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F i f t h  S p p o s i m  on Remote Sensing of Environment - 
"Cu.rrent Program and Considerations of 

the  Fu-thre for E a r t h  Resources Svrvey" 

It i r ,  nwr r,iz ;;ears s ince  the  f i r s t  symposium on Remote Sensing of 

That the  Environment vas held here at Michigan i n  mid-February of 1962. 

symposium offered much hope of things t o  come. Today it is he lp fu l  i n  

gaining perspective,  t o  look back over the pas t  s i x  years t o  note o u r  progress 

and f i n d  where we now stand.  

Meteorological data from s a t e l l i t e s  i s  now being supplied t o  many 

countr ies  on a rout ine  basis and s a t e l l i t e  communication l i nks  a r e  commonplace. 

Photographs of the  e n t i r e  Ear th  from synchronous o r b i t  and communications from 

a i r c r a f t  v i a  s a t e l l i t e  t o  Earth have been demonstrated with the  ATS-1 s a t e l l i t e .  

Ships navigate with the  help of the  Navy's Trans i t  s a t e l l i t e s ,  and geodesy 

measurements a r e  underway using the  Geos and Pageos s a t e l l i t e s .  The Gemini 

color  photographs of t he  Earth have inclicated a v a r i e t y  of uses f o r  s a t e l l i t e  

photography. 

Encouraged by these developments we are beginning t o  explore the  possi-  

b i l i t y  of using spacecraf t  f o r  Earth resources sensing purposes. This may be 

an opportune point  t o  explain what we mean by the  expression "Earth Resources." 

It i s  much broader than j u s t  t h e  valuable minerals and other  sought a f t e r  

depos i t s .  It covers a l l  t he  conditions on the  Ear th ' s  surface which are of 

economic o r  c u l t u r a l  i n t e r e s t  t o  humanity. 
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A survey of the  impressive volume of work during the  pas t  s i x  years 

documented i n  the  proceedings of t he  intervening symposia ind ica tes  t h a t  

a long road ex is ted  between the  e a r l y  hopes f o r  remote sensing of t he  E a r t h  

resources as expressed i n  1962 and operat ional  space systems t o  achieve t h i s .  

A g rea t  mount of da t a  has been taken during the  pas t  s i x  years i n  t he  lab- 

ora tory  and from a i r c r a f t  over ground t r u t h  s i t e s .  The e f f o r t  has been t o  

determine j u s t  how grea t  the  po ten t i a l  f o r  remote sensing of resources r e a l l y  

i s ,  and what techniques merit  earl iest  t r i a l s .  

Today I w i l l  summarize some of the progress made, assess  current  needs 

and problem areas, and then sketch some of t he  most promising methods f o r  

f u t u r e  consideration. 

(ADVANCES I N  SATELLITE SENSING PROGRAMS IN LAST SIX YEARS) 

(Meteorology1 

F i r s t  l e t  us consider meteorology. 

Here, progress i n  es tab l i sh ing  an opera t iona l  s a t e l l i t e  program has been 

rap id ,  

Sone of the  h ighl ights  of t h i s  advance s ince 1962 have been automatic 

p i c tu re  transmission systems i n i t i a t e d  with Tiros V I 1 1  i n  1963, high reso lu t ion  

in f r a red  imagery allowing nighttime cloud cover mapping introduced w i t h  

N i m b u s  I i n  1964, and spin s t ab i l i za t ion  i n  sun synchronous o r b i t  achieved w i t h  

Tiros  X i n  1965. These advances led t o  t he  operat ional  s a t e l l i t e s  ESSA 11, 

-..Thich i n  the  same year used the  f i r s t  operat ional  advanced vidicon camera 

system. The experimental synchronous o r b i t a l  s a t e l l i t e  ATS-1 which s ince  

December 1966 has mapped the  cloud cover over almost the  e n t i r e  hemisphere on 

a continuous basis. 
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These accomplishments i n  meteorol.ogy a re  impressive, p a r t i c u l a r l y  when 

one considers t he  long lead  t i m e  between the  incept ion and f l i g h t  of a new 

system. The year 1966 w a s  a pa r t i cu la r ly  event fu l  year. 

