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FOREWORD

During the past 14 years reconnaissance of the ocean surface by air-borne remote
sensors has undergone rapid expansion until it is now widely usad in marine meteorology,
physical oceanography and marine biology. The Woods Hole Oceanographic Institution has
taken a leading role in the development of this science since its inception. The use of extended
strip photography and air-borne infrared radiometry to map large scalc features such as the

Gulf Stream are two research areas in which WHOI made early contributions.

The advent of earth-orbiting vehicles constitutes a dramatic enlargement of available
means for rapid scanning of the ocean. It is, of course, essential that oceanographers be
cognizant of these developments and that their usefulness for scientific purposes be correctly
assessed. WHOI therefore readily responded to the suggestion of the National Aeronautics
and Space Administration, Office of Space Science and Application, that such an evaluation be
undertaken. In order to sample the opinion of a representative cross section of oceanographers,
a conference was convened at Woods Hole on 24-28 August, 1964 under the chairmanship of
Gifford C. Ewing. The papers presented in this document represent the formal result of this

conference.

Response to invitations to the conference was such that attendance con lerably exceeded
our capacity. In this emergency, John S, Coleman assisted by arranging for use of the

National Academy of Science's summertime facility at Little Farm, This timely assistance

is gratefully acknowledged. % .

Paul M. Fye, Director
Woods Hole Oceanographic Institution
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PREFACE

"Oceanography from a satellite” — the words themselves sound incongruous and, to a
generation of scientists accustomed to Nansen bottles and reversing thermorneters, the idea
may seem absurd. This is all the more so because decades of technological constraint have
all but forced oceanographers into consideration of the class of problems that derive from
the vertical distribution of properties at stations widely separated in space and time,

But this is a new age, when spacecraft, circling the globe in ninely mimutes, reconnoiter
the whole planet surface on a daily schedule with remote sensors of great power and refinement
These sensors exploit the entize electromagnetic spectrum, they come in active and passive
modes, their sensitivity and angular resolution are high and their response is ultra rapid.
Remote sensing is, of course, not new to oceanographers, For nearly fifty years they have,
by acoustic means, looked at the ocean bottom through thick layers of water. Now, using a
variety of electromagnetic devices, they are learning to luok at the ocean surface through ever
thicker layers of atmosphere,

Of course the millenium is not yet upon us. It is easy to point out the difficulties that
le in the way of making useful scientific observations through haze and clouds. It is easy to
see that, even If our view of the ocean surface were perfect in every detail, many of the
classical problems of oceanography would not thereby be resolved.

But when all is said and done, the ocean is essentially a thin film of moisture on the face
of t!ie earth - its horizontal exaggeration relative to the vertical being of tte order of 8000.
All the significant exchange of energy between the ocean and its external environment passes
through its upper surface, fully exposed to examination from above. So intuition tells us that
future generations of investigators, scanning the ocean from a new vantage point, will have the
imagination to ask new questions of it and the ingenuity to devise ways of answering them. It
is unthinkable that oceanogruphers will not find ways to exploit this burgeoning technology for
the advancement of their science.

It was to encourage this new look at oceanography from space that in August of 1864 the
Woods Hole Oceanographic Institution, with the support of the National Aeronautics and Spece
Administration Office of Space Science and Application, convened a group of 150 oceanographers
to review the capabilities of satellite sensors and to consider what areas of oceanographic
endeavor might be advanced by these means. The participants represented the various com-
ponent disciplines of oceanography; physical, biological, chemical and geological. They
listened and deliberated for one week, producing the seventy-eight contributions presented
herewith. Admittedly, one week is not very long to orient oneself in an unfamiliar context,
especially since, for many, this was a new exposure not only to satellite characteristics but
to remote seneing of the sea. The reader should bear this in mind. Here he will not find a
coherent book or even a clearly defined consensus. This is a collection of papers not yet
seagoned by criticism or matured by reflection. That will come later. The papers must speak
for themselves. Some are cautiously pessimistic and a few are perhaps too sanguine. But, as
a group, they reflect a restrained enthus asm that has the ring of real scientific innovation.
The purpose in publishing them is to stimulate fresh ideas, and this goal, hopefully, will be
achieved.

After the formal papers had been presented to the conference, the participants spent &
working day divided into panels organized around specific topics, as follows:

Sea level Marine meteorology

Waves Marine biology

Sea ice Coastal geology and geography
Currents Instrumented buoys

Sea surface temperature

The recommendations of these panels are grouped in the text with papers by individual authors
bearing on related topics. For easy reference they are prominently emphasized in the table
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of contents. The ideas contained in these panel reports are, perhaps, the main dividend to be
derived from the conferciicc and from this publication.

It was widely agreed by several panels thai a most important use of satellites in ocean-
ography would be in gathering and retransmitting information t :lemetered by various sen- -.-
located on the surface. These would include arifting and fixed .n3trument buoys, ships,
stations, tags attached to migrating animals, markers on ice and drifting bergs. If tele.
ing is lacking in novelty, it rales high in workability. On the one hand it capitalizes the
satellite's capabilities for frequent and complete coverage of the world, and on the other it
takes advantage cf all the conventional techniques that have been evolved., Characteristically
these give detailed measurement of the intensity of physical, chemical, genlogical and bio-
logical variables at or beneath a si igie point in the sea. However, for the description of field
variables the extensive characteristics of the distribution are as important as the intensive
ones, and for horizontally continuous observations, aircraft and satellites have intrinsic
atility. This advantage can be measured in terms of perspective, gaining directly in pro-
portion w0 the elevation of the viewpoint, It is in this area that we search for programs
uniquely suited to the capabilities of remote sensores mounted in orbiting satellites in »lace of
telemetering sensors at the sea surface.

For example, precise leveling of the sea surface by direct measurement from a known
orbit would not only refine estimates of the shape of the geoid but would define the geosirophic
current and barotropic distortions due to storms. It would provide entirely new data on the
characteristics and propagation of tides, surges, and tsunami waves. The required datumn
woula be provided by precise altimetrywith a relative accuracy of 5 cm over an area of 1000
8q km. The outlook for adequate instrumentation is not too discouraging. It can safely be said
that this would be the most general and fundamental contribution that satellites could make to
the science of physical oceanography. Far reaching benefits would ac crue to other branches
of marine science, including biclogy, fisheries, geology, engineering, surveying, offshore
driliing, and marine safety.

A closely related endeavor would be the classification and recognition of the surface
exposure of water masses and their interfacial boundaries or "fronts". Although oceanographers
wish to trace the masses at all depths these are, in so far as conservative properties are con-
cerned, formed at the surface and surface processes are the nost importart determinants of
their characteristics. Thus the key to the temperature and sasinity 2 iw .¢utral water masses
in all oceans is to be found in the surface water of the subtropical convergence. Usetui
instruments are microwave and infrared radiomete¢ rs, rauttigpectral gevices to measure the
heat flux through the surface, and photocolorimetric devices. FPhotcgi aphy and visual observa-
ticn of clouds, foam, trash lines, and the shape of the gliter pattern of the sun, moon or stars
may give valuable auxiliary information. The desirer thermal re-»lution of 0.5°C over dis-
tances of 50 km from satellite altitudes appearr to be somcewhat beyoni the ability of present
technology because the intervening atmosphere iutrocuces severe problems of environmentat
noise. But these impediments, however forn idavle they may appear, may be circumvented by
ingenious means not yet conceived.

Biologists share a need for a wide range of ccoranlie data in common with other oceano-
graphers. T.. this extend their requirements are not urique. Their most generally needed
special data is the photosynthetic rate in the upper « .nlit layers of the sea, This is a most
difficult process to quantize, even by conventional m« 15, However, considerable infermaty -
can be inferred from maps of the chlorophyll concentr.i:in: of the water. This chemical ha= -
strong and unique spectrographic signature of absorption nands. Therefore, the possim it
exists of a photometric method of remote sensing of this parameter, It would give a2
fundamental importance. Less elaborate methods of recognizing =reas f discolare wo- -
would also be of use.

