 
should remote sensed data be able to help the fisherman find 
the fish at less cost, but the data can help avoid over- 
fishing. Land use changes can be detected which aid in coastal 
zone management. Better water depth and ocean current inform- 
tion will facilitate ocean shipping. 



1.5 Conservation 

Circulation analyses will aid in constructing erosion- 
preventive structures and in planning for waste disposal. 
Satellite imagery can detect illegal sources of pollution and 
evaluate the effects of waste disposal on estuarine ecology. 

1.6 Damaqe Preventio- and Assessment 

A system with sufficient resolution would be able to 
detect beach erosion and indicate where preventive structures 
would help. Estuarine "health' can also be measured to assess 
the effect of man's coastal activities. 

1.7 Unique Event Reconition and Early Warning 

Considerable benefits exist in this area for a geo- 
stationary satellite system. However an ERTS-like system 
would not provide coverage with sufficient continuity to be 
of benefit here. 

1.8 Research 

This is the primary benefit area in remote sensing 
application to oceans at this time. Benefits exist in 
weather forecast improvement, fish harvesting and assessing* 
and operationally using the ocean food supply. 

1.9 Administrative, Judicial and Legislative 

Remote sensed data is helpful in constructing and 
enforcing international shippingtfishing and mining 
agreements. These data can also contribute to the resolution 
of jurisdictional disputes between local, state, federal 
and international interests. These data have also been used 
to form new laws which aid in coastal zone management. 



APPENDIX A: 

DETAILED EXAMINATION OF BENEFITS BY RNF 

This section contains documentatioa of benefits 
o.?kained from an ERTS-like BRS Satellite system applied to 
oceans, as presented in Volumes I and 11 and in the introduc- 
tZun to this volume. In this appendix, benefits are quantified - 
and user demand.for information in this resource area is 
idcntif ied. 
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OCEANOGRAPHIC r.!APPINC 

R a t i o n a l e  f o r  B e n e f i t 2  -- 
R c c u r a t e  o c e a n  maps are  e s s e n t i a l  f o x  safe  a n d  effi- 

c i e n t  o c e a n i c  t r a v e l .  T h e  I n t e r n a t i o n a l  H y d r o g r a p h i c  O f f i c e  
has expressed c o n c a r n  o v e r  t h e  s t a t u s  oE s h i p p i n g  c h a r t s  
a r o u n d  t h e  w o r l d ,  many o f  w h i c h  c a n n o t  b e  u p d a t e d  d u e  t o  a 
l a c k  of t e c h n i c a l  r e s o u r c e s  i n  some c o u n t r i e s .  N e a n w h i l e ,  
some maps c o n t a i n  c e r t a i n  data b a s e d  o n  s u r v e y  r e c o r d s  fron 
t h e  e a r l y  1 9 t h ' c e n t u r y .  Chart makers are f o r c e d  t o  u s e  l abe l s  
s u c h  as " P o s i t i o n  A p p r o x i m a t e N  and " E x i s t e n c e  D a u b t f u l "  i n  
reference t o  many r e p o r t e d  s i g h t i n g s .  D e p t h s  m e a s u r e d  by 
lead l i n e s  t e n d  to g i v e  t o o  l a r g e  a d e p t h  because o f  b e n d i n g  
of  t h e  l i n e .  Echo s o u n d e r s  c a n  g i v e  errors f r o m  s u s p e n d e d  
ma te r i a l s ,  that cause d e p t h s  t o  b e  r e c o r d e d  as t o o  shallow. 
Storns  b r i n g  r a p i d  c h a n g e  so t h a t  e v e n  r e c e n t  maps  may be i n  
error d u e  t o  s h i f t i n g  s a n d  b a r s  a n d  c h a n g e s  i n  c o a s t l i n e s .  
B e n e f i t s  f r o m  i m p r o v e d  o c e a n  n a p p i n 9  w i l l  cone t o  t h e  p u b l i c  
i n  t h e  f o r m  of lower sh ipp ing  costs. 

Federal Governmen t  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  

T h e  D e p a r t m e n t  of  t h e  Mavy, the Coast Guard, a n d  
N a t i o n  O c e a n i c  a 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  h a v e  the 
r e s p o n s i b i l i t y  f o r  keeping o c e a n o g r a p h i c  maps a c c u r a t e  aad 
c u r r e n t .  Types o f  ncps are shown i n  Table 3 .  E x p a n d i t u r e s  
a re  f o u n d  i n  T a b l e s  4 a n d  5 .  

N o n - F e d e r a l  A c t i v i t i e s  - 
O t h e r  n a t i o n a l  g o v e r n m e n t s  u p d a t e  shipping charts o n  

a r e g u l a r  but l i m i t e d  b a s i s .  Great B r i t a i n  used t o  b e  t h e  
f o r e m o s t  e x p l o r e r  a n d  c h a r t e r  i n  t h e  f i e l d  b u t  has r e c e n t l y  
u n d ~ r g o n s  severe cutbacks i n  t h i s  a c t i v i t y .  Reports f ron 
private s h i p s  a re  c o n t i n u o u s l y  recorded, hut t h e s e  sightings 
do n o t  c o n t a i n  a high degree o f  accuracy a n d  occur i n  t h e  
l i m i t e d  r e g i o n s  of  t h e  m a j o r  s h i p p i n g  routes. 

F u n c t i o n s  o f  R e m o t e  Sensinq 

S a t e l l i t e s  p r o v i C e  t h e  o p p o r t u n i t y  f o r  o b t a i n i n g  
r e l i a b l e  o c e a n  maps a r o u n d  t h e  world. Our k n o w l e d g e  o f  t h e  
t o p o g r a p h y  of  t h e  o c e a n s  w i l l  no  l o n g e r  be l i n i t e d  t o  m a j o r  
s h i p p i n g  r o u t e s  a n d  t h e  l i m i t e d  areas w h e r e  research e x p l o r -  
a t i o n s  t a k e  p l a c e .  Although w a t e r  p e n e t r a t . i o n  a b i l i t y  i s  a n  
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impoxtant limitation in determining  w a t e r  d e p t h ,  t h e  areas 
where such knowledge is most important are s : !a l low areaa where 
ships ndy run aground. Remote sensing will be particularly 
useful in pointing out these dangerous areas. S a t e l l i t e  
imagery will be most useful in areas of clenx water and highly 
reflective bottons, like t h e  Carribban. 

Economic and Technical filodels for Estimatina Daaefits of ------ - - - -  
Remote Sensed Data 

Nactical Charts: Prom other budget f i g u r e s ,  it is  
shown that data acquisition/data processing costs run around i 

five to one. Assuming this ratio holds true for nautical . i 1 
chart production also, w i t h  a total budget for nautical charts .I 

of $22,6H (Table 4) about Sl8.OM would go toward data 
acquisition. With reference to Table 3, it c a n  be 

I 
3 

seen that the vast majority of maps are of the scale of 
1:50,000 or smaller. If we assume that 80% 05 the surveying 1 
is for naps 02 1:50,000 scale and smaller, then about 3 4 S13.2N 90 toward datz acquisition for maps of this t y p e .  i 

f 
: 
I 

I . , 
~ n b l e  3 The KOAA/NOS. r!autic i?l  Charting Frogrim -:.!a? 

Types a n d  T h e i r  Use - I ------------ .-_----_.. I_--- 

I - -  

I Type 

. . I ^ _ -  - -  -- F -  - Scirls Federal Maritine Pcblic 

- -  
General 

6 2 %  

500  . 

40% 

609 

121 

13% 

1 7 %  

20% 

133 

6% 

Sa i f. i n q  

General 

Coastal 

kiarb~r 

Small Craft 

2 5 3 

33% 

409 

2 7 2  

8 2 1  
1 

1:500,000 and smaller 

1:100,000 to 1:600,000 

1: 50,000 to 1 : 100,003 

1:50,000 and lar~er 

1:80,000 to 1:15,003 



v r Table 4 1972 iryu:~diturcs tInuticr1 Charting 

r E?----m----P 

i 
t Agency 

DEPARTMBNT OF DEFZNSE 
D e F c n r e  Eiapping Agency 
Office of Naval Resrzrch 
Navy Operations 
Cozps of Engineers, U.S. Army 
Mississippi River Conmission, U.S. A r m y  

TOTAL - DEFENSE 

DEPARTHEST OF THE IPZTERIOR 
Geologic Division, Geological Snrvey (GS) 
Conservation Divison, GS 
Bureau of Reclanation 

TOTAL - XWTERIOR 

DSPABTl*~E??T OF CONXERCS 
National Ocean Survey, Natio;ral Oceanic 
and Atnospheric Adninistratfon (WOAA) 

Environmental Data Service, NOAA 
Environmental Resaarch Laboratories, NOAA 
Xational Narinc F i s h e l - i e s  S?rv5.cec, ROAA 

TOTAL - CON?.!SRCS 
DEPARSEIENT OF TRANSPORTATXON 

U.S. Coast Guard 

INDEPENDENT AGENCIES 
Atomic Energy Commission 
National Science Foundation 
Tennessee Valley authority 

TOTAL - INDEPZMDEUT AGENCIES 
. . 

TOTAL 

U I L * C ~ = ~ ~ = - . - -  - 
Expenditures on 
#antical Charting 
$ thousands 

(1973)' 

- -342 - - 
3 7 
1s 
52.342 

- - - 

20,635  - - - 
2 0 , 6 3 5  

1,856 - 
- 
- 
- 2 6 
2 6 

22,569,342 

man 
years 

- - - 
1 

- 1 
2 

- - - 

1,012 - - - 
1,012 

181 - 
. - - 
- 1 
1 

1,196 
L .. 



Mc>*.q, the prob1o;n of ascertaining hox much o f  t h i s  
i n : C o r n a t i o n  ca l l  bs y:~%he.rcd b y  remote s e n s i l i g .  Xn c lea r  
w a t e r ,  d ~ p t h s  up t o  6 0  fee.; c a n  bo xtieasurcl Icy a sensow with 
a b l u e  band.* I n  t u r b i d  watgrs shoals and  h a z a r d s  t o  
n2v igat ion  c a n  be spotted when i n  s h a l l o w  water,** a n d ,  o n c e  
s p o t t e d  by s h i p ,  o t h e r  shoals c a n  ba m o n i t o r e d  i n  deeper 
w a t e r .  Shoreline d e l i n e a t i o n s  c a n  b2 napped t o  n v e r y  h i g h  . +, I 

degree of a c c u r a c y  a n d  r e s o l u t i o n  due t o  t h e  h i g h  c o n t r a s t  
b e t w e e n  w a t e r  and l a n d .  V e r y  much c u r r e n t  i n f o r m a t i o n  c a n  be 
g o t t e n  from s a t e l l i t e .  ***  C l e a r l y  what c a n n o t  be de tec ted  j 

i 
front r c i n o t e  s e n s i n g  a re  s h o a l s  b e y o n d  t h e  r a n g e  o f  p e n e t r a t i o n  
of remote images, and p l a c e m e n t  o f  n a v i g a t i o n a l  markers. 
Front t h ~  above, i t  c a n  be est imated t h a t  at l e a s t  25-509 ;i 

of t h a t  w h i c h  is  p r e s e n t l y  b e i n g  mapped by s h i p  and  aircraft 
f o r  n a v i g a t i o n  c o u l d  be d o n e  by remote s e n s i n g .  Using t h e  
l o w e r  figure, . 25  x $14.4M = $3.6M of t h i s  a c t i v i t y  c o u l d  
be d o n e  by s a t e l l . i t e ;  u s i n g  the upper f i g u r e ,  . 5  x $14,4K = 
$7.2H of t h e  a c t i v i t y  c o u l d  be d o n e  by s a t e l l i t e .  

A l m o s t  a l l  of t h i s  m a p p i n g  i s  d o n e  by MOAA a n d  t h e  
C o a s t  Guard, whose j ! ~ c i s d i c t i o n  extend t o  t w e l v e  m i l e s  o f f -  
shore. Thus, a f i g u r e s  o f  1 2  x 1 1 , 3 0 0  = 1 3 6 , 0 0 0  s q u a r e  
m i l e s  i s  t h e  est i rnat*  of mapping c o v e r a g e .  Yhese  maps 
a r e  updated a t  i n t e r v a l s  r u n n i n g  f r o m  s i x  m o n t h s  t o  four 
years. 

Ihwe assume t h a t ,  o n  the a v e r a g e ,  t h e y  a r e  updated 
? . n n u a l l y ,  w c  a r r i v e  a t  an average c o s t  per square m i l e  
o f  data a c q o i s i t i o n  v h i c h  r e m o t e  sensing could r e p l a c e  o f  

$3.5M ---- = 
1 3 6 , 0 0 0  $ 2 5  p e r  square m i l o  

$ 7 . 2 M  - 
1 3 6 , 0 0 0  = $ 5 0  p e r  square m i l e  

( l o v e r  b o u n d )  

b o u n d )  

* U s i n g  t h e  b l u e  b a n d  o n  Skylab, water d e p t h s  u p  t o  60  
f e e t  helve been  c a l c u l a t e d .  S o u r c e :  P e r s o n a l  c o n v e r s a -  
t i o n ,  F.C.  P o l c y n ,  E n v i r o n m e n t a l  Rasearch I n s t i t u t e  o f  
E I i ch igon .  

* *  W i l l i a m s ,  R . S . ,  " C o a s t a l  a n d  Submar ime  F e a t u r e s  o n  MSS 
Imagery o f  S o u t h e a s t e r n  W a s s a c h u s e t t s :  C o m p a r i s o n  w i t h  
C o n v e n t i o n a l  t.:aps," Symposium o n  S i y n i f i c a n t  R e s u l t s  
Ohtained from ERTS-1, Volume I ,  March 1973 ,  N A S A ,  p. 1 4 1 7 .  

* * *  H u n t e r ,  E . R . ,  " D i s t r i b u t i o n  a n d  Movement of s u s p e n d e d  
S e d i m e n t  i n  t h e  G u l f  o f  Mexico o f f  t h e  Texas C o a s t , "  
I h i d ,  p. 1 3 4 5 .  -- 
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~ h u s ,  vru g e t  a c o s t  s a v i n g s  e q u a l - c a p a b i l i t y  figure of 
( $ 2 5  -.194*) x 336 ,000  - $3.3N ( l o w e r  boand) a n d  ( $ 5 0  - . 194)  x 
1 3 6 , 0 0 0  - SG.7M ( u p p e r  bound)  a c c r u i n g  Erom r e m o t e  s e n s e d  
data a p p l i e d  t o  n a u t i c a l  c h a r t i n g .  

I i y d r o g r a p h i c  S n r v e y s :  T h e  p r i m a r y  f u n c t i o n  of t h i s  
typo of c h a r t i n g  i s  t o  a s c e r t a i n  h a z a r d s  t o  n a v i g a t i o n  as 
w e l l  a s  l a n d  f i g u r e s ,  i s l a n d s ,  deemed t o  be o f  v a l u e  t o  t h e  m a -  
r i n e r s  i n  d e t e r m i n i n g  s h i p  p o s i t i o n  by v i s u a l  o b s e r v a t i o n s  and 
v e r i f i c a t i o n  o f  t h e  s h o r e l i n e  f e a t u r e  o f  t h e  l a n d  a r e a .  W h i l e  
some o f  this mapping i s  d o n e  i n  h a r b o r s ,  much i s  d o n e  i n  t h e  
o c e a n s  t o  a i d  s h i p  n a v i g a t i o n .  

T h e r e  a r e  no  a v a i l a b l e  f i g u r e s  t o  d e t e r m i n e  how much 
a r e a  i s  napped. I n  o r d e r  t o  a r r i v e  a t  a n  e s t i m a t e  f o r  t h i s  
f i g u r e  w e  t u r n  back  t o  t h e  b u d g e t  f o r  n a v i g a t i o n a l  s u r v e y i n g ,  
e s t i m a t e d  t o  b e  $16.3M and d i v i d e  by t h e  e s t i m a t e d  number o f  
s q u a r e  m i l e s  c o v e r e d ,  --------- - - $ 1 2 4  p e r  s q u a r e  m i l e  o f  o c e a n  

1 3 6 , 0 0 0  
s u r v e y .  T o t a l  budqet  for h y d r o g r a p h i c  s u r v e y  data a c q u i s i t i o n s  
i s  $17.91.1 ( T a b l e  5 ) .  

Depth s o u n d i n g  can b e  d o n e  a c c u r a t e l y  a t  a  s p e e d  of 
15 f i n o t s , * *  s i g n i f i c a n t l y  f a s t e r  t h a n  t h e  speed o f  c h a r t i n g  
s h i p s  i n  c o a s t a l  w a t e r s .  Assuming t h e  cos t  p e r  s q u a r e  m i l e  
f o r  s o u n d i n g  i s  a b o u t  h a l f  t h e  cost f o r  n a u t i c a l  c h a r t  
s u r v e y i n g ,  w e  a r r i v e  a t  a f i g u r e  o f  ;- l7 " -- - 3 0 0 , 0 0 0  s q u a r c  

G O  
m i l e s  of  h y d r o g r a p h i c  s u r v e y i n g  y e a r l y .  

A g a i n ,  we a r e  faced w i t h  t h e  q u e s t i o n  o f  how much o f  
t h i s  a c t i v i t y  c o u l d  n r e m o t e  s e n s o r  r e p l a c e  and a g a i n  
t h e r e  i s  p r o b a b l y  a r a n g e  o f  w a t e r  a r e a  w h e r e  r e m o t e  s e n s i n g  
c a n  p r o v i d e  w a t e r  d e p t h  p e n e t r a t i o n  d e e p  enough  t o  show all 
b a r r i e r s  t o  n a v i g a t i o n  i n  t h a t  a r e a .  Not  a g r e a t  d e a l  of 
i n f o r m a t i o n  i s  a v a i l a b l e  o n  t h i s  s u b j e c t ,  a l t h o u g h  t h e r e  i s  
a r e p o r t  coming from ~ n v i r o n m e n t a l  R e s e a r c h  I n s t i t u t e  o f  
I l i c h i g a n  ( E R i l I )  t o  b e  p u b l i s h e d  soon .  I t  i s  f e l t  t h a t  10% 
i s  a  r e a s o n a b l e  l o w e r  bound t o  t h e  a r e a  cove red  by h y d r o g r a p h i c  
s u r v e y s  which  w i l l  a l l o w  enough  w a t e r  p e n e t r a t i o n  t o  show 

* C o s t  per s q u a r e  m i l e  o f  mapping f rom ERTS-1. S o u r c e :  
"The  Rota o f  ERTS i n  t h c  E s t a b l i s h m e n t  a n d  U p d a t i n g  
of a N a t i o n a l  Land Cover I n f o r m a t i o n  Sys te rn , "  ( D r a f t )  
EC:ON r o p o r t  p r e p a r e d  f o r  NASA, 5 Augus t  1 9 7 4 ,  111-19. * *  " ~ e p o r t  o f  t h e  F e d e r a l  Mapping Task  F o r c e  o n  Mapping,  
C h a r t i n g ,  Geodesy and S u r v e y i n g ,  J u l y  1973 , "  O f f i c e  
o f  Managencnt  a n d  B u d g e t .  
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ndvigational hazards ak l e a s t  2 0  feet deep. 306 w i l l  be 
c o n s i d e r e d  t h e  uppez  hound hcrc. Using t h e  lower bounc?, 
30 ,000  miles of s u r v e y i n g  tro~l.ld be replaced by remote 
s e n s i n g .  T h i s  y i e l d s  an e y u a . 1 - c a p a b i l i t y ,  c o s t  s a v i x ~ g s  
benefit of ( 6 0 - - 1 9 4 )  x 30 ,000  = Sl.7M. Using  the u p p e r  
bound,  1 0 0 , 0 0 0  m i l e s ,  would yie1.d a n  equal-capability b e n e f i t  
of  ( 6 0 - - 1 9 4 )  x 1 0 0 , 0 0 0  = $6.OM. 

... 
-C----- -- -.- ---__ .--. 

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

Agency - 
!IOAA/IOS 

NAVOCEAtIO 

CE 

Totals 

ERTS-3 h a s  demonstrated l i m i t e d ,  b u t  s i g n i f i c a n t  
ability a t  w a t e r  d e p t h  e s t i m a t i o n .  Shallow w a t e r s  l e s s  than 
1 7  meters, t h e  mos t  dangerous f rom the p o i n t  of v i e w  of s h i p  
safely, are measurable from ERTS-1." Imagery capable of 
r e c o r d i n g  s h o r t e r  trave l e n g t h s  w i l l .  p e r n i t  s u p e r i o r  water 
p e n e t r a t i o n .  

* Polcyn, F.C. and Lyzcnga ,  D.R. " C a l c u l a t i o n s  o f  Water 
Depth  f rom ERTS Ddta," I b i d ,  p .  1 4 3 4 .  -- 

Data Acquisition 
$ thousands (1972) 

8,898 

2 ,838 

6 ,238 

17 ,974  

Data Processing 
$ thousando (1972). 

1 ,767  

434  

607 

2,808 

Totals 
S thousands (!972) 

- 

10,665 

3,272 

6,845 

20 ,702  
J 
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Referring to Figure 2, one can see the improved 
mapping possible from ERTS-1. A small ship looking f o x  rouqh 
weather shelter near Montgomery Island (upper center) would 
be forwarned of the danger not shown in current nautical 
charts. 

Resolution from ERTS-1 imagery has been shown suffi- 
cient to meet U.S. Natioihal Map Accuracy Standards at the 
1:250,000 scale.* 

Principal Investigators in this field are: 

Fabian C. Polcyn and David R. Lyzengu 
Environmental Research Institute of Michigan 
Mountain View, California 

Joe F. Wilson 
NOAA, National Ocean Survey 
Rockville, MD 20352 
301-496-8881 

Estimate of ERTS Economic Capabilities 

From the above information, we feel that ERTS imagery 
is sufficient to replace many mapping and charting activities. 
Thus, there is an equal capability benefit within the range of 
$3.3M - $6.7M for nautical charting and S1.7M - $ 6 . O M  for 
hydrographic surveys. 

Equal capability? ( $5.0 - 12.7 million) 

* Colvocoresses, A.P., "Mapping with ERTS," unpublished 
U.S. Geological Survey, Reston, VA. 
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THERMAL MAPPING OF THE OCEANS 

Rationale for Benefits 

Charts of sea-surface temperature a , e  widely used for 
a number of purposes, including studies of energy exchange at 
the sea surface, studies of surface circulatf-on (location of 
current boundaries), stueies of biological productivity 
(location of upwelling areas), and studies of biological 
environment. Such studies can be beneficial in making fish 
prediction models which reduce fishery search time, in making 
long-range weather forecasting by studying the air-sea inter- 
face, and in detecting najor currents. 

Benefits accrue to fisheries, shippers, and the public 
in the form of lower costs of goods and services. 

Federal Government Activities and Responsibilities 

Generally the same statutes that applied to 7.1.1, 
apply here as well. Sea surface temperature charts based on 
ship observations are routinely piepared and published by the 
Naval Oceanographic Office and the Fleet Numerical Facility. 
The National Oceanic and Atmospheric Administration also 
supports a data buoy system which coctinuously measures ocean 
parameters. Recently, airborne inErared radiaticn detectors 
have been used by the Bureau of Sport Fisheries and Wildlife 
to prepare temperature charts along the Atlantic and Pacific 
coasts. 

NOAA has plans to socn include thermal sensing in its 
ITOS satellite series. 

Non-Federal Actjvitios 

Temperature charting is also undertaken by foreign 
governments, primarily the Japanese, as an aid to their 
fisheries management. Several thousand ship observations af 
sea-surface temperature are available each day from the 
Northern Hemisphere. Distribution of observations is not 
homogeneous, most observations being made along major shipping 
lanes. Accuracy of the data j,s not high. Further, individual 
fisheries occasionally do thsir own infra-red airborne mapping, 
but this is not common and  he area of coverage is very 
limited. 
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Functions of Remote Sensing 

Remote sensing through IR imagery will provide con- 
tinuous thermal contour maps not available through ship 
sampling. Area coverage and frequency will greatly increase 
to an extent presently impossible by any other means. Greater 
accuracy will be available than is presently attainable. 

Economic and Technical Models for Estimating Benefits of 
Remote Sensed Data 

B ~ n e f i t s  from knowledge of the thermal contours of 
the siirface will add greatly to our weather predictio~ 
capabilities. The temperature of winds travelling over the 
ocean surface is greatly influenced by the temperature of 
that surface. Almost all of our weather originates over the 
ocean surface. (See RMF 6.2.3)- Ocean environmental inform- 
ation, temperature being a rain factor here, leading to 
improved and longer-range marine environmental prediction has 
had estimated annual values of $600Mf to $2 billion.** 

Benefits will also accrue in the fishing industry 
sector. Thermal mapping will give information as to fish 
availability, greatly cutting down search time and costs. 
Although there a - e  some fisheries that could use this informa- 
tion now, the main one being the tuna industry, many fisheries 
are so intensively fished that this added information will 
not be of significant benefit. Thermal information will come 
into play in the near future. As demand for food increases, 
the demand for fish will also increase, bringing into use more 
marginal fisheries. These fisheries have little known about 
them and thermal contour mapping will contribute greatly to 
the speed with which they become productive. 

As illustrated in Figure 3, extensive thermal 
mapping will not greatly affect the supply curve at the 

* Cost BeneCits for a National Data Buoy System, an essay, 
Travellers Research Center, October 1967, Prepared under 
Coast Guard contract TCG - 16790-A 

* *  Economis Benefits from Oceanographic Research, National 
Academy of Sciences - National Research Council, 
Publication 1228, 1964. 
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existing demand levels. But, given a growing world population 
and growing world n e ~ d  for food, as demand for fish increases, 
such mapping will be an important tool in locating new areas 
where the probability of finding fish is highest. Such mapping 
is an increased capability which yields no returns now (at 
least, as applied to this RHF), but will help in reducing costs 
in future fisheries. The benefits in the form of reduced costs 
are represented b he shaded region in Figure 3. DD is 
current demand; DIDE represents projected future demand. SS 
is the industry supply with such maps. Due to the increased 
capabilities, the publi: will receive greater quantity 
(Q1 to Q2) at lower prices (P1 to PZ) .* 

In order to reach a quantitative estimate of the value 
of this information one could do an equal-capability analysis 
assuming the demand were sufficient to have to oceans mapped 
at present by aircraft. Some of what was said above was an 
attempt to illustrate that sufficient demand for such activity 
is present. Were the oceans to be mapped, a reasonable demand 
level would be at least once every two months or six times a 
year. The area of coverage should be an area of the Pacific 
of at least three times the size of the United States. M?.pping 
some of the Atlantic and the Gulf of Mexico would also prove 
valuable, but we will limit our area to three times the area 
of the U. S . or 10,000,000 square miles. At a demand level of coverage 
of once every two months this is 60,000,000 square miles per 
year. Average cost of U-2 coverage is $1.27 per square mile.** 
Thus high altitude aircraft coverage of the proposed area 
wo~ild cost $76.2M. Using the marginal cost of processing 
of $.048 per square mile*** for satellite imagery, this area 
could be covered at a cost of $2.8M, giving a cost savings 
of $ 7 3 . 4 M .  Different benefits at different demand levels 
are summarized in Table 6. It should be pointed out 
that the estimates for high altitude aircraft costs were for 
land-cover. Going over the oceans would mean being further 
from home bases and, in all probability, higher costs. Therefore 

* Benefits come from increased producer rent and ~ncreased 
consumer surplus. Refer to Section 2.1 of the Source 
Document. 

* *  This is based on figures from "The Rcle of ERTS in the 
~stablishment and Updating of a Nationwide Land Cover 
Information System" (DRAFT), ECON report prepared for 
NASA, 5 August 1974, 111-19. * * *  Ibid. 
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the estimate of $1.27 per square mile is biased low and the 
derived benefits are conservative. 

Current ERTS Activities 

The present ERTS sate1litc.s are not equipped with 
thermal infra-red sensors but experiments f:om high-altitude 
aircraft indicate that such imagery will be both useful and 
accurate in eeasuring sea-surface temperature. Research has 
shown that the remote sensing of thermal $missions sensitive 
to temperature gradients of 0 . 5  degrees centigrade is possible 
by infra-red sensors.* 

Estimate of ERTS Economic Capabilities 
. 

ERTS-1 does not contain a thermal infra-red imager, 
nor will ERTS-B; however, an operational future ERS satellite 
system could have this capability. Benefits outlined here will 
be captured by the NOAA ITOS satellites until such an operational 
ERS system is flown. Such a system is expected to have about . 
three times the resolution capability of the ITOS satellites 
and will yield significant benefit, ($73.4M to $220.8M) as 
outlined above. 

- 
* Lopik, J.R., Pressman, A.E., Ludlum, R.L., "Mapping 

Pollution with Infraredw, Photogrammetric ~ n ~ i n e e r i n ~ ,  
Vol. XXXIV, No.5 (May 1968), pp. 561-564. 
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D 3 t c c t i n g  sea i c e  i n  s h i p p i n g  zones p r e s e n t s  p o s s i b i l i t i s s  
.<or a v o i d i n g  loss  of ships, f r e i g h L ,  a n e  lives. Flappiny clcar 
c h a n n e l s  w i t h i n  $.ce f i c l d s  can s a v e  macy s h i p p i n g  h o u r s  and de- 
crease s h i p p i n g  costs. Econvnic e s ; l o i t a t i o n  of Alaska w i l l  re- 
q u i r e  increa52d s h i p p i n s  ir k r c t i c  waters, d e m a n d i n g  i n c r e a s i n q l )  
i t c c u r a t e  i c c - c o n d i t i o n  f o r e c a s t s ,  The s a g e t y  o f  o f f s h o r e  s t r u c -  
L u r e s  2 n d  p i p e l i n e s  dzpends o n  t h e  d e p t h  anrl d i s t r i b u t i o n  nf i c e  
g . r o u ~ 2 i n g .  S h i p p i n s  w i l l  be guided by t h e  p r e s e n c e  o r  a b s e n c e  of 
I ,  : ; -~ ic r5  t o  o n s h o r e  n o v e m t n t s  of ice .  (See Kpi; El. 1.1 i n  Val X f o r  
n;jvigzt:.on b e n e f i t s .  1 

Several s c i e n t i s t s  have p o i n t e d  o u t  t h a t  b e ~ a u s s  of t h e  
c c i t i c a l  e £ f e c k  o f  sea i c e  oil t h e  h e a t  balance o f  t h e  A r c t i c ,  the 
aziount of ice nsy be s n  i m p o r t a n t  f a c t o r  i n  t h e  climate o f  t h e  
2!--jrthern iIezis>here .* Fletcher s t a k e s  t h a t  t h e  s e a s o n a l  p a t t e r n s  
~f sur.Eace h e a t  exch::cqe o v e r  o c e a n i c  r e g i o n s ,  w h i c h  are 2 i r e c t l y  
r 2lakc:l t o  i c 2  Z i c t r i b u t i o n ,  a r e  t h e  n o s t  i m p o r t a n t  f ac tors  to 
;70.1it0r i n  G o t h  t h e  Arctic a n d  ~ n L a r c t i c . * *  S u c h  h e a t  e x c h a n g e  ' 
i~ g r z a t l y  a : E f e c t c l  by t h e  d y n a n i c  n o v e n e n t  oP Lhe A r c t i c  p o l a r  
c:xp, w h i c h  czn move as lcach a s  7 5  km i n  one day-*** F' r t h o r ,  

. ' ~ x c c k i n g  o f  sea ice can also give i n s i g h t  i n t o  o c c a n  currents. . e 

t:avz: deZciisc oncrations aad search and rescue a r e  a l so  
benefited by a c z n x a t s  !:no:ilcdge o f  s2a Lce, 

S t - a d i z s  a r e  s l s o  underway w h i c h  show t h e  c o s t - e f f e c t i v e -  . . 
I ness 0 2  to;iina~ i c e s e r g s  n o r t h  fxom Antarctica 3s an a l t e r n a t i v e  

soi:rce of E u c s h  w a t e r .  

1. ., n - .-.c~eraL G o v e r n m e n t  A c t i 3 i t i c s  a n d  R ~ s p o n s i b i l i t i e s  .- -- 

Sza i c e  r e c o n n a i s s a n c e  now c o n d u c t e d  by IJAVOCEAPiO p r o v i d e s  
i n ? o r n a t i o n  f o r  s h i p  r o u t i n g  forecasts a n d  f o r  s c i e n t i f i c  i n -  
; - z s t i y a t i o n s  w h i c h  r c q u i r e  a kno1;ledge o f  t h e  a r e a l  a n d  s e a s o n a l  

Cornrnittez o n  P o l a r  R e s e a r c h ,  1 9 7 0 :  ----- P o l a r  R e s e a r c h :  FA S u r v e y ,  
N a t i o n a l  Research C o u n c i l ,  National Acadany of S c i e n c e s ,  
Washi.nyton, D.C.  