As another successful  example, l e t  us look a t  geodesy. Here systematic 

research and development have made progress s ince NASA's Geodetic S a t e l l i t e  

Program w a s  es tabl ished i n  1962. 

with Beacon B and followed up by Beacon C i n  1965, which ca r r i ed  geodetic 

q u a l i t y  Doppler t ransmi t te rs  and laser ranging corner r e f l e c t o r s .  

followed by Geos I i n  l a t e  1965, and Pageos I i n  1966, and Geos I1 e a r l y  

t h i s  y e a r  designed f o r  high-precision geodesy. 

Two years l a t e r ,  operations were i n i t i a t e d  

These were 

These s a t e l l i t e s  have been tracked by over 100 ground s t a t i o n s ,  and the  

da ta  w i l l  be used t o  e s t ab l i sh  a worldwide reference network wi th  an accuracy 

of -+ 10 meters. 

being defined with high-precision using these same observations.  

The Earth 's  g rav i t a t iona l  f i e l d  and i t s  anomalies are also 

Compared t o  meteorology and geodesy, where opera t iona l  s a t e l l i t e  programs 

have been producing r e s u l t s  f o r  several  years, the f i e l d  of Earth resources 

sensing from space i s  s t i l l  i n  i t s  infancy. No s a t e l l i t e s  have yet  been 

launched, addressed t o  remote sensing f o r  oceanography, fo re s t ry ,  agr icu l ture ,  

hydrology, o r  geology. Why, we must  ask ourselves,  has remote sensing i n  

these a reas  not developed as fast ,  and where do we stand today? 

There a re  bas i ca l ly  two reasons why meteorology and geodesy l e d  the  

o ther  d i sc ip l ines .  

F i r s t ,  the  space experiments which had t o  be perfomed i n  meteorology 

and geodesy were simpler, i n  t h a t  fewer var iab les  had t o  be coped with than i n  
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t h e  s o l i d  Ear th  d i sc ip l ines .  

Second, organizations were ready t o  put  space experiments i n t o  o r b i t .  

The Weather Bureau had conducted t e s t s  with balloons and rockets,  as had 

the Navy Department and o ther  organizations in t e re s t ed  i n  the  atmosphere. 

The opportunity f o r  advancement by s a t e l l i t e  was quickly recognized and used. 

I n  t h e  Earth sensing areas ,  by contrast ,  de f in i t i on  of requirements, 

development of e s s e n t i a l  technology and organizat ional  backing has come more 

slowly. 

The only da ta  we now possess from s a t e l l i t e  a l t i t u d e s  re levant  t o  

resource sensing i n  these  other  f i e l d s  have come i n d i r e c t l y  from color  

photography of t he  Earth i n  the  Gemini program and from photography and 

inf ra red  imagery of the  Earth from Nimbus 11. Photography from the  ATS-I 

s a t e l l i t e  i n  synchronous o r b i t  and recent ly  from the Apollo 501 mission a t  

9000 miles,  has provided useful  oceanographic as w e l l  as meteorological 

information. 

The Gemini photographs, taken with a hand-held Hasselbladt 70 mm camera 

through t h e  windows of t he  Gemini spacecraf t  - not an i d e a l  photographic 

procedure - disp lay  t h e  enormous poten t ia l  of systematic s a t e l l i t e  color  

photography of t he  Earth 's  surface.  

these photographs prove t h a t  many uses i n  agr icu l ture ,  fo re s t ry ,  oceanography, 

geology, and cartography are possible  using s t ra ightforward photography of 

reasonable qua l i ty .  

With reso lu t ion  down t o  about 200 f e e t ,  

Despite t he  lack  of on-going Earth resources s a t e l l i t e  programs, very 

considerable research and development work has been conducted and i s  underway 

now wi th  he lp  of ground-based f a c i l i t i e s  and a i r c r a f t .  
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(ADVANCES I N  LAST SIX YEARS IN GROUTJD AND AIRCRAFT PROGRAMS1 

( Oceanography) 

Let us b r i e f l y  review the  f i e l d  of oceanography. The l a rge  sca le  

f ea tu res  of the  oceans a r e  dynamic and can only be monitored adequately with 

frequent r e p e t i t i v e  measurements over vide areas .  Because most of t he  oceans 

a re  never seen by man, oceanography should lend i t se l f  i d e a l l y  t o  remote 

sensing by s a t e l l i t e s .  

the  poin t  of s a t e l l i t e  app l i ca i j i l i t y  are sea  surface temperature and currents ,  

sea state,  sea ice ,  and marine l i f e  detection. It would be most des i rab le  

t o  make these  observations a t  frequencies which can penetrate  t he  Ear th ' s  

incessant  cloud cover. 