Windwaves and swell constitute another field which requires the extended perspeciive of
an elevated viewpoint for complete observation. Attempts to derive the wave field from data
taken at a few discreet points are always hopelessly incomplete. What is needed is the direc-
tional and energy spectrum of waves in a twc~dimensional surface, and for this the vantage
point offered by a satellite is ideal. It is within the capability of present day radar technolngy
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to give a complete description of the sea state. The usefulness of such information both to the
theoretical oceanngrapher and to the marine engineer would be difficult to overestimate,

To the geographer, geologist, and coastal engineer the chief appeal of a satellite as an
observing platform lies in its readiness to monitor large scale features and events wherever
and whenever they occur. These include inaccessible coastlines and their modification by
storms, floods, surges, tsunamis and wave attack, Other significant events are submarine
earthquakes, slumping, crug’»n aud emergence of new volranos, and the appearance or dis-
appearance of transient bars .nd islands. The requirements for definition are 10 meters in
plan and 50 cm 1n elevation. These gnals appear to be within the reach of the very best
photographic and radar techniques.

The survey of sea ice is a relatively straightforward application of satellite reconnais-
sance. Here the attraction is the availability of complete and continuous air coverage of the
relatively inaccessible polar regions. The resolution required, of the order of 30 meters,
seems to be realizable, and ice, because of its dielectric and optical properties, is readily
differentiated from water by radar, microwave, infrared and optical imagery. Stimulated by
the U. 8. - Canadian TIREC survey, the useiulness of ice surveillance is already well
established,

Several recommendations of a general nature were made. It was suggested that a.i
atlas be prepared showing representative examples of the best photographic infrared and
radar imagery available so as to arouse the interest of earth scientists. Where possible,
these examples should be supported by data and analytic iuterpretation.

A system of rapid scanning of data flowing from various satellites is nzeded to insure
its prompt and timely dissemination to potential users.

Adequate "ground truth" test facilities must be provided to serve as calibration areas
over which new instruments can be proved.

The problem of secu-ity classification was singled out as a major impediment to the
development of scientific interest in and use of satellite data. Numerous speakers made
allusion o the handicap of not being allowed to show gsimple examples of modern remote
senging apparently on the assumption that some military advantage might be compromised
thereby. Most participants felt that indiscriminate security classification may well be a
detriment rather than an advantage to the national interest.

After the adjournment of the conference many letters were received expressing the
enthusiasm and interest aroused by the papers and discussion. Favorable comments was also
made on the imagination and energy shown by Dr, Peter C. Badgley in launching the manned
space science program in oceanography. It is a pleasant duty of the chairman to note these
comments as zn expression of appreciation addressed to all who, in various ways, contributed |

to the success of the conference.
| ‘cﬁ/y Z 2,

0] le, Massachusetts
Wnods: Ho'e, Massachu Gifford C. Ewing, Editor

March 1965
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INTRODUCTORY BRIEFING
Peter C. Badgley

Chief, Advanced Missions, Manned Space Science Program,
Office of Space Sciences and Applications, NASA Headquarters, Washington, D. C. 20546

It is a grea* pleasure to see so many of you here. You are already aware of the purpose
of this mceting, which is to determine the interest of oceanographers in utilizing manned earth
orbital spacecraft ‘or the study of the oceans. Drs. Fye and Ewing expressed this purpose and
the challenges anticipated in a very clear manner in the July 1 letter »f invitation which you
have all received.

It would be impossible to convene all interaested oceanographers and space scientists for
a meeting of this type, but I feel that an excellent represent._tion is present. I hone that you
will bring additional scientists to our attention if you ivel that they can make a valnable con-
tribution and ar< derirous of doing so.

This confcrence is just the beginning of what we hope will be a strong association be-
tween space scientists and oceanographers. We would like you {0 recommend those experi-
mental areas which you consider most promising for inclusion in our forthcoming manned
eartn orbital spacecraft. In a few minutes I am going to give you some idea of the spacecraft
schedules we contemplate currently. You will see that an adequate period of time exists for
you to look into the feasibility phases of your most important experimental areas and to work
on preliminary design of spacecraft instruments.

You will note that this conference is being convened to explore the interest of ocean-
ographers in participating as eventual experimenters on manned earth orbiting spacecraft.
Many of you are being exposed to earth orbiting spacecraft for the first time so that the dif-
ference between manned and unmanned spacecraft means very little to you. What we would
like you to tell us is this: What natural phenomena do you wish to observe? Which of these
are most important? With what resolution do you wish to observe these phenomena (tc the
nearest centimeter? foot? 0.1 C?)}? Do you wish to observe these phenomena with a number
of visual and electromagnetic sensors at the same time or by only one seansor at a time? How
often do you wish to observe these phenomena? What weight, power and telemetry require-
ments will your instruments call for? How selective must you be in acquiring the data? You
will be able to answer snme of th sje questions. We shall have to answer some of them. Some
of our own phkilosophy on this subj ct is as follows: Thc use of various sensors over the same
te~rain or ocean will pxovide comparative data that will explicitly define the capabilities of
each sensor.

You should study the data returns from TIROS and NIMBUS very carefully, What degree
of improvement in resolution (temperature, distance, etc.) will you need to study the oceans?
These needs will determine the weight and power requirements of your instrument packages.
We have plans to publish albums containing photographs, imagery and other data returns from
TIROS, NIMBUS, U-2 and our current aircraft multispectral program, to a:d you in determin-
ing the usefulness of observations of the oceans and land areas from very high altitudes,

How important will it be to have a trained observer aloft with the instruments? We shall
have to inform vou how many pictures {and other data) you can take. This will depend upon the
power and telemetry facilities of the spacecrait at our disposal. My own guecs is that you will
want very accurate data and will want an observer during the early years when you are explor-
ing the usefulness of each device, If you already have a high degree of confidence and satis-
faction in the applications, resolution and merits of certain light weight instruments then you
snould bring these to our attention so that we can put them in the available light payload
satellites at NASA's disposal. You must state your overall needs and we shall work with you
in an itcrative manner to develop the most useful missions to meet your objectives. You must
bear in mind that your objectives must be coordinated with the objectives of other scientific
disciplines also.




We would like to come out of this conference with a firm indication of the experimental
areas which you are going to propose for detailed feasibility studies. A subcommittee for
each area might be a useful approach. For the terrestrical geosciences, I should point out that
we already have a very substantial feasibility and instrument design effort underway in a num-
ber of areas. It would be most valuable for you to become intimately acquainted with this
zfiot and for cooraination and budgetary reasons it would be advisable rfor you to appoint
representatives to the existing NASA instrument committees. For ¢aample, we already have
an infra-red group, a radar group, a multispectral photcyraphy g.-oup. ¥t would be inappro-
priate to form two radar groups, cne for oceanographic .dar and one for all other radar
geoscience applications, However, you will no doubt have a numbe> of committee arcas not
common to the other areas of geoscience in general. Actually the observation of natural
phenomena is the prime objective that we see. We want you as scientists to control the ex-
periments rather than letting the instruments or the spacecraft do this for you.

Obviously, it would be nice to investigate many areas but we do not have the funds to take
a shot gun approach. We have budgeted for a strong feasibility program but I am going to be
quite frank in saying that this can be a much stronger program if some of you from other
agencies and other countries join with us in joint support of research projects. I might say
that a number of other agencies are making strong contributions to our existing program
already (e.g. the NRL radar aircraft contribution.)

Let me now run through some figures which will attempt to relate this oceanographic
activity to other NASA areas of interest.

Figure 1 Note the position of various missions. Our effort is devoted mainly to the
development of scientific payioads for the 35 - 60 day A.E.S. orbital flights
(initially) and for the permanent earth orbital research laboratories (ORL).

Figure 2 This is a rough estimate of the time schedule involved.

Figure 3 Note the relationship of current feasibility studies to other mission phases.

Figure 4 Note the relationship of current feasibility studies in aircraft to future
missions.

Figure 5 Note the relationship of current feasibility studies to futu:-e terrestrial
applications in a number of disciplines.

Figure 6 uestions being investigated during our feasibility studies.

Figure 17 Note the data exchange problems being encountered during our feasibility
studies and contemplated for our future missions. Note the interdependency of
various portions of the spectrum and the need for rapid exchange of informa-
tion.

Figures 8, 3 These figures will give you an idea of the configuration of the earliest generation
spacecraft (manned earth orbital-extended stay time).

Figure 10 Note Man's role in future m.ssions, In the less ‘omplicated light weight satel-
lites man can play a part in calibration, adjustinent and so forth. In large
payload vehicles like the ones we are considering, with tremendous data
gathering capabilities, man's powers of selectivity and decision making are
going to be extremely valuable if not mandatory. His ability to capitalize on
the unknown elements which are encountered will be most important.