' *  I ' lc tchsr ,  J .  O . ,  1968:  " T h e  Polar O c e a n s  a n d  Wor ld  C l i m a t e " ,  
P r o c e e d i n g s  of  the Long-:tanye P o l a r  O h j c c t i v c s  C o n f e r e n c e ,  
U . S .  D ~ p 3 r t r n c n t  of T r a n s > o r t a t i o n ,  W a s h i n g t o n ,  D . C .  

ia*  S h e r m a n ,  b. W., 197?- : "Remote  S e n s i n g  O c e a n o g r a p h y " ,  I n t c r -  
n a t i o n a l  Works!~oy o n  E a r t h  R e s o u r c e s  Survey S y s t e m s ,  N a t i o n -  

a l  A e r o n a u t i c s  a n d  Spacc A d m i n i s t r a t i o n ,  W a s h i n g t o n ,  D.C., 
p .  101. 
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distribution of sea ice. Information on iceberg location is also 
received by Nimbus and ITOS. The U. S. Coast Guard also makes 
ice surveys. In addition, there have been several polar expedi- 
tions, partially funded by the government. 

Non-Federal Activities 

Ice detection and monitoring is done by governments of 
many northern countries, including Canada and the Scandinavian 
countries. Canada in particular has made several studies about 
ice in connection with ship routing, Commercial ships report 
sea iceberg sightings and many are equipped with sonar and radar 
for sea ice detection, 

Functions of Remote Sensing 

Any past quantification of this information has required 
the use of slow and costly methods. As early as 1966, Fletcher 
stated that the "observational barrier" in the Arctic was crumb- 
ling primarily under the impact of satellite observation systems.' 
Information previously uaobtainable is now available from remote 
sensing. Satellites can reach over areas prohibitive to even 
aircraft sensing. In addition, the high degree of overlap of 
successive orbits makes satellites particularly appropriate for 
high latitude studies. However, sensing is prohibited by the 
high probability of cloud cover and the long period of darkness 
in these areas. 

Economic and Technical Models for Estimating Benefits of Remote 
Sensed Data 

The primary quantifiable benefit which accrues from 
remote sensing is that of improved ocean routing through sea 
ice fields. See RMF 8.1.1, Vol X. 

Current ERTS Activities 

Principal investigators in this field are: 

James C. Barnes 
Environmental Research and Technology 
429 Marrett Road 
Lexington, Massachusetts 02173 
617-861-1490 

* Fletcher, 3. O . ,  1966: "Forward", Proceedings of the 

Symposium on the Arctic Heat Budget and Atmospheric Circu- ' 

lation, Memorandum RM-5233-NSF, the RAND Corporation. 
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D r .  J o h n  L. H u l t  
The  RAND C o r p o r a t i o n  
1 7 0 0  Main S t r e e t  
S a n t a  Mon ica ,  C a l i f o r n i a  9010b  
213-393-0411 

W i l l i a m  R. MacDonald 
T o p o g r a p h i c  D i v i s i o n ,  U .  S .  G.  S. 
N a t i o n a l  C e n t e r ,  RM 2A 420  
M a i l  S t o p  5 1 5  
R e s t o n ,  V i r g i n i a  22092 

D r .  E r k k i  P a l u s u o  
I n s t i t u t e  f o r  M a r i n e  R e s e a r c h  
T a h i t o r n i n k a t u  2 
H e l s i n k i  1 4 ,  F i n l a n d  
635-092 

G .  D.  Sharma 
I n s t i t u t e  o f  M a r i n e  S c i e n c e  
U n i v e r s i t y  o f  A l a s k a  
F a i r b a n k s ,  A l a s k a  99701  
907-279-8528 

A l b e r t  Don S u p e r ,  Corn, 
I n t e r n a t i o n a l  Ice P a t r o l  
B l d g .  110, U.S. Coast Guard  B a s e  
G o v e r n o r s  I s l a n d ,  N e w  York 1 0 0 0 4  
212-264-4799 

A n a l y s i s  o f  ERTS-1 d a t a  i n d i c a t e s  t h a t  sea i c e  c a n  b e  
i d e n t i f i e d  i n  a l l  s p e c t r a l  b a n d s  b e c a u s e  o f  i t s  h i g h  r e f l e c t a n c e .  
C o n s i d e r a b l e  i n f o r m a t i o n  o n  i c e  t y p e  a n d  i ce  s u r f a c e  c h a r a c t e r i s &  
t i c s  c a n  b e  o b t a i n e d .  A l t h o u g h  s e a  i c e  a n d  c l o u d s  h a v e  s i m i l a r  
r e f l e c t a n c e s ,  m e t h o d s  h a v e  b e e n  d e v 2 l o p e d  f o r  e a s y  d i f f e r e n t i a t i o n  
b e t w e e n  them. ERTS-1 p r o v i d e s  s u p e r i o r  i c e b e r g  c i t i n g  t o  Nimbus 
o r  XTOS b e c a u s e  o f  i t s  h i g h e r  r e s o l u t i o n .  

The  f o l l o w i n g  i n f o r m a t i o n  h a s  h e e n  e x t r a c t e d  f r o m  MSS 
i m a g e s  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  o f  s u s p e n d e d  mat te r ,  temperature 
a n d  s a l i n i t y  a l o n g  t h e  c o a s t  

* B a r n e s ,  P .  W .  a n d  R e i m n i t z ,  E.,  " N e w  I n s i g h t s  i n t o  t h e  

I n f l u e n c e  o f  I c e  on  t h e  C o a s t a l  M a r i n e  E n v i r o n m e n t  o f  t h e  
B e a u f o r t  S e a ,  A l a s k a " ,  Symposium o x s i g n i f i c a n t  R e s u l t s  
O b t a i n e d  f rom ERTS-1. NASA, March ,  1 9 7 3 ,  p .  1 2 0 9  
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(b) coastal current directions from grounded ice and 
ice-distribution patterns 

(c) determination of ice-movement patterns from 
successive overlapped images 

(d) correlation of grounded ice with topographic highs 

Estimate of ERTS Economic Capabilities 

Although we realize that information received from ERTS 
will hzlp in eventually determining optimum locations for offshore 
structures in the Arctic and will lend much information about heat 
transfer, these benefits cannot be quantified at present. 
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MONITOR OCEAN FOOD SUPPLY 

R a t i o n a l e  f o r  B e n e f i t s  

Good e s t i m a t e s  o f  f i s h  supp ly  a r e  e s s e n t i a l  f o r  f i s h e r i e s  
management t o  a v o i d  h a r v e s t i n g  beyond maximal s u s t a i n a b l e  y i e l d  
l e v e l s .  Moni tor ing  p l a n k t o n  and s e a  v e g e t a t i o n  a r e a s  a r e  i m p o r t a n t  
from t h e  a s p e c t s  of  d e t e r m i n i n g  env i ronmen ta l  e f f e c t s  from man 
and n a t u r e  i n  t h e s e  a r e a s  and d e t e r m i n i n g  f u t u r e  f i e l d s  f o r  food  
h a r v e s t i n g .  Beyond t h e  u s e  o f  s e a  v e g e t a t i o n  f o r  food ,  it is  a l s o  + 
b e i n g  used  a s  an ene rgy  s o u r c e  by b u r n i n g  it. i - .  *r 4 
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  i 

1 
The MARMAP (Marine Resource  Mon i to r ing ,  Assessment ,  and 3 

P r e d i c t i o n )  program o f  t h e  N a t i o n a l  Oceanic  and Atmospher ic  
A d m i n i s t r a t i o n  i s  t h e  p r i n c i p l e  s o u r c e  o f  i n f o r m a t i o n  on  f i s h e r y  3 4 

s t o c k s .  Data from MARMAP and r e l a t e d  b i o l o g i c a l  and e c o l o g i c a l  r( f 
s t u d i e s  a r e  u t i l i z e d  t o  p r e d i c t  changes  i n  abundance and distri- 
b u t i o n  of f i s h  and s h e l l f i s h  s t o c k s ,  and t o  i d e n t i f y  and p r e d i c t  

f 
? ; 

man-made e f f e c t s  on t h e  mar ine  eco logy  and f i s h e r y  s t o c k s .  S t a t e  
and f e d e r a l  o f f i c i a l s  r e q u i r e  t h i s  r e s o u r c e  i n f o r m a t i o n  f o r  ! 
d e c i s i o n s  a f f e c t i n g  domes t i c  and i n t e r n a t i o n a l  a l l o c a t i o n ,  con- 

*> ? 

s e r v a t i o n  and management. Commercial and s p o r t  f i s h i n g  i n t e r e s t s  - *  

a l s o  u s e  t h e  i n f o r m a t i o n  t o  d e t e r m i n e  where t o  f i s h  and how t o  
i n v e s t  f u n d s  i n  new equipment .  Funds a l l o c a t e d  f o r  t h i s  program 
i n  FY 1974 a r e  $6,619,000. 

Under 1 5  USC 313 and 1 6  USC 742, t h e  S e c r e t a r y  of Commerce 
and t h e  S e c r e t a r y  of t h e  i n t e r i o r ,  r e s p e c t i v e l y ,  a r e  t o  conduc t  i n -  
v e s t i g a t i o n s  on t h e  a v a i l a b i l i t y  and abundance o f  f i s h  r e s o u r c e s .  
I n  a d d i t i o n ,  t h e  S e c r e t a r y  of t h e  I n t e r i o r  i s  r e q u i r e d  t o  make 
i n v e s t i g a t i q n s  of whether  a r y  and what d i m i n u t i o n  i n  t h e  number 
of t h e  food  f i s h e s  h a s  t a k e n  p l a c e  (16  USC 744) .  

I n  a d d i t i o n ,  t h e r e  i s  t h e  Marine Mammal P r o t e c t i o n  Act o f  
1972 (16  USC 1361-1407) which r e q u i r e s  NOAAto r e g u l a t e  a c t i v i t i e s  
f o r  t h e  p r o t e c t i o n  and management of mar ine  mammals a s  r e s o u r c e s  
of g r e a t  e s t h e t i c  and r e c r e a t i o n a l  v a l u e  a s  w e l l  a s  r e s o u r c e s  of  
economic s i g n i f i c a n c e .  For  t h i s  a c t i v i t y  NOAA h a s  been a p p r o p r i -  
a t e d  $1,990,000.  The Bureau of  S p o r t  F i s h e r i e s  and W i l d l i f e  a l s o  
p a r t i c i p a t e s  i n  t h i s  a c t i v i t y .  

Non-Federal A c t i v i t i e s  

O the r  n a t i o n a l  governmentb,  p a r t i c u l a r l y  J a p a n ,  a r e  i n -  
vo lved  i n  a c t i v i t i e s  t o  d e t e r m i n e  t h e  s i z e  of  t h e i r  f i s h e r i e s .  
P r i v a t e  f i s h e r i e s  management a l s o  o b t a i n  a c c o u n t s  o f  t h e i r  f i s h  
s u p p l i e s .  
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F u n c t i o n s  o f  Remote S e n s i n p  

The d e t e c t i o n  o f  f i s h  a n d  t h e  g i v e n  e n v i r o n m e n t a l  c o n d i -  
t i o n s  i n  which a  p a r t i c u l a r  s p e c i e s  o f  f i s h  i s  mos t  l i k e l y  t o  b e  
found  have  been shown t o  b e  'amenable t o  r e m o t e  s e n s i n g  a p p l i c a t i o n s  
i n  s e v e r a l  s t u d i e s . +  S t u d i e s  cP t h e  d i r e c t  d e t e c t i o n  o f  f i s h  
i n c l u d e  s p e c t r o m e t e r  measurement  of  f i s h  o i l s ,  p h o t o g r a p h y  o f  
s k h o o l i n g  f i s h  f o r  b e h a v i o r a l  a n a l y s i s ,  s p e c t r a l  and  f l u o r e s c e n t  
p r o p e r t i e h  of  f i s h ,  and  b i o l u m i n e s c e n c e  d i s p l a y s  r e s u l t i n g  f rom 
e x c i t a t i o n  o f  l i g h t  p r o d u c i n g  p l a n k t o n  by  t h e  m e c h a n i c a l  m o t i o n  
o f  swimming f i s h .  Remote s e n s i n g  a l l o w s  f o r  c o v e r a g e  o f  more 
a r e a  t h a n  by  s h i p  a t  comparab le  c o s t s .  

Economic and T e c h n i c a l  Models f o r  E s t i m a t i n g  B e n e f i t s  o f  Remote 
Sensed  D a t a .  

Were s a t e l l i t e  s e n s i n g  s y s t e m s  a b l e  t o  s p o t  s c h o o l s  of  
p e l a g i c  f i s h ,  it would r e d u c e  t h e  amount o f  a c t i v i t y  u n d e r t a k e n  ' 
i n  t h e  MARMAP program. S p o t t i n g  of seaweed a n d  k e l p  m i g h t  b e  
b e n e f i c i a l  i n  t h e  f u t u r e  i f  h a r v e s t i n g  o f  o c e a n  v e g e t a t i o n  becomes 
a  p r o f i t a b l e  v e n t u r e .  A t  p r e s e n t ,  t h e r e  i s  enough q u a n t i t y  a t  
known n e a r - s h o r e  l o c a t i o n s  t o  make t h i s  s p o t t i n g  e c o n o m i c a l l y  i n -  
s i g n i f i c a n t  . 
C u r r e n t  ERTS C a p a b i l i t i e s  

A t  p r e s e n t ,  ERTS-1 h a s  n o t  d e m o n s t r a t e d  s u f f i c i e n t  r e s o l u -  
t i o n  t o  a c h i e v e  any of  t h e  p r e v i o u s l y  ment ioned  f u n c t i o n s  w i t h  
t h e  e x c e p t i o n  o f  a  l i m i t e d  amount o f  f i s h  o i l  d e t e c t i o n .  F u n c t i o n s  
p r e v i o u s l y  ment ioned  a r e  p r e s e n t l y  p o s s i b l e  f rom a i r c r a f t .  ERTS-1 
h a s  shown a b i l i t i e s  a t  l o c a t i n g  p o t e n t i a l  f i s h  a r e a s  t h r o u g h  i n -  
f e r r e d  t h e r m a l  mapping and p l a n k t o n  d e t e c t i o n ,  b u t  t h e s e  a c t i v i t i e s  3 

would n o t  c o n t r i b u t e  toward a s s e s s i n g  o c e a n  food  s t o c k s .  

E s t i m a t e  o f  ERTS Economic C a p a b i l i t i e s  

From t h e  above c o n s i d e r a t i o n s ,  we e s t i m a t e  z e r o  economic  
b e n e f i t  from a n  ERTS-like ERS s y s t e m  i n  t h i s  RMF. 

* "Oceanography f rom S p a c e " ,  Woods Hole  O c e a n o g r a p h i c  
I n s t i t u t i o n  Ref .  No. 65-10 ( 1 9 6 5 ) .  
"Oceanography and  Meteoro logy" ,  R e p o r t  No. DAC-58121, 
C o n t r o l  N o .  NASA-21064, Douglas  A i r c r a f t  Co., M i s s i l e  
and  Space  Sys tems  D i v i s i o n ,  Hunt ingdon Beach,  C a l i f o r n i a ,  
( 1 9 6 8 ) .  
" F i n a l  R e p o r t  on t h e  ~ ~ a c ! e / ~ c e a n o ~ r a ~ h i c  S tudy" .  G e n e r a l  
E l e c t r i c  Co., M i s s i l e  and  S p a c e  D i v i s i o n ,  P h i l a . ,  P a . ,  
( 1 9 6 7 ) .  
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MONITOR TIDES AND CURRENTS XN COASTAL WATERS 

Rationale for Benefits 

The single most useful body of data that one could 
assemble concerning an estuary system would be information from 
which a realistic model of water movement could be developed 
for the system.* Almost all else that occurs in the system is 
controlled by circulation or is strongly related to it. The 
causes of water movement, such as tides and currents, have been 
delineated. The integration and correlation of the causes of 
water movement in an estuarine system are complex problems 
which have been adequately solved for only a very few simple 
situations. 

The major circulation feature of the Gulf of Mexico 
is the Loop Current. This flow enters the basin as a well- 
formed western-boundary current through the Yucatan Straits. 
It penetrates into the gulf to a varying 1atitude.before it 
exits through the Straits of Florida. Transporting vast 
amounts of heat, salt arid momentum, the current significantly 
affects circulation on the shelf, local fisheries, marine 
transportation, and is thought to be associated with hurricane 
intensification. 

Federal Government Activities and Responsibilities 

The National Oceanic and Atmospheric Administration 
regularly makes marine boundary surveys which consist of the 
demarcation, delineation, and graphic portrayal of the high and 
low water tidal basins. All NOAA vessels assigned to hydro- 
graphic surveys are equipped with portable tide gages- NOAA's 

data buoy system provides regular information about currents. 
NOAA was allocated $2,258,000 in FY 1974 for coastal mapping 
and marine boundary surveys. Additionally $356,000 is spent 
on estuarine circulatory observations and predictions. Under 
33 USC 883a and b, the Secretary of Commerce is authorized to 
conduct tide and current observations. 

Further, the Army Corps of Engineers engages in 
extensive port-improvement activities (see Table 7). 

* .  Bowker, D.E., et al, "Correlation of ERTS Multispectral 
Imagery with Suspended Matter and Chlorophyll-a in Lower 
Chesapeake Bay," Symposfum of Significant Results Obtained 
from ERTS-I,  arc% 1973, NASA, p. 1291. 
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For t h i s  purpose, they i ~ ~ u s t  h a v e  clctnilod informat ion o n  ha rbor  
t i d e s  and c u r r e n t s .  

l ~ !on-Fa: l er~ l  A c t i v i t i e s  -.-.----.--...---.-- 

I nd iv idua l  c o a s t a l  s t a t e s  have programs f o r  monitoring 
c a a s t a l  processes f o r  t h e  purpose of upkeep of  l o c a l  r e c r e a t i o n a l  
and comnarcial  a c t i v i t i e s .  

Funct ioas  of Remote S e n s i 3  - - 
S a t e l l i t e  systerns w i t h  s u f f i c i e n t  r e s o l u t i o n  would 

be a b l e  t o  s tudy c o a s t a l  c u r r e n t s  a n d  t i d e s  o n  a g l o b a l  b a s i s .  
Such  studies are p o s s i b l e  only  on l o c a l  basis a t  p r e s e n t .  

Economic and Technical  Plodcls f o r  Es t imat ing BeneEits  of  R e m o t e  -----.----------.-- 
Sensed Data ------ 

Wera a  satellite system t .o .havc  s u f f i c i e n t  r e s o l u t i o n  
a n d  sufficient frequency of coverage,  predictive models f o r  

T:!3la 7 Amy Corps of E::gir.eerd Projects fo r  Kavigation Improvement I 
I I t3xbe.r of I Total E s t i n n  t k :  

S t a t u s  oC N i l r t i ( ; a + ; : > l l  l ' c d ~ r i ~ l  C o s t ,  
Xr.t;~ro3:3i?i.iiE. P r o  j c c t s  PrOJscts S thousrrilds (1973) 

Pr.2-Constructloa Planains  Required 
Planning C c c ~ l e . ' l o  

] KO Pre-Construction Planning Required 28,288 I 

i Pre-Cons'-.r?lction Planning 'rot Scaztccl 

Tlanning New S t a r t s  
I 

I I 
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movt?manl. o f  coast ;? l  and neqrs l ioro  s truc' iutes  m i g h t  he  ~ o s s i L 1 e .  
I.;ith suc!i ~ irode ln ,  ~rios -ef f i c l . s n l :  p r c y e n t i o n s  ngaj .nr . t  e r v a i ~ n  
r iould be aloxe likely and a a t e r i a l s  and t i n t 2  would be L ~ V - a ; .  

Ilarboi C i r c u l ; ~ t i o ~ ~  inXorrnat ion  f rorn remote sonsj .ng 
cou ld  r e d u c e  t h e  study a c t i v i t i e s  done by the CE s i g n i f i c a n t l y .  
An analysis of  t h i s  c o s t - s a v i n g s  h a s  n o t  b e e n  p u r s u e d  i n  t h i s  
report.  

Current ERTG -- Act iv iL* 

Coastal c i r c u l a t i - o n  analyses have been used i n  plan- 
n i n g  s i t e s  for ocean o u t f a l l s .  A "wealth" of i n f o r m a t i o n  has 
b e e n  d e r i v e d  o n  c u r r e n t  d i r e c t i o n  and r e l a t i v e  v e l o c i t i e s  
from v a r i a t i o n s  i n  t u r b i d i t y  p a t t e r n s . *  An i l l u s t r a t i o n  o f  
how E R I S  imagery  can show r i v e r / e s t u a r i n e  m i x i n g  i s  shown i n  
F i g u r e  6 ,  p a y e  A - 4 8 .  

Est imakc  0 2  ERTS Economic C ~ u a b i l i t i c s  - - . - - A -  

From the above c o n s i d e r a t i o n s ,  we estimate zero 
b e n e f i t s  from a n  H X T S - l i k e  ERS syo t9m i n  this area. 

* Hunter ,  R .  E., " D i s t r i b u t i o n  ar~cl PIovemcnt  o f  Suspended 
Sedj .m?nt  in t h e  Gulf of M e x i c o  o f f  the Texas C o a s t , "  S,ym- 
p o s i i ! ~ ~  o f  S i c j " _ ~ ~ ~ ~ ~ ~ t z ~ ; s u ~ l t : n  Okta.i!~ecI from E n - T S - 1 ,  March 
1 9 7 3 ,  N A S A ,  p .  1 3 4 5 .  
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MONITOR THE MOVEMENT O F  THE MAJOR O C E A N I C  CURRENTS 

R a t i o n a l e  f o r  B e n e f i t s  

Large masses of warm and co ld  water  a r e  c a r r i e d  i n t o  
and through s e a  a r e a s  of d i f f e r e n t  t empera tu res  by ocean c a r r e n t s .  
t h u s  g r e a t l y  a f f e c t i n g  h e a t  t r a n s f e r  and weather  over  t h e  oceans.  
The w a t e r / a i r  i n t e r f a c e  i s  p a r t i c u l a r l y  dynamic over  t h e s e  
c u r r e n t  a r e a s .  Knowledge of c u r r e n t s  and t h e i r  s e a s o n a l  changes 
w i l l  add g r e a t l y  t o  long-range weather  p r e d i c t i o n  models. Marine 
l i f e  4.s c a r r i e d  a long by t h e s e  wa te r  movements, somet imes .an  
e s s e n t i a l  p a r t  i n  t h e  l i f e  c y c l e  of s e a  organisms,  ~ o ~ . e t i m e s  
d e s t r u c t i v e  t o  whcle marine communities. Long d i s t a n c e  ocean 
s h i p p i n g  employs in fo rma t ion  on c u r r e n t s  i n  r o u t i n g .  While 
t h e r e  e x i s t s  g e n e r a l  knowledge on c u r r e n t  l o c a t i o n s ,  n o t  much 
i s  known about  speed and s e a s o n a l  v a r i a t i o n s .  

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

The Naval Oceanographic O f f i c e  under t akes  ocean su rveys  
by which they  determine s e v e r a l  ocean pa ramete r s ,  i n c l u d i n g  
c u r r e n t  d i r e c t i o n  and speed. The Na t iona l  Oceanic and Atmospheric 
Admin i s t r a t ion  has  s i m i l a r  o p e r a t i o n s .  

Funct ions  of Remote sen sin^ -. 

Again, remote s e n s i n g  i s  p a r t i c u l a r l y  b v t s  : l i d  :.e f o r  
cove r ing  a r e a s  where t h e r e  is  l i t t l e  a c t i v i t y ,  ~ , - n  ..s s h i p p i n g ,  
t a k i n g  p l a c e .  Another impor tan t  f u n c t i o n  of  s a t e l l i t e s  i .nvolves 
t h e  use  of I R L S  ( I n t e r r o g a t i o n ,  Recording, and Locct ion  Sysii!ms) 
o r  D C P 1 s  (Data C u l l e c t i o n  P l a t f o r m s ) .  These b ~ o y s  can accom- 
p l i s h  many of t h e  a ~ t i v i t i e s  which previ-ously r e q u i r e d  ocean 
v e s s e l s .  The I R L S  o f f e r s  cont i r l ious  moni tor ing  of s e a  c o n d i t i o n s  
and t h e i r  i n fo rma t ion  can be t r a n s m i t t e d  l i n e - o f - s i g h t  t o  
s a t e l l i t e s .  

Economic and Technica l  Models f o r  E s t i m s t i , ~ g  B e n e f i t s  
of Remote Sensed D* 

I t  i s  d i f f i c u l t  t o  f i n d  any d i r e c t  b e n e f i t s  from remote- 
sensed  c u r r e n t  in fo rma t ion .  A s  t h e  development an? c o s t -  
e f f i c i e n c y  of I R L S  improves,  s a t e l l i t e s  w i l l  be impor tan t  f e a t u r e s  
f o r  r e l a y i n g  da ta .  
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Current ERTS Activities 

Presently ERTS has been shown effective in measuring the 
boundaries of major currents*: 

1 The cyclonic edge of the Loop Current tends to cancen- 
trate surface marine algae which appears as a bright lineation 
marking the edge of the current in ERTS MSS Band 6. 

2. The boundary area also concentrates chlorophyll-bearing 
organisms which can be observed as a shift towards the green 
recognizable in MSS Band 4. 

3 A third observation is the usual change in the sea state 
across the boundary. It is not uncommon for the sea state to 
increase from one to two meters when crossing into the current. 
This increased sta state can be detected because of the higher 
reflectance when white-caps are present. The total reflectance 
of water with white-caps is estimated to be 2701 higher than 
without white-caps. 

4. With the introduction of thermal infrared, currents will 
be easily detected due to the changes in temperature across 
current boundaries. However, temperature differences correlate 
highly with chlorophyll concentration, so much of the temperature 
changes can be inferred from chlorophyll measurement. (See 
Figure 4) 

Estimate of ERTS Economic Capabilities 

We assign a value of zero to benefits for an ERTS-like ERS 
system in this area. 

* Maul, G.A.. "Renote Sensing of Ocean Currents Using ERTS 
Imagery," Synposium of significant Results obtained from 
ERTS-1, Vol. I, March 1973, NASA, p. 1367. 
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Horizontal scale across the figure is 
approximately 75 kilometers. 

Figure 4 Surface Temperature Trace (upper) and Surface 
Chlorophyll-A Profile (lower) Across the Loop Current 
Front and into Key W e s ~  Harbor. 
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Y i s l ~ i n g  has  always bey-n a n  c c u n a : i t i c s l l y  narginci en- 
terprise. Fis i l i nc ;  j n marly p . ? r t s  of t h s  w o r l d  is n a t  nuch  c l i f -  
f c r e n t  today t h a n  i t  was hundreds of years ago and, a l t h o c s h  
y i e l d  per man-year  has ixlcreaszd over the y n a x s ,  f i s h e r m e n  are 
s t i l l  h u n t i n g - - - a n d  n o t  Eaxming---fish, 

1-lost of t h e  c a p i t a t  i n  a raodern fishery i s  i n  r e s s e l s ,  
and  i t  m u s t  be s t e a d i l y  e m p l o y e d  to earn its rent- As vessel 
inves tneat  i s  t h e  large  e n d  o f  t h e  b u s i n e s s ,  t h e  trick of suc- 
c e s s f u l  n o d e r n  f i s b i n g  is t o  c u t  down o n  i i s h  l o c a t i n g  and 
r u n n l n g  t i n e  as much as p o s s r b l e  a n d  keep t h e  c a p i t a l  (the 
v e s s e l )  o n  t o p  of the  f i s h  every hour a n d  d a y  t h a t  c a n  be 
a r r a a g c ? .  

The f i s h i n 5  i n d u s t r y  i s  a v o l a t i l e  o n e ,  e a s i l y  a n d  
s i g n i f i c a n t l y  azfecced by changes i n  ocean parameters such as 
t e ~ p e r a  c u r e ,  t u r b i d i  Ly, s a l i n i t y ,  c u r r e n t s .  For o c e a n  f 5-sh 
s n z h  as t c n d ,  a c h a n g e  i n  ocilarl  c i r c u l a t i o n  may, asid f r e q i t e n t l y  
d o s s ,  s h i f t  the c e n t e r  of f i s h  a v a i l a b i l i t y  by 2 . 0 0 0  m i l e s . "  
I t  depsnds  o n  where  the f i s h e r n e n  are a s  to whethex t h i s  re- .. . 
s u l t s  i n  a "boam" o r  a "bust". And, i f  they are  c a u g h t  i n  t h e  
c c n t z i -  of p o p u i a t i ~ n  w i t h  o n l y  two vesszls, t h e y  s t i l l  h a v e  a 
8 ' b u ~ L " .  

T h u s ,  v h a l  i s  iwportant about ncv i a E o x n a t i o n  i s  t h e  
c s t e n t  to w h i c h  i'i can c o n t r i b u t e  to predictive n o d e l s o f o c e a n  
parameters. F i s h i n g  p e o p l e  a r c  p r i m a r i l y  i n t e r e s t e d  n o t  i n  
t h e  c ~ n d i k i o n  o f  the s z a ,  b u t  i n  t h e  d e v i a t i o n  o f  t h e  o c e a n  
from a  m e a n  s t a t c .  I t  i s  known how f i s h i n g  w i l l  be u q d e r  cer- 
t a i n  c o a d i t i o n s .  t lha t  n z e d s  t o  be known i s  how t h o s e  condi- 
t i o n s  wi11 be t o v o r r o x ,  n e s t  d a y ,  next manth, a n d ,  f o r  c a p i t a l  
i n v e s t m e n t  p u r p o s a s ,  i n  years t o  come. 

Y e t ,  n o t  o r r ly  is t h e  i n c r e a s i n g  e f f i c i e n c y  of f i s h  
harvesting i m p o r t a n t ,  b u t  so i s  t h e  s e r i o u s  c o n s i d o r a t i o n  of 
w h a t  i s  t h e  m a x i m u m  s u s t a i n a b l e  y i e l d  a t t a i n a b l e  i n  f i s f ~ e r v  
areas. B c ~ s  t i n g  p r o d u c t i v i t y  of f i s h i n g  v e s s e l s  J copaxc l j . ec s  

* S t t r v c n s o n ,  R. E. , "Thc 2 0 0 - M i l e  F i s h l i n e " ,  g e p n s  f r o 9  
Spacc ,  1969, G u l f  P u ! > l i s h i n g  Compr~rly, I i o u s t o n ,  p. 2 9 .  
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t h e  c o n t i n u e d  p r o f i t a b l e  l i f e  o f  a  f i s h e r y  th rough  t h e  t h r e a t  
of  o v e r f i s h i n g ,  u n l e s s  a s t r o n g  management a u t h o r i t y  e x i s t s .  
The p o t e n t i a l  f o r  o v e r f i s h i n g  is  s t i m u l a t e d  by a n  economics  
which o f f e r s  i n c e n t i v e  t o  o v e r f i s h  t o  t h e  f i s h e r m a n  who h a s  
l i t t l e  r e s p o n s i b i l i t y  f o r  management. 'It is n o t  t h e  husband- 
man who would k i l l  t h e  goose  t h a t  l a y s  t h e  g o l d e n  egg,  b u t  t h e  
h u n t e r o m *  W e  need i n f o r m a t i o n  on p r e s e n t  and f u t u r e  produc- 
t i v i t y  of o u r  i m p o r t a n t  f i s h e r i e s .  So w e  a r e  f a c e d  w i t h  n o t  
o n l y  an  e f f i c i e n c y  problem, b u t  a l s o  a n  i n s t i t u t i o n a l  and 
p o l i t i c a l  problem. 

F u r t h e r  d i f f i c u l t i e s  e x i s t .  F i s h  p r o t e i n  w i l l  have 
an i n c r e a s i n g l y  i m p o r t a n t  r o l e  as  a n t - ~ t r i t i o n a l  s o u r c e  i n  t h e  
w o r l d .  F i s h  p r o t e i n  c o n c e n t r a t e  (FPC), t h e  c h e a p e s t  s o u r c e  o f  
p r o t e i n  a v a i l a b l e  (see T a b l e  8) i n  1 9 7 2 ,  was s e n t  t o  f o r e i g n  
c o u n t r i e s  i n  o r d e r  t o  combat m a l n u t r i t i o n ,  b u t  i t s  u s e  w a s  in -  
h i b i t e d  i n  t h e  U.S. due t o  Food and Drug A d m i n i s t r a t i o n  regu-  
l a t i o n s  t h a t  it n o t  be s o l d  i n  q u a n t i t i e s  g r e a t e r  t h a n  one  
pound. Thus,  t h e  e f f i c i e n c y  of p r o d u c t i o n  and  marke t ing  is 
h u r t ,  d r i v i n g  up t h e  c o s t .  T a s t e s  i n  consumers make a pound 
o f  p r o t e i n ,  d e r i v e d  from prime b l u e  f i s h  t u n a ,  t h r e e  hundred 
t i m e s  more expens ive  t h a n  t h a t  d e r i v e d  from anchov ie s ,**  

Chuck beef  
Cheddar cheese  

* "A Report  To: The P r e s i d e n t  and t h e  Congress", The N a t i o n a l  
Advisory Committee on Oceans and Atmosphere, F i r s t  Annual 
Repor t ,  June  30, 1972. 