The oceanographic fea tures  s tud ied  and developed t o  

Sea surface temperature gradients  and d i scon t inu i t i e s  have been s tudied  

from a i r c r a f t  i n  t he  v i s ib l e ,  i n f r a red  and microwave regions of t he  spectrum. 

The v i s i b l e  and in f r a red  regions are avai lable  f o r  sensing only during cloud- 

f r e e  conditions,  t he  in f r a red  is  useful a t  night  as we l l  as day, and microwave 

is  use fu l  under a l l  conditions,  including cloud cover. 

Nimbus I1 high reso lu t ion  I R  images of sea s ta te  from 1150 km a l t i t u d e  

have been obtained, and computer gray scale  p l o t s  of temperature cont ras t s  

have been made. 

pa t t e rns  i n  high a l t i t u d e  (22,000 miles) A T S - 1  imagery. 

photographs of t he  Earth taken i n  t h e  Apollo 501 mission, near  apogee of 9,000 

miles, a r e  of p a r t i c u l a r  use f o r  s ea  surface study and have been in t e rp re t ed  

successful ly ,  l a r g e l y  due t o  t h e i r  qua l i ty  which is  superior  t o  t h a t  of the  

imagery from t h e  meteorological s a t e l l i t e s .  

Sea surface temperatures have a l s o  been in fe r r ed  from cloud 

The recent  color  
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S c i e n t i s t s  have long been searching f o r  a method t o  measure sea stete 

i n  a l l  kinds of weather on an ocean-wide bas is  as an a i d  t o  t h e  shipping 

industry and f o r  weather forecast ing.  It i s  common prac t ice  t o  i n f e r  sea 

s ta te  conditions f r o m  wind repor t s .  One method of measuring sea  state i s  

the  analysis  of wave pa t te rns  and sun g l i t t e r  i n  a i r c r a f t  photographs of the  

sea surface.  New techniques u t i l i z i n g  passive microwave and radar  re f lec tance  

measurements are cur ren t ly  t h e  most promising f o r  sea s t a t e  determination 

from high a l t i t u d e  s ince they a r e  sensi t ive t o  wave cha rac t e r i s t i c s  and can 

be made with no appreciable a t tenuat ion i n  the  presence of storms and clouds. 

Inves t iga tors  have shown recent ly  t h a t  by p lo t t i ng  r e f l ec t ed  radar energy 

aga ins t  the  angle of incidence at  the sea surface, one obtains  w e l l  separated 

s ignatures  f o r  various states of sea roughness. The data were subs tan t ia ted  

by MSC a i r c r a f t  measurements i n  late 1967 off  New Foundland, and f u r t h e r  t e s t s  

are cur ren t ly  i n  progress off  the coast of Iceland. 

Adequate knowledge of the  d i s t r ibu t ion  of i c e  i n  the  Arc t ic  and 

Antarct ic  is lacking. All-weather information on i c e  and icebergs has appli-  

cat ions f o r  meteorological services,  ice pa t ro l s ,  and the  shipping industry.  

Television and I R  sea  i c e  da ta  obtained with the  poloar-orbi t ing meteorological 

s a t e l l i t e s  TIROS, ESSA, and NIMBUS have been used t o  support shipping 

a c t i v i t i e s .  