I have purposely said little about individual research areas which we are investigating
already. These will be nicely covered by the following apeakers. 1 would ask you to consider
the test site approach, using sensor equipped aircraft which we are now involved in developing
for terrestrial objectives. I believe it would be very appropriate to occeanographic and coastal
problems also. We now have a group of remote sensor equipped :ircraft at our disposal and I




can assure you that we shall do everything we can to help you in solving some of your feasi-
bility programs prior to spacecraft missions.

Figures 11-14 will give you an idea of the guidelines which we are using to select test
sites. ! hope that the volume resulting from this conference will include a list of test sites
for our consideration in the immediate future.

In closing, I wish to assure you that NASA is most anxious for all of your work and
reporting to be carried on in a completely unclassified manner. We shall work with you
vigorously to achieve this and other goals which you recommend,
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SOME QUESTIONS NASA IS TRYING TO ANSWER BY AERIAL SURVEYS
AND EARTH ORBITAL MISSIONS PRIOR TO LUNAR ORBITAL FLIGHTS

SPECTRAL EMISSION STUDIES
® WHAT RELATIONSHIPS EXIS™ BETWEEN SPECTRAL EMISSION ANOMALIES AND
MAJOR GEOSCIENTIFIC FEAT <ES ON PLANETARY SURFACES?

® HOW CAN THE EMPIRICAL ¥ ELATIONSHIPS ESTABLISHED BY ANOMALY MAPPING
LEAD YO A BETTER UNDERS IANDING OF EMITTANCE THEORY?

® CAN TERRESTRIAL "GROUL ID TRUTH" SURVEYS REMOVE MANY OF THE UNCERTAINTIES
ASSOCIATED WITH THE INTERPRETATION OF EMISSiON ANOGMALIES?

® CAN SPACEBORNE SPECTRAL RADIATION DETECTORS BE USED TO DETERMINE THE
CHEMICAL AND MINERALOGICAL COMPOSITION OF PLANETARY SURFACES?

SPECTRAL IMAGERY
© DO MULTIBAND PHOTOGRAPHY AND SPECTRAL IMAGERY (FROM ORBITAL ALTITUDES)
PROVIDE ADVANTAGES OVER CONVENTIAL PHOTOGRAPHY?

© HOW IMPORTANT ARE THE FOLLOWING ADVANTAGES:
SYNOPTIC COVERAGE AND CONTINUITY OF OBSERVATION. RECOGNITION OF
GROSS PATTERNS NOT DETECTABLE ON SMALLER AREA IMAGERY (REGIONAL
TECTONICS, GEOGRAPHIC PATTERNS, ETC.)

AVOIDANCE OF MOSAIC DEGRADATION

ACTIVE SENSORS
© HOW WELL CAN RADAR PICK UP STRUCTURAL DETAILS NOT REVEALED BY
CONVENT{ONAL PHOTOGRAPHY?

® HOW EFFECTIVE IS RADAR IN DETERMINING THE THICKNESS OF SOIL AND GLACIAL TILL?

© DOES RADAR PERMIT THE MAPPING OF GECLOGICAL CONTACTS WHICH CANNOT BE
DETECTED BY CONVENTL''. PHOTOGRAPHY OR BY SPECTRAL EMITTANCE?

© HOW ACCURATELY CAN ACTIVE MICROWAVE SENSORS (RADAR) PREDICT THE SURFACE
ROUGHNESS AND DETAILED TOPOGRAPHY OF PLANETARY AND OCEANIC SURFACES?

REMOTE SENSORS (ALL TYPES)

® CAN SPACEBORNE REMOTE SENSORS AID IN OUR UNDERSTANDING OF AiR POLLUTION,
INDUSTRIAL GROWTH, MAJCR HYDROLOGIC DISTRIBUTION PROBLEMS?

Figure 8




TYPICAL INTERRELATION BETWEEN EXPERIMENTERS

o OO OOO
EXPERIMETERS u
(SPECTRAL)
GROUP
LEVEL

DATA BANK
P:vo:lta IMMREDIATE INFORMRATION RETRIEVAL
L AND TRANSFER UPON DEMARD

TIMING

RAW DATA
COLLECTION DATE {C)

1
PARTIAL REDUCTION

GROUP LEVEL
TRANSFER 10 OTHER
GROUP MEMBIRS
PREFERABLY IMMEDIATE,
AT MOST C+60 DAYS

1
C+60 DAYS

SANK

TRANSFER TO BANK WITHIN
60 DAYS FROM
COLLECTION {C+60).
THEN AVAILABLE FOR USE BY
OTHER PROJECY MEMBERS

f

- PUBLICATION RIGHTS *
PROTECTION PERIOD

IKDIVIDUAL EXPERIMENTER HAS 90 DAYS (C+90) TO ESTABLISH PROPRIETARY
RIGHTS TO NOTABLE FACTS IN HIS DATA AND YO PREPARE AN IDENTIFIABLE
REPORT WHICH CAN BE DISTRIBUTED TO ALL PROJECT PERSONNEL. REPORT
MUSY BE SUFFICIENTLY DETAILED THAT LATER MANUSCRIPYS CAN BE
RELATED TO AN ORIGINAL REPORY OF THIS TYPE.

GROUP EXPERIMENTERS HAVE 1 YEAR {C+1 YEAR) TO SUBMIT A MANUSCRIPY
FOR PUBLICATION PROVIDED TNE INDIVIDUAL RIGHTS WERE ESTABLISHED
AND HAVE BEEN MET.

PROJECT PUSLICATIONS MAY BE PREPARED BY NASA AT THE PROJECY LEVEL
AT ANY TIME AFTER 90 DAYS (C+90) FOR GEMERAL PLANNING PURPOSES.

¥ CLASSIFIED DATA RAISE SPECIAL PROBLEMS, BUT COMPARABLE REPORTS
{AS DEFINED ABOVE) CAN BE SIMILARLY GEMERATED.

Figure 7
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OCEANOGRAPHY FROM SPACE

CHAPTER1
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RECOMMENDATIONS OF THE PANEL O CURRENTS

Chairman: Robert W. Stewart *
University of British Columbia
Vancouver, British Columbia

Members
D. ¥. Bumpusy J. A. Knauss
W. V. Burt A. R. Miller
H. L. Cameron P. M. Moser
J. H. Carpenter M. Rattray, Jr.
F. C. Fuglister

Sea Level. The difference between the local mean sea level and a true level surface (the
geoid) is a quantity of the greatest importance to physical oceanography, and not only to the
study of tides and tsunamis. Spacial variations of this gquantity determine the surface geo-
strophic currents, and if precisely known would give information on the oceanic "depth of no
motion." Temporal variations largely determine the barotropic time dependent motion, lack of
knowledge of which is one of the greatest stumbling blocks in present day oceanography.

The required precision seems to be about one order of magnitude beyond the present
radar capability. ¥ the instrument does not permit measurement of relative elevation to within
50 cm, the information is of essentially no oceanographic use. The value increases very
rapidly with improvements over this figure, and if a precision of 5 cm could be achieved, the
resulting information would be of immense value. Obviously, to obtain such precision some
refined technique of averaging over, or otherwise compensating for, wave motion is required,
¥or the purpose envisaged here, averages over areas in the neighborhood of 1000 sq. km would
be suitable, so the mean level is in fect definable to suitable precision in spite of the presence
of even high waves.

To repeat, if the precizion required can be met, measurement of sea level would be of
such value as to warrant a large <itort, but less than the required precision is useless to
oceanographers.

Surface Mapping. J. is conceivable that surface mapping might reveal many features
associated with current systems. Large temperature gradients accompany the boundaries of
many of the most vigorous ocean currents, It is also well xnown that in fluid mechanical sys-
tems the isolines of contaminants of any kind tend to become aligned with stream lines. For
this reason, devices which enhance the "color" contrasts of sea water - whether in the visible
or not - should be tried out.

The strongest case for manned, =3 opposed to unmanned satellites in this connection is
the possibility that large scale variations in some parameter not yet appreciated may tura out
to be visible. It is possible that current shears, either horizontal or vertical, may modify
surface wave parameters s0 as to produce effects visible in the glitter patterns., Wakes may
be seen from some islands, or even from some kinds of fully submerged bottom relief, and it
would be unwise to prejudge the possibility of somce entirely unsuspected contrast proving
visible to a trained observer. (That such contrasts are not obvious to untrained observers can
be inferred from the silence, on this subject, kept by those, both American and Soviet, who have
been in a position to observe from orbit.)