**  Peruv ian  a n c h o v i e s  b r i n g  t h e  f i s h e r m a n  $lO/ton.  J a p a n e s e  
f i she rmen  e a r n  $3,00O/ton of t u n a .  The p r o t e i n  c o n t e n t  
p e r  pound f o r  t h e  two f i s h  i s  abou t  t h e  same. 
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F i s h  w i l l  become a n  i n c r e a s i n g l y  more i m p o r t a n t  s o u r c e  
o f  f o o d  i n  t h e  f u t u r e .  Animal p r o t e i n  n e c e s s a r y  f o r  e f f i c i e n t  
meat a n d  egg  p r o d u c t i o n  c a n  b e  p r o v i d e d  m o s t  c h e a p l y  b y  f i s h  
real.  The y i e l d  of o c e a n  f i s h e r i e s  h a s  i n c r e a s e d  i n  t h e  p a s t  
20 y e a r s  a t  a  r a t e  c o n s i d e r a b l y  g r e a t e r  t h a n  t h e  r a t e  o f  i n -  
crease o f  t h e  human p o p u l a t i o n  or t h e  ra te  o f  i n c r e a s e  o f  o t h e r  
f o o d  p r o d u c t i o n .  Demand is e x p e c t e d  t o  grow. R e s o u r c e s  a re  
a v a i l a b l e  i n  t h e  o c e a n  t o  m e e t  it. B u t  c o m p e t e n t  management i s  
e s s e n t i a l  a n d  i t  n e e d s  a c c u r a t e  a n d  improved i n f o r m a t i o n  t o  
make it c o m p e t e n t .  

F e d e r a l  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  

The N a t i o n a l  O c e a n i c  a 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  The Bureau  of S p o r t  F i s h e r i e s  a n d  W i l d l i f e  e n g a g e  i n  com- 
p r e h e n s i v e  a c t i v i t i e s  i n  t h i s  f u n c t i o n .  N O A A 9 s  HARMAP p rogram 
c o n t r i b u t e s  g r e a t l y  i n  t h i s  a r e a  (see RMF 7.7 .1) .  I n  a d d i t i o n ,  
NOAA h a s  b e e n  a l l o c a t e d  

rn $8,435,000 f o r  S t a t e - F e d e r a l  f i s h e r i e s  management, 

rn $5,156,000 f o r  Anadromous f i s h e r i e s  r e s t o r a t i o n  
a n d  enhancement ,  

rn $2 ,741 ,000  f o r  f i s h e r y  p r o d u c t  t e c h n o l o g y  a n d  
g e a r  deve lopment .  

The BSFW h a s  b e e n  a l l o c a t e d  $18 ,663 ,345  f o r  management a n d  i m -  
p rovement  of f i s h e r y  r e s o u r c e s .  

L e g i s l a t i o n  f o r  t h e s e  a c t i v i t i e s  e x i s t  u n d e r  t h e  Com- 
m e r c i a l  F i s h e r i e s  R e s e a r c h  a n d  Development A c t  o f  1 9 6 4  ( 1 6  USC 
779a)  a n d  t h e  F i s h  and  W i l d l i f e  A c t s  o f  1947 (16 USC 758a1 ,  
1949  ( 1 6  USC 7531,  1 9 5 0  ( 1 6  USC 7 6 0 a ) ,  a n d  1956  (16 USC 7 4 2 ) .  
I n  a d d i t i o n ,  t h e r e  a r e  t h e  C e n t r a l ,  W e s t e r n ,  a n d  S o u t h  P a c i f i c  
Ocean F i s h e r i e s  Reso ' t rces  Development A c t  (P.L. 92-444) a n d  t h e  
High S e a s  F i s h e r i e s  C o n s e r v a t i o n  B i l l  (HR-4760 and S-1069).  

Due t o  t h e  i n c r e a s i n g  c o m p l e x i t y  o f  f i s h e r y  n e g o t i a -  
t i o n s  b r o u g h t  a b o u t  by  t h e  r a p i d  a d v a n c e  of  t e c h n o l o g y ,  t h e  ex- 
p a n s i o n  of  f o r e i g n  d e e p  w a t e r  f i s h i n g  f l e e t s  a n d  t h e  i n c r e a s e  
i n  wor ld-wide  demand f o r  f i s h e r y  p r o d u c t s ,  t h e  U n i t e d  S t a t e s  
i s  r e q u i r e d  t o  m a i n t a i n  c o n t i n u e d  a t t e n t i o n  and  e x p e r t i s e  i n  
t h i s  a r e a .  Dur ing F Y  1 9 7 5 ,  s p e c i a l  a t t e n t i o n  w i l l  b e  g2ven t o  
m a i n t a i n i n g  maximum p r o t e c t i o n  f o r  American f i s h e r i e s  i n t e r e s t s  
u n d e r  e x i s t i n g  i n t e r n a t i o n a l  mechanism, p e n d i n g  r e s u l t s  of t h e  



L a w  o f  the Sea (LOS) C o n f e r s n z a  from which p o s s i b l e  modifica- 
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ai.\&ry .s . 
There are eight co:nnissions e s t a b l i o l i e d  by i n t e r n a -  

t i o n a l  c o n v e n t i o n s  w i t h  v a r i o u s  management  a u t h o r i t i e s .  T a b l e  9 
is  a l i s t i n g  of c o a x i s s i o n s  c u r r e n t l y  active a n d  t h e i r  p r i n c i -  
p a l  areas of c o n c e r n .  

F i n a l l y ,  t h e  terns of 16 USC 1191-1194,  October 1 4 ,  
1 9 6 6 ,  e s t a b l i s h e d  th? c o n t i g u o u s  f i s h e r i e s  z o n e  and s u p p o r t  
a c t i v i t i e s  w i t h i n  t h e  zoe?e i n  return for c e r t a i n  p r e f e r e n t i a l  
r i g h t s  for Amarican f i s h i n g  i n t e r e s t s  o n  t h e  high seas adja- 
cent t o  o u r  c o a s t a l  areas a n d  f o r  f o r e i g n  a b s t e n t i o n  from 
f i s h i n g  f o r  s o n o  species i n  c e r t a i n  areas.  Table 10 i s  a l i s t  
of 11 current bilateral agreements. 

I . .  i---. - 
I 

I i n t c r c 3 r i o n a :  Pa:it i c  I Canar?o, 
E r l i b u :  C o n t i s s i o n  U n i t e d  S t a r e s  

I I r : t c z r . s t % o : ~ i l  t :or&?~ I C a n a d a ,  J a p a n ,  
P a - ~ f i c  ?ish.$rie; Co%t ia s ion  U a i r e d  S t a t e s  

I X n : z r c ~ : i o ~ a l  P a c i f i c  C a n a d a ,  
S a l c > c  S i s h a r i e o  Co>=issiw. Vni:od S t a t e s  

I ::art> krcicic Pur Sea l  I USSR, Japa:., C a c a d a ,  
Cc-:issio.~ U n i t c Z  5:a:cs 

Ia :e=na: iozal  C o a a i s s i o n  for Sixtecr. c o u n t r i e z ,  

I t:..? ::o:thucs: Atlan:ic I i n c l u d i n ;  
r i~ :?e : i l s  Unit.eZ S t a t e s  

I Seven c o u n : r i a s ,  
i n c l u d i n g  
U n i t e d  S t a t e s  

T - ' : - r : a t i ~ ~ a l  C o n a l s s i o a  i --... I T h i r t e e n  c o u n t r i e s ,  

I f o r  :be C o n s e r v a t i o n  o f  i n c L u C i z g  
2:ltrttic r u n a s  U n i t a d  S t a t e s  

I S O  countries, 
i n c l u d i c g  
U n i t a d  S t a t e s  

:or U s e  of t h e  S e a  - 
--. - .--- 

A r e a  nf C:oncern 

I 
H a l i b u t  F i s h e r y  o f  U o r t h  P a e i L i c  
3 ~ d  B e r i n g  S e e  

P i s h c r y  S t o c k s  o f  t h a  t i o r t h  i P a c i f i c  and  D e r i c g  Sea 

s o c k e y e  a n d  P i n k  S a l m o n  o f  the 
F r a s e r  R i v e r  System 

n o r t h  P a c i f i c  Fur Saals 

r i s l r e r y  R e s o u r c e s  of N o r t h w e s t  
r t i b n t i c  Ocean 

Y e l l o a f i n  T u n a  of the Eastern 
P a c i f i c  

Tuna a n C  T u n a - l i k e  F i s h e r i e s  o f  
t h e  A t l a n t i c  Occrn 

tihalo s t o c k s  o f  t he  W o r l d  



--- 
P r  i r : c i p a l  --- 
Canada 

J c p a : ~  

J?. j1u3 

i'ola:d 

R o r t ~ i ~  i 

Soat> Kor::.? 

U.S.S.?.. 

U . S . S . R .  

I U - S - s - i : -  

i J .S .S .C .  

U.S.S.!?. 

I Area of Concern 
-- - 

I Reciptoc-a:- F i s h i ~ y  A g r e c l z n t  

I Fisheries hgrcenent 
I Eastern Rerinq Sea and T n n n e r  Crab 

Agreenex t  

I t!iddle A t l - n t i c  bgreesent 

F i o i r e r i e s  i n  r e s t c r n  region of ni6dlr .  
R t l a n t i c  

Coopi:ratio:l i n  f i s h e r i e s  

F i s h e r i e s  hyrcenent r e l a t i n g  to qoar 
co::flicts in i i s h j . n g  operat ian  i n  1:orth 
Pacific and E:ring Sca 

E F S ~ C K I ?  9er11,g Sea  Li:19 and ~ a n n b i  Crab 
Agreenen t 

Contigcsus f i s h i n g  zone 

Claims X 2 S ' J 1 . t i n C j  frox damage to fishing 
vessels o r  qr3r 

Decenber 1 9 7 4  I 
Dccernbar 1974 

June 1375 

Decenber 1 9 7 5  

Deccnbcr 1 9 7 7  

Dccenbcr 1 9 7 4  

February 1 9 7 5  

February 1 9 7 5  

February 1 9 7 5  

Ron-Federal Activit !zs ..-- ------.- -- 

Vdrious c d u c n  t i o n a l  institutions are s t u d y i n g  f i s h -  
c r i e s  m a r ~ n g e a c n t .  In a d d i t i o n ,  several states provide limited 
management functions a n d  research and development studies for 
t h e  i l ap rova iqen t  of t h e i r  f i s h e - c j  e s .  
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F u n c t i o n s  o f  Remote S e n s i n p  

Remote s e n s i n g  p r o v i d e s  t h e  p o s s i b i l i t y  f o r  i m p r o v i n g  
f i s h  h a r v e s t i n g  t h r o u g h  two s t e p s :  ( 1 )  by p r o v i d i n g  c o r r e l a t i o n  
d a t a  be tween  f i s h  c a t c h  and  o c e a n  p a r a m e t e r s  s u c h  a s  d e p t h ,  
c o l o r ,  t e m p e r a t u r e ,  a n d  t u r b i d i t y ,  and  ( 2 )  b y  p r o v i d i n g  i n p u t  
f o r  mode l s  u s e d  t o  p r e d i c t  t h e s e  p a r a m e t e r s .  

I f  f i s h e r y  c a t c h e s  a n d  l o c a t i o n s  c a n  b e  d e t e r m i n e d  on 
d a y s  of  s a t e l l i t e  o v e r f l i g h t s ,  w e  c a n  c o r r e l a t e  t h i s  i n f o r m a -  
t i o n  w i t h  d a t a  r e c e i v e d  f r o m  s p a c e  a n d  w e  c a n  f i n d ,  f o r e x a m p l e ,  
t h a t  t u n a  m i g h t  be f o u n d  w i t h i n  a  t e m p e r a t u r e  r a n g e  o f  22-25OC 
w i t h  a p r o b a b i l i t y  of  "a"  and  w i t h i n  a t e m p e r a t u r e  r a n g e  o f  
11-22*C w i t h  a p r o b a b i l i t y  of  "b" .  F u r t h e r  c o r r e l a t i o n  co-  
e f f i c i e n t s  c a n  b e  d e r i v e d  f o r  a l l  m e a s u r a b l e  p a r a m e t e r s  and  
a r e a s  of h i g h  c a t c h  p r o b a b i l i t y  c a n  b e  d e t e r m i n e d .  

I n  c o n j u n c t i o n  w i t h  w e a t h e r  d a t a ,  s a t e l l i t e  oceano-  
g r a p h i c  d a t a  c a n  be u t i l i z e d  i n  f o r m i n g  and  i m p r o v i n g  p r e d i c -  
t i v e  mode l s  of  o c e a n  p a r a m e t e r s .  I t  i s  t h e s e  m o d e l s  which w i l l  
b e  o f  g r e a t e s t  v a l u e  t o  f i s h e r m e n ,  b u t  s u c h  mode l s  w i l l  be 
complex a n d  c u r r e n t l y  are  q u i t e  a  way f r o m  a t t a i n i n g  s u f f i c i e n t  
a c c u r a c y  f o r  o p e r a t i o n a l  u s e .  

However, s u c h  i n f o r m a t i o n  w i l l  n o t  be of s i g n i f i c a n t  
v a l u e  f o r  e x i s t i n g  h i g h - e f f i c i e n c y  f i s h e r i e s ,  s u c h  as t h e  
menhaden f i s h i n g  i n  t h e  Gulf  o f  Mexico. Remote s e n s i n g  a l s o  
h a s  v e r y  l i m i t e d  a p p l i c a t i o n  t o  f i s h e r y  management, where  t h e  
i m p o r t a n t  v a r i a b l e s  a r e  wha t  i s  t h e  e x i s t i n g  s t o c k  and how it 
i s  c h a n g i n g .  

Economic a n d  T e c h n i c a l  Models f o r  E s t i m a t i n g  B e n e f i t s  
o f  Remote S e n s e d  Da ta  

E s t i m a t i n g  economic  b e n e f i t s  a c c r u i n g  f rom s a t e l l i t e  
d a t a  t o  f i s h e r i e s  i s  v e r y  d i f f i c u l t *  T h e r e  a r e  a l m o s t  no 
s t u d i e s  which  h a v e  t r i e d  t o  improve c a t c h  e f f i c i e n c y  u s i n g  
s u c h  d a t a .  E s t i m a t e s  h a v e  b e e n  made t h a t  a c c u r a t e  c h l o r o p h y l l  
and  t e m p e r a t u r e  mappinghave  t h e  c a p a b i l i t y  t o  r e d u c e  s e a r c h  
c o s t s  by 30 p e r c e n t . *  

* U s e f u l  A p p l i c a t i o n s  of  E a r t h - O r i e n t e d  S a t e l l i t e s :  Ocean- 
o g r a p h y ,  1969 ,  N a t i o n a l  Academy o f  S c i e n c e s ,  N a t i o n a l  
R e s e a r c h  C o u n c i l ,  p . 5 0 .  
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However, d u e  t o  t h e  h i g h l y  c o m p e t i t i v e  i i a t u r e  o f  f i s h e r i e s  and  
t h e  i n a c c e s s i b i l i t y  o f  t h e i r  f i g u r e s ,  no c l o s e  e s t i m a t e  o f  
t h e i r  s e a r c h  c o s t s  a r e  a v a i l a b l e .  G u e s s e s  a t  s e a r c h  c o s t s  
r a n g e  anywhere  f rom s e v e r a l  d o l l a r s  p e r  t o n  o f  f i s h  c a u g h t  t o  
o n e - h a l f  o f  t h e  p r i c e  received f o r  t h e  f i s h .  

The t u n a  i n d u s t r y  a p p e a r s  t o  b e  o n e  where  r e m o t e l y -  
s e n s e d  i n f o r m a t i o n  c a n  b e  w e l l - u s e d .  I t  h a s  b e e n  e s t i m a t e d  
t h a t  a 509 r e d u c t i o n  i n  s e a r c h  t i m e ,  combined w i t h  a 25% i n -  
c r e a s e  i n  c a t c h  due  t o  b e t t e r  i n f o r m a t i o n ,  would  y i e l d  a n n u a l  
c o s t  r e d u c t i o n s  of a b o u t  $12 m i l l i o n  and a  d e c r e a s e  i n  f l e e t  
i n v e s t m e n t  o f  $6.4 m i l l i o n . *  

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

S e v e r a l  s t u d i e s  c o r r e l a t i n g  o c e a n  p a r a m e t e r s  o b t a i n e d  
f rom ERTS d a t a  w i t h  f i s h  c a t c h  h a v e  p r o v e n  s u c c e s s f u l .  S i g n i -  
f i c a n t  c o r r e l a t i o n  h a s  b e e n  f o u n d  be tween  menhaden f i s h  a n d  
s a l i n i t y ,  w a t e r  c o l o r ,  a n d  d e p t h  shown on ERTS i m a g e r y .  

P r i n c i p a l  i n v e s t i g a t o r s  i n  t h i s  a r e a  a r e  

P a u l  M. Maughan W i l l i a m  H.  S t e v e n s e n  
E a r t h  S a t e l l i t e  Corp.  Nat. Mar ine  F i s h e r i e s  Svc.  
1747 P e n n s y l v a n i a  AVe.NW M i s s i s s i p p i T e s t  F a c i l i t y  
Wash ing ton ,  DC 20006 Bay St. L o u i s ,  M I  39520 
202-233-8112 601-688-3650 

E s t i m a t e  o f  ERTS Economic C a p a b i l i t i e s  

A l t h o u g h  it seems e v i d e n t  t h a t  s i g n i f i c a n t  b e n e f i t s  
w i l l  a c c r u e  t o  t h e  f i s h i n g  i n d u s t r y  f romERS d a t a ,  w e  a r e  un- 
a b l e  t o  a s s i g n  a  f i r m  f i g u r e  t o  t h e s e  b e n e f i t s .  T h i s  i s  be- 
c a u s e  o p e r a t i o n a l  u s e  of  ERS d a t a  h a s  n o t  y e t  b e e n  d e m o n s t r a -  
t e d  a n d  p r o b a b l y  w i l l  n o t  b e  d e m o n s t r a t e d  u n t i l  r e l i a b l e  o c e a n  
p a r a m e t e r  p r e d i c t i o n  m o d e l s  h a v e  b e e n  f o r m u l a t e d .  

* N o r t o n ,  U . J . ,  "Some P o t e n t i a l  B e n e f i t s  t o  Commercial  
F i s h i n g  Through I n c r e a s e d  S e a r c h  E f f i c i e n c y ,  A Case  S t u d y  - The Tuna I n d u s t r y " ,  p r e p a r e d  f o r  t h e  G e o l o g i c a l  S u r v e y  
of t h e  U.S. Depar tment  o f  t h e  I n t e r i o r ,  J a n u a r y  1969.  
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OPTIMIZE OCEAN PLAhT FOOD HARVESTING 

R a t i o n a l e  f o r  B e n e f i t s  

The o c e a n s  r e p r e s e n t  t h e  l a r g e s t  s o u r c e  o f  p r o t e i n  
known t o  man. A s  compared t o  l a n d  y i e l d  s t a t i s t i c s  f o r  g r a i n s  
--- lo00 pounds  p e r  a c r e  w h e a t ,  3000 pounds  p e r  a c r e  hay--- the 
c o m p a r a b l e  non-farmed a n n u a l  y i e l d  o f  z o o p l a n k t o n  i n  t h e  Long 
I s l a n d  Sound is  e s t i m a t e d  t o  b e  7800 pounds  p e r  a c r e . *  T h i s  
d o e s  n o t  e v e n  i n c l u d e  v e g e t a t i o n ,  whose v a l u e  i s  p o t e n t i a l l y  
enormous.  Seaweed is p r e s e n t l y  b e i n g  h a r v e s t e d  o f f s h o r e  
J a p a n  and  A u s t r a l i a ,  a n d  t o  a small e x t e n t  i n  t h e  U n i t e d  
S t a t e s .  The h a r v e s t  o f  a l g a e  s u c h  as k e l p ,  a g a r ,  and I r i s h  
Moss r e d u c e s  t h e  o r g a n i c  w a s t e l o a d  i n  c o a s t a l  a r e a s  which  con- 
t r i b u t e  t o  oxygen consumpt ion  a n d  t h e  r e c y c l e  o f  e x c e s s  phos-  
p h o r u s  a n d  n i t r o g e n .  Algae  h a r v e s t i n g  would h e l p  c l e a n  p o l l u -  
t e d  w a t e r s  a n d  p r o v i d e  a  v a l u a b l e  f o o d  p r o d u c t  c o n t a i n i n g  4 5  
t o  5 0 %  p r o t e i n .  A l f a l f a ,  c o n t a i n i n g  o n l y  21% p r o t e i n ,  s e l l s  
t o d a y  f o r  $ 4 0  p e r  t o n .  The o b s e r v e d  r e g e n e r a t i o n  o f  t h e  h a r -  
v e s t e d  a r e a s  i s  e x t r e m e l y  r a p i d .  Some seaweeds  a r e  r e p o r t e d  
t o  grow a t  r a t e r  o f  6 i n c h e s  p e r  day .  L a r g e  t h i c k l y  m a t t e d  
a r e a s  r e g r e w  w i t h i n  two weeks o f  c u t t i n g .  F u r t h e r ,  t h e  i n -  
c r e a s e d  n i t r o g e n  and  p h o s p h a t e  p o l l u t i o n  of  r i v e r s  may i n c r e a s e  
some seaweed p r o d u c t i o n  many f o l B . * *  

However, consumer t a s t e s  seem t o  be  t h e  m a j o r  drawback 
i n  c a p i t a l i z i n g  i n  t h i s  a r e a .  Ocean v e g e t a t i o n  is a v a i l a b l e  
and  r e l a t i v e l y  i n e x p e n s i v e ,  b u t  t h e  demand i s  s m a l l  s o  f a r .  

F e d e r a l  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  

A t  p r e s e n t ,  t h e r e  a r e  no  F e d e r a l  a c t i v i t i e s  s p e c i f i -  
c a l l y  i n v o l v i n g  t h i s  a c t i v i t y .  

F u n c t i o n s  o f  Remote S e n s i n g  

Remote s e n s i n g  c o u l d  b e  u s e d  t o  m o n i t o r  t h e  h e a l t h  
and g rowth  o f  seaweed f i e l d s  and  i d e n t i f y  new a r e a s  f o r  h a r v e s t .  

* McHugh, J . L . ,  " E s t u a r i n e  Nekton" ,  E s t u a r i e s ,  Wash ing ton ,  
DC: P u b l i c a t i o n  No.83, American A s s o c i a t i o n  f o r  t h e  Ad- 
vancement  o f  S c i e n c e ,  1 9 6 7 ,  p.597.  

* *  Ketchum, B . H . ,  "The F l u s h i n g  o f  T i d a l  E s t u a r i e s " ,  E s t u -  
a r i e s ,  o p . c i t .  
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Economic and T e c h n i c a l  Models f o r  E s t i m a t i n g  B e n e f i t s  
o f  Remote S e n s e d  D a t a  

A t  p r e s e n t ,  l o c a t i o n  of o c e a n  v e g e t a t i o n  p r e ~ e n t s  n o  
d i f f i c u l t y  as s u c h  p l a n t s  a re  s o  p l e n t i f u l ;  n o r  d o e s  it seem 
l i k e l y  t h a t  o v e r - h a r v e s t i n g  c o u l d  p o s e  a t h r e a t  t o  t h e  c o n t f n -  
uance  o f  t h e  f i e l d s .  

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

ERTS h a s  d e m o n s t r a t e d  t h e  a b i l i t y  t o  de tec t  c h l o r o -  
p h y l l - a  which i n f e r s  t h e  e x i s t e n c e  o f  o c e a n  v e g e t a t i o n .  

E s t i m a t e  o f  ERTS Economic C a p a b i l i t i e s  

Due t o  l im i t ed  deqand  a n d  g r e a t  s u p p l y ,  t h e r e  a r e  no  
l i k e l y  b e n e f i t s  from am ERS s a t e l l i t e  s y s t e m  f o r  t h i s  f u n c t i o n  
i n  t h e  n e a r  f u t u r e .  
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IMPROVE COASTAL ZONE MANAGEMENT 

R a t i o n a l e  f o r  B e n e f i t  

The c o a s t a l  U n i t e d  S t a t e s  h a s  a l w a y s  b e e n  a  v e r y  de-  
s i r a b l e  zone .  I t s  a e s t h e t i c  and economic  v a l u e  make it a n  
a r e a  o f  i n t e n s e l y  h i g h ,  and f r e q u e n t l y  c o n f l i c t i n g ,  demand. 
Simply  b e c a u s e  i t s  bounds  a r e  l i m i t e d ,  it is  a  p r e s s u r e  
c o o k e r .  Over  70% o f  t h e  p o p u l a t i o n  o f  t h e  U n i t e d  S t a t e s  l i v e s  
w i t h i n  c o u n t i e s  b o r d s i i n g  t h e  c o a s t ,  and t h e  m a j o r  p o r t i o n  of  
t h e  i n d u s t r i a l  c a p a c i t y  o f  t h e  N a t i o n  i s  l o c a t e d  a l o n g  t h e s e  
same c o a s t l i n e s . *  The o c e a n  p r o v i d e s  r e c r e a t i o n ,  e f f i c i e n t  
t r a n s p o r t a t i o n ,  w a t e r  f o r  c o o l a n t s ,  a n d  a  s o u r c e  of  w a s t e  
d i s p e r s a l .  Every  a c t  done  i n  t h i s  a r e e  i n v o l v e s  a  s e r i o u s  
d e c i s i o n  w i t h  d i f f i c u l t  t r a d e o f f s .  

T h e r e  i s  t h e  p rob lem o f  b a l a n c i n g  c o n s e r v a t i o n  and  
r e c r e a t i o n a l  u s e s  w i t h  t h e  e q u a l l y  l e g i t i m a t e  n e e d s  f o r  i n -  
c r e a s e d  power and p o r t  f a c i l i t i e s .  D e c i s i o n s  s u c h  a s  t h i s  
r e q u i r e  a n  a p p r e c i a t i o n  o f  t h e  s t a t e  and n a t i o n a l  i n t e r e s t s  
i n v o l v e d ,  y e t  t h e y  a r e  t y p i c a l l y  b e i n g  made a t  t h e  l o c a l  l e v e l  
w i t h o u t  due  r e g a r d  f o r  t h e  t o t a l  i m p l i c a t i o n s  o f  t h e  a c t i o n .  

N e a r s h o r e  w a t e r s  a r e  h i g h l y  s u s c e p t i b l e  t o  p o l l u t a n t s ,  
w h e t h e r  d i r e c t  and  i n t e n t i o n a l  o r  t h e  r e s u l t  o f  s u r f a c e  and  
s u b s u r f a c e  d r a i n a g e ,  and mos t  o f  t h e  s p e c i e s  on  which o u r  
f i s h e r i e s  depend a r e  d e p e n d e n t  on w a t e r s  o f  t h e  c o a s t a l  a r e a .  
A f u r t h e r  p r o b l e m  i s  t h e  s i g n i f i c a n t  e r o s i o n  t h a t  a f f e c t s  much 
o f  o u r  c o a s t  ( s e e  RMl 30. 7 . 5 . 1 ) .  The d e c i s i o n s  t o  be made 
a r e  d i f f i c u l t  o n e s  and  i m p o r t a n t  o n e s ,  a n d  b e t t e r  i n f o r m a t i o n  
c a n  g o  a l o n g  way t o w a r d  i m p r o v i n g  t h e s e  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  and ~ e s p o n s i b i l i t i e s  

The C o a s t a l  Zone Management A c t  (33  USC 1 1 0 1 ) ,  p a s s e d  
i n  1972 ,  e s t a b l i s h e s  a  b a s i s  f o r  a  r a t i o n a l  p rogram o f  manage- 
ment and c o n s e r v a t i o n  of  l a n d  and w a t e r  r e s o u r c e s  o f  t h e  na- 
t i o n ' s  c o a s t a l  a r e a s  i n  c o o p e r a t i o n  w i t h  t h e  c o a s t a l  s t a t e s .  
Twelve m i l l i o n  d o l l a r s  h a s  b e e n  a p p r o p r i a t e d  f o r  f i s c a l  y e a r  
1974 f o r  t h e  e x p r e s s  p u r p o s e  o f  e n c o u r a g i n g  a n d  a s s i s t i n g  

* U n i t e d  S t a t e s  C o n g r e s s ,  House ,  Subcommi t t ee  on Ocean- 
ography  o f  t h e  Committee on Merchan t  M a r i n e s  and  F i s h -  

- - -  

e r i e s ,  N a t i o n a l  O c e a n i c  a 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  
O v e r s i g h t ,  H e a r i n g s ,  29 November 1 9 7 2 ,  p.99. 
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s t a t e s  i n  t h e  e x e r c i s e  of t h e i r  r e s p o n s i b i l i t i e s  i n  t h e  c o a s t a l  
zone t h r o u g h  t h e  deve lopment  and  i m p l e m e n t a t i o n  o f  management 
p rograms .  The r e s p o n s i b i l i t i e s  i n  t h i s  a r e a  f a l l  t o  t h e  N a -  
t i o n a l  O c e a n i c  and 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  ( N O A A ) .  Addi-  
t i o n a l l y ,  NOAA h a s  g i v e n  $ 1 , 4 0 0 , 0 0 0  i n  s e a  g r a n t s  f o r  m a r i n e  
soc io -economic  and  l e g a l  r e s e a r c h  t o  h e l p  s t a t e s  i n  t h e i r  
c o a s t a l  zone management. The Army Corps  o f   engineer^ a l s o  h a s  
r e s p o n s i b i l i t y  f o r  upkeep o f  t h e  s h o r e l i n e ,  m o s t l y  t h r o u g h  
b e a c h  e r o s i o n  p r o g r a m s .  

Non-Federa l  A c t i v i t i e s  

S t a t e  and  l o c a l  g o v e r n m e n t s  h a v e  t h e i r  own l a w s  gov- 
e r n i n g  u s e  of  c o a s t a l  a r e a s .  Comprehensive  s t a t e  l a w s  a n d  
a g e n c i e s  i n  t h i s  a r e a  h a v e  n o t  e x i s t e d  v e r y  l o n g  a n d  many 
s t a t e s  s t i l l  d o  n o t  h a v e  a d e q u a t e  management f u n c t i o n s .  How- 
e v e r ,  r e c e n t  improvements  have  b e e n  made, l a r g e l y  t n r ~ u g h  t h e  
s u p p o r t  and f u n d i n g  p r o v i d e d  by t h e  C o a s t a l  Zone Management 
Ac t .  

F u n c t i o n s  o f  Remate S e n s i n g  

Remote s e n s i n g  p r o v i d e s  a c t i v i t i e s  w h i c h  h a v e  g r e a t  
u s e  t o  c o a s t a l  zone  m a n a g e r s -  Monitc.:ing c u r r e n t s  a n d  t i d e s  
y i e l d  i n f o r m a t i o n  u s e f u l  f o r  p l a n n i n g  w a s t e  d i s p o s a l  s y s t e m s  
and  p r e d i c t i n g  and p l a n n i n g  f o r  s h o r e  e r o s i o n .  S i g n i f i c a n t l y ,  
s a t e l l i t e s  p r o v i d e  t h e  p o s s i b i l i t y  of  c o n t i n u o u s  m o n i t o r i n g  of  
l a n d  u s a g e  c h a n g e s  a n d  w a s t e  d i s p o s a l ,  and s u r v e i l L a n c e  f o r  
e n f o r c i n g  l e g i s l a t i o n .  