Looking back i n t o  h i s to ry  we r e c a l l  t h a t  ever s ince  the  Ti tan ic  disaster 

i n  1912, the  U. S. Coast Guard has carr ied out i ce  p a t r o l  surveys. These 

pa t ro l s  were i n i t i a l l y  conducted by eye from shipboard and l a t e r  from a i r c r a f t ,  

which of ten meant f ly ing  a t  50 f e e t  above sea l e v e l  below the  clouds. Several  
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planes were l o s t  i n  co l l i s ions  with icebergs. 

used, again f i r s t  from low a l t i t u d e  and as a safeguard for t he  i c e  survey 

plane. Since 1962, t he  Coast Guard f l i e s  huge microwave scanning systems 

i n s t a l l e d  i n  C-130 planes.  We must inves t iga te  t h e  p o s s i b i l i t y  t h a t  t h i s  

d i f f i c u l t  operat ion could be conducted from space. However, before recommending 

such an approach, it is  our duty t o  ver i fy  t h a t  t h e  s a t e l l i t e  w i l l  produce 

data of adequate qua l i t y  and t h a t  such a space operat ion w i l l  be cost-  

e f f ec t ive .  

Af te r  World War 11, radar  w a s  

Photographs from a i r c r a f t  of schools of f i s h  a r e  we l l  known. Small 

s p o t t e r  planes have been used by commercial f i s h i n g  f l e e t s  f o r  s eve ra l  years. 

Aside from surface temperature measurements , which provide important evidence 

f o r  prefer red  f i s h  loca t ions ,  o ther  appl icat ions a r e  i n  the  R&D stage,  such 

as I R  and narrow-band v i s i b l e  region spectrometry and photography. We a re  thus  

inves t iga t ing  the  p o s s i b i l i t y  t h a t  detect ion of f i s h  could take place from 

higher a l t i t u d e s .  

All i n  a l l ,  t h e  f i e l d  of oceanography shows considerable progress i n  

the  appl ica t ion  of remote sensing techniques. Technologies f o r  surveying the  

ocean temperature and sea  s t a t e  condition a re  probably the  nearest  a t  hand 

of a l l  t he  Earth resources observations. Consequently we may expect t h a t  

these w i l l  be t h e  f i r s t  t o  reach operat ional  s t a t u s .  

(Forestry,  Agriculture,  and Geography) 

I n  turning from oceanography t o  f o r e s t r y  and agr icu l ture ,  we a r e  faced 

with a d i f f e ren t  set  of da t a  requirements. The i d e n t i f i c a t i o n  of individual  

f o r e s t  s;Jecies or crops requi res  d i f fe ren t  types of sensors .  The f a c t  t h a t  

there  a r e  seasonal and even d iu rna l  changes i n  s p e c t r a l  s ignatures  introduces 

new complications. 
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Ocerational techniques i n  agr icul ture ,  f o r e s t r y  and geography include 

photography i n  the  v i s i b l e  and I R  region of the spectrum. Aer ia l  photographs 

and maps a re  the proven bas is  for land use, s o i l  surveys, f o r e s t  inventor ies ,  

and engineering plans. A s  indicated a t  t he  outset ,  Gemini photographs have 

contr ibuted already t o  t he  improvement of these records,  and we hope t o  ge t  

addi t iona l  photographs from appropriate fu ture  missions of t he  Apollo program. 

There i s  now considerable evidence t h a t  i n f r a red  photography permits 

e a r l y  detect ion of diseased crops o r  t rees .  A recent  example of t h i s  has 

been the  use of Ektachrome I R  photography f o r  e a r l y  determination of b r o m  

sof t - sca le  and black-f ly  in fe s t a t ion  on c i t r u s  t r e e s  i n  Weslaco, Texas. 

Another operat ional  remote sensing appl ica t ion  operated i n  the western 

nountain states i s  in f r a red  forest f i r e  monitoring from a i r c r a f t ,  performed 

by the  Department of Agriculture.  

s a t e l l i t e  appl icat ion,  including a volcano watch. 

This funct ion may be convertable t o  

Perhaps the  most s ign i f i can t  innovation i n  remote sensing i n  ag r i cu l tu re  

i s  the  use of I R  and v i s i b l e  region imagery i n  severa l  wavelengths from 

a i r c r a f t  t o  determine crop species  and var ie ty ,  r e l a t i v e  s i z e  and maturity 

of crops, and r e l a t i v e  amounts of vegetation observed. O f  p a r t i c u l a r  s ign i f -  

icance i s  the  f a c t  t h a t  a la rge  number of s p e c t r a l  bands - up t o  18 - are 

being used, and t h a t  t he  mul t ip l i c i ty  o f  channels provides a much g rea t e r  

degree of r e l i a b i l i t y  than the  use of a s ing le  band. 