Mapping of ice-covered regions, either optically or by line-scan radar, is likely to reveal
structure from which it will be possible to inler the orientation of surface stream lines. The
ultimate value of these mapping techniques is still of uncertain value. They are widely used
Ly glaciclogists, but little used by limnologists, each of whom need only aireraft to gain

*Note: Glenn reports having seen the Gulf Stream during the MA-8 flight, Ed.
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corresponding information. It would seern that a program in this direction should deveiop step
by step and be subjec! to constant review, for the results may not be worth the candle.

Multiple Look Techniques. The most direct measurcement of veiocity involves the mea-
surement of displaceme.1’ during a known time interval. For the ocean, a sngle satellite is
not well suited to this purpose. During a single pass, a low s~tellite (1000 km or lower) from
which reasonably detailed resolution is feasible, can view a particular area on the surface for
times only of the order of a minute. In this time, typical ocean currents produce translations
of only a few meters. Since the horizontal translation produced by surface waves is of the
same order, any measurement cf displacement over su~h a time interval would not only be
difficult to make, but would be heavily contaminated by noise.

For a single satellite, looks on successive passes occur twice daily. This is exactly the
wrong interval. Among the largest motions of the ocean are tides and particularly inertial
oscillations, both of which have periods of the order of one-half day. Observations at this time
interval would thus be subject to a very large noise component which would be aliased through
the whole spectrum, and make the interpretation extremely difficult.

However, if three satellites were used, on polar orbits displaced by 60°, sufficient
information could be obtained to smooth tidal and inertial motions and remove the aliasing,

Objects which might be followed in this way include deliberately planted buoys which may
follow surface motion or be attached to drogues at some desired depth. The trajectories of
such buoys can provide some information on both large scale mean currents and on turbulent
diffusion, but it should be recognized that such techniques are subject to some very fundamental
difficulties which preclude interpretation in other than a very general way.

Again, this technique is especially suitable for following ice movement. It may also
prove valuable in following identifiable water features such as Gulf Stream meanders. In these
cases, the use of stereo methods to reveal flow patterns may prove particularly valuable.

1t should be noted that the comments in this section apply equally to optical, infrared or
radar scanning.

Communication. It was widely agreed among contributors to the discussion leading to
this paper that probably the moo: important use of satellites in oceanography would be as
communication aids in transmitting information from instrumented buoys. The discussion of
the nature of such buoys lay outside the scope of this conference, but the resulting briefness
of this section should nct be taken as an indication of its importance. Some participants feel
that the only really valuable role of satellites in oceanography will be this one of communica-
tion, and that of navigation.

Navigation. This paper would be incomplete without mention of the fact that perhaps the
greatest improvement in existing shipborn velocity determinations would be obtained by mak-
ing deep sea navigation as precise as is now possible in some near-shore regions. Naviga-
tional satellites have frequently been discussed, and if the perfection of such devices can be
achieved, the gain would be indisputable.

20







corresponding information. It would seem that a program in this direction should develop step
by step and be subject to constant review, for the results may not be worth the candle.

Multiple Look Techniques. The most direct measurement of veiocity involves ae mea-
surement of displacement during a known time interval. For the ocean, a single satellite is
not well suited to this purpose. During a single pass, a low satellite (1000 km or lower) from
which reasonably detailed resolution is feasible, can view a particular area on the svrface for
times only of the order of a minute. In this time, typical ocean currents produce translations
of only a few meters. Since the horizontal translation produced by surface waves is of the
gsame order, any measurement of displacement over sucn a time interval would not only be
difficult to make, but would be heavily contaminated by noise.

For a single satellite, looks on successive pasges occur twice daily. This is exactly the
wrong interval. Among the largest motions of the ocean are tides and particularly inertial
oscillations, both of which have periods of the order of one-half day. Observations at this time
interval would thus be subject to a very large noise component which would be aliaged through
the whole spectrum, and make the interpretation extremely difficult.

However, if three satellites were used, on polar orbits displaced by 60°, sufficient
information could be obtained to smooth tidal and inertial motions and remove the aliasing.

Objects which might be followed in this way include deliberately planted buoys which may
follow surface motion or be attached to drogues at some desired depth. The trajectories of
such buoys can provide some information on both large scale mean currents and on turbulent
diftusion, but it should be recognized that such techniques are subject to some very fundamental
difficulties which preclude interpretation in other than a very general way.

Again, this technique is especially suitable for following ice movement. It may aiso
prove valuable in following identifiable water features such as Gulf Stream meanders. In these
casges, the use of stereo methods to reveal flow patterns may prove particularly valuable.

It should be noted that the comments in this section apply equally to optical, infrare-ior
radar scanning.

Communication. It was widely agreed among contributors to the disc 13sion leading to
this paper that probably the most important use of satellites in oceanugraphy would be as
communication aids in trarsmitting information from instrumented buoys. The discussion of
the natuve of such buoys lay outside the scope of this conference, but the resulting briefness
of this section should not be taken as an indication of its importance. Some participants feel
that the only really valuable role of satellites in oceanography will be this one of communica-
tion, and that of navigation.

Navigation. This paper would b+ incomplete without mention of the fact that perhaps the
greatest improvement in existing shipborn velocity determinations would be obtained by mak-
ing deep sea navigation as precise as i8 now possible in some near-shore regions. Naviga-
tional satellites have frequently been discussed, and if the perfection of such devices can be
achieved, the gain would be indigputable.
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OCEANCGRAPHIC SATELLITE RADAR ALTIMETER
7 Q)
/‘) , AND WIND SEA SENSOR - - ?

Thomas W. Godbey

The General Electric Company, Light Military Electronics Department
Utica, New York

In Dr. Swing's opening remarks on Monday afternoon, he asked us all {o consider thal a
new generation of oceanographers will be asking new questions cf the ocean and we should
attempt to anticipate this when considering what can or should be observed and measured
from a Manned Orbital Oceanographic Laboratory.

As a non-oceanographer I would like to run through some of the things the oceans are
to the space effort.

Most obvious is the use of the space over the ocean as a safe laboratory to conduct
experiments on that potentially explosive, often uapredictable beast called a space booster.
Just as important is the use of the ocean as a junk yard for the :parated booster stages and
other hardware which is not placed into orbit.

The ocean was used as a landing place for our Mercury Astronauts and will be used for
the Gemini, Apollo and other manned space flight recovery phases. Oceanographic predic-
tion, especially accurate wave forecasts, will be necessary to assure the survival cf the
Astronauts after the ocean landing.

The ocean also gives us a broad, accessible platform on which we can place as many
range instrumentation, tracking, telemetry and/or command and control stations as we need
or wish, All of this is rent free and doesn't have to involve special treaty arrangements
with other countries.

A characteristic of the ocean which is potentialiy very useful but which has not been
exploited is that the ocean is the reference radius of the earth. The ocean is at zero
altitude and therefore when accurate altitude measurements are made froin a space vehicle
to the ocean, the vehicle's radial position, radial rate and radia?! acceleration can be more
rapidly and precisely determined thaa with any other measuring device known. Accurate,
real time altitude and altitude rate information and a velocimeter is all that i< needed to
control an orbit injection maneuver and a single point measurement of altitude, altitude rate
and altitude acceleration from an "orbiting" vehicle is sufficient to determine the in-plane
orbit parameters. General Electric Company's studies? of this type of syste n show orders
of magnitude improvement in orbit injection and measurement over presently implemented
systems.

During the course of these studies we naturally had to determine the effect that changes
of the ocean surface's radar return characteristics would have on the altimeter's transmitted
power and frequency, its minimum and maximum altitude capability and its altitude measure-
ment accuracy. What we found was that from altitude greater than 50 NAUTICAL MILES the
altitude tracking accuracy capability of a properly designed pulse altimeter is not a function
of sea state at all since the noise characteristic of the return is the result of so many million
individual back scattering facets of the ocean that increasing or decreasing their number by
two or three orders of magnitude has no appreciable effect on the return's mean or variance.

We also found that for radar wave lengths less than 10 cm the large scale structure of
the ocean will not be sensed by the altimeter but that the small scale (i.e,, lc+al wind sea)
structure will make the received pulse power change by a factor of about 200 to 1 from 5 knot
windwaves to 60 knot windwaves.