Economir and T e c h n i c a l  Models  f o r  E s t i m a t i n g  U e n e f i t s  -- 
The N e w  J e r s e y  D e p a r t m e n t  of  E n v i r o n m e n t a l  P r o t e c t i o n  

h a s  e s t i m a t e d  b e n e f i t s  a c c r u i n g  f r o m  ERTS-1 t o  a i d i n g  i n  t h e i r  
management f u n c t i o n s .  T h e s e  b e n e f i t s  h a v e  come i n  improved 
s u r v e i l l a n c e  and  c o s t  r e d u c t i c n .  The New J e r s e y  DEP e s t i m a t e s  
$195,000 a n n u a l l y  i n  t h e s e  a r e a s . *  I n  t r y i n g  t o  a r r i v e  a t  po- 
t e n t i a l  national b e n e f i t s  i n  t h i s  a r e a ,  w e  w i s h  t o  f i n d  o t h e r  
r e g i o n s  s i m i l a r  i n  p o p u l a t i o n  and s h o r e l i n e .  With  r e f e r e n c e  
t o  F i g u r e  5 ,  we i d e n t i f y  t h r e e  s u c h  s i m i l a r  a r e a s :  

* " A p p l i c a t i o n  o f  ERTS D a t a  t o  t h e  R e g u l a t i o n ,  P r o t e c t i o n ,  
and  Management o f  New J e r s e y ' s  C o a s t a l  En-rironment---An 
E x t e n s i o n  o f  SR-304 ERTS-1 I n v e s t i g a t i o n " ,  New J e r s e y  
Depar tmen t  o f  E n v i r o n m e n t a l  P r o t e c t i o n  a n d  E a r t h  S a t e l - ,  
l i t e  C o r p o r a t i o n ,  J u n e  1974 .  
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05-\. io?;sl .y:  t h e r e  arc? many o t h e r  smal ler  areas t h a n  those used 
here r ~ i t t ~  s i n i l a r  s i t u . = ~ t i o n s  t o  t h a t  o f  New J e r s e y .  11- order  
t o  kesp cstin.:tes c o n s i s t e n t ,  and on t h e  c o n s a r v n t i v a  side, we 
l i m i t  o u r  c s t r a p o l a t i o n  t o  t h e s e  t h r e e  areas. Agencies with 
e q u a l  3 u r i s d i ~ t i o n  and a u t h o r i t y  t o  New Jersey DEP nay n o t  y e t  
e x i s t  i n  t h e s a  o t h e r  r e g i o n s ,  b u t  it i s  l i k e l y  t h a t  t h e y  are 
s o o n  t o  a r i s e r  given tile i n c r e a s i n g  1,eed f o r  coa s t a l  z o n e  reg- 
u l a t i o n ,  aad given t h e  s t i m u l u s  p r o v i d e d  n a t i o n a l l y  t h r o u g h  
t h e  Coastz l  Z o n s  P!anac.ament A c t .  

C u r r e 3 t  ESTS A c t i v i t i e s  

The New Jersey D e p a r t m e n t  o f  E n v i r o n m e n t a l  P r o t e c t i o n  
has authority t o  c o n t r o l  r i la jor  d e v e l o p n e a t  w i t h i n  t h e  c o a s t a l  
arza of :law Sersey .  Enforcement o f  their r e g u l a t i o n s  m u s t  
danl w i t h  t w o  basic s i t u a t i o n s :  

1. i i o n i t o r i n g  a u t h o r i z e d  d e v e l o p m e n t  
p r o j e c t s  t o  i n s u r e  c o m p l i a n c e  w i t h  
p e r m i t  c o n d i t i o n s .  

2 .  D a t e c t i n g  c l a n d e s t i n e  o r  u n a u t h o r -  
ized m a j o r  l a n d  u s e  m o d i f i c a t i o n s .  

T h e  N z s  J e r s e y  DE? h a s  previously u s e d  aircraft p h o t o g r a p h y  . :d qraund i n s ? e c t ~ r s ,  h o w e v e r ,  this was n o t  a s z t i s f a c t o r y  
methad f o c  broad c o a s k a l  c o v c r a g z .  " C o n p a r i s o n  o f  EBTS i m a g e s  

* C o a s t a l  c o u n t i e s  of New J e r s e y :  p o p u l a t i o n ,  4 , 0 4 1 , 0 0 0 ;  
s h o r e l i n e ,  1 7 3 2  a i l e s ;  
CoactL:l  c o u n t i e s  o f  New York:  p o p u l a t i o n ,  1 1 , 5 7 4 , 0 0 0 ;  
s h o r e l i n e ,  1 8 5 0  m i l e s ;  
Coastal c o u n t i . a s  o f  M a s s a c h u s e t t s - - - R h o &  IL :and: p o p u -  
l a t i o n ,  4 , 3 2 6 , 0 0 0 ;  s h o r e l i n e ,  1 9 0 3  miles; 
C o a s t a l  c o u n t i e s  of  Los Angeles---San D i c g o :  p o p u l a t i o n ,  
1 0 , 4 3 9 , 0 0 0 ;  s h o r e l i n e ,  1 , 1 0 0  m i l e s ;  
S o u r c e :  -- Worlt! -- A t l a s  a n d  G a . z e t e e r ,  C.S.Hanmond & Co., 1 9 6 6 ,  
a n d  U.S.Bureau of  the C e n s u s ,  g .L ' .Census  of P s p u l a t i o n ,  
i970, P a r t  A .  
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f o r  t h e  p e r i o d  1 0  O c t o b e r  1972 t h r o u g h  7  J u l y  1973  h a v e  de-  
t e c t e d  276 c h a n g e s .  These  c h a n g e s  are p l o t t e d  o n  1:24,000 
s c a l e  p h o t o  maps, which  are u s e d  t o  g u i d e  f i e l d  i n s p e c t o r s .  
W e  h a v e  s u c c e s s f u l l y  d e t e c t e d  c h a n g e s  as s m a l l  as 2-3 a c r e s . * *  

E s t i m a t e  o f  ERTS Economic C a p a b i l i t i e s  

E x t r a p o l a t i n g  f rom i n f o r m a t i o n  s u b m i t t e d  b y  N e w  J e r s e y  
DEP t o  t h e  t h r e e  b e f o r e - m e n t i o n e d  areas, w e  a r r i v e  a t  a n  es t i -  
mate  o f  4  X $195,000 = $780,000 a n n u a l l y  f o r  t h i s  RnF area. 
I t  s h o u l d  b e  p o i n t e d  o u t  t h a t  t h i s  e x t r a p o l a t i o n  i s  a v e r y  
- l o o s e n  p r o c e d u r e ;  however,  w e  h a v e  t r ied  t o  k e e p  i t  c o n s e r -  
v a t i v e  enough t o  i n s u r e  r e a s o n a b l e  a c c u r a c y .  W e  w i l l  u s e  
b e n e f i t s  c i t ed  by N.J.D.E.P. as a lower bound f o r  o u r  
e s t i m a t i o n .  

Annual  B e n e f i t s :  $780,000 

I n c r e a s e d  C a p a b i l i t y :  ($-19 - - 7 8  m i l l i o n )  

* M a i r s ,  e t  a l ,  " A p p l i c a t i o n  o f  ERTS-1 D a t a  t o  t h e  P r o t e c -  
t i o n  and Management o f  N e w  J e r s e y ' s  C o a s t a l  E n v i r o n m e n t n ,  
E a r t h  S a t e l l i t e  C o r p o r a t i o n  a n d  New J e r s e y  Depar tment  o f  
E n v i r o n m e n t a l  P r o t e c t i o n ,  N i n t h  I n t e r n a t i o n a l  Symposium o n  
Remote S e n s i n g  of  Env i ronment ,  A p r i l  1 9 7 4 ,  E n v i r o n m e n t a l  
R e s e a r c h  I n s t i t u t e  of Michigan.  
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OPTIMIZE OCEAN SHIPPIEG ROUTES 

S at ion ale f o r  B e n e f i t 2  

Improved s h i p p i n g  r o u t e s  c o u l d  y i e l d  a h i g h e r  r e t u r n  
on i n v e s t m e n t  f o r  s h i p  o w n e r s  d u e  t o  decreased c r o s s i n g  t i m e s  . 
a n d  h e n c e  a n  i n c r e a s e d  amount o f  s h i p p i n g  d e s t i n a t i o n s  o v e r  
t i m e  ( i n c r e a s e d  u t i l i z a t i o n / t i m e ) .  To t h e  p u r c h a s e r  o f  t h i s  
s e r v i c e  improved r o u t i n g  c o u l d  mean lower c o s t s  a n d  r e d u c e d  
t r a n s p o r t  t i m e .  S u p e r i o r  r o u t e s  c o u l d  a l so  lead t o  a r e d u c t i o n  
o f  o c e a n  a c c i d e n t s ,  s a v i n g  raw m a t e r i a l s  and  l i v e s .  

F e d e r a l  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  

The Depar tmen t  o f  Navy a n 6  t h e  N a t i o n a l  O c e a n i c  and 
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  are r e s p o n s i b l e  f o r  m a i n t & i n i n g  a n d  
u p d a t i n g  i n f o r m a t i o n  which  a r e  o f  u s e  i n  n a v i g a t i o n .  

Non-Federal  A c t i v i t i e s  - 
O t h e r  n a t i o n a l  g o v e r n m e n t s  a n d  p r i v a t e  s h i p p i n g  f i r m s  

s u p p o r t  a c t i v i t i e s  which  a i d  i n  s h i p  r o u t i n g .  

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

Remote s e n s i n g  h a s  i m p a c t  here i n  t w o  areas: improved  
mapping and  c u r r e n t  d e t e c t i o n .  S h i p s  f r e q u e n t l y  h a v e  t o  a v o i d  
u n c e r t a i n  a r e a s ,  t h u s  i n c r e a s i n g  c o s t s .  S a t e l l i t e  i m a g e r y  
o f f e r s  a n  i n e x p e n s i v e  way t o  map t h e s e  a r e a s  a n d  k e e p  u p d a t e d  
on a r e a s  whose c o n d i t i o n s  a re  i n  c o n s t a n t  f l u x ,  i n  a way t h a t  
would n o t  o t h e r w i s e  b e  p o s s i b l e  f o r  s h i p p i n g  p u r p o s e s .  S a t e l -  
l i t e  imagery  would  be q u i t e  u s e f u l  b e c a u s e  knowledge o f  t h e  
e n t i r e  o c e a n  t o p o g r a p h y  i s  n o t  n e c e s s a r y ;  o n l y  s h a l l o w  areas 
( a c c e s s i b l e  from s a t e l l i t e )  n e e d  be mapped. C u r r e n t  d e t e c t i o n  
i s  a n o t h e r  a r e a  where  r e m o t e  s e n s i n g  would  be of u s e .  A l -  
t h o u g h  t h e  m a j o r  c u r r e n t s  a r e  g e n e r a l l y  known, c h a n g e s  i n  them 
h a v e  n o t  b e e n  r e c o r d e d ;  s a t e l l i t e  i m a g e r y  a f f o r d s  a means  f o r  
r e c o r d i n g  t h e s e  c h a n g e s .  

Economic a n d  T e c h n i c a l  Models  f o r  E s t i m a t i n g  B e n e f i t s  
o f  Remote S e n s e d  D a t a  

B e n e f i t s  f rom s a t e l l i t e  d a t a  c a n  b e  d e t e r m i n e d  by 
f i n d i n g  how much s h i p p i n g  t i m e  has b e e n  s a v e d  front improved  
maps, m u l t i p l y i n g  by t h e  v a r i a b l e  c o s t  p e r  s h i p p i n g  h o u r  and  
s u b t r a c t i n g  u s e r  c o s t .  However, t h i s  c a l c u l a t i o n  i s  v e r y  d i f -  
f i c u l t  a t  p r e s e n t  f o r  s e v e r a l  r e a s o n s .  One, t h e r e  a r e  few 
a r e a s  o f  m a j o r  s h i p p i n g  r o u t e s  where  s h i p s  d e t o u r  l a r g e  d i s -  
t a n c e s  b e c a u s e  o f  u n c e r t a i n  c o n d i t i o n s .  T h e r e  a r e ,  however ,  
many s h o r t  d e t o u r s  made f o r  t h i s  r e a s o n .  B u t ,  summing up a l l  
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t h e s e  d e t o u r s  would b e  a f o r m i d a b l e  t a s k .  Second, it i s  n o t  
known how many of  t h e s e  a r e a s  would p rove  a c c e s s i b l e  t o  satel-  
l i t e  mapping due  t o  poor  w a t e r  p e n e t r a t i o n .  Only i n  some s e a s ,  
such  as t h e  C a r r i b b e a n ,  is t h e  w a t e r  c l e a r  and t h e  bo t tom high-  
l y  r e f l e c t i v e .  F u r t h e r ,  i n  o n l y  some o f  t h e  waters c h a r t a b l e  
by s a t e l l i t e  w i l l  t h e r e  be s u f f i c i e n t  d e p t h  f o r  s h i p s  t o  a v o i d  
d e t o u r s .  E s t i m a t e s  o f  b e n e f i t  i n  t h i s  a r e a  a r e ,  t h e r e f o r e ,  
i m p o s s i b l e  t o  p r e d e t e r m i n e  3 

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

P r e s e n t l y ,  ERTS h a s  been  shown t o  b e  a b l e  t o  measure  
bo t tom d e p t h  up t o  17 m e t e r s  ( s e e  RIF No, 7.1.1). C u r r e n t  
l o c a t i o n  d e t e c t i o n  h a s  a l s o  been demons t r a t ed  w i t h  ERTS 
imagery ( s e e  RMF No, 7 .3 .2 ) .  

E s t i m a t e  o f  ERTS Economic C a p a b i l i t i e s  

Al though an  ERTS-like ERS sys t em w i l l  p r o v i d e  b e n e f i t s  
i n  t h i s  a r e a ,  t h e y  a r e  p r e s e n t l y  u n q u a n t i f i a b l e .  T h i s  is due 
t o  t h e  f a c t  t h a t  one  c a n n o t  p r e d i c t  what a r e a s  such  a  sys t em 
w i l l  show t o  be n a v i g a b l e .  Also ,  a n  ERTS-like s a t e l l i t e  sy s -  
t e m  w i l l  be s i g n i f i c a n t  i n  ocean  r o u t i n g  a s  new, p r e s e n t l y  
l i t t l e - t r a v e l e d ,  w a t e r s  come i n t o  use. 

C o n s i d e r a b l e  b e n e f i t s  a c c r u e  i n  ocean s h i p p i n g  from 
mon i to r ing  o t h e r  p a r a m e t e r s ,  such  a s  s e a  s t a t e .  Such 
s e n s i n g  r e q u i r e s  advanced equipment ,  p a r t i c u l a r l y  a c t i v e  
microwave s e n s o r s  found i n  t h e  proposed  SEASAT s a t e l l i t e  
sys tem.  For  an  i n -dep th  a n a l y s i s  o f  b e n e f i t s  i n  t h i s  
a r e a ,  r e f e r  t o  "SEASAT Economic Assessment , "  a  r e p o r t  
p r e p a r e d  f o r  NASA by ECON, I n c .  under  C o n t r a c t  
NASW-2558, October  1974. 
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IMPROVE SHORELINE PROTECTION PROGRAMS 

R a t i o n a l e  f o r  B e n e f i t s  

S h o r e l i n e s  p r o v i d e  u n i q u e  areas f o r  r e c r e a t i o n  and  
h a b i t a t i o n  i n  t h e  U n i t e d  S t a t e s .  Ocean m a r s h l a n d s  are complex 
e c o z o n e s ,  s u p p o r t i n g  a  w e a l t h  o f  s p e c i e s  f r e q u e n t l y  n o t  f o u n d  
i n  a n y  o t h e r  a r e a .  Almost  o n e - h a l f - o f  o u r  p o p u l a t i o n  u t i l i z e s  
b e a c h e s  f o r  r e c r e a t i o n  a n n u a l l y .  The s h o r e l i n e s  a lso  p r o v i d e  
homes f o r  i n d i v i d u a l s  a n d  b u s i n e s s e s .  

However, t h e  e x i s t e n c e  o f  t h e s e  i m p o r t a n t  a r e a s  i s  
threatened. * C r i t i c a l a  e r o s i o n  e x i s t s  o n  2 ,700 o f  o u r  37,000 
m i l e s  o f  s h o r e l i n e ;  t w o - t h i r d s  of t h i s  area i s  p r i v a t e l y  owned 
a n d  a l l  o f  it is  u n d e r  e x t e n s i v e  deve lopment .  * S i g n i f i c a n t n  
e r o s i o n  a f f e c t s  o v e r  40% of o u r  t o t a l  s h o r e l i n e .  I r o n i c a l l y ,  
much o f  t h i s  e r o s i o n  i s  t r a c e a b l e  t o  man-made deve lopments .*  

F e d e r a l  Government ~ 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  

The U n i t e d  S t a t e s  Army C o r p s  o f  E n g i n e e r s  i s  t h e  p r i -  
mary a g e n c y  a c t i v e  i n  t h i s  area (see T a b l e  1 4 ) .  They a re  
c a l l e d  i n ,  u s u a l l y  b y  s t a t e  a g e n c i e s ,  t o  s t u d y  a n d  d e s i g n  
f e a t u r e s  t o  impede e r o s i o n .  Comprehens ive  l e g i s l a t i o n  f o r  
t h i s  a c t i v i t y  is  c o n t a i n e d  i n  t h e  C o a s t a l  Zone Management A c t ,  
33 USC 1101. 

Non-Federa l  A c t i v i t i e s  

S t a t e s  r e q u e s t  t h e  a s s i s t a n c e  of  t h e  C o r p s  o f  Engi-  
n e e r s  and  f r e q u e n t l y  t h e y  p a r t i a l l y  f u n d  work done  by t h e  C o r p s .  
L o c a l  a u t h o r i t i e s  a l s o  e n g a g e  i n  l i m i t e d  p r o t e c t i o n  a c t i v i t i e s .  

F u n c t i o n ;  o f  Remote S e n s i n s  

Remote s e n s i n g  p r o v i d e s  t h e  p o s s i b i l i t y  f o r  f r e q u e n t  
s t u d y  o f  c o a s t a l  c u r r e n t s ,  n e a r s h o r e  f e a t u r e s  a n d  l i t t o r a l  

* ' * C r i t i c a l w  e r o s i o n  i s  t h a t  where  a c t i o n  t o  s t o p  it i s  
f e l t  j u s t i f i e d  i n  t h e  l i g h t  o f  economic ,  s a f e t y ,  demo- 
g r a p n i c ,  or e c o l o g i c a l  f a c t o r s .  " S i g n i f i c a n t w  e r o s i o n  i s  
u n d e s i r a b l e  b u t  e f f o r t s  t o  a r r e s t  i t  may n o t  be j u s t i f i e d  
i n  t h e s e  terms. " R e p o r t  on t h e  N a t i o n a l  S h o r e l i n e  Study", 
Depar tment  o f  Army, Corps  o f  E n g i n e e r s ,  August  1971.  
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c h a n g e s ,  s u c h  a s  b e a c h  e r o s i o n .  Such i n f o r m a t i o n  c a n  g u i d e  
t h e  p l a c e m e n t ,  o r  l a c k  o f  i t ,  and d e s i g n  o f  s t r u c t u r e s  u s e d  t o  
impede e r o s i o n  and c a n  d e t e r m i n e  t he  e f f e c t i v e n e s s  of s u c h  
s t r u c t u r e s .  

Economic and  T e c h n i c a l  Models f o r  E s t i m a t i n g  B e n e f i t s  
o f  Remote S e n s e d  Da ta  

The New J e r s e y  Depar tment  o f  E n v i r o n m e n t a l  P r o t e c t i o n  
h a s  d e t e r m i n e d  t h a t  ERTS-1 i n f o r m a t i o n  h a s  p r o v i d e d  a n n u a l  
b e n e f i t s  o f  $75,000 t o  N e w  J e r s e y ' s  s h o r e  p r o t e c t i o n  p rogram 
i n  t h e  a r e a s  o f  " p r o c e s s e s / a n a l y s e s "  a n d  " f u n d s  a l l o c a t i o n s " . *  
Because  o f  s i m i l a r  s h o r e l i n e  t y p e ,  w e  f e e l  t h a t  s i m i l a r  bene-  
f i t s  c a n  be e x t r a p o l a t e d  t o  t h e  Boston---Cape Cod a r e a . + *  
C l e a r l y ,  o t h e r  a r e a s  o f  t h e  e n t i r e  U n i t e d  S t a t e s  A t l a n t i c  
c o a s t ,  whose s h o r e  i s  a l s o  s a n d y ,  c o u l d  a l s o  b e n e f i t  f r o m  ERTS 
i n f o r m a t i o n  t o  a b o u t  t h e  same d e g r e e  a s  New J e r s e y .  B u t ,  be- 
c a u s e  s i m i l a r  s t u d i e s  have  n o t  b e e n  made f o r  o t h e r  a r e a s ,  we 
c o n s e r v a t i v e l y  l i m i t  o u r  e x t r a p o l a t i o n  t o  t h e  M a s s a c h u s e t t s  
a r e a .  W e  w i l l  n o t  e x t r a p o l a t e  t o  t h e  West C o a s t ,  where  t h e  s h o r e  
is l a r g e l y  r o c k y .  

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

Very much i n f o r m a t i o n  a b o u t  n e a r s h o r e  c u r r e n t  p a t t e r n s  
h a s  b e e n  d e r i v e d  f rom ERTS-1 imagery .*** To a l i m i t e d  e x t e n t ,  
d e t e c t i o n  o f  c h a n g e s  i n  s h o r e l i n e s  d u e  t o  l i t t o r a l  p r o c e s s e s  
h a s  a l s o  b e e n  d e m o n s t r a t e d  f r o m  ERTS-I,**** And, a l t h o u g h  
t h e  N e w  J e r s e y  Depar tment  of E n v i r o n m e n t a l  P r o t e c t i o n  h a s  

* " A p p l i c a t i o n  o f  ERTS D a t a  t o  t h e  R e g u l a t i o n ,  P r o t e c t i o n ,  
and Management o f  N e w  J e r s e y ' s  C c a s t a l  Environment---An 
E x t e n s i o n  o f  SR-304 ERTS-1 I n v e s t i g a t i o n D ' ,  N e w  J e r s e y  
Depar tment  o f  E n v i r o n m e n t a l  P r o t e c t i o n  a n d  E a r t h  S a t e l -  
l i t e  C o r p o r a t i o n ,  J u n e  1974.  

* * M a s s a c h u s e t t s  a n d  N e w  J e r s e y  h a v e  s h o r e l i n e s  o f  a b o u t  
e q u a l  l e n g t h ,  1 , 5 1 9  m i l e s  a n d  1 , 7 9 2  m i l e s ,  r e s p e c t i v e l y .  

* * * H u n t e r ,  R .E . ,  " D i s t r i b u t i o n  a n d  Movement o f  Suspended  
S e d i m e n t  i n  t h e  Gul f  o f  Mexico o f f  t h e  T e x a s  C o a s t " ,  
Symposium o f  S i g n i f i c a n t  R e s u l t s  O b t a i n e d  f rom ERTS-1, 
March 1 9 7 3 ,  N A S A ,  p .1345.  

* * * * S l a u g h t e r ,  T.H., " S e a s o n a l  Changes  o f  L i t t o r a l  T r a n s p o r t  
and Beach Width and R e s u l t i n g  E f f e c t  o n  P r o t e c t i v e  S t r u c -  
t u r e s " ,  i b i d .  
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found  ERTS-1 d a t a  t o  b e  q u i t e  u s e f u l ,  t h e  Army C o r p s  o f  Engin-  
eers h a s  n o t  d e m o n s t r a t e d  ERTS imagery  t o  b e  o f  g r e a t  v a lue  f o r  
t h e i r  p u r p o s e s .  They c i t e  a need f o r  h i g h e r  r e s o l u t i o n  (up t o  
50 meters) and  g r e a t e r  w a t e r  p e n e t r a t i o n ,  which c o u l d  be accom- 
p l i s h e d  w i t h  t h e  a d d i t i o n  o f  a b l u e  w a v e l e n g t h  b a n d  t o ' t h e  N S S  
imager .  * 

P r i n c i p a l  i n v e s t i g a t o r s  i q  t h i s  a r e a  a r e :  

Dennis  W.  Berg  
E n g i n e e r i n g  Development D i v i s i o n  
Army C o a s t a l  E n g i n e e r i n g  R e s e a r c h  C e n t e r  
5201 L i t t l e  F a l l s  Road, NW 
Wash ing ton ,  DC 20016 
202-325-7125 

P a u l  R.  C a r l s o n  
U n i t e d  S t a t e s  G e o l o g i c a l  S u r v e y  
345 M i d d l e f i e l d  Road 
Menlo P a r k ,  CA 94025  
415-323-2612 

Douglas  M. P i r i e  
San F r a n c i s c o  D i s t r i c t  
U n i t e d  S t a t e s  Army C o r p s  o f  E n g i n e e r s  
100 l l c A l l i s t e r  S t r e e t  
San F r a n c i s c o ,  CA 94102 
415-556-5370 

F r e d  H .  R u g g l e s  
U.S.G.S., W.R.D. 
P. 0 .  Box 715 
H a r t f o r d ,  CT 0660' 
203-244-2528 

E s t i m a t e  o f  ERTS Economic C a p a b i l i t i e s  

From i n f o r m a t i o n  s u p p l i e d  by t h e  New J e r s e y  Depar tment  
o f  E n v i r o n m e n t a l  P r o t e c t i o n  a n d  f r o m  u s i n g  a  v e r y  c o n s e r v a t i v e  
e x t r a p o l a t i o n ,  w e  e s t i m a t e  b e n e f i t s  o f  $150 ,000  a n n u a l l y  i n  
t h i s  a r e a .  The N.J.D.E.P. e s t i m a t e  f o r  N e w  J e r s e y  i s  t h e  l o w e r  
bound.  

Annual  B e n e f i t :  

I n c r e a s e d  C a p a b i l i t y :  s . 0 7  - - 1 5  m i l l i o n  

* Mil l e r ,  G . H .  and B e r g ,  D.W., "An ERTS-1 S t u d y  o f  C o a s t a l  
f e a t u r e s  on t h e  N o r t h  C a r o l i n a  C o a s t " ,  U n i t e d  S t a t e s  Army 
Corps  of E n g i n e e r s ,  C o a s t a l  E n g i n e e r i n g  R e s e a r c h  C e n t e r ,  
O c t o b e r  1973 .  
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CONTROL OCEAN POLLUTION 

R a t i o n a l e  f o r  B e n e f i t s  

Ocean  water c o n t a m i n a t i o n  h a s  e f f e c t s  w i t h  w h i c h  w e  
a r e  a l l  f a m i l i a r ,  t h e  m o s t  o b v i o u s  of  w h i c h  i s  u n u s a b l e  
b e a c h e s .  Y e t ,  b e s i d e s  t h e  loss o f  r e c r e a t i o n  area,  p o l l u t i o n  
h u r t s  m a r i n e  l i f e  p r o d u c t i o n .  F o r  e x a m p l e ,  i n  1969, o n e - f i f t h  
o f  t h e  N a t i o n ' s  t e n  m i l l i o n  acres o f  s h e l l f i s h  b e d s  were c l o s e d  
d u e  t o  c o n t a m i n s t i o n - - - a  l o s s  o f  63 m i l l i o n  d o l l a r s . *  O r g a n i c  
w a s t e  p o l l u t i o n  i n c r e a s e s  t h e  g r o w t h  o f  c e r t a i n  a l g a e .  Such  
e x p a n d e d  g r o w t h  d r a m a t i c a l l y  i n h i b i t s  t h e  p r o d u c t i v i t y  o f  phy-  
t o p l a n k t o n ,  o n  w h i c h  f i s h  p o p u l a t i o n s  f e e d .  The  s a m e  i n v e r s e  
r e l a t i o n  a l so  h o l d s  t r u e  f o r  t h e r m a l  p o l l u t i o n .  T h e  U n i t e d  
S t a t e s  E n v i r o n m e n t a l  P r o t e c t i o n  Agency estimates t h a t  13,055,000 
f i s h  were k i l l e d  i n  1 9 7 2  d u e  t o  w a t e r  p o l l u t i o n . * *  Most  o f  t h e  
s p e c i e s  o n  w h i c h  c o m m e r c i a l  o r  r e c r e a t i o n a l  f i s h i n g  i n d u s t r i e s  
d e p e n d  a re  d e p e n d e n t  o n  t h e  w a t e r s ,  w e t l a n d s ,  a n d  b o t t o m s  o f  
t h e  c o a s t a l  marg in - - - those  l r e a s  m o s t  s u s c e p t i b l e  t o  p o l l u t i o n .  
On t h e  o t h e r  h a n d ,  a c c o r d i n g  t o  some, s u s p e n d e d  s e d i n . e n t  c u r -  
r e n t l y  i s  t h e  m o s t  s e r i o u s  a n d  d e t r i m e n t a l  p o l l u t a n t  i n  a l l  
water  b o d i e s .  I t  is  e s t i m a t e d  t h a t  newly  d e v e l o p i n g  a r e a s  may 
p r o d u c e  as much a s  20 ,000-30 ,000  t i m e s  more  s e d i m e n t  t h a n  n a t -  
u r a l  u n d i s t u r b e d  a r e a s . * * *  

F e d e r a l  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  

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 a n d  t h e  C o a s t  
Guard  t h r o u g h  t h e  F e d e r a l  W a t e r  P o l l u t i o n  C o n t r o l  Ac t  (33  USC 
1 1 5 1 ) ,  a n d  t h e  D e p a r t m e n t  o f  Commerce, t h r o u g h  t h e  M a r i n e  P r o -  
t e c t i o n ,  R e s e a r c h ,  a n d  S a n c t u a r i e s  A c t  (P.L. 9 3 - 2 5 4 1 ,  a r e  man- 
d a t - d  t o  m o n i t o r  a n d  s u r v e y  t h e  q u a l i t y  o f  U n i t e d  S t a t e s  
c o a s t a l  waters.  Under  33 USC 1 1 5 1 ,  t h e  EPA i s  t o  u t i l i z e  t h e  
r e s o u r c e s  o f  NASA, NOAA, USGS, a n d  USCG. I n  t h i s  s u r v e i l l a n c e ,  
NOAA i s  t o  s p e n d  $ 4 , 4 5 5 , 0 0 0  i n  FY 1 9 7 4  f o r  t h e  p u r p o s e  o f  
s t u d y i n g  "Mar ine  E c o s y s t e m s " .  

* C o u n c i l  o n  E n v i r o n m e n t a l  Q u a l i t y ,  1 9 7 0 .  Ocean  Dumping--- 
A N a t i o n a l  P o l i c y .  W a s h i n g t o n ,  DC. 

* *  U n i t e d  S t a t e s  E n v i r o n m e n t a l  P r o t e c t i o n  Agency,  Water  
Q u a l i t y  O f f i c e ,  P o l l u t i o n - C a u s e d  F i s h  ~ i l l s ,  Annua l  1 9 7 2 .  

* * *  " E n v i r o n m e n t a l  C u r r e n : s ,  1 9 7 2 ,  E n v i r o n m e n t a l  S c i e n c e  a n d  
T e c h n o l o x ,  Vo1.6,  No. 1 2 ,  p . 9 6 5 .  
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Non-Federa l  A c t i v i t i e s  

S t a t e  a n d  l o c a l  g o v e r n m e n t s  a l s o  h a v e  l a w s  a n d  e n g a g e  
i n  a c t i v i t i e s  t r y i n g  t o  i n h i b i t  o c e a n  c o n t a m i n a t i o n .  

F u n c t i o n s  of  Remote S e n s i n s  

S a t e l l i t e  i m a g e r y  p r o v i d e s  t h e  o p p o r t u n i t y  f o r  f i n d i n g  
s o u r c e s  o f  p o l l u t i o n .  R e g u l a r  o v e r f l i g h t s  c a n  k e e p  t r a c k  o f  
b o t h  t h e  p o l l u t i o n  s o u r c e  a n d  a l s o  t h e  movement o f  p o l l u t a n t s ,  
t h u s  e n a b l i n g  be t t e r  e n f o r c e m e n t  o f  l a w s  p r o h i b i t i n g  i l l e g a l  
p o l l u t i o n  and  b e t t e r  p l a n n i n g  o f  waste d i s p o s a l  a r e a s ,  s o  t h a t  
t h e  w a s t e  c a n  be o p t i m a l l y  d i s p e r s e d .  

Economic a n d  T e c h n i c a l  Models f o r  E s t i m a t i n g  B e n e f i t s  
o f  Remote S e n s e d  D a t a  

The N e w  J e r s e y  Depar tment  o f  E n v i r o n m e n t a l  P r o t e c t i o n  
h a s  i d e n t i f i e d  s e v e r a l  a r e a s ,  f a l l i n g  w i t h i n  t h i s  RMF, i n  w h i c h  
ERTS imagery  h a s  been  o f  b e n e f i t .  F o r  w a s t e  d i s p o s a l  m o n i t o r -  
i n g ,  t h e y  h a v e  a s s i g n e d  a n  a n n u a l  b e n e f i t  o f  $50,000;  f o r  w a s t e  
d i s p o s a l  s i t e  recommenda t ions ,  a n n u a l  b e n e f i t  o f  $300 ,000 ;  f o r  
c i r c u l a t i o n  a n a l y s i s ,  one- t ime b e n e f i t  of  $200 ,000 ;  a n d  f o r  
o c e a n  o u t f a l l  p l a c e m e n t ,  one- t ime  b e n e f i t  o f  $2 ,500 ,000 .  