The same pr inc ip le  has’been applied i n  the  passive and ac t ive  microwave 

rsgions using multifrequency, dual  polar izat ion f o r  s o i l  analysis .  Computer 

maps of s o i l  and rock types have been generated. It remains t o  be seen 

whether it is f eas ib l e  t o  generate such maps from space o r  whether one should 

r e s t r i c t  t he  capab i l i t y  t o  a i r c r a f t  a l t i tudes .  This w i l l  depend on fu tu re  
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sensor development and da ta  handling capabi l i ty .  But the  3rogress i s  

encouraging. 

(Hydrology and GeoloE;r 1 
Operational IJrogrms i n  hydrology and geology remote sensing a re  s t i l l  

a l l  from a i r c r a f t .  Aside Yrom the  demonstrated p o t e n t i a l  of color  photography 

it appears t h a t  it % r i l l  t a k e  some time t o  s o r t  out and develop o ther  promising 

remote sensing techniques i n  these f i e l d s .  During t h e  pas t  s i x  years,  it has 

been recognized t h a t  a d e f i n i t e  e f f o r t  i s  necessary t o  relate the  complex 

spec t r a  observed a t  a i r c r a f t  a l t i t u d e  t o  the  multi tude of var iab les  on the 

ground. A ''ground t ru th ' '  program has been i n i t i a t e d ,  with t h e  objec t ive  of 

measuring accura te ly  the  parameters of g ra in  s i ze ,  ground temperature, s o i l  

moisture, rock composition, a i r  temperature and o ther  ambient conditions,  

then assessing the  degree t o  vhich these parameters a r e  r e f l ec t ed  i n  the  

s i g n a l  recorded from the  a i r c r a f t .  One can i d e n t i f y  over 100 indiv idua l  

ground t r u t h  parameters. The object ive i s  then t o  assoc ia te  an i d e n t i f i a b l e  

s p e c t r a l  s ignature ,  o r  o ther  d i s t i n c t i v e  ref lect ive/emissive c h a r a c t e r i s t i c  

with each surface condition. This e f f o r t  has been p a r t i c u l a r l y  ac t ive  i n  

geology and agr icu l ture ,  but i s  a l s o  being advanced by o ther  d i sc ip l ines .  

There i s  no doubt t h a t  it i s  highly desired i n  geolog,y and hydrology where 

the  s ign i f i can t  parameters are harder t o  ident i fy .  

A t  t h i s  po in t  i n  time NASA has some 150 a i r c r a f t  test sites spread a l l  

over t h e  U. S. Most of these  a r e  of in te res t  t o  geology and hydrology, some 

were se lec ted  f o r  geography, agr icu l ture ,  and oceanography. We have now two 

a i r c r a f t  with operat ing remote sensors and we are planning t o  add both low 
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and high f l y i n g  a i r c r a f t  t o  t h e  program. 

handling capab i l i t y  which allows us to  process recorded data,  and t o  incorporate 

ground t r u t h  and meteorological information. 

be operated on a minimum budget. 

year w i l l  permit us t o  procure special ly  developed sensors f o r  our a i r c r a f t .  

This new impetus i n  the  program w i l l  p a r t i c u l a r l y  i n t e n s i f y  the  progress i n  

hydrology and geology. 

For t he  first time, we have a d a t a  

I n  t h e  pas t  t h i s  program had t o  

However, increased funding a l loca t ions  t h i s  

A i rc ra f t  sensing i n  hydrology has been used t o  t r a c e  f r e sh  water dis-  

charge i n  salt  water and pol lu t ion  discharge i n t o  f r e s h  water, l a rge ly  on 

the  ba i s  of temperature differences iden t i f i ab le  by I R  imagery. Similar ly ,  

Ix imagery has been used t o  iden t i fy  hot spr ings.  

sensing and remote sensing of  fumarole (hot spr ing)  a c t i v i t y  by absorption 

techniques may help i n  detect ion of geothermal power sources. 

not ye t  been demonstrated conclusively. 