Dr. Moore and Dr. XKatz described this change of radar re*irn per unit area as a function
of both angle from the vertical and of wind speed in their presentations yesterday.
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Figare 1 is a compilation of measured average radar cross section per unit area as a
function of a.pie from local vertical, o4 ea(e), and local wind. It is presented here tc sum-~
marize what they told us about the oceans radar section at, and near, vertical incidence.

In a classic case of serendipidy it occurred to us that not oniy accurate altitude could be
measured but also the "local wind-sea state" could be determined with the same instrument.
We felt that such a measurement would be useful to oceanographers and so after discussing
this with Dr. Moore he decided we should present ihe idea to Dr, Pierson.

The imrn.<diate result of these meetings was a joint rroposal by Dr.'s Pierson and
Moore to fly this «xperiment as part of a more comprehensive radar experiment on NASA's
Polar Orbital Geophysical Observatory (POGO)3.

Quoting from this proposal, ---

"Objectives dealing with wave height are outlined in the separate section prepared by
Dr. Pierson. R appears relatively certain that their objectives can be met.

"It is not certain that enough precision in the range (i.e. altitude) measurement can be
achieved to determine mid-ocean tides, but it is quite possible. It is also quite possible
that bulges in the mean surface of the ocean caused by long fetches of wind will also
show up. It may be possible o determine variations in the mean surface height across
a hurrice:.::e or typhoon, and use this information to draw conciusions about the storm
intensity .

This morning, Dr. Pierson and Dr. Stewart both touched again on this need to measure
sea-level changes in the open ocean. They also mentioned one of the key characteristics cf
thes sea level changes which make it feagible to use altimetry from a satellite to measure
them, that is, their large dimensions. ‘This makes it not only feasible but ne<essary to aver-
age the altitude residuals over long periods of time (1600 to 10,000 sample data points) to
obtain very accurate mean sea level measurements.

It is not proposed that this data reduction be done on board the satellite even in such a
well equipped orbital laboratory as the one proposed by Dr. Badgley.

Notice that I said we would average the atltitude measurement residuals. This means
that the altitude measurements, obtained at about a 100 per second rate, will each be sub-
tracted from the Orbit Ephemeris allitude for the particular time and Geodetic position at
which the measurement was taken. This implies that the Ephemeris and the Geoid have been
determined very accurately, by using data from many tracking stations (and possibly the same
altitude data) for many orbits to ob*ain maximum likelihood estimat2s of their true dimensions.
The altitude measurement residuals then would be exactly zero, except for Sea Level varia~
tions, if there were no bias or random errors in either of the measured or estimaced quanti-
ties, Ephemeris estimates errors will be strictly of the bias variety, Geoid estimates wil) be
mostly of the bias kind but there will also be random errors on the estimates of the distribu~
tion of radius with position. These Geoid random errors are not however random in time
whereas the variation of sea-level will be; so hat day to day, week to week, and month to
month variations in sea level can be eventually detected.

The Altimeter measurement errors are going to be both of the bias and random variety
but the random noise will have a frequency spectrum from zero to the sample data rate of 100
per second. Thus, witha one signal random noise of 5 feet, 100 altitude residuals will reduce
this standard error to 0.5 ft., a 1,000 sample running average reduces the standard error to
0.158 ft., and a 10,000 sample running average reduces the error to 0.0L £t, Digital data
smoothing also offers the capability ~f obtaining the slope and the acceleration of the sea-level
changes if this is desired. Obtaining the derivatives of the altitude residuals will be a useful
thing to do anyhow since the weighting func.ions on the noise are different from the simple
averaging described for a stationary signal. Thus if a sea level variation is indicated from
the si..oothed data a derivatives check will help to decide whether this is a true sea level
change or merely a noise residual drift,
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Now the next thing to discuss is how does one get altitudc measurements from a
satellite over the ocear with only 5 ft. standard crror per measurement?

It isn't easy, but it is feasible within the present "State of the Art”. It is not "off the
shelf" chiefly because no one has ever been convinced that their particular problem could
only be solved with this good or better altimeter measurements from satellites.

Ability to track the return pulse accurately is a function of the gain-bandwidth of the
tracking loop, the noise characteristics of the return, and the transmitted pulse width,
amplitude and rire time stabilitieg, Amplitude instability itself can he eradicated as a major
error contributor by centroid (split gate) tracking, Pulse width and rise time errors can
largely be eliminated by both selection of a stable transmitter and by measuring the trans-
mitted pulse and adapting the tracking circuit gates to corapensate for variations, At any
rate these extreme measures are probably not necessary since the largest improvement can
be made simply by choosing a good transmitter with a 10 nanosecond rise time and a 100
nanosecond pulse duratica.

A optimum split gate tracker will be able to track the ocean returns to about 2 ft.
random error, whereas a leading edge threshold tracker would have about 4 foot random
error,

The next error sources to consider are the timing errors. These consist of the clock
error, quantizing errors, logic function errors and uncertainty on the propagation time of
the return pulse through the receiver. I the fastest solid state logic circuitry available
today is used in the critical areas we can count at near kilomegacycle rates.

This speed is not necessary for the altimeter round trip time counter but will be useful
in calibrating the propagation time through the receiver and its variations with temperature
so that this error source can be corrected for using temperature measurements.

The round trip time counter in the altimeter should count a 200 megacycle ciock
frequency which will give a two ended quantizing error of only 2.5//6 = 1.02 ft.

A clock accuracy of one part in 108 with short term stability of one part in 109 ia
obtainable with crystal oven oscillators. The exrror due to the clock from an altitude of 3
million feet will therefore be much less than the guantizing error (about 1063 £f) so there is
no problem here,

Logic function er-ors come from the fact that switching and gating commands are
recognized by thresix:ld detection of pulses sent from one subsystem or element to another
in the altimeter. Propagation time variations, rise time slope variations, and response time
delay variations are the error generators. The total random timing error at each of these
eritical function interfaces from all these causes can generally be held to £10% of the rise
time of the circuits.

A timing error budget for the altimeter which needs to be developed is shown in Table 1.
Altimeter characteristics are listed in Table 2.

A discussion of the error uncertainties due to propagation vertically through the atmos-
phere follows these tables and a short summary concludes the preaentation.

Mr, Gordon Thayer of The National Bureau of Standards has studied and tested the
atmospheric refraction errors for radars at all elevation angles. Tests have been conaucted
all over the world. He found that at elevation an%les of 90° (Vertical paths through the total
atmosphere) the mean range error will be 8,0 #.° In a private communication Mr. Thayer
gaid that if the satellite's geodetic position is roughly known (to a few degrees in latitude and
longitude} and the day of the year is known then a standard correction for atmospheric range
delay will result in a residnal standard error of about 0.1 ft. This is the reason for not in-
cluding the propagation error as part of the altimeter error budget since 0.1 ft will have no
effegt on either the bias or the random error when compared to the other error sources.
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TABLE 1

Radar Altimeter Timing Error Bidget (1 Sigma)

Spec Bias Random
Item Source {nanosec) {nanosec) {nanosgec)
Transmitted Pulse 1. Detection & Start Counter 2 +.2 +.2
Pulse
2. Rise Time 10 +1 + 1.0
3. Pulse Shape Square + 10 + 1.0
4. Pulse Width 100 + 10 + 2.0
Range Counter 1. Quantizing Noise + 2.0
2, Frequency Stability - - -
Local Oscillator
& IF Strip 1. Autoinatic Frequency Control
of Local Oscillator +2.5 + 2.0
2, Time for Received Pulse to
Pass Through IF Strip 25 + 2.5 + 2.5
3. Temperature Changes Both
AFC & IF - + 10 + 1.0
Range Tracking 1. 1st Gate Width 63 + 3.0 + 3.0
Circuitry 2. 2nd Gate Width 37 + 2.0 + 2.0
Recelver Noise 1. at S/N Ratio of 20 db - + 20 + 0.8
Sea Return Noise 1. Always S/N Ratio of
r/(4-m - - + 4.0

{NOTE - Timing Error Converts to Range Error at 1/2 foot per nanosecond. The RMS Bias
and Random Errors arc converted to feet in Table 2.)

TABLE 2

Pulsed Radar Altimeter Characteristics

Power Transmitted 10 KW Peak
Center Frequency X Band
Transmitted Pulse Width 100 nanosec
Rise Time of Transmitted Pulse 10 nanosec
Pulse Repetition Frequency 100 cps
Range Accuracy

Bias Errors Uncertainty after Correction + 12 ft (1 sigma)

for Measured Temperature

Pulse to Pulse Random Error & 3.5 ft (1 sigma)

Output Information Range ~ 100 ‘imee/sec
Resolution 2.5 ft.