Using t h e  same p r o c e d u r e  o u t l i n e d  i n  RMF No. 7 . 4 . 3 ,  
w e  e x t r a p o l a t e  t h e s e  s t a t e  b e n e f i t s  t o  n a t i o n a l  b e n e f i t s  b y  
i d e n t i f y i n g  s i m i l a r  a r e a s  i n  which t h e  same b e n e f i t s  c o u l d  
p o t e n t i a l l y  e x i s t .  I n  7 . 4 . 3 ,  w e  f o u n d  t h r e e  a r e a s  s u f f i c i e n t l y  
s i m i l a r  i n  s i z e  and p o p u l a t i o n  t o  w a r r a n t  e x t r a p o l a t i o n .  

C l r r e n t  3RTS A c t i v i t i e s  

ERTS-1 i m a g e r y  c l e a r l y  shows a p p r o v e d  dumps o f  w a s t e  
i n  t h e  N c w  York B i g h t  ( s e e  F i g u r e  1 )  and  i l l u s t r a t e s  t h e  rou-  
t i n e  o p e r a t i o n a l  u s e  o f  s i m i l a r  i m a g e r y  t o  m o n i t o r  t h e  l o c a t i o n  
o f  b a r g t  dumps t o  a s s u r e  c o m p l i a n c e  w i t h  r e g u l a t i o n s  a n d  a i d  i n  
s e l e c t i n g  new dump s i t e s .  T u r b i d i t y  p a t t e r n s  shown i n  ERTS-1 
i m a g e r y  o f  t h e  Delaware  Bay ( s e e  F i g u r e  6 )  i n d i c a t e  s p e c i f i c  
a r e a s  w h e r e  c o n f l u e n c e  o f  c u r r e n t s  c o u l d  r e s u l t  i n  c o n c e n t r a -  
t i o n  o r  d i s p e - s a l  o f  dumped w a s t e .  I n  t h e  Osaka Bay, J a p a n ,  
ERTS-1 imagexy h a s  shown t h a t  dumped w a s t e s  d o  n o t  d i s p e r s e  
r a p i d l y , h u t  r z m a i n  a s  a  s t a t i o n a r y  o r  moving mass  o f  w a t e r ,  
which  i s  i d e a l  f o r  m o n i t o r i n g ,  even  a t . o n l y  e i g h t e e n - d a y  i n -  
t e r v a l s .  ERTS h a s  d e m o n s t r a t e d  t h e  a b i l i t y  t o  d e t e c t  a c i d -  
w a s t e s ,  sewage s l u d g e ,  s u s p e n d e d  s e d i m e n t  a n d  s u r f a c e  o i l s .  
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P r i n c i p a l  i n v e s t i g a t o r s  i n  t h i s  a r e a  a re :  

A n d r e  F o n t a n c e  
I n s t i t u t e  F r a n c a i s  d u  P e t r o l e  
4 Avenue d e  Bois-Preau 
5 2  Rue 11-Malmaison  
F r a n c e  

K a n t a r o  W a t a n a b e  
K y o t o  Gakuen  U n i v e r s i t y  
K y o t o ,  J a p a n  
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E s t i m a t e  o f  ERTS Economic  C a p a b i l i t i e s  

From t h e  a b o v e  a n a l y s i s ,  w e  e s t i m a t e  e c o n o m i c  b e n e f i t s  
o f  a n  ERTS- l ike  ERS s a t e l l i t e  s y s t e m  i n  t h i s  RMF t o  b e  
4 X $350,00*3 = $ 1 , 4 0 0 , 0 0 0  a n n u a l l y ,  p l u s  4 X $ 2 , 7 0 0 , 0 0 0  = 
$ 1 0 , 8 0 0 , 0 3 0  o n e - t i m e ,  " a n n u a l i z e d "  t o  $ 1 , 0 8 0 , 0 0 0 .  The 
N.J.D.E.P. e s t i m a t e  f o r  New J e r s e y  w i l l  be g s e d  a s  a lower 
bound  e s t i m a t e .  

A n n u a l  B e n e f i t s :  

I n c r e a s e d  C a p a b i l i t y :  . 6 2  - 2 . 5  m i l l i o n  
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MONITOR O I L  S L I C K S  

Rationale f o r  Benef i t s  

Approximately 60% of the  world crude o i l  production i s  
t ranspor ted  over t h e  oceans; over 2 m i l l i on  tons  a r e  s p i l l e d  
annually.  Despite s p i l l  cleanup c o s t s  from rep re sen t a t i ve  in-  
c iden t s  l i k e  Santa Barbara and San Francis00 of $ 4 . 5  mil l ion  o r  
$4 .0  m i l l i on ,  only a  small  percentage was recovered and pre- 
vented from i n f l i c t i n g  damage t o  beaches and t h e  marine ecol- 
ogy. Detection of t h e  s p i l l s  before  they reach shore i s  the 
only way t o  reduce enormous environmental l o s s e s  because o i l  
can only be recovered while i t  i s  s t i l l  on t o p  of the water .  
The sooner a  s l i c k  i s  de tec ted ,  t h e  more damage can be avoid- 
ed; a l s o ,  the  more l i k e l y  t h a t  t he  o f f e n d e r ( s )  can b e  p i J se -  
cuted.  

Federal  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  

Under t he  Federal  Water Po l lu t i on  Control  Act ( 3 3  USC 
11511, the  Environmental P ro t ec t i on  Agency and the  Coast Guard 
have r e s p o n s i b i l i t y  f o r  monitoring c o a s t a l  and near-coasta l  
water f o r  o i l  s p i l l s .  The Coast Guard began an o i l  s p i l l  s u r -  
v e i l l a n c e  program i n  t he  summer of 1973. Surve i l l ance  i s  per-  
formed by s i x  HU-16 a i r c r a f t  which provide bi-weekly coverage 
of p a r t  of the  United S t a t e s  c o a s t a l  waterways and weekly 
coverage of the  Great Lakes. 

Non-Federal A c t i v i t i e s  

S t a t e  and l o c a l  governments keep up genera l  ocean 
po l lu t i on  su rve i l l ance  programs. 

Fnnctions of Remote Sensinp 

Remote sensing could provide f requent  coverage of 
c o a s t a l  a r ea s  and a  s a t e l l i t e  equipped with an adequate imaging 
system could survey waters and d e t e c t  o i l  s p i l l s  with g rea t  
accuracy. The range of the  s a t e l l i t e  i s  g r e a t e r  than t h a t  
ava i l ab l e  through sh ips  and a i r c r a f t .  

Economic and Technical  Models f o r  Estimating Bene f i t s  
of Remote Sensed Data 

The Coast Guard covers a r e a s  of t h e  ocean coas t  twice 
weekly and most of t h e  Great Lakes coas t  or.ce weekly. Areas 
of coverage on t he  ocean coas t  include from Por t land ,  Maine, 
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t o  N o r t h  C a r o l i n a  f o r  a b o u t  1 , 0 0 0  m i l e s ;  S o u t h e r n  F l o r i d a ,  
a b o u t  300 miles; and  C a l i f o r n i a  f r o m  San F r a n c i s c o  s o u t h ,  
a b o u t  500 m i l e s . *  T o t a l  o c e a n  c o a s t  c o v e r a g e  is  a b o u t  1 , 8 0 0  
miles.  T o t a l  G r e a t  Lakes  c o a s t  c o v e r a g e  i s  a b o u t  1 , 5 0 0  miles .  
Area  o f  c o v e r a g e  i s  t o  1 2  m i l e s  o f f s h o ' r e ,  w i t h  a r e a s  t o  50  
m i l e s  o f f s h o r e  s u r v e y e d  a b o u t  e v e r y  3 weeks.  The o c e a n  c o a s t  
( 1 2  m i l e s  o f f s h o r e )  i s  c o v e r e d  100  t imes a y e a r  ( t w i c e  w e e k l y ) .  
T h i s  y i e l d s  a  f i g u r e  o f  1 , 8 0 0  x 1 2  x 100  = 2 , 1 6 0 , 0 0 0  s q u a r e  
m i l e s  o c e a n  c o a s t a l  c o v e r a g e  p e r  y e a r .  The G r e a t  L a k e s  c o a s t  
i s  c o v e r e d  50 t i m e s  a  y e a r .  T h i s  y i e l d s  a  f i g u r e  o f  1 , 5 0 0  x 
12  x 50 = 900 ,000  s q u a r e  m i l e s  G r e a t  Lakes  c o a s t a l  c o v e r a g e  
p e r  y e a r .  I n  a d d i t i o n ,  a n  added  38  mi les  o f f s h o r e  i s  c o v e r e d  
a b o u t  o n c e  e v e r y  3  weeks o r  1 6  times a  y e a r  f o r  a  t o t a l  a d d i -  
t i o n a l  f i g u r e  o f  3 , 3 0 0  ( t o t a l  c o a s t a l  m i l e s )  x 38 x 1 6  = 
21006 ,000  f o r  a  t o t a l  c o a s t a l  c o v e r a g e  o f  5 ,G66 ,000  s q u a r e  
m i l e s  p e r  y e a r .  

T h i s  f i g u r e  b e a r s  up r e a s o n a b l y  w e l l  w i t h  d i v i d i n g  t\e 
C o a s t  G u a r d ' s  t o t a l  b u d g e t  f o r  t h i s  a c t i v i t y ;  $ 2 . 6 8  m i l l i ? ~ \ ,  
by  t h e i r  r e n t a l  c o s t  p e r  h o u r ,  $404.31** c h a r g e d  t o  t h o s e  who 
w i s h  t o  h a v e  them s u r v e y  s p e c i f i e d  a r e a s ,  y i e l d i n g  6 r 7 Q 0  f - i ; . l t  
h o u r s  p e r  y e a r .  T h e i r  a i r c r a f t  (HU-16 A l b a t r o s s )  f l y  a; a 
s p e e d  o f  1 2 5  k n o t s  o r  a b o u t  140 m i l e s  p e r  h o u r .  I t  t a k e .  two 
p a s s e s  t o  c o v e r  t h e  1 2 - m i l e  o f f s h o r e  z o n e ,  s o  each p a s s  c o v e r s  
a  6 -mi le  s w a t h  6  m i l e s  x 1 4 0  m i l e s  p e r  h o u r  = 840 s q u a r e  m i l e s  
p e r  h o u r .  E i g h t - h u n d r e d  f o r t y  x 6 , 7 0 0  f l i g h t  h o u r s  per  y e a r  = 
5 , 6 2 8 , 0 0 0  s q u a r e  m i l e s .  T h i s  f i ~ u r e  compares  c l o s e l y  w i t h  
5 , 0 6 6 , 0 0 0  e s t i m a t e d  a b o v e ,  p a r t i c u l a r l y  c o n s i d e r i n g  t h a t  t h e  
$2 .68 m i l l i o n  p r o b a b l y  i n c l u d e s  some o v e r h e a d .  W e  d i v i d e  t h i s  
5 ,628 ,000  s q u a r e  m i l e s  i n t o  t h e  y e a r l y  b u d g e t  t o  a r r i v e  a t  a n  
e s t i m a t e  of a v e r a g e  c o s t  p e r  s q u a r e  m i l e  oi $.476.  

O f  t h i s  5 , 0 6 6 , 0 0 0 , * * *  a  s a t e l l i t e  s u c h  a s  ERTS, i n  a n  
18-day c y c l e ,  c a n  c o v e r  t h e  3 , 3 0 0  t o t a l  c o a s t a l  m i l e s  20 t i m e s ,  

* P e r s o n a l  c o n v e r s a t i o n ,  L t .  B a i l e y ,  U n i t e d  S t a t e s  C o a s t  
Guard b h r i n e  E n v i r o n m e n t a l  P r o t e c ; i o n ,  1 6  Augus t  1974.  

* *  P e r s o n a l  c o n v e r s a t i o n ,  I b i d .  

* * *  W e  w i l l  u s e  t h i s  f i g u r e  a s  o u r  e s t i m a t e  o f  t o t a l  s q u a r e  
m i l e s  c o v e r e d .  W e  d i v i d e d  t h e  b u d g e t  by  5 , 6 2 8 , 0 0 0  s q u a r e  
m i l e s  i n  o r d e r  t o  $Lay on  t h e  c o n s e r v a t i v e  s i d e  and t o  
a v e r a g e  o u t  t h e  o v e r h e a d  c o s t .  
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o r  3 , 3 0 0  x 1 2  x 20 = 792 ,000  s q J a r e  m i l e s ,  i n  3ne y e a r .  T h i s  
i s  a l l  t h e  weekly  and b i -week ly  c o v e r a g e  t h a t  a n  ERTS-like 
s y s t e m  c a n  a c c o m p l i s h  w i t h  e q u a l  c a p a b i l i t y .  A s a t - e l l i t e  w i t h  
a n  18-day c y c l e  can  a l s o  a c h i e v e  a l l  o f  t h e  38-mile zone  a d d i -  
t i o n a l l y  which i s  c o v e r e d  e v e r y  t h r e e  weeks;  t h i s  i s  a n  added  
2,OO6,00O s q u a r e  mi les  which  C o a s t  Guard a i r c y a f t  i s  f r e e d  
from. Thus ,  we a r r i v e  a t  a  t o t a l  s a t e l l i t e  p o t e n t i a l ,  e q u a l -  
c a p a b i l i t y  c o v e r a g e  o f  2 , 7 9 8 , 0 0 0  s q u a r e  m i l e s .  

A t  a i r c r a f t  c o s t s  p r e v i o u s l y  e s t i m a t e d  t o  b e  $ .476 p e r  
s q u a r e  m i l e ,  t h i s  c o v e r a g e  would  c o s t  $ 1 , 3 3 2 , 0 0 0 .  A t  a v e r a g e  
ERTS image p r o c e s s i n g  c o s t s  o f  $ . I 9 4  p e r  s q u a r e  m i l e , *  m a r g i n a l  
e x p e n d i t u r e  u s i n g  a n  EL2S-l ike  s a t e l l i t e  would  b e  $543 ,000 .  
We, t h u s ,  a r r i v e  a t  an  e q u a l - c a p a b i l i t y  n e t  benefb:  o f  $788 ,000  
t o  an  ERTS-li!.e syskem. However, i f  we assume a  I )ss o f  30% 
d u e  t o  c l o u d  c o v e r ,  o u r  n e t  b e n e f i t  f i g u r e  d r o p s  LO $552 ,000  
w i t h  a  c o v e r a g e  o f  1 , 9 5 9 , 0 0 0  s q u a r e  m i l e s  a n n u a l l y .  The s h a d e d  
r e g i o n  A i n  F i g u r e  6 r e p r e s e n t s  t h i s  e q u a i - c a p . . b i l i t i e s  bene-  
f i t .  We w i l l  c o n s e r v a t i v e l y  assume no l o s s  o f  a i r c r a f t  c o v e r -  
age due t . ~  c l o u d  c o v e r  b e c a u s e  o f  t h e  f l e x i b i l i t y  o f  a i r c r a f t .  

T u r n i n g  t o  e q u a l - b u d g e t  a n a l y s i s ,  w h i c h  i s  p a r t i c u -  
l a r l y  a p p l i c a b l e  i n  t h i s  c a s e ,  t h e  e q u a l  b u d g e t  p a r t i a l l y  b e i n g  
u s e d  t o  " n e c e s s a r i l y "  f i l l  i n  h o l e s  i n  s a t e l l i t e  i m a g e r y  d u e  
t o  c l o u d  c o v e r ,  we have  a s  b e n e f i t  f rom romote  s e n s i n g  n o t  o n l y  
Area  A (=Area  B), b u t  a l s o  Area  C .  Us ing  t h e  f o r m u l a  f o r  a n  
e q u a l - b u d g e t  ( u n i t a r y  e l a s t i c i t y )  dimand c u r v e  PQ = k  - 9 3 2 , 0 0 0  
PQ = k = 932 ,000  

i" 4.31 
Area  B + Area  C = 1 . 9 6  

a  a  

We t h u s  h a v e  a  t o t a l  n e t  b e n e f i t  of  $552 ,000  ( e q u a l  c a p a b i l i t y )  
+ $287 ,000  ( i n c r e a s e d  c a p a b i l i t i e s )  - $3:9,000 a n n u a l l y .  

* "The R o l e  o f  ERTS i n  t h e  E s t a b l i s h m e n t  and U p d a t i n g  o f  a  
Nat . ionwide Land Cover  I n f o r m a t i o n  Sys tem"  ( D r a f t ) ,  ECON 
R e p o r t  p r e p a r e d  f o r  NASA, 5 August  1 9 7 4 ,  111-19. 
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Area Surveyed Annually, million of square miles 

Figure 7 Benefits from Remote Sensing 
o f  Oil Spills by 18-day Cycle 
Sensox (with loss to cloud cover) 
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C u r r e n t  ERTS A c t i v i t i e s  

T h e r e  h a v e  b e e n  some s t u d i e s  o f  o i l  d e t e c t i o n ,  b o t h  
f i s h  and  m i n e r a l ,  b u t  f o r  t h e  p u r p o s e  o f  t h i s  RMF, it seems 
t h a t  h i g h e r  r e s o l u t i o n  and  a  t h e r m a l  i n f r a r e d  image would b e  
n e c e s s a r y  f o r  a c c u r a t e  o i l  s p i l l  d e t e c t i o n .  

E s t i m a t e  of ERTS Economic C a p a b i l i t i e s  

From t h e  above a n a l y s e s ,  w e  f e e l  t h a t  a p o t e n t i a l  
a n n u a l  b e n e f i t  o f  $839,000 is a t t a i n a b l e  t h r o u g h  a n  ERTS-like 
s y s t e m  wLth improved r e s o l u t i o n  and  a  t h e r m a l  I R  band added.  

Annual  B e n e f i t :  

E q u a l  C a p a b i l i t y :  - 5 5  m i l l i o n  

I n c r e a s e d  C a p a b i l i t y :  - 2 8  m i l l i o n  
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REDUCE OCEAN RESOURCES LOSSES DUE TO MAN-MADE CHANGES 

R a t i o n a l e  f o r  B e n e f i t s  

C h a n g e s  i n  s h o r e l i n e  s t r u c t u r e  a n d  c o m p o s i t i o n  s i g n i -  
f i c a n t l y  i n f l u e n c e  t h e  m a r i n e  l i f e  a n d  o t h e r  c o a s t a l  p r o c e s s e s .  
V i t a l  e s t u a r i n e  areas h a v e  b e e n  d e s t r o y e d  o r  d e g r a d e d  i n  t h e  
p a s t  a t  a ra te  o f  a b o u t  1% a n n u a l l y  ( 2 5 0 , 0 0 0  a c r e s ) . *  Ocean  
p o l l u t i o n  f r o m  c o n s t r u c t i o n  a n d  w a s t e  d i s p o s a l  a l s o  p o s e  g r e a t  
t h r e a t s  t o  m a r i n e  e c o s y s t e m s  ( s e e  RMF No. 7 - 5 . 2 ) .  

F e d e r a l  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  

T h e  N a t i o n a l  A t m o s p h e r i c  a n d  O c e a n i c  A d m i n i s t r a t i o n  
h a s  b e e n  a l l o c a t e d  f u n d s  f o r  t h i s  f u n c t i o n  i n  two areas:  
$ 5 , 5 5 6 , 0 0 0  h a s  b e e n  a l l o c a t e d  i n  FY-1974 f o r  e c o l o g i c a l  i n -  
v e s t i g a t i o n s  t o  u n d e r s t a n d  man- induced  c h a n g e s  i n  e n v i r o n m e n t  
a n d  t o  d e v e l o p  a c t i o n s  t o  r e d u c e  or  e l i m i n a t e  l o s s e s  o f  m a r i n e  
a n i m a l s  d u e  t o  t h e s e  c h a n g e s ;  $ 1 , 8 0 1 , 0 0 0  h a s  b e e n  a l l o c a t e d  t o  
NOAA f o r  e n v i r o n m e n t a l  i m p a c t  a n a l y s i s  t o  a s c e r t a i n  t h e  e n v i r -  
o n m e n t a l  a n d  e c o n o m i c  e f f e c t s  o f  p r o p o s e d  p r o j e c t s ,  t o  d e v e l o p  
r e c o m m e n d a t i o n s  t o  c o n s e r v e  a n d  p r o t e c t  f i s h e r y  r e s o u r c e s ,  a n d  
t o  f o l l o w  u p  w i t h  i n v e s t i g a t i o n s  o f  t h e  e f f e c t i v e n e s s  o f  t h e i r  
r e c o m m e n d a t i o n s .  M O A A ' s  r e s p o n s i b i l i t y  i n  t h i s  a r e a  i s  con-  
t a i n e d  i n  t h e  F i s h  a n d  W i l d l i f e  C o o r d i n a t i o n  A c t  o f  1 9 5 8 ,  t h e  
N a t i o n a l  E n v i r o n m e n t a l  P o l i c y  A c t  o f  1 9 6 9 ,  t h e  M a r i n e  P r o -  
t e c t i o n  a n d  S a n c t u a r i e s  A c t  o f  1 9 7 2 ,  a n d  t h e  F e d e r a l  W a t e r  
P o l l u t i o n  C o n t r o l  A c t  o f  1 9 7 2 ,  as amended.  

F u n c t i o n s  o f  Remote S e n s i n q  

S a t e l l i t e  s e n s i n g  o f f e r s  a n  o p p o r t u n i t y  f o r  f r e q u e n t  
c o v e r a g e  o f  a r e a s  whose  s t r u c t u r e  n e e d s  t o  be m o n i t o r e d .  The 
mos t  common e x a m p l e  w o u l d  be b e a c h  e r o s i o n - p r e v e n t i v e  s t r u c -  
t u r e s .  I t  i s  n e c e s s a r y  t o  a s s e s s  t h e  e f f e c t s  s u c h  s t r u c t u r e s  
h a v e  i n  o r d e r  t o  d e t e r m i n e  t h e i r  e f f e c t i v e n e s s  a n d  a l s o  t o  b e  
a d v i s e d  as  t o  p o s s i b l e  a d v e r s e  e n v i r o n m e n t a l  e f f e c t s .  A c t u a l  
m a r i n e  r e s o u r c e  l o s s e s  c o u l d  o n l y  b e  i n f e r r e d ,  b u t  p r e v e n t i v e  
m e a s u r e s  c o u l d  b e  t a k e n  when t h e  s i t u a t i o n  a p p e a r s  p o t e n t i a l l y  
d e s t r u c t i v e  t o  m a r i n e  l i f e .  

* U n i t e d  S t a t e s  C o n g r e s s ,  House  C o m m i t t e e  o n  A p p r o p r i a t i o n s .  
H e a r i n g s  o f  D e p a r t m e n t s  o f  S t a t e ,  J u s t i c e ,  a n d  Commerce, 
T h e  J u d i c i a r y  a n d  R e l a t e d  A g e n c i e s  A p p r o p r i a t i o n  f o r  1 9 7 5 ,  
9 3 r d  C o n g r e s s ,  p . 6 7 0 .  
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Economic and T e c h n i c a l  Models f o r  E s t i m a t i n g  B e n e f i t s  
of  Remote S e n s e d  Da ta  

I t  is n o t  l i k e l y  t h a t  r e m o t e  s e n s e d  d a t a  would be 
u s e f u l  i n  f o r e w a r n i n g  as t o  e c o s y s t e m  damage, e x c e p t  i n  areas 
i n  which the re  is  l i t t l e  economic  a c t i v i t y .  I n  s u c n  areas,  it 
would be v e r y  d i f f i c u l t  t o  a s s i g n  mone ta ry  b e n e f i t  t o  p r e v e n t e d  
l o s s e s .  

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

Beach e r o s i o n  s t u d i e s  a r e  b e i n g  u n d e r t a k e n  u s i n g  
ERTS-1 imagery .  However, t h e  Army C o r p s  o f  E n g i n e e r s  h a s  
found  t h a t  ERTS-1 d o e s  n o t  p r o v i d e  s u f f i c i e n t  r e s o l u t i o n  t o  
b e  o f  s i g n i f i c a n t  v a l u e  i n  t h i s  area. 

E s t i m a t e  o f  ERTS Economic C a p a b i l i t i e s  

From t h e  above ,  w e  e s t i m a t e  t h a t  a n  ERTS-like ERS 
system w i l l  o f f e r  z e r o  q u a n t i f i a b l e  b e n e f i t s  i n  t h i s  a r e a .  
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EARLY W A R N I N G  O F  OCEANIC AND COASTAL AREA DISASTERS 

R a t i o n a l e  f o r  B e n e f i t s  

H u r r i c a n e s ,  t s u n a m i  ( t i d a l  w a v e s ) ,  a n d  l a r g e  c o a s t a l  
s t o r m s  a r e  w e a t h e r  phenomena o f  u n u s u a l  s e v e r i t y .  They p o s e  a 
s i g n i f i c a n t  t h r e a t  t o  l i f e  a n d  p r o p e r t y ,  o f t e n  w i t h  a s h o r t  
l e a d  t i m e  f o r  p r e d i c t i o n s ,  w a r n i n g s ,  a n d  p u b l i c  r e s p o n s e .  
T i m e l y  a c c u r a t e  f o r e c a s t s  a n d  a d v a n c e  w a r n i n g s  o f  t h e s e  po- 
t e n t i a l  n a t u r a l  d i s a s t e r s  a l l o w  t h e  p u b l i c  to t a k e  a c t i o n s  t o  
p r o t e c t  l i f e  a n d  p r o p e r t y .  

F e d e r a l  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  

The N a t i o n a l  O c e a n i c  a 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  
h a s  a  p u b l i c  f o r e c a s t  a n d  w a r n i n g  s e r v i c e s  p r o g r a m  t o  which  
t h e r e  h a s  b e e n  a l l o c a t e d  $37.4 m i l l i o n  i n  F Y  1974 .  Of t h i s ,  
$5 .2  m i l l i o n  g o e s  s p e c i f i c a l l y  f o r  h u r r i c a n e  a n d  t o r n a d o  
w a r n i n g  s e r v i c e s .  

Non-Federal  A c t i v i t i e s  

Most  n o n - f e d e r a l  a c t i v i t y  i n v o l v e s  p u b l i c  p r e p a r e d n e s s  
p r o g r a m s ,  u n d e r  t h e  s u p p o r t  a n d  g u i d a n c e  of NOAA. 

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  p r o v i d e s  u n i q u e ,  s y n o p t i c  a b i l i t y  
f o r  f o r e w a r n i n g  o f  o c e a n  s t o r m s .  S a t e l l i t e s  u s e d  b y  NOAA a r e  
u s e d  t o  d e t e c t  a n d  c h a r t  h u r r i c a n e s  h u n d r e d s  o f  m i l e s  f rom t h e  
U n i t e d  S t a t e s ,  a l l o w i n g  maximum t i m e  f o r  d i s a s t e r - p r e p a r a t i o n  
a c t i v i t i e s  on  l a n d .  

Economic a n d  T e c h n o c a l  Models  f o r  E s t i m a t i n g  B e n e f i t s  
o f  Remote S e n s e d  D a t a  

Due t o  i t s  18-day c y c l e ,  ERTS d o e s  n o t  p r o v i d e  t h e  
c o n t i n u o u s  m o n i t o r i n g  n e c e s s a r y  f o r  t h i s  RMF. T h e r e f o r e ,  we 
w i l l  n o t  g o  i n t o  c o n s t r u c t i n g  m o d e l s  t o  m e a s u r e  b e n e f i t s .  
I n s t e a d ,  we r e f e r  t h e  r e a d e r  t o  r e p o r t s  on  SEASAT, SEOS, 
NIMBUS, GOES, a n d  NOAA s a t e l l i t e s .  

C u r r e n t  ERPS A c t i v i t i e s  

To d a t e ,  ERTS-1 h a s  n o t  b e e n  u s e d  i n  t h i s  a r e a .  
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Estimate of ERTS Economic Capabilities 

From the above considerations, we attribute zero 
benefits from an ERTS-like ERS System in this area. 
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RESEARCH ON OCEAN PARAMETERS 

R a t i o n a l e  f o r  B e n e f i t s  -- 
A s  m o s t  e v e r y o n e  knows, t h e  o c e a n s  c o v e r  t h r e e -  

q u a r t e r s  o f  t h e  s u r f a c e  o f  t h e  e a r t h .  They h a v e  a  t r e m e n d o u s  
i m p a c t  on o u r  w e a t h e r .  S t o r m s  come and g o  a t  s e a  sometimes 
h a v i n g  no  e f f e c t ,  a n d  somet imes  s e v e r e  e f f e c t s ,  on  l a n d .  Only  
t o r n a d o e s  a n d  e a r t h q u a k e s  ma tch  t h e  d e s t r u c t i v e  c a p a b i l i t i e s  o f  
h u r r i c a n e s  and  s e v e r e  c o a s t a l  s t o r m s .  A s  h a s  b e e n  m e n t i o n e d  
e a r l i e r  (RMF No. 7 . 1 . 3 ) ,  t h e  h e a t  e x c h a n g e  o c c u r r i n g  a t  t h e  
w a t e r / i c e  i n t e r f a c e  i n  t h e  A r c t i c  may b e  f ine o f  t h e  m o s t  i m -  
p o r t a n t  e f f e c t s  i n  t h e  c l i m a t e  o f  t h e  N o r t h e r n  Hemisphere .*  
The dynamic  m o i s t u r e  a n d  h e a t  e x c h a n g e  a t  t h e  w a t e r / a i r  i n t e r -  
f a c e  a f f e c t s  h u m i d i t y ,  c l o u d s ,  a i r  t e m p e r a t u r e ,  a n d  p r e s s c r e  
z o n e s .  C u r r e n t s ,  t i d e s ,  waves ,  and  w i n d s  c a n  a l l  f e e d  o f f  
e a c h  o t h e r .  

Changes i n  t h e r m a l ,  s a l i n i t y ,  a n d  t u r b i d i t y  c o n t o u r s  
g o v e r n  t h e  d i s t r i b u t i o n  and  a v a i l a b i l i t y  o f  f i s h  a n d  o t h e r  
l i v i n g  m a r i n e  r e s o u r c e s .  T h e r e  i s  r o o m  f o r  v a s t  c o s t  r e d u c -  
t i o n s  t o  t h e  f i s h i n g  i n d u s t r i e s  i f  t h e s e  p a r a m e t e r s  c a n  b e  
p r e d i c t e d .  C h l o r o p h y l l  measurement  i s  a p r i m e  i n d i c a t o r  o f  
p l a n k t o n .  A c c o r d i n g  t o  Yokto ,** s a t e l l i t e  m o n i t o r i n g  o f  p l a n k -  
t o n  p r o d u c t i o n  " c o u l d  b e  c o n s i d e r e d  e q u i v a l e i k t  t o  a  g a u g e  p r o -  
v i d i n g  i n f o r m a t i o n  on l i f e - s u p p o r t  s y s t e m s  a b o a r d  s p a c e c r a f t . "  

Measurement a n d  m o n i t o r i n g  o f  t h e s e  p a r a m e t e r s  w i l l  
l e a d  t o  t h e  d e v e l o p m e n t  o f  p r e d i c t i v e  m o d e l s  w h i c h  c a n  h a v e  
t r e m e n d o u s  i m p a c t  on w e a t h e r  p r e d i c t i o n  improvement ,  o c e a n  
s h i p p i n g ,  and  o c e a n  f o o d  h a r v e s t i n g .  

F e d e r a l  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  

Bo th  t h e  Naval  O c e a n o g r a p h i c  O f f i c e  a n d  N a t i o n a l  
O c e a n i c  and  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  h a v e  f l e e t s  p a t r o l l i n g  
and s u r v e y i n g  o c e a n  p a r a m e t e r s .  The N a t i o n a l  M a r i n e  F i s h e r i e s  
S e r v i c e  a l s o  d o e s  a  l i m i t e d  amount o f  f i s h e r y - s i g n i f i c a n t  o c e a n  
p a r a m e t r i c  measurement  and  p r e d i c t i o n  ( s e e  RMF No. 7 . 8 . 2 ) .  

* Commit tee  on P o l a r  R e s e a r c h ,  1970:  P o l a r  R e s e a r c h ,  A S u r -  
vey, N a t i o n a l  R e s e a r c h  C o u n c i l ,  N a t i o n a l  Academy o f  S c i -  
e n c e ,  W ~ z h i n g t o n ,  DC. 