Penetrat ing microwave 

But t h i s  has 

Snow and water surveys a re  being ca r r i ed  out from a i r c r a f t ,  and all- 

weather microwave sensing even of subsurface water ( s o i l  moisture) i s  being 

carried. out using mult iple  frequency polar ized systems. 

In  general ,  multiple-parameter, multichannel polar ized sensing i s  being 

explored f o r  geological  appl icat ion.  This holds p a r t i c u l a r l y  f o r  radar,  

microwave, and t o  some extent  for I R .  We are s t i l l  awaiting f i r m  r e s u l t s  i n  

t h i s  area.  

Side-1ooki.ng radar  operated Trom a i r c r a f t  has recent ly  m e t  with con- 

s iderable  i n t e r e s t .  A v e l 1  known indus t r i a l  organizat ion has offered t o  pro- 

vide serv ice  i n  commercial t e r r a l n  imaging. Similar  e f f o r t s  a re  being 
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propvced i n  passive microwave technology. The object ive of these  surveys i s  

t o  k in{ ;  out  topographic, tectonic ,  hydrologic and geomorphic fea tures  more 

c1.earl.y than i s  possible  by photography. 

1 3  vicw or these promising r e su l t s ,  we are giving some thought t o  the  

To this end i n i t i u i j o n  of an Em-th Resources Technology S a t e l l i t e  Program. 

w e  have recent ly  completed a preliminary s tudy of sensors and spacecraf t  

t h a t  would be su i t ab le  f o r  such a program during t h e  next t h ree  t o  four  years.  

O u r  conclusions are t h a t  such a vehicle should be r e l a t i v e l y  small and be 

equipped wjth a liiiiited number of sensors capable of serving most of t h e  Earth 

resources disctplinc;.  

However, before plunging i n t o  an expensive program of t h f s  nature ,  we must 

e s t a b l i s h  t h a t  such ai1 e f f o r t  would be consis tent  with our  national. economic 

objec t ives .  We therefore  plan t o  conduct an  economic benef i t  s tudy during the  

next few months which w i l l  help resolve t h i s  question. 

Certain1.y a TV camera system would be highly desired.  

(NEEDS AND FlITIJRE! PLANS2 

(Meteorology) 

I n  meteorology, desp i te  our operat ional  s a t e l l i t e  system, we s t i l l  lack  

much of t h e  da t a  e s s e n t i a l  f o r  world-wide long-range weather forecas t ing .  

Current ly  we ge t  sood global  cloud-cover p ic tures ,  cloud motion and some ocean 

sur face  temperatures. We do not ge t  three dimensional f i e l d s  of densi ty ,  wind - 
veloc i ty ,  temperature and water vapor content wi th in  the  atmosphere i t s e l f .  

A 

Yet these  are required before realist ic weather models can be constructed and 

t e s t ed .  
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Promising techniques t o  meet these needs are: 

1) bkasurement of atmospheric temperature profiles by radiance inversion 

techniques. 

2 )  Atmospheric radio occultation between a satellite and a set of "slave" 

s&te l l i t e s  t o  measure atmospheric density. 

3) Auto-correlation of radar, microwave, or  opt ical  signals i n  two 

crossed beams. 

movement, clouds, r a in fa l l  and drop size.  

This method may be useful for  measuring temperature, wind 

Until methods such as these can be proven and made operational, high 

pressure weather balloons a t  various altitudes may have t o  be used fo r  

interrogation by sa t e l l i t e s  t o  supply the data needed for  weather prediction 

t o  provide the state parameters i n  the atmosphere essent ia l  fo r  long-range 

weather prediction. 

A s  for  eventual benefits, we can consult the 1967 Summer Study report 

of the National Academy of Sciences. The Study expects large annual econamic 

benefits f r o m  the avai labi l i ty  of a five-to-ten day rel iable  weather forecast 

for a variety of weather-sensitive act ivi t ies ,  such as the construction 

industry and agriculture. The Academy believes that annual benefits w i l l  

exceed annual costs by a very l a rge  factor. 

1Geodesy) 

I n  geodesy, completion of the current programs w i l l  enable u8 t o  find 

the re la t ive  positions of any two p o i n t s  on Earth w i t h  an accuracy somewhat 

better than that of conventional first-order triangulation. 

science w i l l  not come t o  an end because of th i s .  