Power Required at 28 vde 27 watts
Weight 10 1bs,
Size 4.0 x 8.6 x 12.0 in,
Antenna Requirement 30 x 20° Beamwidth

with wide angle aligned
to the satellite flight

path,
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SUMMARY

I've described how a radar altimeter can measure both the Local Wind-Sea State and

altitude when operating from a satellite, It appears that both of these measuremaents can be
very useful to the Oceanographic and Geodetic Communities. All that is required now is
development of the altimeter to operational status and a satellite.
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QO
SEA LEVEL -~ The Problem -~ ''Sea level"” is a concept rather than a reality, for in

addition to wind waves and swell the height of the surface of the sea varies due to other factors
including astronomic tides, currents, wind set-up, air pressure, the distribution of water
density, and secular changes due to variations in total amount of water avaijlable, The height
of the sea surface at any point in space and time 1s the net effect of these factors, and the
range at some places may be as much as 9m over one tidal cycle, Interest in knowing the
height or, on an aerial basis, the topography of the sea surface stems primarily from the fact
that "sea level" is a highly sensitive, quantitative indicator of dynamic processes taking place
in both the atmosphere and the ocean.

Tide predictions for cnastal areas and the prediction and warning of destructive storm
surges are two econromic aspects of the problem, but it is towards the over-all understanding
of oceanic processes that the oceanographer is most interested in the variations in the height
of the sea surface, There is, for ¢ -ample, nrw no means of direct measurement of the slope
of the sea surface across an ocean., There _s not even a means for measuring the actual slope
across the Gulf Stream. Traditionally sea slope has been computed by assuming a level sur-
face of no motion at depth and determining the distribution of density above this level, but actual
measurements have not heretofor been possible and are needed as a check on theory. T.a-
ditionally the oceanographer has been limited to sea-level measurements made from shoreline
tide gauges providing data on variations of sea level with time at discrete coastal points. What
is now needed is the ability to look synoptically or quasi-snyoptically at the aerial variations
of sea surface height. Ideally the ability to discriminate slopes of a few centimeters over
distances of a few tens of miles is desired.

The Solution -- Satellitz altimetry offers the possibility of adding a new dimension to
sea level measurements. It is realized that the degree of precision given above as "uesired"
is beyond the capability of present instrumentation, »ut it is felt that the ultimate uses to
which the data could be put jusufy the development ¢ the instrumentation to prucure them.
Satellites have built inio them two qualities which are important to this problein: replication
and smoothing time. For a satellite traveling at 8km/sec, a ten-second average of altitude
would represent an ocean path of 80 km. Aside from errors introduced by equipment bias, a
precision of about one foot by smoothing over this ten-second period is not beyond the reach
of present .echnology and data even of this type {approximately 1 part in 105) would be ex-
tremely useful, The absolute height of the satellite is not important to this problem. What is
needed is knowledge of the apparent variations in this height as a function of variations in the
height of the sea surface against which the platform altitude is measuret. It is, therefore,
urged that satellite altimetry continue to be refined and that special attention be paid to high
accuracy radar altimetry and to stereo radar imagery using interferometric techniques as
possible means of solving this problem. Studies of the small scale variations in the shape of
the geoid must be continued as the geoidal variations must be known to within the precision
limits and smoothing areas being considered in sea-level measurements.

TSUNAMIS ~- The Problem -- On a rough average of once every four years, highly
destructive seismic sea waves (tsunamis) generated by earthquahes beneath the sea race
across the Pacific to endanger life and property on low-lying coagtal and island areas. They
are extremely rare, however, in both the Atlantic and Indian Oceang. An eifective tsunami
warning system for the Pacific has been devised utilizing seismographs, tide gauges,
tsunami travel-time charts, and a communications network to warn of the impending arrival
of potentially destructive waves. However, little 1s known of the coupling mechanism be-
tween the ocean bottom and the water, and as yet is is impossible to predict the height to
which any given tsunami will rise along a coast. Research in this area is progressing but is
seriously hampered by lack of data on the characteristics of the waves in the open ocean,
Wave heights at sea are probably one or two feet, wave lengths are on the order of a hundred
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iles, and speeds run to 560 r\‘:r: 600 miles per hour. Since the wave acts as a shallow water
wave, the bottom topography, cven in the deep sea, modifies the: shape of the wave front, yet
there is now no means of ohtaininé any actual measurements of the height, speed, direction
of propagation, or shape of the wave frent on the open ocean. These data are essential if the
phenomenon is to be more fully understood.

The Solution -- Satellite and spacecraft observations may provide infermation to assist
in solving this problem. If high resol-tion optical photography or rada- imagery -~ arge
area of the ocean at a time when a tsunamis is in transit could discriminate to the extent that
the tsunamis wave train could be identiiied, our knowledge of these intriguing but destrictive
waves could be greatly advanced. The infrequency of tsunami occurrence would not justify
the development of a continuously monitoring satellite systera for this purpose alone. Any
satellite or spacecraft instrumentation that could detect tsunamis would be so useful for
other purposes that it would probably be in continuous operation. Otherwise, the orbiting
equipment could be triggered from the tsunami warning system whenever an uadersea earth-
quake was detected. As earth-observing equipment is developed for use in orbiting satellites,
it is urged that its application to tsunami research be borne in mind.
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IN DUCTION

Currcats have long posed a challenge both to prac-i-al men and thecvetical scientists.
W ater currems were th» {irst 10 be noticed by man in his efforis to cross streams and arr. .
of the sea: 2ir currents are ruw of equal irnterest and imaportanc: in this day of world wide
2ir lravel, and today the currents of poth - e Lguid and jaseous oceuns are receiving intensive
siady and measurement.

The measurement of water currents has been carried out larpely .y means of current
n.:ers. These are based oa a propeller, held immovable in the current, which gives ne
valoeity by the number of revolutions in a given time interval. Electrical meshods using
carrents induced by the flow of the salt water ele:troly:e through the earth's magnetic field,
have been developed. These devices give mass flow, but still have the defect cf the meter
rethod in that they do not give a synoptic picture of the flow pattern. In attempting to mea-
sure ocean curreats the added complication of ship posit:caing has been overcome by
eiectronit navigaticnal systems such as Decca, Loraa and Shoran.

A new method of waier current measurement has b2en developed using air photos,
¢pace photos, or radar scove photos. This is based ». tte movement of moving objects rela-
tive to fixed objects during a time period fixed by successive photugrantis. The photographs
zre stereoscopic, or at leact cover the same generzl arez from approximately the same
position. The speed determination is made from the fals: parallax which give a false "topo-
graphic” position to the moving object, e.g. a ship or boa. will appear to be floating above the
vater surface, or to be many feet Leneath the surface, cdepending on whether it is moving in
tae opposite direction or the same direction as the aj.~:fi. ‘The basis of the method is shown
i1 Fig. 1 which is la~gely self-explanatory.

APPLIC.<1IONS

The time lapse stereo method has Leen applied in a number of places in Canada and has
beer: officially acopted by the U. 5. Coast Guard and Geocetic Survey. It is now being used by
tre Canadian Hydrographic Survey on an experimental basis.