" *  Yokto ,  H.J., 1972.  "The C a s e  f o r  Ocean C o l o r " ,  F o u r t h  
Annual  E a r t h  R e s o u r c e s  P rogram Rev-, Hous ton ,  T e x a s .  
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F u n c t i o n s  o f  Remote S e n s i n p  

Remote s e n s i n g  h a s  t h r e e  i m p o r t a n t  f u n c t i o n s  w h i c h  
c a n n o t  b e  p r o v i d e d  v i a  o t h e r  means:  

1. Measuremen t  f r o m  s h i p s  p r o v i d e s  d i s c r e e t  
s a m p l i n g  f r o m  w h i c h  t h e  c o n d i t i o n  o r  
s u r r o u n d i n g  w a t e r  c a n  be i n f e r r e d .  S a t -  
e l l i t e  i m a g e r y  o f f e r s  c o n t i n u o u s  c o n t o u r s  
w h i c h  a r e  e s s e n t i a l  t o  c o m p l e t e  p r e d i c t i v e  
m o d e l s .  

2 .  S a t e l l i t e  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  f o r  
g a t h e r i n g  i n f o r m a t i o n  f a r  b e y o n d  t h e  r a n g e  
o f  p r e s e n t  s h i p  a n d  a i r c r a f t  s u r v e y  p r o g r a m s .  
T h i s  i n c l u d e s  n o t  o n l y  t h e  m i d d l e  o f  t h e  
o c e a n s ,  a b o u t  w h i c h  l i t t l e  i s  known a n d  
a b o u t  w h i c h  much m u s t  b e  known f o r  l o n g -  
r a n g e  f o r e c a s t s ,  b u t  a l s o  i c e  a r e a s  whose  
e n v i r o n m e n t a l  i m p o r t a n c e  h a s  a l r e a d y  b e e n  
m e n t i o n e d .  

3. S a t e l l i t e s  a l l o w  f o r  t h e  u s e  o f  o c e a n -  
m o a i t o r i n g  b u o y s  f o r  c o n t i n u o u s  m o n i t o r i n g  
o f  t h e s e  p a r a m e t e r s .  T h e s e  b u o y s  s u c h  as  
IRLS ( I n t e r r o g a t i o n ,  R e c o r d i n g ,  a n d  L o c a t i o n  
Sys t e in )  a n d  DCPs ( D a t a  C o l l e c t i o n  P l a t f o r m s )  
u s e  l i n e - o f - s i g h t  t r a n s m i s s i o n  a n d  m u s t  i n -  
v o l v e  t h e  u s e  o f  s a t e l l i t e s  o r  a i r c r a f t .  

Economic  a n d  T e c h n i c a l  M o d e l s  f o r  E s t i m a t i n g  B e n e f i t s  
o f  Remote S e n s e d  D a t a  

A s  i s  u s u a l l y  t h e  c a s e  w i t h  r e s e a r c h ,  t h e  b e n e f i t s  
a r e  f r e q u e n t l y  e n o r m o u s ,  a n d  y e t ,  b e c a u s e  a p p l i c a t i o n  i s  s o  
d i s t a n t ,  t h e y  a re  v e r y  d i f f i c u l t  t o  q u a n t i f y .  E s t i m a t e s  o f  
d o l l a r  b e n e f i t s  t o  b e  d e r i v e d  f r o m  i m p r o v e d  a n d  l o n g e r - r a n g e  
m a r i n e  e n v i r o n m e n t a l  p r e d i c t i o n  s e r v i c e s  r a n g e  f rom $600  
m i l l i o n *  t o  $ 2  b i l l i o n * *  a n n u a l l y .  

* C o s t - B e n e f i t s  f o r  a  N a t i o n a l  D a t a  Buoy S y s t e m ,  a n  e s s a y ,  
T r a v e l e r s  R e s e a r c h  C e n t e r ,  O c t o b e r  1 9 6 7 ,  P r e p a r e d  u n d e r  
C o a s t  Guard  C o n t r a c t  TCG-16790-A. 

* *  Economic  B e n e f i t s  f r o m  O c e a n o g r a p h i c  R e s e a r c h ,  N a t i o n a l  
Academy o f  S c i e n c e s  - N a t i o n a l  R e s e a r c h  C o u n c i l ,  P u b l i -  
c a t i o n  1 2 2 8 ,  1 9 6 4 .  
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Current ERTS Activities 

ERTS has demonstrated ability at current location de- 
tection, limited current speed measurement using icebergs, 
water turbidity meaburement, relative temperature and salinity 
measurement, chlorophyll content measurement, and some water 
depth measurement. 

Estimate of ERTS Economic Capabilities 

Although considerable potential benefit exists from 
an ERTS-like ERS system, we feel this benefit is presently 
unquantifiable. 



;zi:k~&c~ f o r  U e n f ; ~ ~ ~ ~  

E s t u a r i j s  arc complex a n d  d e l i c a t e  e c o z o n e s  whose 
i ~ q l a n c e  can o a s i 3 y  S s  d e s t r o y e d .  E s t u a r i n e  areas are  a n e c a s -  
s i t r y  link i n  t h e  L i f e  c y c l e  o f  a b o u t  66% of o u r  f i s h  and s h e l l -  
f i s h  a n d  these  v i t a l  areas have been d e s t r o y e d  o r  d e g r a d e d  i n  
t h a  p a s t  a t  n ra te  of 1% a n n u a l l y  ( 2 5 0 , 0 0 0  a c r e s ) . *  Tempera- 
t u r e  and  s a l i n i t y ,  whose q u a n t i t i e s  c h a n g e  i n  e s t u a r i e s  as a 
result of t i de s ,  land water r u n o f f ,  and r i v e r  mouth  d i s c h a r g e ,  
a r c  c r i t i c a l  e n v i r o r t m o n t a l  f a c t o x s ,  e s p e c i a l l y  t o  s p a t i a l l y  
f i x e d  species. The danger a n d  p o s s i b l e  c o n t r o l  o f  t h e r m a l  
p o l l u t i o n ,  g e n e r a l l y  r e s u l t i n g  f r o m  i n j e c t i o n  o f  w a t e r  used 
f o r  i n d u s t r i a l  c o o l i n g  purposes, a r e  now b e i n g  s t u d i e d .  Oxygen 
c o n i e n t ,  t h e r e f o r e ,  i s  a m a j o r  p a r a m e t e r  a n d  i s  c o n s i d e r e d  to 
be a n  i n d e x  o f  t h e  " h e n l t h ' o f  t h e  e s t u a r y " .  E x t e n s i v e  losses 
of h o t t o n  d w e l l i n g  l i f e  have been r e c o r d e d  when, d u e  t o  t h e  
j 3 j e c t i o . ~  ~f o r g a n i c  m a t e r i a l s  Prom heavy  w a t e r  r u n o f f  f o l l o w -  
ing s t o r m s ,  t h e  d i s s o l v e d  o x y g e n  content o n  the b o t t o m  has 
npproachad z e r o .  The same r e s u l t  c a n  be p r o d u c e d  by  b o t t o m  
f l o r a  a n d  fauna which c a n  d e p r i v e  e c o n o m i c a l l y  nore d e s i r a b l e  
spc:cizz o E  t h e  available oxygen .  

B e c a u s e  e s t u a r i e s  p r o v i d e  close access to i n e x p e n s i v e  
ocean s t l i ~ j " i n g ,  closc-: access to fish areas, and water f o r  c o o l -  
5.ng 2nd ;Taste disposal purpose, t h e y  a r e  e c o n o m i c a l l y  a t t r a c -  
t i v e  locations f o r  i n d u s t r y  centers. Seven  o f  t h e  1 0  l a r g e s t  
m e t r o p o l i t a n  areas i n  t h e  w o r l d  border o n  e s t u a r i e s .  I n  t h i s  
country, about o n e - t h i r d  o f  t h e  p o p u l a t i o n  lives and w o r k s  
near a n  e s t u a r i n e  habitat (see F i g u r e  7 ) .  

However, because e s t u a r i n e  a r e a s  are s o  d e s i r a b l e  a n d  
because they a r e  n e a r l y - c l o s e d  b i o l o g i c a l  c o m m u n i t i e s ,  t h e i r  
f u t u r e  l i v i n g  m a r i n e  r c s o u r c e  and a e s t h e t i c  v a l u e s  a re  t h r e a t -  
ened. The r e c r e a t i o n a l  v a l u e  o f  some areas have become zsro. 
r-8  here i s  e v i d s n c e ,  a l b e i t  i n c o n c l u s i v e ,  that man has  s e r i o u a l y  

inpaired n a j o s  fishing values, a t  l e a s t  i n  c e r t a i n  e s t u a r i e s .  
Ct is  r e p o r t e d  t h , - ~ t ,  f o r  e x a m p l e ,  i n  t h e  Delaware River e s t u a r y ,  

* U n i t e d  S t a t e s  Congress, House C o m m i t t e ~  on  A p p r o p r i a t i o n s  
M c a t i n q s  o n  12.75-A-ppropriations f o r  t h a D e p a r t m e n t s  o f  ----- 
State J u s t i c e  and Commerce, t h e  J u d i c i a r y - ,  and  ~ e l a t e d  - - - L - - - d - -  
Aqeac ies ,  .-...--- 93rd  C o n g r e s s ,  p . 6 7 0 .  
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t h e  t o t a l  f i n  f i s h  c a t c h  i s  c u r r e n t l y  less t h a n  10% of i t 8  

l e v e l  i n  1900.* 

Because of  t h e i r  t h r e a t e n e d  v a l u e ,  w e  need more i n -  
f o r m a t i o n  abou t  t h e  s t r u c t u r e ,  c o n t e n t ,  and dynamic proceoseo  
o f  e s t u a r i e s ,  i n  o r d e r  t o  e v a l u a t e  t h e  e f f e c t  of present and 
f u t u r e  e s t u a r i n e  a c t i v i t i e s .  T h i s  i n f o r m a t i o n  is a l s o  impor- 
t a n t  f o r  p o s s i b l e  r e g e n e r a t i o n  o f  degraded  e s t u a r i n e  a r e a s .  

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  

The N a t i o n a l  Oceanic  and Atmospheric  A d m i n i s t r a t i o n  
p a r t a k e s  i n  much r e s e a r c h  which a i d s  i n  o u r  a b i l i t y  t o  under- 
s t a n d  and use  o u r  ocean  environment .  I n  F Y  1974, $6,495,000 
w a s  a l l o c a t e d  f o r  b i o l o g i c a l  i n v e s t i g a t i o n s .  Under t h i s  ac- 
t i v i t y ,  r e s e a r c h  is d i r e c t e d  toward  u n d e r s t a n d i n g  t h e  b a s i c  
r e q u i r e m e n t s  f o r  l i f e  o f  commercial and r e c r e a t i o n a l  f i s h  and 
s h e l l f i s h .  F i s h e r i e s  b i o l o g i c a l  i n v e s t i g a t i o n s  a r e  aimed a t  
t h e  fo l lowing :  (1) t o  de t e rmine  t h e  p o p u l a t i o n  dynamics and 
l i f e  h i s t o r i e s  o f  mar ine  and anadromous s p e c i e s  of s p o r t  and 
commercial  impor tance ;  ( 2 )  t o  i d e n t i f y  t h e  p h y s i o l o g i c a l  pro-  
c e s s e s  o f  t h e s e  an ima l s  and t o  a s c e r t a i n  t h e i r  env i ronmen ta l  
r e q u i r e m e n t s  f o r  r e p r o d u c t i o n ,  growth,  and s u r v i v a l ;  ( 3 1  t o  
d e s c r i b e  b e h a v i o r  of  commercial  and r e c r e a t i o n a l  s p e c i e s  i n  
r e l a t i o n  t o  each  o t h e r ,  t o  t h e i r  envi ronment ,  and t o  t h e  f i s h -  
i n g  g e a r  used t o  c a t c h  them; and ( 4 )  t o  i d e n t i f y  and enumer- 
a t e  t h e  an imal  and p l a n t  h i s t o r i e s  o f  rnaria.9 and anadromous 
s p e c i e s  o f  s p o r t  and commercial  impor tance .  

Also ,  $1,360,000 h a s  been  a l l o c a t e d  f o r  a q u a c u l t u r e  
r e s e a r c h  and technology .  $3,800,000 of  Sea G r a n t s  h a s  been 
a l l o c a t e d  f o r  mar ine  env i ronmen ta l  r e s e a r c h  and $4,600,000 
f o r  maxine r e s o u r c e s  deve.lopmant. 

F u n c t i o n s  of Remote Sens ing  

Remote senr - ing  p r o v i d e s  a  means f o r  mon i to r ing  e s t u -  
a r i n e  w a t e r  c i r c u l a t i o n  t o  a i d  i n  a s s e s s i n g  w a s t e  d i s p o s a l  
methods.  Water c i r c u l a t i o n  st\. ly can  p o i n t  toward a r e a s  where 
p r o t e c t i v e  s h o r e l i n e  s t r u c t u r e s  might  b e  b e n e f i c i a l .  S a t e l l i t e  
imagery w i t h  s u f f i c i e n t  r e s o l n t i o n  may even be a b l e  t o  moni tor  

* E s t i m a t e s  p rov ided  i n :  F e d e r a l  Water P o l l u t i o n  C o n t r o l  
A d m i n i s t r a t i o n ,  Delaware E s t u a r y  Comyreherttive S t u d y ,  
1966. 
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the coas ta l  erosion i t s a t i ,  Maasuring ohlorophyll w i l l  be an 
' i n d i c a t o r  of the  b io logica l  *heal thH of the a r t u a r i e ~ .  Temp- 
e ra tu re  of the  waters can a l s o  be monitored. 

Econsutic nd 
of Remote Sensed Data 

Once again, benef i t s  accruing from r e ~ e a r c h  a r s , n o t  
s u f f i c i e n t l y  operational t o  permit quant i f ica t ion .  

Current ERTS P-ct ivi t iee  

ERTS-1 b a g s r y  has shown s ign i f i can t  oapabi1,ity i n  
t h i s  area.  Turbidity pa t te rn& provide much informat!.an 86 t o  
c i rcula t iono i n  the  e s tua r i e s .  Wastes can b@t detected en6 
followed am they disperse,  move inehore o r  offshore.  There 
have been s tud ies  showing t h e  success and accuracy of chlero- 
phyll  measurement. badi t ion of a thermal IR wavelength sensor 
would provide the necessary temperature information- 

Estimate of ERTS Economic Capabi l i t ies  

From the above considerations,  we est imate se ro  quan- 
t i f i a b l e  benef i t s  from a n  EBTS-like ERS system, although we 
recognige many benef i t s  which a r e  not ye t  opera t ional .  
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A I D  I N  ENFORCING NATIONAL AND INTXRNATIONAL REGULATIONS AND 
AGREEMENTS 

R a t i o n a l e  f o r  B e n e f i t s  

F o r e i g n  f i s h i n g  v e ~ s e l s  p o s e  t h e  t h r e a t  o f  o v e r f i s h i n g  
some o f  o u r  own f i s h e r i e s .  They c a n n o t  be manzged a n d  re- 
strairied b y  a g r e e m e n t s  among t h e  f i s h i n g  v e s s e l  owners .  For-  
e i g n  f i a : i iny  i s  even  s u b s i d i z e d ,  a l u x u r y  n o t  a f f o r d e d  t o  o u r  
own f i s h e r m e n .  A s  c o n t i n e n t a l  s h e l f  d r i l l i n g  a n 5  a i n i n g  be- 
come more i m p o r t a n t ,  s u c h  e n f o r c e m e n t  w i l i  come i n c r e a s i n g l y  
i n t o  p l a y .  W e  a l s o  need  t o  e n f o r c e  waste d i s p o s ~ l  r e g u l a t i o n s  
f o r  t h e  p r o t e c t i o n  of o u r  c o a s t a l  waters and b e a c h e s .  

F e d e r a l  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  

The U n i t e d  S t a t e s  C o a s t  Guard i s  t h e  m a j o r  c o a s t a l  
water e n f o r c e m e n t  agency .  The Depar tment  o f  Navy a n d  t h e  
N a t i o n a l  O c e a n i c  a n d  Atmospher ic  A d m ~ . . l i s t r a t i o n  s h i p s  a l s o  
a i d  i n  t h i s  e n f o r c e m e n t .  

F u n c t i o n s  o f  Remote S e n s i n p  

S a t e l l i t e  s e n s o r s  would b e  c a p a b l e  o f  m o n i t o r i n g  f o r  
d e t e c t i o n  o f  o i l  s p i l l s ,  i l l e g a l  o c e a n  dumping and o t h e r  w a s t e  
d i s p o s a l ,  and d e t e c t i n g  i l l e g a l  f i s h i n g  v e s s e l s .  

Economic a n d  T e c h n i c a l  Models f o r  E s t i m a t i n q  B e n e f i t s  
o f  Remote S e n s e d  D a t a  

B e n e f i t s  f rom a n  ERS s y s t e m  f o r  e n f o r c e m e a t  c a n  be 
e s t i m a t e d  by summing t h e  f i n e s  and  damage a w a r d s  coming d i -  
r e c t l y  f rom r e m o t e  s e n s i n g  o f  i l l e g a l  a c t i v i t y .  F u r t h e r  bene-  
f i t  i s  d e r i v e d  from d e c r e a s e d  i n c i d e n c e  of  t o t a l  v i o l a t i o n s  
which r e s u l t  f rom i n c r e a s e d  p r o b a b i l i t y  o f  a p p r e h e n s i o n .  

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

ERTS i m a g e r y  h a s  i d e n t i f i e d  dumped wasted a n d  h a s  de- 
t e c t e d  some o i l  s p i l l s .  ERTS h a s  n o t  d e m o n s t r a t e d  s u f f i c i e n t  
r e s o l u t i o n  t o  s p o t  i l l e g a l  f i s h i n g  v e s s e l s .  

E s t i m a t e  o f  ERTS Economic C a p a b i l i t i e s  

B e n e f i t s  i n  t h i s  area h a v e  n o t  y e t  b e e n  demonst:-dts3, 
a l t h o u g h  it seems l i k e l y  t h a t  some w i l l  be shown i n  t h e  R e a r  
f u t u r e .  



A I D  I N  DESXGNTNG LEGISLATIVE CONTROLS AND ADMINISTRATIVE 
PROCEDURES 

R a t i o n a l e  f o r  B e n e f i t s  

P o i n t i n g  o u t  areas w h e r e  r e g u l a t i o n  is n e e d e d  t o  p r e -  
s e r v e  t h e  a e s t h e t i c  o r  economic  v a l u e  of a n  area i s  a h i g h l y  
u s e f u l  a c t i v i t y .  S u r e l y  some o f  o u r  wcters a n d  b e a c h e s  h a v e  
been  p r o t e c t e d  f rom r u i n a t i o n  by n e e d e d  l e g i s l a t i o n  a n d  en- 
f o r c e m e n t .  Y e t ,  t h e r e  is t h e  p o s s i b i l i t y  t h a t  " e n v i r o n m e n t a l  
zealots" c a n  f o r c e  t h r o u g h  l e g i s l a t i o n  which  is t o o  r e s t r i c t i v e  
i n  a r e a s  where  there i s  n o t  n e e d  f o r  s u c h  r e g u l a t i o n .  Adequate  
i n f o r m a t i o n  is n e c e s s a r y  t o  assess t h e  v a l u e s  of a r g u m e n t s  p r o -  
p o s e d  by  p a r t i s a n  s i d e s .  

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

The whole ;. .:.-se o f  government  i s  t o  see t h a t  t h e  
r i g h t s  o f  a l l  p e o p l e  a - e  n o t  j e o p a r d i z e d  by  t h e  a c t i v i t i e s  o f  
s o r e ,  or  many, p e o p l e .  I t  i s  t h e  p u r p o s e  o f  l e g i s l a t i o n  t o  see 
t h a t  t h e s e  r i g b t s  b e  p r e s e r v e d  i n  t h e  b e s t  mdnner p o r s i b l e ,  

F u n c t i o n s  o f  Remate S e w s i ~ : ~  

Remotr s e n s i n g  c a n  p o i n t  o u t  areas where  c o n t i n u e d ,  
u n c o n s t r a i n e d  a c t i v i t y  may b e  u r d u l y  h a r m f u l .  c o n s t r u c t i o n  
w h i c i ~  i s  dan&.ging t o  t h e  s h o r e l i n e  c a n  b e  s p o t t e d .  Waste d i s -  
p o s a l  which  is t h r e a t e n i n g  e i t h e r  m a r i n e  l i f e  or t h e  a e s t h e t i c  
v a l u e  of t h e  l a n d  a n d  water c a n  a l s o  be d e t e c t e d .  Remote 
s e n s i n g  p r o v i d e s  a v iew o f  t h e  s i t u a t i o n  which c a n n o t  o t h e r w i s e  
be r e a l i z e d .  

Economic a n d  T e c h n i c a l  Models f o r  E s t i m a t i n g  B e n e f i t s  
o f  R e m o t e  S e n s e d  Da ta  - 

B e n e f i t s  f r o m  r e m o t e  s e n s e d  i n f o : m a t i o n  i n  t h i s  area 
can be  e s t i m a t e d  f rom t h e  c o s t  o f  d e s t r u c t i o n  which h a s  been  
a v o i d e d  d i r e c t l y  f r o b  t h i s  i n f o r m a t i o n .  

C u r r e n t  EL.'PS A c t i v i t i e s  

ERTS-1 imagery  is  p r e s e n t l y  b e i n g  u s e d  i n  c o a s t a l  zone  
management and i n  d e c i d i n g  on r e g u l a t i o n s  g o v e r n i n g  Waste d i s -  
p o s a l .  ERTS-1 imagery  is b e i n g  u s e d  t o  a s s e s s  p r e s e n t  d e s i g -  
n a t e d  EPA dumping areas. The i m a g e r y  w i l l  h e l p  s u p p o r t  a case 
by  t h e  N e w  J o r s a ;  2 e p a r t m e n t  o f  E n v i r o n m e n t a l  P r o t e c t i o n  w i t h  
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BPA f o r  p o s s i b l e  a l t e r n a t e  d i s p o s a l  sites, i f  t h e  d a t a  deaon-  
s t r a t e  t h i s  need.. 

E s t i m a t e  of ERTS Gconomic Capabi l i t ies  

The New J e r s e y  Depar tmant  of E n v i r o n m e n t a l  P r o t e c t i o n  
h a s  assessed a one- t ime v a l u e  of 100,000 d o l l a r s  t o  BRTS-1 
i n f o r m a t i o n  l e a d i n g  t o  new l e g i s l a t i o n . * *  

Oue-Time B e n e f i t  : 

I n c r e a s e d  C a p a b i l i t y :  $ . I  m i l l i o n  

* H a i r s ,  R.C. e t  a l . ,  " A p p l i c a t i o n  o f  ERTS-1 D a t a  t o  che  
P r o t e c t i o n  a n d  Management of N e w  J e r s e y ' s  C o a s t a l  E n v i r o n -  
ment",  N i n t h  I n t e r n a t i o n a l  Symposium o n  R e m o t e  S e n s i n g  o f  
Env i ronment ,  A p r i l  1974,  E n v i r o n m e n t a l  R e s e a r c h  I n s t i t u t e  
o f  Mich igan ,  Ann Arbor .  

* *  " A p p l i c a t i o n  o f  ERTS D a t a  
and  Management o f  Iew 
E x t e n s i o n  o f  SR-304-ERTS-1 
Depar tment  of E n v i r o n l ~ ~ n t a l  

, , l i t e  C o r p o r a t i o n ,  J u n e  1974.  . I 



APPENDIX B: 

SUMMARY OF APPLICABLE FEDERAL BUDGETS 

I n c l u d e d  i n  t h i s  a p p e n d i x  are r e l e v a n t  F e d e r a l  bud e t a  
f o r  U . 8 .  agencie:; i a p o r t a n t  t o  t h i s  r e s o u r c e  area. Table 2 1  
l i s ts  a p p l i c a b l e  k ~ d g e t  f i g u r r :  f o r  t h e  N a t i o n a l  O c e a n i c  a n d  
Atmosphexic  A d m i n i s t r a t i o n ,  a n d  T a b l e  1 2  f o r  t h e  Bureau  o f  
S p o r t  F i s h e r i e s  a n a  W i l d l i f e .  T a b l e  13 l ists a11 federal 
m a r i n e  mapping a n d  c h a r t i n g  c o s t s  f o r  s e v e r a l  a g e n c i e s .  
T a b l e  1 4  g i v e s  o c e a n - r e l a t e d  e n g i n e e r i n g  c o n s t r u c t i o n  costs 
f o r  t h e  U . S .  Army Corps o f  E n g i n e e r s .  
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f Table 11 : Applicable Pcclcu.;l  B u d g c t s  : 
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Table 12: Applicable Federa l  Eudgets: 
Bureau of Sport Fisheries and W i l d l i f e  

! 



1 (FY 1 9 7 2  Expenditures1 i 

7 DEYXFC?EST OF DSFESSE 

Defense Xap?ing Agency 
Off ice  of Saval Research 
X t v f  O?srations 
Gorp of Ensineers, U. S.  Army 
Mississippi RFvcr Comission, U. S.  Army 

yOTitL - J)ZFsXSE 

9X~,!,?.Tl:Z?iT OF THE IBTEI:ZOR 
Ceolngic D i v L s  ion, Geological Survey (CS) 
C~nservation Division, GS 
3u:snu of R e r i ~ i s . t i c n  

T ~ T A L  - IXFECTOX 

C~P~~:: ' :~S'f OF CQYLXRCZ 
Sot ionaL Oczan S ~ r v e y ,  :;atioaal Oceacie 

and Acrzosphcric Xdr.:inist-fation ( X O t G )  
8 Enviro3centzl Data Service. S0.U 

ij Envi,ronnental Rcsezrch I.ebori?:orics, t!O.U 
Har Lonal Xarioe Fisheries Sr!rvfca, NOAfh 

'c'OT>J, - CT?X!Z RCE 

CE?,fRi":.FNT OF T?!L??;S?Oli't'xrfO~: 
U. S, Coast Cu2rd 

X;!UE?ESDESS hGEt:C: ES 
Ataxic E n e ~ g y  Connissinn 
1:a"onal S c i e n c e  Foundation 
Tcnaessse Valley kuthori .ty 

TOTAL - ISDK!'ESDZ?<T XGLN CTES 
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F:ys'icn~atic i . !appinc~ and C h a r t i ~ r y  
Aganzy 

i 
(FY 1372 E x p e n d i t u s c s )  . ,I , -- _II: 

i 
! Years 

-a- ,.- 

, : jEP.4itT:EST OF DEFES52 
i GeFense Xappiny Agency - - - (342). - . , - t OfPice of Naval Res~srch - - - - 
: Na-.iy Opsrations 1,855 I8 14,687 215 

Corps 02 Engineers, U. S. Am.3 - - 37 I 
i 
a H i s s i s s i p p i  Zivar Coif-ztisoion, U. S .  Arwy - - -- - - I5 ------ 1 -- - - .  TOT:& - D ~ ~ Z S S E  1,CBS 18 14,133 (3 ' ;2 )  

9VU33TVC' '- a ,,. .;,,.;.,.T OF THE I:.li'ERi04 
Geo!_>;ic Division, G e o l o ~ i ~ i t i  Servcy (GS) - - .. 

I - - - Con;srv:icion Divis ion ,  GS 
Butcau of Rircla;crion - - v 

"". . . I .tOi:-i. - XSTS?IC?. . . 
--*PAT.'*.\. ,:>. :::., I,!  .,,sl OF CO;Q.fSi:CE 

Na;!.i::saL Ocear: Sarvey,  Nst io :~  3 1  Occan2c i I 
a::,.! $.tr~ospharic Adsinls rrz: i on (:iOi='.) 1,950 90 23,491 

Efi.!ii*cn-c~.tal D3C1 S ~ r v i c c  . : : C C ,  ;2 5 5 1 5  5 
, En*,:ro;ii;.antal Research L.a>orat-ori-es, N0.a - - .. - 33 

- i 
l:~:stio;1-11 Xarina Fisheries ScrvLce, XOPA - - - - - . i 

'1'OTiiI. - COf.P!Z?CE 2,075 9 5 23,616 

' j)EPAT:.y:.x;; OF T N I  SPOr'.I'l;CLOS - - 4 796 
' U. S .  -Coast Cuatd - 8 2  - 5 2  
! 

INDSi?Z[:!?::!;T kGE:;C?ES 
k;o.~i  2 Crlergy Co:::.~ission 

; N a t i o n a l  Science r:,t?ndation' 
Tcnnerscc \'al.lcy Authority 

Toi : ,~  - II;ilz?S;:i!')2X\'T AGESCIL:S 

- 
7,890 . - --- 
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C_C.- 
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I -- 
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I yr:)l].cl 3 3 ~ l , p l  icai>].'+ e e d i : r a ?  Budgo t:; : F e d e r a l  Ilarinc Wsj~pirlg I f  

! (collt. ' d !  

I Agency 
i 

DEBA3TPEhT OF DEFENSE 
D p f  ense Xapping Agency 
Offtce of 9av2l Rasearch 
ttzyr Operatdons 
Corps of Engineers, U. S. Army 

TOT-a - DEFENSE C 

DZyt!RTESST OF THE ISTEr710R 
CcoTogic Division, GeoLogical Scrvey (GS) 

I Conservation D i v i s i o n ,  GS 
Bui-eau of Rcc1arna:ion 

T&X:I'AI. - ISSEZIOZ 

DZP;bKII.XNT 0 P ci))z.c :<CE 
N o t i o ~ a l  O C C C ~ I  Suzvey, Sa:ional Ocesnic 

and Atmospheric tldmin.Cs~::ation (XOAA) 
Envirocnent a 1  Data S e r v i c e ,  NOAA 
Environmental Research Lzboratorics,  NO:.A 
Mstional bl2rine Fisheries Service, h'O.L.4 

TOT.4L - COX-ZXCE 

1 1NDi;r"ESDZST ACLSCIES 
Attnic Et : r g y  Coaxissj.on 
E ~ t i 6 n a l  Science Foundacio~ I * +  

I 
Ic.ltr?cssee Valley Authori ty  

TOTAL - XSDEI7.YSDE;;T ACEN CIES 

s c i c n  t.i. f io allti Rngince?. i t )cj  Surveys I 
( F Y  1972 Expenditures) 
-7 .. 
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d f $ ~ & c  of NtvaX Ecsesrch I 
grzrzi-y Operat i~as  ! 

t Cozprr of En$ineers, U. S. Aniv 

f ~ i s & s s i p ~ i  River tomission,  U. S. Army 
! - zgl& - DEFSWSE 
, ; 
1 pzl'i;?.Rf~;;ST OF TI? E I;G E &I OR 
; C . ~ l l g i c  b i v i s i ~ n ,  Csolosical Survey (GS) 
i E o a s ~ i v ~ ~ i o n  Divhisn ,  GS 
i 3urr;t.t of Reclrmarion 
i 
! T~,TAL - XY~ZRXO; 
I 

. . ~ ' P ; . ~ ~ ! . ~ Z S i '  O F  (.!0>2.-ZRG? 
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2nd Atmospheric b .bn?in i s tr~t icn  (KD>A) ! 

E:t-:ii-02ncntcl C z t a  Service, 
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I Tnbln 1 4 :  Applicablck Fedoral Budgpts: 
U . 6 .  Army Corps of Enyineors 



Proioet  and Str ta  

PAVICliTf ?b:f 

Ta'oapa 1!arbor ( S r w h ) ,  Pla. 