But geodetic 

Far f r o m  it: j u s t  because 
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space technology has so grea t ly  increased. t h e  resources of ,sJeodesy, t he  

imaginations of geodesists have leaped. ahead t o  corresponCing1; m b i t i o u s  

new goals.  

Key elements i n  new geodetic technolog;. may be highly prec ise  l a s e r  

ranging devices,  o p t i c a l  systems of very hizh reso lu t ion ,  atomic clocks,  and 

a v a r i e t y  o€ sophis t ica ted  spec ia l  instruments such as g rav i ty  gradiometers. 

Geodesists hope to use t h e i r  ne-.i techniques to make d i r e c t  rneasurernents GI 

t he  r a t e s  of cont inental  d e i f t  and q l i f t ,  monitor t he  geometry oi' t he  ocean 

surfaces ,  keep t r ack  of the  t o t a l  water content of t he  polar  i c e  caps and 

the  world's g l ac i e r s ,  probe the  i n t e r i o r  of the  Earth by exploring i t s  gravi ty  

anomalies, and measure the  t i d a l  and o the r  mass motions of the  atmosphere. 

(Oceanography) 

There a r e  th ree  areas  of oceanography where w e  may look for major 

contr ibut ions from space i n  the  future .  

1) Sea surface state on a l l  shipping lanes 

2)  Marine b io log ica l  resources 

3) The science of oceanography 

As f o r  the  f i rs t ,  we have mentioned t h a t  monitoring of ocean wave 

condi t ions and sea-ice has now been demonstrated by radar  and microwave 

techniques from a i r c r a f t .  

s a t e l i i t e s  if the  f e w  technica l  d i f f i c u l t i e s  can be overcome. Large economic 

bene f i t s  a r e  predicted f o r  t he  shipping indus t ry  from t h i s  program. 

A s  Eor marline tiiolof$cal resources, we have not yet  demonstrated any 

It should be possible  t o  extend t h i s  techni2.de t o  

tcchniqucs oT d-i.rcc-1; u:ciI'u.lncsc,, except curi'ace tcmpcraturc dctcsmina.tiori mcl 
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color  photography. 

we w i l l  need something l i k e  weekly global maps of surface temperature and 

To produce da ta  of s ign i f icance  t o  t h e  f i sh ing  indus t ry  

chlorophyll1 concentraction i n  gms/cm 3 by remote sensing. Color photography 

or spectroscopic determination of re f lec ted  l i g h t  from a s a t e l l i t e  may be 

e f f ec t ive  for measuring surface chlorophyll  l eve ls .  

Further  possible  information on marine l i f e  resources may come from 

These might e i t h e r  be detected o i l  s l i c k s  appearing near schools of f i s h .  

by de ta i l ed  color  photography, o r ,  possibly, by absorption spectroscopy 

h ighly  sens i t i ve  t o  f i s h  o i l  vapors above the  s l i c k s .  

Research is  needed t o  f ind  what o v e r a l l  contr ibut ions t o  t h e  science of 

oceanography can be made through surface observations.  

oceanographers have been in t e re s t ed  i n  many proper t ies  f a r  below the  surface 

and many of these  w i l l  probably never be accessible  from space. However, 

sa te l l i t e  in te r roga t ion  of ocean buoys, designed t o  supply depth measure- 

ments of temperature, s a l i n i t y ,  and currents  may become useful .  

Class ica l ly ,  

If s a t e l l i t e  a l t imeters  can be developed t o  give accuracies  of 210 cm, 

oceanographers can gradually determine the  t r u e  shape of t h e  geoid, and ocean 

height  deviations from t h i s  l e v e l  w i l l  be extremely use fu l  i n  determining the  

dynamics of ocean movement on both l o c a l  and global  sca les .  

