
"RE~tOTE SENSING OF THE OCEANS" 

by Kurt R. Steilling 

The oceans cover about 70 \ of the 
earth's surface. ~tany signi ficant 
events, such as waves and swe lIs, 
biological growth and currents take 
place and can be observed in the top 
hw centimeters of the water; floal
ing objects and pollutants are also, 
obviously observable surface mani
festations. ~toreover, in very clear 
lIater and during a sunny day, features 
can be discerned below the surface to 
depths of 50-100 feet. Indeed, sur
face and subsurface features can 
often be more clearly discerned from 
so. e height than from a surface plat
form. Many shipwrecks, shoals, reefs 
and the like have been observed from 
aircraft, being invisible, however, 
to the ship based observer. 

Because of their wide global dis
tr~bution, many parts of the oceans 
belng geographically remote, on the 
one hand and because so much can be 
,,' h h seen" of their features on t e ot er, 
rellote observation, or "sensing", 
froa aircraft or spacecraft, becomes 
econo.ically practical. 

No claim for such sensing should 
of course be made for subsurface 
leasurement capability, physical
cheaical measurements and these other 
in-situ quantitative measurements 
that are done routinely by oceano
graphic research vessels. 

Nevertheless, a strong case. can 
be a ade for Earth Resource Appl~ca
tion Satellites (ERAS) whose pr~me 
purpose would be Ocean ObservatIon, 
USing, within their payload and data 
handling limitations, every remote 
sensing tool that technology can 
provide. 
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A polar-orbiting satellite can 
cover every spot on the earch (i.e. 
oceans) twice during a 24 hour period. 
A synchronous spacecraft can cover an 
entire ocean continuously. The many 
millions of square miles observed in 
this manner would require a stagger
ing cost in ship time (at a typical 
cost of about $4,000/day) for similar 
coverage - (although the ship would 
naturally have the 3-dimensional capa
bility so necessary for many ocean 
analyses) . 

An important limitation of many 
sensors is their day-time-only and 
clear sky capability, whereas ocean
ographers generally want all-weather 
and 24 hour observations. This lim
iting feature can be obviated by com
bining a variety of instruments, each 
with its peculiar (e.g. - cloud cover 
penetration) capabilities, or perhaps, 
devising a sensor with all-weather 24 
hour seeing capability. The latter 
is a utopian concept if high resolu
tion imagery is desired, although 
feasible for certain spectro
photometric or radiometric narrow
band scanning. 

The necessary pressure for develop
ment of a remote ocean scanning system 
will have to come from the ocean and 

• • marIne user communIty, whether scien-
tist, engineer or fisherman. The 
meteorologist is also interested since 
much weather (e.g. - hurricanes) is 
the peculiar result of air-sea 
interaction. 

Amalgamating and sorting what 
these users would like to see, and 
what probably can be seen, in one 
manner or another, we arrive at the 
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Spntlol Resolution: Dependent on 
ilrifoiilto oltitude and antenna 
aporturo. 20 n .m. shOUld be 
nchievnble from 300 n.m. orbi t 
with In,OOO cm 2 nntennn ot Scm 
wnvelenllth. A line-trace ima~e 
is formed. An overall footprint 
or swath of ollout 600 n.m. shOUld 
be possible. 

Now, if a microwave radiometer 
s)'stem were combined with a video 
sensor of the sort already in use on 
TIROS, for example, yielding reselu
tions of about 400-500 n.m., we would 
have a versatile and useful all
weather sensor system. The microwave 
radiometer would yield, almost, all
weather ocean surface data and, if 
multi-band, atmospheric data, while 
the video would show concurrent cloud 
distribution and probably some ocean 
features. If the video system could 
be further iaploved to increase reso
lution, leduce the "footprint" and 
achieve low-light-level scanning 
capability, the utility of the systea 
would be even further enhanced. 
Another big step fOlward in sophisti
cation would accrue if the video sys
tea had .ulti-wavelength (i.e. _ 
color) perception. 

Synch ronous, or 24 -hour and equa
tori III spacecraft should not be ruled 
out for complementary purposes. With 
the formor croft a continuous, (albeit 
low re so lut ion for the ncar future) 
5urvcilJaJlcc of obout 1/3 of the p'lob, 
- ouch as most of the Pacific ocean 
- is possih le with video, only, scan, 
ning. Air/Sea or weather features 
rather than intrinsic oceanographic 
feotures would bo observable. The 
equatod 01 vehicle could yield more 
continuous detail of the interesting 
tropical ocoan/weather phenomena -
such 05 hurricanes. 

In genorol, the lower the satel-
11 te al ti tudo, tho Rroater the spltl.1 
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wave) is determined by the aperture 
of the entrance lens, or aerial. 

Other sensors, besides the above 
microwave video combination, are of 
cours e feasible and available, and 
in some cases, have special virtues 
that make them useful for certain 
ocean se nsing applications. However, 
because of their general overall 
limitations, such as clear weather 
operation, they are only briefly 
listed here: 

Photography: A lens/film system 
yields the highest spatial and color 
resolution at least for the foresee
able future. Gemini photos, taken 
with a "simple" camera are examples. 
However, requires manned spacecraft, 
or other spacecraft retrieval system, 
or cumbersome on-board film develop
ment and scanning. Strictly day
light and clear sky limited. 

I.R.: radiometry or imagery -
limited by atmospheric absorption, 
cloud cover, rain, etc. Excellent 
for meteorological purposes and could 
be a useful companion reference radi-

• ometer with a microwave ocean scannIng 
spacecraft. 

Radar: Synthetic aperture (for 
greater resolution), radar altimeter 
and scatterometer. Radar - i. e . _ 
ground-pointing sensor - is an active 
rather than passive technique. Per
mits detection of sea-state charac-

• • 
terlstlcs, waves and swells, sea-land 
interface and, in the sub- 3 em 
r e gion, air/sea interactions. Laser 
radar is a possibility. Has serious 
limitation of bulk and Ileavy power 
demands, data management and inter-

• pretatlon. 

Spectroscopy: - mu1ti-~aveleng~h 
rad i ometry or pllotography In tile VIS
ible or near - Infrared spectral re
gions can yield mucll information on 
surface sea water condition, including 
biota, oil-slicks, and other non-sea 
wat e r substances. Could permit analy
sis of surface phosphorescence and 

f luorescence. Strictly cl ea r weathe r 
limited. 

POlarimetry: - has certain utility 
for analysis of sea surface state. 
Suitable for visible re gion onl y and 
for clear weather and sunli gh t. 

These represent the most important 
complement in the s table of actual or 
possible sensors. The rapid develop
ment of solid-state technology , i mage 
analysis and communications technOlogy 
no doubt will result in a variety of 
high resolution, relatively low cost 
and versatile detectors. At the mo
ment however, "the complete oceano
graphic spacecraft sensor system" 
seems to be the microwave/video com
bination, with possible ancillary 
infrared sensing. 
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Murkshe, Keynote Speaker Kurt St.ehling and 

Emens discussing the technical, economic 

and socilogical ramifications of remote 

oceanographic sensors· very interesting/ 