Xiostssiyp? RZvar, Baton Rauza t o  
Out£ 0:. kkdco, ta. S I Q U )  

Se. ccorscv Crack, PA. (1470j  

Clock :t:ohit, E32a. (1462) 



n&Lt kllrvrrr My t o  C.. rai~nke 
&) w. kl., r.?. * 'Fa. 
(i97O) 

1'4D Cti.3: t ' g ~  Glrtsa; h 1 r t  and 
Pock teach. ti. 1. (1070 

CiD C.ctrrru:ut ICzbo:, I .Y .  (1963: 

SAD Xanteo (Sh%?lu&~;) Cay, I . C .  
(1970 

MZ3 Uuron W.SP-, a10 (19S2) 

XBV ' b s r  t a ~ ,  &+;on (1970) ' 

S A ~  LirtIs Rlvcr i n l e t ,  S.C. 
L t4.C. (1572) 

SAD Y ~ ~ r r c l l o  l n l c c ,  S.C. "1932) 

FdU T r e e p r t  l'rrh,r, l ' a x r ~  (i310) 



Titblc I ? :  h p p l i ~ i r b l c t  Pod~; :a l  ! 3 ~ c \ g e t t r :  
U.S.  firm; Corps of I.:aginertrs 
(corl ' t )  

P+!!:-Cat:S':.i.bL 7 T t ~ a b  8' :...:: : Li!G 1s  l.:::li2: :;.'.k- 
8 t ! . * ~ : :  t:,,' . ( 1973 )  

' ICD .-Ui;rcorr Boat Fa*=. 
I b a a  (2952) 

I Y0;J.L - F.:VI \TI03 

1 (2 proj2e:c) 



,,_. --_^-_.I__CC_. .-.. \....-.-- -..-.I- -.---. 
1 
i T;:blc. 1 : itppl i . c n t ~ l e  1fic:dcral Bltdyctt; : 

l!. S. Zi r l a j r  Corps of E n 3 i t l c c r s  
( con  't) 

_----.-I ..--.--- ---_ -..-e-.--.-* 
1 
1 PI.F.I!:: 1 iiG >:t:f.: STAlh'i'Z l i i  iZ . Y . 1975 EUDC!:T 

I S thsuc.!~ldr. (1973)  

!-- 
*IIocbci~: .-I 

rmlcct stttc m 9 m n 

i 
. Y.t%IchlftO?r 

>TO Eblrrtosr, W r .  m*~. (LIIJ) 

ORD ma:.* Zadb.$ tack 6 B-a. ?a. (:SC3) 1S.553 0 IW 45.m 

xC3 'Jorthyo-t Karbmr, W t c .  (1972) 2,110 0 be S.110 - - - 
TOT& - lt.tvrc~lm (3) 0 IS0 50,O.OLO 

- - --- 
C O ~ ~ T ~ ; U ; " : I O ~ J  >!EN R';';~~Ts 1:: P . Y .  1975 DUDGET 

$ t l~ocnns'<s (1973) 

Tore1 

I 
E.IJc:L 

Tsr.J,..stsd to O-aQt haple t4  
FeCrtal #.llocrclonr Caaplctc Allosraccc After 

Pre I-':? a2.l23>: 3 .  thru n 76 Aft *% tY 7; Fl 73 J 75 

. .  
f.0 T.ci:t ::.:bar-(?:rtn Ch-c; :I). 

PI:. (19iJ) 97 ,5:3 1 - 0 3  i&.&X7 900 ss.517 

L'N C:l;;-.!.-u E v r r  ac k v l l i  
4 LII-TI. Id. (1~70)  4.7CO 233 4 ,sSo 

i 2:EB F:c:t:>'&:o :::rLar, Fa:n; ( 1 5 Z O )  200 %1 

1 St3 Y'rd-ea.4 City U:SI.-. T.C.. (1573) 3.710 

- ! W p J .  - Y2Ji:ATIG:i (L) 107.fiZO '1,503 lDi.442 

$..--.I 
-- 
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Tabfc? 1 4 :  P.pplic,+ble Federal R u d g ~ t s :  
O . S .  Axmy Corps of E n g i n e e r s  
(con'  t) 

SCLI Catu;tct Xinr i Harbar 
(1962 Ed.) Ilk. & 

I M a  ISllt\otr Yaiersay, C.ltl+ct- 
sag. c-d. (r.lrt I). 

1 Ill. L Id. 

I:.'? Ds'ustia Plvet ,  &11. 

j I!S t r . k  l D.'n 26. htt?n. 
k1i. L As. 

tKkJ. SLI. 6 t j .  

i Rl;rlsrlpp! u t ~ s r  bc:b2,: 
Ohlo a d  K1scrrr:L f . lverr: f Lvt .. main ot  Rwi,. 111. 

! L?:; bL, krplntlr.& KO:%.. 
111. & V&. 

CLt Lnz.lrhlrrA L?:kr L PI*, 
Ill, Xed. & Fy. 

020 S?vbut~!$ tccks  6. baa. 
Id. b Ev. 

C;O Ulnc.e:tou LC&* & Cln,  
Icd. h l;y. 

I 



. P - . l . r - . . . - . , - . - - ~ . " - .  -r .I-------.-.-- 

T a b l e  14: hpp1icnDl.c  Pcderal Uudgots: 
t1.S. f\?uty Corps o f  E n q i n e i t r s .  

7 
(con ' k )  

-----. -*-.- .--- ---.--- ---..--.. -------. * --..-.--.. 

1 I $ .  thoussnds (1973) 

tYI Il:eit%tat*ya R i v e r  aai 
L . y m  fher.c, I3eu: 

and &:rrk, La. 

r':Z !'--15cu W twrcha and 
Lafw~rch:-Jsia,a 

L?.rtcruq. 1.1. 

t?:t H ~ e c ~ c s r a ~  l lur :  (i:ca. 
~%*CV.). la. 

L!! P ? ?  Rirst th'r$ea:y rank 
p z ~ : c c t l c ~ .  LR. Ark., 

Ekb. and Tcx. 



Table 14: Applicable Federal Budgets: 
U.S. Army Corps of Engineers 

El2 F l c t  a d  S u t *  

#matton ~cwc'~)  

PD Y ~ t b L . t u n . d T a m  
B l ~ e 8 ,  We.. 

rco. Ctvt UL.8 Cenwct ly  
G.w~B. 

w ~ t ~ m a r k t ,  t~kb .  

W . W k  my IIacknruck 
a d  p a r u l c  Rlvrrr, 

l l J .  

W m8t Iluer  Spor -1. 
. -*..II.Y. 

W Iw York W.rboc (Anchorat##). 
U.Y. 

SAD Aclantlc lncracoraul  
Yat~-y. Bridges. 

LC. 

CUD I r d b a l  loch b Wm. 
Oblo & U. Va. 

OAD YLllQV lllbnd Lock. L 
Dam, Ohlo L U. Va. 

MID ..Colunbla b taurr 
YLI1.~ttc River. 

(40- f t Cham* 1). 
Ore. b Varh. 

RrD Tl1l.mok my L m r  
(Seuch Jerry). Or*. 

mD coryu. Chtlr t l  Shl) 
(1968 Act), 

t e n r  

SUD Ulvertoo Qu-1 (1971 
Amth.). I t N 8  

m L  - FAVIU'IIO!l 
(47 t r s j ee t r )  

wcw uos~os  Eovnot. 

SAD arewrd Couaty, ?la. 

w ?halls. county. 11.. 

SAD Tyb* l*land,Ca. 

MD l l r e  lrlrnd Inlet to  
fortel fnlr t .  I.Y. 

ZOUL - amCH CROSW( 'CDIITWL 
(4 h o J t c t r )  . 

(con * t 1 

&t&tk 
t d r c r l  t 
&st - . , 

I 1  

a ~ o 0 0  

lU.000 

1,ZW 

M.210 ' 

. 
3,010 

x.900 
i 

lb,ZOO 

U.Oo0 

13.300 

26,6OJ 

12,700 

26.600 

2.210 

- 
, 6 5 6 ~ 6  

3,110 

3,140 

1,ZSO 

22,3DJ 

- 
30.800 

thousands 

Ubare 
ee 

Con~Iet* 

7,210 

18.216 

905 

4.000 

2.QO 

U.JI1 

U,UO 

l le8lb 

12.S61 

6.503 

1,310 

l?.sl8 

1.s70 

_I_ 

9 .  

2.590 

a.525 

1,564 

20.493 

- 
27,172 

$ 

*1latiu 
~~ 

1916 

11*?30 

1 2 6 ~ 1 u  

1 s  

H a i l 0  

. 
UO 

l?.*l29 

350 

14.18b 

S8,119 

20,097 

11,190 

9.12 

(40 

- 
2.376*833 

S20 

615 

6 8 6  

1,807 

- 
>,t28 

(1973) 

Appr0v.l 
l u d p t  

A l l o u a n  

1.800 

1.200 

MO 
. . . . 

$25 

' 1.S00 

4.000 

100 

10.110 

10,100 

600 

1,SlO 

3.1100 

l . j l0  

-- 
211.242 

200 

100 

900 

1,S00 

- 
2.900 

m1.u. 
U 

C-1.C. 
ALctr 
&3 19)s 

S.410 

17.016 

5W 

3.US 

1.m 

13,511 

U,? SO 

l.tW 

4,461 

1,903 

- 

14,ou 

- 
- 

2.M2.263 

5,190 

2.U5 

664 

1!,993 

- 
Z4.272 



Table 1 4 :  Applicable Federa l  Budgets: 

CONTINUING CONSTRUCTION PROJECTS 
5 thousands  (1973) 

s?D nontarry wrbor. calif. 

SID b r t  Bur- Wrbor, Calif. 

S1D San Dieso River 6 nlrrion 
'my. CmlIC. 

S4D C . ~ v r r a l  Harbot, 11.. 

SAD Crors PloriCa Yrga Caml, 
?la. 

W Q ,  DBvenport S m l l  Boat 
Rrrbor. I o n  

IUD l r l t l w r c  Harbor & Chnactr, 
m. (19%) 

Delauara River, Philadtlphk 
Co Sea, Aachorager, H.J. 

n a  rrondcp~oit my, W.Y. 

SAD A R M  - raaonbaro Inlet, W.C. 

ED Pall River Karbor. ?UBB. 6 
R.1. . 

WD Clcv*land Harbor, 1958 Act, 
Ohio 

WCD to t r i a  Xarbor, Ohio 

SUD CIW - Chocolate Bayou, Texas 

SY3 U ~ l l i r v l l l r  Lake, h u r  

13,500 

U.600 

179,000 

122 

23.750 

39,300 

3,330 

5,410 

21,800 

16,300 

21,160 

2.510 

28,800 

10,593 

6,025 

61,759 

16 

19,652' 

8,806 

162 

1,690 

2.360 

3,282 

17.341 

658 

.22,079 

2,907 

7,575 

117,211 

1 1  

4.098 

30,491 

3.388 

'3,720 

.19.440 

13,016 

4.459 

1,652 

6,721 



w 

Table 14;'~pplicable Federal Budgets: 
U.S.  Army Corps of Engineers 
(contt) 

& ?roleet and State 

XAVICATION (Canted) 

SUD Trinlty River 6 Trlba 
Brldgrm, Texu 

HAD Ila6ptoa Roads, Virginia 

. msAL - ~ V I C A n O x  
(18 pro)cecr) 

runt ~ROSIOX CCSXROL 

SPD hperi.1 Beach. Calif. 

SP3 Surfride-Sunset and Navport 
Beach, Calif. 

SAD Key Were Beach, F1.. 

S X J  Mullet Key. Fla. 

SAD Virginia Key and Key Bircrynr, 
PI.. 

POD Vaikiki Beach, Bawaii 

SAD Rkunclng Island Beach, N.C. 

t01AL - BUCR EmSION CONTROL 
(7 ptoJacco) 

8 

$ .  thousands (1.573) 

Balance 
to 

Camlate 

I,S67 

4,930 - 
234,620 

3% 

3,721 

8% 

422 

1,248 

Su 
725 

- 
7,868 

Irtlmated 
tadaral 

Cost 

10,400 

.31,800 

427.182 

548 

7,410 

950 

$96 

2,580 

1.810 

2 . 140 

- 
16.334 

Allocation8 
thru 
FY 1974 

8,833 

26,870 

192.562 

190 

3.689 

96 

474 

1,332 

1.269' 

1.416 

- 
8,466 



APPENDIX C :  

SUMMARY OF APPLICABLE LAWS AND STATUTES 

Table 15 lists laws and statutes applicable t o  remote 
sensing o f  oceans. Experts from t h e s e  are p r o v i d e d  on  the 
pages shown in Table 15. 



T a b l e  15:  L i s t  o f  Laws and  S t a t u t e s  A p p l i c a b l e  t o  

Page 

C-3  

C-4 

C-5 

C-6 

C-7 

C-8 

C-9 

C-10 

C - 1 1  

C-12 

C-13 

C-14 

C-15 

C-16 

C-17 

C-18 

C-19 

Remote S e n s i n g  o f  

r 
T i t l e  

M i l i t a r y  S u r v e y s  and Maps 

M i l i t a r y  S u r v e y s  and Maps 

F i s h  a n d  W i l d l i f e  A c t  

F i s h  a n d  W i l d l i f e  Ac t  o f  1947  

W i l d l i f e  P r o t e c t i o n  f rom P o l l u t i o n  

F i s h  a n d  W i l d l i f e  A c t  o f  1956  

F i s h  a n d  W i l d l i f e  A c t  o f  1947  

F i s h  and W i l d l i f e  Ac t  o f  1950 

C o a s t a l  Zone Management A c t  o f  i 9 7 2  

N a t i o n a l  E n v i r o n m e n t a l  P o l i c y  A c t  
o f  1 9 6 9  

Marine  P r o t e c t i o n ,  R e s e a r c h ,  and 
S a n c t u a r i e s  A c t  o f  1972 

Endangered S p e c i e s  A c t  o f  1 9 7 3  

I n t e r v e n t i o n  on t h e  High S e a s  A c t  

Mar ine  P r o t e c t i o n ,  R e s e a r c h ,  and  
S a n c t u a r i e s  A c t  o f  1974 

P r e v e n t i o n ,  C o n t r o l ,  and Abatement  
o f  E n v i r o n m e n t a l  P o l l u t i o n  a t  
F e d e r a l  F a c i l i t i e s  

Hazardous  Waste Management A c t  o f  
1 9 7 3  Pxoposed L e g i s l a t i o n  

T o x i c  S u b s t a n c e  C o n t r o l  A c t  o f  1 9 7 3  
P r o p o s e d  L e g i s l a t i o n  

Oceans  

Code 

1 0  USC 4537 

1 0  USC 9537 

1 6  USC 744 

1 6  USC 758a 

1 6  USC 665 

1 6  USC 742 

1 6  USC 749 

1 6  USC 760a 

3 3  USC 
1 1 0 1  et seq. 

P.L. 91-190 

P.L. 92-532 

P.L. 93-205 

P .L .  93-248 

P.L. 93-254 

E x e c u t i v e  
O r d e r  11752 

S.  1 0 8 6  
H.R .  4873 

S. 888 
H . R .  5087 



M i l i t a r y  S u r v e y s  a n d  Maps 
1 0  USC 4537 

Agency A f f e c t e d :  D e p a r t m e n t  o f  h e  Army, D e p a r t m e n t  o f  t h e  
I n t e r i o r  ( G e o l o g i c a l  S u r v e y )  

D a t e  P a s s e d :  1 4  May 1 9 2 8  

D a t a  C o l l e c t i o n  
S t a t u t o r y  R e q u i r e m e n t :  The  S e c r e t a r y  o f  t h e  Army may o b t a i n  
t h e  a s s i s t a n c e  o f  t h e  G e o l o g i c a l  S u r v e y  a n d  o t h e r  mapp ing  
a g e n c i e s  o f  t h e  U n i t e d  S t a t e s  i n  mak ing  s u r v e y s  a n d  maps a n d  
i n  o b t a i n i n g  t o p o g r a p h i c  d a t a .  

Comments: Remote s e n s i n g  c o u l d  h a v e  a r o l e  i n  a s s i s t a n c e  t o  
t h e  Army. No s p e c i f i c  l e v e l  o f  a c t i v i t y  i s  m a n d a t e d .  



M i l i t a r y  Su rveys  and Maps 
10 usc 9537 

Agency Af fec t ed :  Department o f  t h e  A i r  Fo rce ,  Department of 
t h e  I n t e r i o r  ( G e o l o g i c a l  Survey)  

Date Passed: 2 November 1966 

Data Col & e c t i  on - 
S t a t u t o r , '  Requirement:  The S e c r e t a r y  o f  t h e  A i r  F o r c e  may 
o b t a i n  t h ?  a s s i s t a n c e  o f  t h e  G e o l o g i c a l  Survey a n t  o t h e r  
mapping ar_:encies of t h e  Un i t ed  s t a t e s  i n  making s u . v e y s  and 
maps and i.1 o b t a i n i n g  t o p o g r a p h i c  d a t a .  

Comments: Remote s e n s i n g  c o u l d  have a  r o l e  i n  a s s i s t a n c e  t o  
t h e  A i r  Force .  No s p e c i f i c  l e v e l  o f  a c t i v i t y  i s  mandated.  



F i s h  a n d  W i l d l i f e  A c t  
16 USC 744  

Agency A f f e c t e d :  D e p a r t m e n t  o f  t h e  I n t e r i o r ,  F i s h  a n d  
W i l d l i f e  S e r v i c e  

D a t e  P a s s e d :  3 March 1 8 8 7 ;  2 4  May 1950 

D a t a  C o l l e c t i o n  
S t a t u t o r y  R e q u i r e m e n t :  T h e  Direct  )r o f  F i s h  a n d  W i l d l i f e  
S e r v i c e s  s h a l l  make i n v e s t i g a t i o n s  o f  w h e t h e r  a n y  a n d  w h a t  
d i m i n u t i o n  i n  t h e  number o f  t h e  f o o d  f i s h e s  of t h e  c o a s t  a n d  
l a k e s  o f  t h e  U n i t e d  S t a t e s  h a s  t a k e n  p l a c e ;  a n d ,  i f  so, t o  
w h a t  c a u s e s  t h e  same i s  d u e ,  a n d  a l s o  w h e t h e r  a n y  a n d  w h a t  
p r o t e c t i v e ,  p r o h i b i t o r y ,  o r  p r e c a u t i o n a r y ,  m e a s u r e s  s h o u l d  be 
a d o p t e d  i n  t h e  p r e m i s e s .  

Comments: 3 ~ p l i c a t i o n  t o  r e m o t e  s e n s i n g  d e p e n d e n t  u p o n  i t s  
a b i l i t y  t o  u . ; e c t  f i s h  p o p u l a t i o n s  a n a  s o u r c e s  o f  f i s h  s t r e s s e s .  



F i s h  a n d  W i l d l i f e  A c t  of 1947 
1 6  USC 758a 

Agency A f f e c t e d :  D e p a r t m e n t  of t h e  I n t e r i o r ,  F i s h  a n d  
W i l d l i f e  S e r v i c e  

D a t e  P a s s e d :  4 A u g u s t  1 9 4 7  

D a t a  C o l l e c t i o n  
S t a t u t o r y  R e q u i r e m e n t :  The S e c r e t a r y  o f  t h e  I n t e r i o r  i s  
a u t h o r i z e d  t o  c o n d u c t  s t u d i e s  t o  i n s u r e  maximum d e v e l o p m e n t  
a n d  u t i l i z a t i o n  o f  t h e  h i g h  seas f i s h e r y  r e s o u r c e s  o f  t h e  
t e r r i t o r i e s  a n d  i s l a n d  p o s s e s s i o n s  o f  t h e  U n i t e d  S t a t e s  i n  
t h e  t r o p i c a l  a n d  s u b - t r b p i c a l  P a c i f i c  Ocean a n d  i n t e r v e n i n g  
a r e a s .  

Comments: Very  g e n e r a l  da ta  c o l l e c t i o n  m a n d a t e .  R e m o t e  
s e n s i n g  may be r e l e v a n t .  



W i l d l i f e  P r o t e c t i o n  f rom P o l l u t i o n  
1 6  USC 665 

Agency A f f e c t e d :  Depar tment  o f  t h e  I n t e r i o r ,  F i s h  a n d  
Wi ld l i fe  S e r v i c e ,  Bureau  o f  Mines  

D a t e  P a s s e d :  1 0  March 1934  

D a t a  C o l l e c t i o n  
S t a t u t o r y  Requ i rement :  The S e c r e t a r y  i s  a u t h o r i z e d  t o  make - 
s u c h  i n v e s t i g a t i o n s  as  h e  deems n e c e s s a r y  t o  d e t e r m i n e  t h e  
e f f e c t s  o f  d o m e s t i c  sewage,  mine ,  p e t r o l e u m ,  a n d  i n d u s t r i a l  
w a s t e s ,  e r o s i o n  s i l t ,  a n d  o t h e r  p o l l u t i n g  s u b s t a n c e s  o n  
w i l d l i f e .  

Comments: Very g e n e r a l  non-mandatory d a t a  r e q u i r e m e n t s .  



F i s h  a n d  W i l d l i f e  A c t  o f  1 9 5 6  
1 6  USC 7 4 2  

Agency A f f e c t e d :  D e p a r t m e n t  o f  t h e  I n t e r i o r ,  F i s h  a n d  
W i l d l i f e  S e r v i c e  

D a t e  P a s s e d :  8 A u g u s t  1 9 5 6  

D a t a  C o l l e c t i o n  
S t a t u t o r y  R e q u i r e m e n t :  The  S e c r e t a r y  s h a l l  c o n d u c t  c o n t i n u i n g  
i n v e s t i g a t i o n s ,  p r e p a r e  a n d  d i s s e m i n a t e  i n f o r m a t i o n ,  a n d  make - - 

p e r i o d i c a l  r e p o r t s  t o  t h e  p u b l i c ,  t o  t h e  P r e s i d e n t ,  a n d  t o  
C o n g r e s s ,  w i t h  r e s p e c t  t o  t h e  f o l l o w i n g  matters:  

(2) The  a v a i l a b i l i t y  a n d  a b u n d a n c e  a n d  t h e  b i o l o g i c a l  
r e q u i r e m e n t s  o f  f i s h  a n d  w i l d l i f e  r e s o u r c e s .  

( 4 )  The  c o l l e c t i o n  a n d  d i s s e m i n a t i o n  o f  s t a t i s t i c s o n  
c o m m e r c i a l  a n d  s p o r t  f i s h i n g .  

( 5 )  The c o l l e c t i o n  a n d  d i s s e m i n a t i o n  o f  s t a t i s t i c s  on  
t h e  n a t u r e  a n d  a v a i l a b i l i t y  o f  w i l d l i f e ,  p r o g r e s s  i n  
a c q u i s i t i o n  o f  a d d i t i o n a l  r e f u g e s  a n d  m e a s u r e s  b e i n g  
t a k e n  t o  f o s t e r  a c o o r d i n a t e d  p r o g r a m  t o  e n c o u r a g e  
a n d  d e v e l o p  w i l d l i f e  v a l u e s .  

( 7 )  Any o t h e r  m a t t e r s  w h i c h  i n  t h e  judgmen t  o f  t h e  
S e c r e t a r y  a r e  of p u b l i c  i n t e r e s t  i n  c o n n e c t i o n  w i t h  
a n y  p h a s e s  o f  f i s h  a n d  w i l d l i f e  o p e r a t i o n s .  

(f) The  S e c r e t a r y  s h a l l  a l s o  

( 4 )  t a k e  s u c h  s t e p s  as may be r e q u i r e d  f o r  t h e  d e v e l -  
o p m e n t ,  a d v a n c e m e n t ,  management ,  c o n s e r v a t i o n ,  a n d  
p r o t e c t i o n  o f  t h e  f i s h e r i e s  r e s o u r c e s ,  a n d  

( 5 )  t a k e  s u c h  s t e p s  a s  may be r e q u i r e d  f o r  t h e  d e v e l -  
opmen t ,  management ,  a d v a n c e m e n t ,  c o n s e r v a t i o n ,  a n d  
p r o t e c t i o n  o f  w i l d l i f e  r e s o u r c e s  t h r o u g h  r e s e a r c h ,  
a c q u i s i t i o n  o f  r e f u g e  l a n d s ,  d e v e l o p m e n t  o f  e x i s t i n g  
f a c i l i t i e s ,  a n d  o t h e r  means .  

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



F i s h  a n d  W i l d l i f e  A c t  o f  1949 
1 6  USC 759 

Agency A f f e c t e d :  Depar tment  o f  t h e  I n t e r i o r ,  F i s h  a n d  
W i l d l i f e  S e r v i c e  

D a t e  Passed: 1 8  August  1949 

Date  Collect-  
S t a t u t o r y  Requ i rement :  The S e c r e t a r y  o f  t h e  I n t e r i o r  i s  
a u t h o r i z e d  t o  u n d e r t a k e  a  comprehens ive  a n d  c o n t i n u i n g  study 
o f  t h e  s h a d  of t h e  A t l a n t i c  C o a s t ,  t o  arrest the  d e c l i n e ,  
i n c r e a s e  t h e  abundance ,  a n d  p romote  t h e  w i s e s t  u t i l i z a t i o n  o f  
s h a d  r e s o u r c e s .  

Comments: Remote s e n s i n g  may b e  a p p l i c a b l e  h e r e .  - 



F i s h  and W i l d l i f e  A c t  o f  :950  
16 USC 760a 

Agency Af fec t ed :  Department o f  t h e  I n t e r i o r ,  F i s h  and 
W i l d l i f e  S e r v i c e  

Date Passed: - 25  August 1950 

Dat 1 C o l l e c t i o n  - 
Sta+:utory Requirement:  The S e c r e t a r y  of t h e  I n t e r i o r  i s  d i -  - 
r e c t e d  t o  u n d e r t a k e  a  comprehensive c o n t i n u i n g  s t u d y  o f  s p e c i e s  
o f  f i s h  of t h e  A t l a n t i c  c o a s t ,  i n c l u d i n g  b a y s ,  sounds ,  and 
t r i f , u t a r i e s ,  i n  o r d e r  t o  recommend t o  t h e  c o a s t a l  s t a t e s  appro-  
p r i a t e  measures  f o r  t h e  development  and p r o t e c t i o n  of su-h 
r e s o u r c e s  and t'l.:ir w i s e s t  u t i l i z a t i o n .  

Comments: Remote s e n s i n g  may b e  a p p l i c a b l e .  



C o a s t a l  Zone Management A c t  o f  1 9 7 2  
33 USC 1 1 0 1  et seq. 

Agency A f f e c t e d :  D e p a r t m e n t  o f  Commerce 

D a t e  P a s s e d :  27 O c t o b e r  1 9 7 2  

D a t a  C o l l e c t i o n  
S t a t u t o r y  R e q u i r e m e n t :  The  S e c r e t a r y  o f  Commerce i s  a u t h o r i z e d  
t o  make a n n u a l  g r a n t s  t o  a n y  c o a s t a l  s t a t e  f o r  t h e  p u r p o s e  of 
a s s i s t i n g  i n  t h e  d e v e l o p m e n t  o f  a management  p r o g r a m  f o r  t h e  
l a n d  a n d  w a t e r  r e s o u r c e s  of i t s  c o a s t a l  z o n e .  S u c h  a manage- 
ment  p r o g r a m  s h a l l  i n c l u d e ,  among o t h e r s ,  

o a n  i d e n t i f i c a t i o n  o f  t h e  bound . i ? j . e s  o f  t h e  
c o a s t a l  z o n e  s u b j e c t  t o  t h e  m a n a ~ e m e n t  p r o g r a m  

a n  i n v e n t o r y  a n d  d e s i g n a t i o n  o f  areas o f  
p a r t i c u l a r  c o n c e r n  w i t h i n  t h e  c o a s t a l .  z o n e  

Comments: Remote s e n s i n g  h a s  b e e n  f o u n d  u s e f u l  i n  N e w  Jersey 
a n d  e l s e w h e r e  i n  t k s  i d e n t i f i c a t i o n  o f  c o a s t a l  z o n e  a r e a s .  
I t  s h o u l d  a l so  be u s e f u l  f o r  l a n d  u s e  i n v e n t o r y  p u r p o s e s  a n d  
management i n  c o a s t a l  z o n e  areas o f  p a r t i c u l a r  c o n c e r n .  



N a t i o n a l  E n v i r o n m e n t a l  P o l i c y  A c t  o f  1 9 6 9  
P.L. 91-190 

Agency A f f e c t e d :  A l l  

D a t e  P a s s e d :  1 J a n u a r y  1 9 7 0  

D a t a  C o l l e c t i o n  
S t a t u t o r y  R e q u i r e m e n t :  A l l  f e d e r a l  a g e n c i e s  s h a l l  assess t h e  
e n v i r o n m e n t a l  i m p a c t  o f  t h e i r  a c t i o n s  when t h e  a c t i o n  i s  deemed 
t o  h a v e  t h e  p o t e n t i a l  t o  s i g n i f i c a n t l y  a f f e c t  the q u a l i t y  of 
t h e  human e n v i r o n m e n t .  A l t e r n a t i v e s  t o  t h e  p r o p o s e d  a c t i o n  
a n d  t h e i r  e n v i r o n m e n t a l  i m p a c t  m u s t  a l so  b e  c o n s i d e r e d .  

Comments: Remote s e n s i n g  may be h e l p f u l  i n  a s s e s s i n g  e n v i r o n -  
m e n t a l  i m p a c t  o f  f e d e r a l  a c t i o n s  a n d  a l t e r n a t i v e s ,  p a r t i c u l a r l y  
power  p l a n t  s i t i n g  a n d  l a n d  u s e .  



M a r i n e  P r o t e c t i o n ,  R e s e a r c h ,  
a n d  S a n c t u a r i e s  A c t  o f  1 9 7 2  

P.L. 92-532 

Agency A f f e c t e d :  E n v i r o n m e n t a l  P r o t e c t i o n  Agency,  
D e p a r t m e n t  o f  T r a n s p o r t a t i o n  ( C o a s t  Guard )  

Date P a s s e d :  2 3  O c t o b e r  1 9 7 2  

D a t a  C o l l e c t i o n  
S t a t u t o r y  R e q u i r e m e n t :  The  ~ d m i n i s t r a t o r  o f  EPA may i s s u e  - 
o c e a n  dumping p e r m i t s  when h e  h a s  c o n s i d e r e d  t h e  e f f e c t s  o f  
s u c h  dumping  o n  m a r i n e  e c o s y s t e m s ,  f i s h e r y  r e s o u r c e s ,  a n d  
human w e l f a r e .  

The  S e c r e t a r y  o f  T r a n s p o r t a t i o n ,  
t h r o u g h  t h e  C o a s t  Guard ,  s h a l l  i n i t i a t e  a c o m p r e h e n s i v e  a n d  
c o n t i n u i n g  p r o g r a m  o f  m o n i t o r i n g  a n d  r e s e a r c h  r e g a r d i n g  t h e  
e f f e c t s  o f  t h e  dumping of  m a t e r i a l s  i n t o  o c e a n  a n d  c o a s t a l  
waters. 

Comments: S a t e l l i t e  r e m o t e  s e n s i n g  i n f o r m a t i o n  s h o u l d  a s s i s t  
EPA i n  e s t i m a t i n g  t h e  e f f e c t s  o f  p a r t i c u l a r  dumping  a c t i o n s  o n  
m a r i n e  e c o s y s t e m s ,  a s  ERTS e x p e r i m e n t s  h a v e  shown.  S a t e l l i t e  
r e m o t e  s e n s i n g  s h o u l d  a lso  be a u s e f u l  m o n i t o r i n g  t o o l ,  p a r -  
t i c u l a r l y  f o r  a s y n c h r o n o u s  s a t e l l i t e .  



Endangered  S p e c i e s  A c t  o f  1 9 7 3  
P.L. 93-205 

Agency A f f e c t e d :  Depar tmen t  o f  t h e  I n t e r i o r  

Da te  P a s s e d :  2 8  December 1 9 7 3  

Data  C o l l e c t i o n  
S t a t u t o r y  Requ i rement :  The S e c r e t a r y  o f  I n t e r i o r  may e n t e r  i n -  
t o  a g r e e m e n t s  w i t h  a n y  s t a t e  f o r  t h e  a d m i n i s t r a t i o n  a n d  manage- 
ment o f  any area e s t a b l i s h e d  f o r  t h e  c o n s e r v a t i o n  o f  e n d a n g e r e d  
s p e c i e s  o r  t h r e a t e n e d  s p e c i e s .  

The S e c r e t a r y  i s  a u t h o r i z e d  t o  e n t e r  
i n t o  c o o p e r a t i v e  a g r e e m e n t s ,  i n c l u d i n g  f u n d i n g  a g r e e m e n t s ,  
w i t h  any  s t a t e  which  e s t a b l i s h e s  and  m a i n t a i n s  a n  a d e q u a t e  
and a c t i v e  p rogram f o r  e n d a n g e r e d  and  t h r e a t e n e d  s p e c i e s  con- 
s e r v a t i o n .  To b e  deemed a d e q u a t e  and  a c t i v e ,  t h e  p r o g r a m  m u s t ,  
among o t h e r  r e q u i r e m e n t s ,  a u t h o r i z e  t h e  a p p r o p r i a t e  s t a t e  
agency  t o  c o n d u c t  i n v e s t i g a t i o n s  t o  d e t e r m i n e  t h e  r e q u i r e m e n t s  
f o r  s u r v i v a l  and t h e  s t a t u s  o f  r e s i d e n t  s p e c i e s  of  f i s h  a n d  
w i l d l i f e .  