I n  the  long term, benefi ts  from s a t e l l i t e  oceanographic techniques can 

be expected t o  r e s u l t  i n  many large sec tors  of t h e  economy, such as f i s h e r i e s ,  

i n d u s t r i a l  appl icat ions as coas t a l  engineering, and ocean t ranspor ta t ion .  A 

few examples c i t e d  by the  Academy of Sciences Study of 1967 include world 

f r e i g h t  shipping and world f i sh ing  indus t r ies .  The Academy f inds  it s a f e  

t o  assume t h a t  any small-percentage savings accruing to  indus t r i e s  would 

quickly give benef i t s  many times greater  than the  cost  of a satel l i te  program. 
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(Agricul ture ,  Fores t ry  and Geology) 

I n  the  areas of agr icu l ture ,  fo re s t ry  and geology t h e  p r i n c i p a l  need 

now i s  f o r  improved iden t i f i ca t ion  of the s ignature  of various species .  

We have described recent  advances showing t h a t  severa l  techniques appear t o  

be p r a c t i c a l  enough t o  be used with automated s ignature  i d e n t i f i c a t i o n  from 

a i r c r a f t  a l t i t u d e s .  However, extension of t h i s  capab i l i t y  t o  s a t e l l i t e  

l e v e l s  w i l l  require  a grea t  amount of basic research e f f o r t  and experimentation. 

I n  general  when we plan t o  move from laboratory and a i r c r a f t  t e s t i n g  

of sensors  t o  the  spacecraf t  level we are faced wi th  many ser ious  problems. 

These are associated with energy absorption by the  atmosphere, as w e l l  as 

emission/scattering by the  atmosphere and o ther  sources of noise.  

the  engineering problems should not be overlooked. Included a r e  such 

requirements as much lower volume and weight f o r  t he  instruments, higher 

r e l i a b i l i t y  and lower power l eve l s  usually ava i lab le .  Consequently, our 

high a l t i t u d e  a i r c r a f t  p ro jec t  can be regarded as moving one s t ep  c lose r  i n  

developing an Ear th  resources surveying capab i l i t y  from space. 

( SUMMARY AND CONCLUSIONS ) 

I n  addi t ion,  

I n  summary then, w e  have touched upon the  technica l  progress of t h e  

pas t  and t e n t a t i v e  plans for t he  future. We have not mentioned the  very 

g rea t  problems of providing a da ta  handling and d i s t r ibu t ion  network and of 

organizing it i n t o  an o v e r a l l  workable system. Yet these  must be faced before 

w e  can begin t o  r ea l i ze  the  po ten t i a l s  of remote sensing. It is  our  hope 

t h a t  i f  we push on vigorously and demonstrate m r k a b l e  technologies,  o thers  

w i l l  f i n d  ways t o  solve management and organizat ional  problems. 
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It i s  reassuring t o  f i n d  t h a t  the  National Academy of Sciences r epor t  

from last  summer's study on Space Applications has endorsed the  future 

p o t e n t i a l  of remote sensing of resources so en thus i a s t i ca l ly .  I should l i k e  

t o  quote from the  repor t :  

"Useful appl icat ions of space are unquestionably real, 
subs t an t i a l ,  and p o t e n t i a l l y  close a t  hand. A turn ing  point  
has been reached, a t  which we can now descr ibe with conviction 
and. i n  some d e t a i l  t h e  many spec i f ic  ways i n  which space vehic les  
and space technology w i l l  become important elements i n  our  
economic, i ndus t r i a l ,  and s o c i a l  world. Applications t h a t  were 
speculat ive and vague only a few years ago now appear c red ib le  
and a t t r a c t i v e  t o  t h e  p o t e n t i a l  users. The space program has 
broken the  p l a u s i b i l i t y  ba r r i e r . "  

And la ter  it states: 

"Our f i rs t  general  conclusion is  t h a t  the p o t e n t i a l  
economic bene f i t s  t o  our soc ie ty  from space systems a r e  
enormous. They may amount t o  b i l l i ons  of d o l l a r s  per  year 
t o  many diverse  elements of our industry and commerce and 
thus t o  the  public." 

The prospects are promising. We m u s t  se t  o m  s igh t s ,  however, on those 

observations and serv ices  which can only be obtained using space, i n  a 

conclusive manner, o r  which can be be t t e r  o r  more economically produced using 

space. O u r  goal  i s  a balanced program which explores as r ap id ly  as resources 

permit t he  technica l  p o s s i b i l i t i e s  while cons tan t ly  weighing t h e  economic 

worth of the  various uses. 