Petit Passage in southwestern Nova Scotia 1s one of the narrow entrances to the Bay of
Fundy. When ovrobjems of small beat anchorage arose at the village of Tiverton due ‘o the
hiyh tides {17 feet) and strong tidal currents, the Canadien Faderal Department of Public
Works decided to try this methou 1o obtain a synoptic pictire of the currents. The RCAF took
photo sirips at 15 minate invervals both here and at Grand Passage to the West. These were
worked up into a series of charts showing the configuration of the currents and the conclusion
was reached that the moorin;; Jiffisullies ar.se from eddy and counter crrrents created by
the jet whi~h forms i1 the counstriction at Tivertor. The only solution is a dam or causeway
which wiil eliminate the jet. Fig. 2 is un example of one of the current maps and Fig. 3 ia o
stereo poir showing th-e falgse topographic effect of the moving water,

Minas Channc? and Chignecto Bay are the iwo major extension of the Bay of Fundy.
Their size and shape make them difficui: to survey by conventional hydrographic meihods so
they were chosen for th.e aecona experiment. Because nzither the RCAF or any civilian
agency had the alti:ade capabiiity required for :ide to side photography of these bodies of
water, the RAF wus approached, and very kindly consented to carry out the work as an exer~
cise. This is one more examyie of the pioneering spirit of thia great service., The photo-
graphy was very succes:ful aad Fig, 4 is a map showing diagrammatically the results of the
preliminary current sureys.
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As soon as space photography from the Tiros satellites became availabl - -hecks were
madc ic test the possibility of using this method. The resolution of the Tiros trom I to VII
is such that even large ships are indistinguishable: indeed there ig a great argument a8 to
whether and areas wili stereo, and if so, how much can be doue with the relief 28 presented.
However, whc.a ice inarked sea and gulf areas were studied it became obvious that the
mezhod mig:t be applied, i sufficient time lapse could be obtaincd. Fig. 5 is8 an examrple of a
atereo time lapse pair of Tiros II photographs which were used to measure the speed of ice
field raotion in the Gulf of St. Lawrence. The right bi nd photo was taken on one orbit of the
satellite, and the left hand one on thi next orbit, giviag a time lapse of 107 minutes. The speed
was calculated at .48 miles per hour and it was ccafir:ned by the U. 8. Hydrcgraphic Office
using conventional photography taken on the same day. By using photos from adjace~t flight
lines they obtained a figure of .5 miles per hovr. These rather high speeds can be explained
by an easteriy gale of 30 knots on the same day. With the better resolution and 100% cover
of the Nimbus pbotography it should be possible to map ice areas and their movements in the
polar zones of the earth.

The application of this technique to radar photography has been made as part of experi-
ments in ice surveys in the Gulf of St. Lawrence. It is well known {and often vziterated by
radar experts) that stereo viewing of overlapping radar will not give topograpnic relief
effects. However, if an area with a definite configuration, such as an ice field, is translated
between rada.c scope photos, then the topographic effect is produced. Fig. 6 is an example
showing the ice masses in the Gulf of St. Lawrence. The ice appears to be at a different
elevation than the land areas.

SUMMARY AND CONCLUSIONS

Stereo time lapse photographly can be used to measure the speeds of moving >bjects by
stereo measurement of the false parallax produced by motion between photos. The method
has been used successfully with conventional aerial photography from low, medium and high

titudes. (1,500, 15,000, 43,000 anc 70,000 feet) It has also been used with space photography
from Tiros I and with rac.r scope photography fron 41,000',

It is concluded that this method should be usable from manned space platforms for the
study of ocean currents using both photography and radar. In the meantime, a great deal of
work can be done using high flying aircraft aud Nimbus cover from space.
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INTRODUCTORY REMARKS

The preliminary agenda stated that optics was 1o br. the topic of ihiz afternoon's session,
Let us say, rather, that we are to discuss visual observations from marned crbiters, photo-
graphy from exirems= altitude aircraft, the problems o. visibility and some unconventional
photographic technique.

Most of what you will see today was flown for purposes other than oceanography yet its
usefulness to the oceanographer should be appare-t 1o all. I should also be obvious that if
certain of these manned flights had been designe 4 fo oceanographic objectives with a trained
observer-gcientist aboard, the information return w>uld have been greatly increased.

To act as & moderator and to lead the discuss.on during this afternoon's matters of
moment I believe we have the preeminent choi-.e in Dr. S. Q, Duntley, director of the Visibility
Laboratory at Scripps Institution of Oceanogruaphy. His career in a measure represents the
progress of ocz2anography during the last two decad:s, from his days in 1944 spent in a glass
bottomed boat peering down into the Gulf Stream's waters, to this summer's concern with man
peering through the earth's atmosphere from an ea-th-circling orbiter. Tocay, in addition to
being moderator, he will also speak to us briefly on the subject of wind velocity and sea-state
measurements from saiellites.

Prof. Cameron of Acadia University, Nova Scotia, whe is well known among us for his
geolcgic oceanographic and photogrammelric studies uf the Maritime provinces and their
bordering waterg will describe to ug, shortly, certain experiments in radar mapping of ice
fields in the Guif of St. Lawrence and also his efforts t¢c measure ice field movement from
TIROS phetography. In tomorrow's program he w:1l pregent the substance of what I believe
to be the original study in the measurement of wave velocity from stereo photography. Al-
though this paper was iirst presented {1952) more than a decade ago, the technique is stili
either untried or unknown to most oceanographers:.

Dr. Wanta ana I had been scheduled to describe a study of a rather unusual cloud pattern
in TIROS photography of the Bay of Bengal. The origin may be, in part, seismic and oceanc-
graphic rather than simiply meteorological. The 3aper will not be given today, but it wiil be a
part of the published proceedings of these sessions.

Joe Morgan of the Infrared Laboratory, Un.versity of Michizan, had been scheduled to
present material given earlier this year at the spring meeting of . 1e Optical Society of
America, Certain infrared imagery had been declassified for that meeting alone; inexplicabiy
a similar dispensation could not be obtained for -his week's conference. We ghall hear then
about certain qualitative aspects of this imagery -- imagery of sea ice and snow in the Gulf of
St. Lawrence and the north polar basin.

I have been asked fo present a few examples of photographic techniques that will becoms,
I believe, of considerabie value to the oceanographer. We shall see refractive wave trains
photographed by panoramic cameras from exireme altitude aircraft, satellite photography of
“clear" seas plus narrow band, :aultispectral, image enhancement experiments.

The astronauts of NASA's Mercury progr:im were not scientists, yet with the briefest of
training brought back photography and visual ob servations of considerable scientific interest.
One such example, photographic observaiions of the earth's airglow layer by Gordon Cooper
during his 16th orbit of earth, has been reported earlier this suminer by Cooper and the
University of Minnesota team of Gallett, Huch and Ney (1964), This afternoon we shall hear
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from Dr. sowman of Gi:ddard Spacé Flight Center who will review other such ancomplisn-
ments of su~ first marned orbital presgram.
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D) OCEAXOGRAPHY FROM MANNED SATELLITES
‘1) BY MEANS OF VISIBLE LIGHT :

Seibert Q. Duntley '

University of California, 5an Dieyo, Calif.
é.’ Visibility Laboratory, Scripps Institution of Oceanogravhy

INTRODUCTION

The possibility of condvcting oceanographic studies by human obsiervers in an Apollo
Orbital Research Laboratory (AOR.) suggests the use of every known sensor that can be
applied to the scientific surveillance of the world ocea: from orbital atitude. The most
ocvious and the most immediately ¢va:lable spectral region in which rsmote c.usfng can be
performed includes that to which the huaan eye is sensitive and tae immediately adjoining
near-ultravioiet and near-infrered. Here direct visual observations can be prade from the
orbital laboratory and visual aids, inclucing telescopic, phrtographic, and electronic devices,
can easily be brought to bear upon oceandgraphic probiems. The informatior obtainahle
through the use of this spectral region it at least as interpretable as that ob.ainable with
any other.

In the following discussion of the otentialities of oneanographic observations from
manned satellites by means of visible 1.ght, it will be the plan to consider first the direct
capabilities of the ruman observer and then to discuse certain photographic and electronic
visual aids which he might employ. It is probaole that an Orbital Research Laboratory will
alsc have at its disposal a variety of non-optical sensors and that the research output ci
the scientific team {comprised of the asironauts and their fellow scientists at stations on
land, at sea throughout the world, and in central computer~equipped laboratories) will be the
result of multi-sensor techniques. The rapidity of motion {approximately 5 mps) ove: the
ocean may, Row=v2r, impose & temporal limitation on the number of techniques which can be
brought to bzar on any one occasicrm, but this consideration need not be dealt with here since
the choice of sensors ard techniques will be miade during the plauning of particuler missions.

VISUAL OBSERVATIONS

The experience of the Mercury astronauts indicates that on some occasions a consider-
able amount of detail on the surface of our planet can be observed by naked eye from crbirt.
It must be remembered that these were busy men during flight, that they were in a capsul2
possessing only one small window affordiiyg a very limited field of view, and that their
attention through this window was direct: d to matters of astronomy, tc luinminous layers on
the horizon, and to observations designed to indicate the flight performance of their vehicles.
Limitations on fuel supplies served as a deterrent from maneuvering the capsule in order to
gain a near-vertical view of the 2arth through the narrow window. Thu., it is not surprising
that terrain sighting reports were not extensive; conversely, it would not be surprising to
find that astronaut teams in the Gemni and Apollo orbital missions report the sighting f
significantiy more surface details that did the Mercury astronautr. Scientists in an Orbital
Research Laboratory will have the time, the windows, and the freedom of movement te co
much more visual observation than any of their predecessors.