Comments: The management of e n d a n g e r e d  s p e c i e s  a r e a s  would - 
l i k e l y  b e  enhanced  by  t i m e l y  ERS d a t a .  T h i s  c o u l d  c r e a t e  a  
demand f o r  ERTS-type d a t a  a t  t h e  s t a t e  l e v e l .  S p e c i e s  s t a t u s  
d e t e r m i n a t i o n  may p o s s i b l y  b e  a s s i s t e d  by ERS d a t a  t h r o u g h  
i n d i r e c t  m e t h o d s ,  s u c h  a s  t h e  m o n i t o r i n g  o f  g r a z i n g  p r o g r e s s  
t h r o u g h  c h a n g e s  i n  r a n g e  v e g e t a t i o n  v i g o r ,  e t c .  



~ n t e r v e n t i o n  o n  t h e  H i g h  Seas A c t  
P .L .  93-248 

Agency A f f e c t e d :  D e p a r t m e n t  i~ w h i c h  t h e  C o a s t  Guard  i s  
o p e r a t i n g  ( c u r r e n t l y  t h e  D e p a r t m e n t  of 
T r a n s p o r t a t i o n )  

D a t e  P a s s e d :  5 F e b r u a r y  1 9 7 4  

Data C o l l e c t i o n  
S t a t u t o r y  R e q u i r e m e n t :  When t h e  S e c r e t a r y  of t h e  d e p a r t m e n t  
i n  w h i c h  t h e  C o a s t  Guard  i s  o p e r a t i n g  d e t e r m i n e s  t h a t  a s h i p  
c o l l i s i o n ,  s t r a n d i n g ,  o r  t h e  m a r i t i m e  i n c i d e n t  r e s u l t i n g  i n  
m a t e r i a l  damage o r  t h e  i m m i n e n t  t h r e a t  o f  m a t e r i a l  damage  t o  
t h e  s h i p  o r  h e r  c a r g o  c r e a t e s  a g r a v e  a n d  i m m i n e n t  d a n g e r  t o  
t h e  U n i t e d  S t a t e s  f r o m  o i l  p o l l u t i o n ,  t h e  S e c r e t a r y  may t a k e  
m e a s u r e s  o n  t h e  h i g h  s e a s  t o  p r e v e n t ,  m i t i g a t e ,  o r  e l i m i n a t e  
t h a t  d a n g e r .  

Comments: A n  ERS c a p a b i l i t y  may be a n  e f f e c t i v e  s u r v e i l l a n c e  
a n d  m o n i t o r i n g  a p p r o a c h .  



M a r i n e  P r o t e c t i o n ,  R e s e a r c h ,  
a n d  S a n c t u a r i e s  A c t  o f  1 9 7 4  

P.L. 93-254 

Agency A f f e c t e d :  E n v i r o n m e n t a l  P r o t e c t i o n  Agency,  
D e p a r t m e n t  o f  T r a n s p o r t a t i o n  ( C o a s t  Guard )  

D a t e  P a s s e d :  2 2  March 1 9 7 4  

D a t a  C o l l e c t i o n  - 
S t a t u t o r y  R e q u i r e m e n t :  The  U n i t e d  S t a t e s  a n d  e a c h  o t h e r  s i g n a -  
t o r y  c o u n t r y  s h a l l  d e s i g n a t e  a n  a p p r o p r i a t e  a u t h o r i t y  o r  a u t h -  
o r i t i e s  t o  m o n i t o r  i n d i v i d u a l l y  o r  i n  c o l l a b o r a t i o n  w i t h  o t h e r  
c o u n t r i e s  a n d  i n t e r n a t i o n a l  o r g a n i z a t i o n s  t h e  c o n d i t i o n  o f  t h e  
s e a s  f o r  t h e  p u r p o s e s  o f  t h e  C o n v e n t i o n  o n  t h e  P r e v e n t i o n  o f  
M a r i n e  P o l l u t i o n  b y  Dumping o f  Wastes a n d  O t h e r  Matter. 

Comments: Remote s e n s i n g  p r o b a b l y  a p p l i c a b l e  - no  o t h e r  -- 
method  p r o v i d e s  c o m p a r a b l e  s y n o p t i c i t y .  



P r e v e n t i o n ,  C o n t r o l ,  and  Abatement 
o f  E n v i r o n m e n t a l  P o l l u t i o n  a t  

F e d e r a l  F a c i l i t i e s  
E x e c u t i v e  O r d e r  11752 

Agency A f f e c t e d :  A l l  

Da te  S i g n e d :  17  December 1 9 7 3  

Da ta  C o l l e c t i o n  
Regu i rement :  The hea  
w i t h  t h e  EPA A d m i n i s t  

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

a g e n c i e s  i n  t h e  p r e v e n t i o n ,  c o n t r o l ,  and  a b a t e m e n t  o f  e n v i r o n -  
m e n t a l  p o l l u t i o n  a n d ,  i n  a c c o r d a n c e  w i t h  g u i d e l i n e s  i s s u e d  b y  
t h e  A d m i n i s t r a t o r ,  p r o v i d e  t o  t h e  A d m i n i s t r a t o r  a n d  t o  t h o s e  
a g e n c i e s  s u c h  i n f o r m a t i o n  a s  i s  n e c e s s a r y  t o  d e t e r m i n e  c o m p l i -  
ance w i t h  a p p l i c a b l e  s t a n d a r d s .  

Comments: Remote s e n s i n g  would  b e  u s e f u l  f o r  m o n i t o r i n g  
p o t e n t i a l  p o l l u t i o n  s o u r c e s .  



Hazardous Wasta Management A c t  of 1973 
Proposed L e g i s l a t i o n :  S .  1086 

H.R. 4873 

Aqency A f f e c t e d :  Envi ronmenta l  P r o t e c t i o n  Agensy 

Date Passed:  S t i l l  Pending 

Data C o l l e c t i o n  
S t a t u t o r y  Requirement:  The A d m i n i s t r a t o r  i s  a u t h o r i z e d  t o  
conduc t  and encourage  r e s e a r c h ,  s u r v e y s ,  and o t h e r  i n v e s t i -  
g a t i o n s  of adve r se  e f f e c t s  from t h e  r e l e a s e  o f  h a z a r d o u s  
w a s t e s  i n t o  t h e  environment .  

Comments: A b i l i t y  o f  remote  s e n s i n g  t o  d e t e c t  haza rdous  
w a s t e s  i s  v e r y  u n c e r t a i n .  



T o x i c  S u b s t a n c e s  C o n t r o l  A c t  of  1 9 7 3  
P r o p o s e d  L e g i s l a t i o n :  S .888  

H.R. 5087 

Agency A f f e c t e d :  E n v i r o n m e n t a l  P r o t e c t i o n  Agency 

D a t e  P a s s e d :  S t i l l  P e n d i n g  

D a t a  C o l l e c t i o n  - 
S t a t u t o r y  R e q u i r ~ m e n L :  The  A d m i n i s t r a t o r  o f  EPA i s  a u t h o r i z e d  - 
t c  c o n d u c t  s u c h  r e s e a r c h  a n d  m o n i t o r i n g  a s  i s  n e c e s s a r y  t o  
d e t e r m i n e  t h e  e x t e n t  o f  s u b s t a n c e s  deemed t o x i c  f o r  t h e  en-  
f o r c e m e n t  o f  t h i s  l a w .  

Comments: N o  d a t a  c o l l e c t i o n  i s  m a n d a t e d ,  a u t h o r i t y  g r a n t e d  
i s  p r i m a r i l y  i n  t h e  r e a l m  o f  e n f o r c e m e n t .  

P e r t i n e n c e  o f  t h i s  d a t a  d e p e n d s  o n  t h e  a b i l i t y  of 
r e m o t e  s e n s i n g  t o  m o n i t o r  t r a c e  s u b s t a n c e s .  A p p l i c a t i o n  i s  
a l s o  p o s s i b l e  f o r  r e m o t e  r e a d o u t .  



UNITED STATES CODE 
TITLE 1 5  

1 5  USC 272- - -Func t ions  o f  S e c r e t a r y  

"The S e c r e t a r y  o f  C o m m e r c e .  . . is  a u t h o r i z e d  t o  u n d e r -  
t a k e  t h e  f o l l o w i n g  f u n c t i o n :  

( b )  The d e t e r m i n a t i o n  o f  p h y s i c a l  c o n s t a n t s .  ..when 
s u c h  d a t a  a r e  o f  g r e a t  i m p o r t a n c e  t o  s c i e n t i f i c  or  m a n u f a c t u r -  
i n g  i n t e r e s t s  a n d  a r e  n o t  t o  b e  o b t a i n e d  o f  s u f f i c i e n t  a c c u r a c y  
e l s e w h e r e .  

I n  c a r r y i n g  o u t  t h e  f u n c t i o n s  e n u m e r a t e d  i n  t h i s  sec- 
t i o n ,  t h e  S e c r t t a r y  i s  a u t h o r i z e d  to u n d e r t a k e  t h e  f o l l o w i n g  
a c t i v i t i e s  2nd  s i m i l a r  o n e s  f o r  w h i c h  n e e d  may a r i s e  i n  t h e  
o p e r a t i o n s  o f  Government  a g e n c i e s ,  s c i e n t i f i c  i n s t i t u t i o n s .  
a n d  i n d u s t r i a l  e n t e r p r i s e s :  

( 1 2 )  t h e  i n v e s t i g a t i o n  o f  t h e  c o n d i t i o n s  w h i c h  a f f e c t  
t h e  t r a n s m i s s i o n  of r a d i o  w a v e s  f r o m  t h e i r  s o u r c e  t o  a  r e c e i v e r ;  

( 1 9 )  t h e  c o m p i l a t i o n  a n d  9 u b l i c a t i o n  o f  g e n e r a l  sci-  
e n t i f i c  a n d  t e c h n i c a l  d a t a  r e s u l t i n g  f r o m  t h e  p e r f o r m a n c e  o f  
t h e  f u n c t i o n s  s p e c i f i e d  h e r e i n  o r  f r o m  o t h e r  s o u r c e s  when s u c h  
d a t a  a r e  o f  i m p o r t a n c e  t o  s c i e n t i f i c  o r  m a n u f a c t u r i n g  i n t e r e s t s  
o r  t o  t h e  g e n e r a l  p u b l i c ,  a n d  a re  n o t  a v a i l a b l e  e l s e w h e r e ,  i n -  
c l u d i n g  d e m o n s t r a t i o n  o f  t h e  r e s u l t s  ... by e x h i b i t s  o r  o t h e r -  
w i s e  a s  may b e  deemed m o s t  e f f e c t i v e . "  

15 USC 313-- -Dut ies  o f  S e c r e t a r y  o f  Commerce 

"The S e c r e t a r y  o f  Commerce ... s h a l l  h a v e  c h a r g e  o f  t h e  
f o r e c a s t i n g  o f  w e a t h e r ,  ... i s s u e  o f  s t o r m  w a r n i n g s ,  ... w e a t h e r  
and  f l o o d  s i g n a l s ,  . . . g  a u g i n g  a n d  r e p o r t i n g  o f  r i v e r s ,  ... collec- 
t i o n  a n d  t r a n s m i s s i o n  o f  m a r i n e  i n t e l l i g e n c e  ...,... r e p o r t i n g  
o f  t e m p e r a t u r e  a n d  r a i n f a l l  c o n d i t i o n s  ..., t h e  d i s p l a y  o f  f r o s t  
a n d  co ld-wave  s i g n a l s ,  t h e  d i s t r i b u t i o n  o f  m e t e o r o l o g i c a l  i n -  
f o r m a t i o n  ..., a n d  t h e  t a k i n g  o f  s u c h  m e t e o r o l o g i c a l  o b s e r v a -  
t i o n s  a s  may b e  n e c e s s a r y  t o  e s t a b l i s h  and  r e c o r d  t h e  c l i m a t i c  
c o n d i t i o n s  o f  t h e  U n i t e d  S t a t e s ,  o r  a s  are e ~ s e r ~ t i a l  f o r  t h e  
p r o p e r  e x e c u t i o n  o f  t h e  f o r e g o i n g  d u t i e s . "  

15 USC 3 1 3  n t - - -S tudy  o f  T h u n d e r s t o r m s  a n d  A t m o s p h e r i c  
D i s t u r b a n c e s ;  R e p o r t ;  E x p e n d i t u r e s ;  C o o p e r a t i o n  o f  O t h e r  
D e p a r t m e n t s  

" . . . t h e  S e c r e t a - y  o f  Commerce i s  a u t h o r i z e d  and d i -  
r e c t e d  t o  s t u d y  f u l l y  a n d  t h o r o u  l y  t h e  i n t e r n a l  s t r u c t u r e  o f  



t h u n d e r s t o r m s ,  h u r r i c a n e s ,  c y c l o n e s ,  a n d  o t h e r  s e v e r e  atmos- 
p h e r i c  d i s t u r b a n c e s ,  ... w i t h  a v iew t o  e s t a b l i s h i n g  methods  by 
which t h e  c h a r a c t e r i s t i c s  o f  p a r t i c u l a r  t h u n d e r s t o r m s  may b e  
forecast a n d  methods  by  which  t h e  c h a r a c t e r i s t i c s  o f  s u c h  
s t o r m s  may be d e t e r m i n e d  o n  v i s u a l  o b s e r v a t i o n  f r o m  o u t s i d e  
o f  t h e  i m m e d i a t e  t h u n d e r s t o r m  area. ' '  

15 USC 313a-- -Establ ishment  o f  W e t e o r o l o g i c a l  O b s e r -  
v a t i o n  S t a t i o n s  i n  t h e  A r c t i c  Region 

" . . . the  S e c r e t a r y  of C o m m e r c e ,  s h a l l ,  i n  a d d i t i o n  t o  
h i s  o t h e r  f u n c t i o n s  a n d  d u t i e s ,  t a k e  s u c h  a c t i o n  as may be 
n e c e s s a r y  i n  t h e  d e v e l o p m e n t  o f  a n  i n t e r n a t i o n a l  basic  meteor -  
o l o g i c a l  r e p o r t i n g  n e t w o r k  i n  the A r c t i c  r e g i o n  o f  t h e  Wes te rn  
Hemisphere ,  i n c l u d i n g  t h e  e s t a b l i s h m e n t ,  o p e r a t i o n ,  a n d  main- 
t e n a n c e  o f  s u c h  r e p o r t i n g  s t a t i o n s  ..., w i t h  t h e  m e t e o r o l o g i c a l  
s e r v i c e s  o f  f o r e i g n  c o u n t r i e s  a n d  w i t h  p e r s o n s  engaged  i n  a i r  
commerce." 

1 5  USC 330b---Duties o f  S e c r e t a r y - - - R e c o r d s ,  Maintan-  
a n c e ,  Summaries,  P u b l i c a t i o n  

"(a) The S e c r e t a r y  s h a l l  m a i n t a i n  a r e c o r d  o f  w e a t h e r  
m o d i f i c a t i o n  a c t i v i t i e s ,  i n c l u d i n g  a t t e m p t s ,  w h i c h  t a k e  p l a c e  
i n  t h e  U n i t e d  S t a t e s  a n d  s h a l l  p u b l i s h  summar ies  t h e r e o f  f rom 
t i m e  t o  t i m e  as h e  d e t e r m i n e s . "  



UNITED STATES CODE 
TITLE 3 3  

33 USC 4 6 2 - - - I n v e s t i g a t i o n s  C o n c e r n i n g  E r o s i o n  o f  
S h o r e s  o f  C o a s t a l  a n d  Lake Waters 

"The N a t i o n a l  O c e a n i c  a 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 ,  
u n d e r  t h e  d i r e c t i o n  o f  t h e  S e c r e t a r y  o f  Commerce, i s  a u t h o r i z e d  
a n d  d i r e c t e d  t o  c a u s e  i n v e s t i g a t i o n s  a n d  s t u d i e s  t o  be made i n  
c o o p e r a t i o n  w i t h  t h e  a p p r o p r i a t e  a g e n c i e s  o f  t h e  v a r i o u s  s t a t e s  
on  t h e  A t l a n t i c ,  P a c i f i c ,  a n d  g u l f  coasts a n d  o n  t h e  Great 
L a k e s ,  a n d  o f  t h e  S t a t e s  o f  A l a s k a  a n d  H a w a i i ,  t h e  Commonwealth 
o f  P u e r t o  R i c o ,  a n d  t h e  p o s s e s s i o n s  o f  t h e  U n i t e d  S t a t e s ,  w i t h  
a v i e w  t o  d e v i s i n g  e f f e c t i v e  means o f  p r e v e n t i n g  e r o s i o n  o f  
t h e  s h o r e s  o f  c o a s t a l  a n d  l a k e  waters  b y  w a v e s  a n d  c u r r e n t s ;  ..." 

3 3  USC 4 2 6 a - - - A d d i t i o n a l  I n v e s t i g a t i o n s  C o n c e r n i n g  
E r o s i o n  o f  S h o r e s  o f  C o a s t a l  a n d  L a k e  Waters; Paymen t  o f  C o s t s ;  
D e f i n i t i o n  o f  S h o r e s  

"...it s h a l l  be t h e  d u t y  o f  t h e  N a t i o n a l  O c e a n i c  a 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  t o  make g e n e r a l  i n v e s t i g a t i o n s  w i t h  
a v i e w  t o  p r e v e n t i n g  e r o s i o n  o f  t h e  s h o r e s  o f  t h e  U n i t e d  S t a t e s  
by w a v e s  a n d  c u r r e n t s  a n d  d e t e r m i n i n g  t h e  m o s t  s u i t a b l e  m e t h o d s  
f o r  t h e  p r o t e c t i o n ,  r e s t o r a t i o n ,  a n d  d e v e l o p m e n t  o f  b e a c h e s ;  
a n d  t o  p u b l i s h  ... s u c h  u s e f u l  d a t a  ... a s  ... may ... b e  o f  v a l u e  t o  
t h e  p e o p l e  o f  t h e  U n i t e d  S t a t e s . "  

33  USC 5 4 0 - - - I n v e s t i g a t i o n s  a n d  I m p r o v e m e n t s ;  C o n t r o l  
by D e p a r t m e n t  o f  Commerce; W i l d l i f e  C o n s e r v a t i o n  

" F e d e r a l  i n v e s t i g a t i o n s  a n d  i m p r o v e m e n t s  o f  r i v e r s ,  
h a r b o r s ,  a n d  o t h e r  w a t e r w a y s  s h a l l  b e  u n d e r  t h e  j u r i s d i c t i o n  
o f  a n d  s h a l l  b e  p r o s e c u t e d  b y  t h e  D e p a r t m e n t  o f  Commerce u n d e r  
t h e  d i r e c t i o n  o f  t h e  S e c r e t a r y  of Commerce a n d  t h e  s u p e r v i s i o n  
o f  t h e  N a t i o n a l  O c e a n i c  a 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 . . . "  

33 USC 883a-- -Surveys  a n d  O t h e r  A c t i v i t i e s  

" . . . t h e  S e c r e t a r y  ... i s  a u t h o r i z e d  t o  c o n d u c t  t h e  
f o l l o w i n g  a c t i v i t i e s :  

(1) H y d r o g r a p h i c  a n d  t o p o g r a p h i c  s u r v e y s ;  
( 2 )  T i d e  a n d  c u r r e n t  o b s e r v a t i o n s ;  
( 3 )  G e o d e t i c - c o n t r o l  s u r v e y s ;  
( 4 )  F i e l d  s u r v e y s  f o r  a e r o n a u t i c a l  c h a r t s ;  



(5) Geomagnetic, seismological, gravity, and related 
geophysical measurements and investigations." 

33 USC 883b---Dissemination of Data; Further Activities 

".. .the Secretary is authorized to conduct the follow- 
ing activities: 

(1) Analysis and prediction of tide and current data; 
( 2 )  Processing and publication of data ...; 
( 3 )  Compilation and printingof aeronautical charts. ..; 
( 4 )  Compilation and printing of nautical charts ...; 
( 5 )  Distribution of aeronautical charts. ..; 
( 6 )  Distribution of nautical charts..." 

33 USC 883d---Improvement of Methods, Instruments, 
and Equipments; Investigations and Research 

a ... tho Secretary is authorized to conduct develop- 
mental work for the improvement of surveying and cartographic 
methods, instruments, and equipments; and to conduct investi- 
gations and research in geophysical sciences.. ." 

33 USC 883h---Employment of Public Vessels 

"The President is authorized to cause to be employed 
such of the public vessels as he deems it expedient to employ, 
and to give such instructions for regulating their conduct as 
he deems proper in order to carry out the provisions of sec- 
tions 883a to 8831 of this title." 

33 USC 1123---Marine Resource Development Programs 

(a) Cooperation of Agencies with Secretary of Commerce. 

"In carrying out the provisions of this subchapter, 
the Secretary shall (1) consult with. .. experts ... and all de- 
partments and agencies of the Federal Government ... interested 
in, or affected by. activities in any such fields, and ( 2 )  seek 
advise and counsel from the National Council on Marine Resources 
and Engineering Development. .." 

(b) Development Programs; Research; Publication of 
Useful Information. 

"The Secretary shall exercise his authority under this 
subchapter bp-- 



(1) i n i t i a t i n g  and s u p p o r t i n g  programs ... f o r  
t h e  e d u c a t i o n  o f  p a r t i c i p a n t s  ...; 

( 2 )  i n i t i a t i n g  and s u p p o r t i n g  n e c e s s a r y  
r e s e a r c h  programs. . , ;  and 

( 3 )  encouraging  and d e v e l o p i n g  programs ... w i t h  
t h e  o b j e c t  o f  i m p a r t i n g  u s e f u l  i n f o r m a t i o n  
t o  p e r s o n s . , . i n  t h e  v a r i o u s  f i e l d s  o f  mar ine  
r e s o u r c e s ,  ( i n c l u d i n g )  t h e  s c i e n t i f i c  
community, and t h e  g e n e r a l  p u b l i c . "  

(c) G r a n t s  and C o n t r a c t s  t c  Carry Out Programs 

"Programs t o  c a r r y  o u t  t h e  p u r p o s e s  of  t h i s  s u b c h a p t e r  
s h a l l  be  accompl i shed  th rough  c o n t r a c t s  w i t h ,  o r  g r a n t s  t o ,  
s u i t ~ b l c  p u b l i c  or p r i v a t e  i n s t i t u t i o n s  ..." 



U N I T E D  STATES CODE 
T I T L E  4 2  

4 2  U S C  1891- - -Author iza t ion  t o  Make G r a n t s  

"The h e a d  o f  e a c h  a g e n c y  o f  t h e  F e d e r a l  Government,  
a u t h o r i z e d  t o  e n t e r  i n t o  c o n t r a c t s  f o r  b a s i c  s c i e n t i f i c  re- 
s e a r c h  a t  n o n - p r o f i t  i n s t i t u t i o n s  o f  h i g h e r  e d u c a t i o n ,  o r  a t  
n o n - p r o f i t  o r g a n i z a t i o n s  whose p r i m a r y  p u r p o s e  i s  t h e  c o n d u c t  
o f  s c i e n t i f i c  r e s e a r c h ,  i s  a u t h o r i z e d ,  where  it is deemed t o  
be i n  f u r t h e r a n c e  o f  t h e  o b j e c t i v e s  o f  t h e  a g e n c y ,  t o  make 
g r a n t s  t o  s u c h  i n s t i t u t i o n s  o r  o r g a n i z a t i o n s  f o r  t h e  s u p p o r t  
o f  s u c h  b a s i c  s c i e n t i f i c  r e s e a r c h . "  



MISCELLANEOUS 
AUTHORITIES 

R e o r g a n i z a t i o n  P l a n  No.2 o f  1965-- -Transfer  t o  
S e c r e t a r y  o f  Commerce 

The  p l a n  c o n s o l i d a t e s :  
( 1 )  The  W e a t h e r  B u r e a u . .  . 
( 2 )  T h e  C o a s t  a n d  G e o d e t i c  S u r v e y .  

R e o r g a n i z a t i o n  P l a n  No.4 o f  1 9 7 0 - - - T r a n s f e r s  t o  
S e c r e t a r y  o f  C o m m e r c e  

T h e  p l a n  c o n s o l i d a t e s :  
( 1 )  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 . . .  
( 2 )  The B u r e a u  o f  Commerc ia l  F i s h e r i e s  ... 
( 3 )  c e r t a i n  f u n c t i o n s  o f  t h e  B u r e a u  o f  S p o r t  F i s h e r i e s  

a n d  W i l d l i f e . .  . 
( 4 )  The M a r i n e  M i n e r a l s  T e c h n o l o g y  C e n t e r .  .. 
( 5 )  The O f f i c e  o f  S e a  G r a n t .  

EO-11564, O c t o b e r  8 ,  1 9 7 0 ;  35 FR-15801---Transfer  o f  
C e r t a i n  P r o g r a m s  a n d  ~ c t i v i t i e s  t o  t h e  S e c r e t a r y  o f  Commerce 

" S e c t i o n  1 (a )  The f o l l o w i n g  p r o g r a m s  a n d  a c t i v i t i e s  
a r e  ... t r a n s f e r r e d  t o  t h e  S e c r e t a r y  o f  Commerce: 

(1) The  N a t i o n a l  O c e a n o g r a p h i c  I n s t r u m e n t a t i o n  C e n t e r . . .  
( 2 )  The N a t i o n a l  O c e a n o g r a p h i c  Data C e n t e r . . .  
( 3 )  The Ocean  S t a t i o n  V e s s e l  M e t e o r o l o g i c a l  P r o g r a m  ... 
( 4 )  The  T r u s t  T e r r i t o r i e s  Upper  A i r  O b s e r v a t i o n  

P r o g r a m . .  . 
( 5 )  The  H y d r o c l i m a t i c  Network P r o g r a m  ... 
(6)  The N a t i o n a l  D a t a  Buoy Deve lopmen t  P r o j e c t . .  . 

( b )  S u c h  p e r s o n n e l  a n d  . . . p  r o p e r t y  ... u s e d . . .  
w i t h  t h e  o p e r a t i o n  o f  t h e  ( se )  p r o g r a m s . . . a s  t h e  D i r e c t o r  o f  
t h e  O f f i c e  o f  Management a n d  B u d g e t  s h a l l  d e t e r m i n e  s h a l l  b e  
t r a n s f e r r e d . . . t o  t h e  D e p a r t m e n t  o f  Commerce ..." 

I n  a d d i t i o n  t o  t h e  a b o v e ,  t h e r e  a r e  t h e  f o l l o w i n g  a c t s :  

T h e  Anadromous F i s h  C o n s e r v a t i o n  A c t  o f  1 9 6 5  (10  USC 
7 5 7 a ) - - - a u t h o r i z e s  NOAA w i t h  t h e  s t a t e s  t o  c o n s e r v e ,  d e v e l o p ,  
a n d  e n h a n c e  t h e  a n a d r o m o u s  f i s h e r y  r e s o u r c e s  o f  o u r  n a t i o n .  



The Commercial  F i s h e r i e s  R e s e a r c h  and Development  A c t  
of 1964 (16 USC 7 7 9 a ) - - - a u t h o r i z e s  NOAA t o  c o o p e r a t e  w i t h  t h e  
f i f t y  s t a t e s  i n  c a r r y i n g  on  r e s e a r c h  a n d  d e v e l o p m e n t  of c o m m e r -  
c i a l  f i s h e r y  r e s o u r c e s  a n d  t o  r e l i e v e  r e s o u r c e  d i s a s t e r s  
a f f e c t i n g  commerc ia l  f i s h e r i e s  p r o d u c t i o n  and  u t i l i z a t i o n .  

The C e n t r a l ,  W e s t e r n ,  and  S o u t h e r n  P a c i f i c  Ocean 
F i s h e r i e s  R e s o u r c e s  Development  A c t  (P.L. 92-444)- - -provides  
f o r  a j o i n t  i n d u s t r y / g o v e r n m e n t  p r o g r a m  t o  d e v e l o p  a  s h i p j a c k  
t u n a  f i s h e r y  . 

The Mar ine  Mammal P r o t e c t i o n  A c t  o f  1 9 7 2  (16  USC 1361-  
K107) - - - requ i res  NOAA t o  r e g u l a t e  a c t i v i t i e s  f o r  t h e  p r o t e c t i o n  
a n d  management o f  m a r i n e  mammals as r e s o u r c e s  of g r e a t  a e s t h e -  
t i c  a n d  r e c r e a t i o n a l  v a l u e  a s  w e l l  a s  r e s o u r c e s  o f  economic  
s i g n i f i c a n c e .  

The High S e a s  F i s h e r y  C o n s e r v a t i o n  B i l l  (HR-4760 a n d .  
S-1069)- - -provide  t h e  S e c r e t a r y  o f  C o m m e r c e  w i t h  the  a u t h o r i t y  
t o  r e g u l a t e  m a r i n e  f i s h e r i e s  as t h e y  p e r t a i n  t o  American 
f i s h e r m e n  on t h e  h i g h  s e a s .  



T h e r e  a r e  e i g h t  commiss ions  e s t a b l i s h e d  by inter- 
n a t i o n a l  c o n v e n t i o n s  w i t h  v a r i o u s  management a u t h o r i t i e s .  The 
f o l l o w i n g  is  a  l i s t i n g  o f  commiss ions  c u r r e n t l y  a c t i v e  a n d  
t h e i r  p r i n c i p a l  a r e a s  o f  c o n c e r n :  

The t e r m s  o f  1 6  U S C  1191-1194,  O c t o b e r  1 4 ,  1 9 6 6 ,  
e s t a b l i s h e d  t h e  c o n t i g u o u s  f i s h e r i e s  zone  a n d  s u p p o r t  a c t i v i -  
t i e s  w i t h i n  t h e  z o n e  i n  r e t u r n  f o r  c e r t a i n  p r e f e r e n t i a l  r i g h t s  
f o r  American f i s h i n g  i n t e r e s t s  on t h e  h i g h  s e a s  a d j a c e n t  t o  
o u r  c o a s t a l  a r e a s  a n d  f o r  f o r e i g n  a b s t e n t i o n  f rom f i s h i n g  f o r  
some s p e c i e s  i n  c e r t a i n  a r e a s .  The f o l l o w i n g  i s  a  l i s t  o f  11 
c u r r e n t  b i l a t e r a l  a g r e e m e n t s :  

Table b6 : International Commissions and Their Areas 

Cosmission 

International North Pacific Canada, Japan, United Fishery stocks of the 
Fisheries Commission North Pacific and Bering 

International Pacific Salmon Canada, United States Sockeye and pink salmon 
Fisheries Commission of the Fraser River 

North Pacific Fur Seal U.S.S.R, Japan, Canada, North Pacific fur seals 
Commission United States 

International Commission for 16 countries, including Fishery resources of 
the Northwest Atlantic United Statas northvest Ltlantic Ocean 
Fisheries 

Inter-American Tropical Tuna 
Commission United States eastern Pacific 

International Commission for 
the Conservation of Atlantic 
Tunas 

International Whaling Comnission 

13 countries, including 
United States 

4 8  countries, including 
United States 

Tuna and tuna-like fisheries 
of the Atlantic Ocean 

Whale stocks of the world 



# 

I 
i 
I 

1 
I 

* 
T a b l e  1 7 :  C u r r e n t  American B i l a t e r a l  F i s h i n g  

Agreements 

D 

P r i n c i p a l  

Canada 

Japan  

Japan  

Po land  

Romania 

South  Korea 

U.S.S.R. 

U.S.S.B. 

U.S.S.R. 

U.S.S.R. 

U.S.S.R. 

-- -- 
Area o f  Concern 

Rec ip roca l -  F i s h i n g  Agreement 

F i s h e r i e s  Agreement 

E a s t e r n  Ber ing  Sea  and Tanner  Crab 
Agreement 

n i d d l e  A t l a n t i c  Agreement 

F i s h e r i e s  i n  w e s t e r n  r e g i o n  o f  midd le  
A t l a n t i c  

Coopera t ion  i n  f i s h e r i e s  

F i s h e r i e s  Agreement r e l a t i n g  t o  g e a r  
c o n f l i c t s  i n  f i s h i n g  o p e r a t i o n  i n  Nor th  
P a c i f i c  and Ber ing  Sea  

Middle A t l a n t i c  Agreement 

E a s t e r n  Ber ing  Sea  King and Tanner  Crab  
Agreement 

Cont iguous  f i s h i n g  zone 

Cla ims r e s u l t i n g  from damage t o  f i s h i n g  
v e s s e l s  o r  g e a r  

*- i 

E x p i r a t i o n  Da te  

A p r i l  1974 

December 1974 

December 1974 

J u n e  1975 , 

December 1975 

December 1977 

F e b r u e a r y  1975 

December 1974 

F e b r u a r y  1975 

F e b r u a r y  1975 

F e b r u a r y  1975 
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