There can bc no guestion that visual observations will be ugeful ard rewarding, despite
the fact that the time for obgervation over any specific location is short (e.g., 30 szconds to
2 minutes) and that the unaided eye is distinctly limited in its resolution with respect to
man~made objects and natural features of similar size. Many planetnry features of interest
to oceanographers, however, are large enough to be scen and these can be appreciated ard
undersiood in a unique way by professionally trained, th-roushly prepared. and well-orientec
scientific observers. Bven so, it is important to noic ! a% the poor quantum eofficiency of the
human visval system at dayligh® levels (103 and e slow "irie-coustant (>0.1 sec) whica
characterizes the perceptual system restrict hum:n ouservation to a low area search race,
hopelessly inadequate tc cover even a tiny fraction of the available ficld of view from orbit,

39




1i the risual capabilities of men in orbit do not 4 ffer from those of men in aircraft or on the
ground, sufficient knowledge exists today to enable reliable quantitative statements to be

made asout the visual area search rate for specified objects under specifiec circumstances of
ovservation. Thusg, the planning of all MORL exyperiments involving direct human observations
{naked cye or telescopic) cau 1ace advantage of tiis capability, particularly from the stand-
noint of not expecting the astrc:.ut to perceive to much.

VISUAL CAPABILITIES OF ASTRONAUTS

There have heen speculat.ons concerning tie visual capabilities of astronauts, particu-
larly with reference to the poss.ble effects o1 weightlessness. Most physiologists share the
opinion that r.o adverse effect on the visual mectanism will result from prolonged weightless-
ness, but there seems no way to settle this matter unambiguously until long-duiration space
flis.hts have occurred during which quantitative rieasures of visual performance are made,
With this in mind, a visibility exgeririent is . preparation for inclusion in the long-duration
{7-cay and 14-3ay) Gemini flights

The Gemini visibility expery :ent is under the supervision of the Vigibility Laboratory
and has two inflight 17haées: First, the capsule will be equipped wiii: a vision testing device
which both astronauts will use daily and with which it is hoped to recognize and measure any
longitudinal effects which may occu:'. Seccnd, ttere wii: be an out-of-the-window experiment
in which one of the astronauts will b: asked to perfcrm a simple form discrimination task
along a nearly vertical, downward path of sight cver a prepared ant monitored ground target.
Psychophysical studies will be made i each astronaut prior to his ilight. The men will also
be flown in aircraft over simulatiors f the target area, partly for practice in observing and
partly tu enable the reasult of visibility prediction calculations to be compared with actual
visual performanc: ‘n an aircraft envi.onment. Thus, it is hcped to ascertain whether man's
visuai capability is in eny way different in orbit ~han in an aircraft when the visual task is a3
similar 18 posgsible. Since the experimunt will be done on a long-duration flight in the Gemini
prugiram, longitudinal effects, if any, mzy become apparent in the out~of-the~widow experi~
ments.

it is possible that still other visual sxperiraents will be conducted in the course of the
orbital Apcllo program and as a result of 11l of this work, the visual performance character-
istics of man in orbit should become well~ tnovn before MORL is launched. Those responsible
for preparing a:id planning for MORL shou.d review on a continuing basis the accumulating
visual taks to be performea by MORL astrcnauts in order to make sure that no form of
visual capability is being reli~d upon whicl has not been effectively tcsted by the Gemini
and Apollo experiments. Coaversely, it may be possible to include in the Gemini or the Apollo
programs tests to meet any special needs wlich :ay develop in the course of preparations
for MORL..

ATMOSPHERIC LIMITATIONS

The atmosphere of the earth is a major deterrent to visual vbgervation from orbit.
Large sections of the surface of the earth are obscured by clouds ana most other regions are
blanketed by haze which drastically reduces the ability of tuc orbital observer to> discriminate
planetary features or to maxe ooservations leading to oceanographic data. This is not to say,
however, that useful visual observations are impossible. Many of the intni-ions possessed by
us all are generated {icm evperience in conducting our lives on the surface of the earth and
in flying as passengers in commercial aircraft., It i8 a rare circumescance, indeed, when an
airline passengev is afforded a truly vertical view of the ground, During straight and level
flying a pas=2enger, even with his nosec against the window, has difficil!ty i 2 seeing steeply
downward from most airiiners. There is an important difference in ztmospheric clarity
between long obligue pau:s of sight and the downward vertical. This is well-knowr to those
who practice aerial photography; many las « conditions which seem discouraging to obsgervers
on the surface of the earth are surprisingly transparent when the observation is vertically
downward or within a few degrees of that path of sight.
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Observers of ocean areas from high altitude aircrafi and those who have studied ocean
photographs from TIRCS are awarc of the low contrast and indistinetness of coastlines which
often characterize these scenes and photugraphs., Tnere are, of course, occasions where
atmospheric clarity is too poor to permit coastlires to be seen, but in addiiion there are
times when the atmosphere is very clear and yet coastlines are not reen, This occurs
whenaver the luminance of the sea matches the luminance of the adjacent land. The luminance
of the sea is governed by wina velocity as well as by the natur: of the ligkting provided by the
sun 2nd the sky. The luminance of land masses also depends apen the anature of the lighting
and, of course, upon th: nature of the soils, rocks, and vegetation of which the terrain is
composed. Quantitative studies of the luminance of land masses and ocean surfaces under the
same lighting counditions show that under wind conditions of common occurrence, the Jumi-
nance of the ocean often matches that of the adjoining land, Low resolution sensgors will then
fail to reveal coastlines.

The osceanographer in orbit will offen find himself contrast-starved in his visual obser-
vations. He will experience more difficulty in orienting himself and in performing oc :ano-
graphic surveillance than would be the case if coastlines and other natural features always
appear in high contrast, It is likely, therefore, that observers in an Orkital Research Labora-
tory will require poirting systems and other navigational aids to show them where to look.
They will seldom attempt to perform unrestricted visual search but will ordinarily inspect
pre-selected areas. Visibility calculation studies can ascertain the extent to which free
visual observation can be afforded on the chance of obsarving unexpected phenomena.

When visual observaiions are pre-planned, visual aids to observation should be employed.
Polarizing filters, color filters, and masnifying or de-magnifying devices (telescopes) can and
should be used, Image-~intensifiers may permit night observations and image storage systems
can provide stereo psirs. Viewing devices providing centras* enhancament can offget, at least
in part. the loss of conirast imposed by atmospheric haze during daylight hours. The items
of equipment jus: . numerated are available at the present iime or can be produced in special
form by routine engineering and manufacturing procedures. Ingernuity can, of course, create
rew and improved formse of ‘risual aide for use by oceanographers in Orbitiug Research Labor-
atozries. If the MCRL flizhts are to take place in ithe early 1970'g, it is probable that signifi-
can: new viewing cevices can by then be available.

SEA STATE DETERMINATIONS

Twn of the nreanngravhic parameters that can be measured from & Manned Orbital
Research Labnraiory are sea state and surtace wiud veleeity, and two methods for making
such measurerients by mzans of visible light exist. First, the shepe and glze of the glitier
pattern due to the reflection of the sun by the surface of the sea ia int-~rpretable in terms of
surfzce wind velocity. Secend, che spatially averaged inherent radiance of the ccean varies
in a known way ‘with sea state. Part, but not all, of the latter effect is attributable to the
presence of whitecaps. ¥ iow resolu-ion photom:itric measurements are made from MORL,
and if due allowance is made for atmospheric effects, sea state and surface wind velocity
can be deduced from visible light radiometric measurementis. Sea-state determination hy
radiometry is not limited to the region of sun-glitter. but can b.. accomplished in any part of
the field of view that i8 availaiie from the MORL. Resecarch on atmospheric properties,
already well advanced, has provided a rieans for making the require d allowance for atmos-
pheric effects. Commercially availahle, batiery-operated visible light radiometers small
enough to fit in a coat pocket can make the necegsary measurements. ldentification of cloud
patterns and their corvelation with meteorological information received from the ground by
an astronaut trained ‘n meteorology 1s an iirportant part of the process for introducing the
correction for atmoapheric effects. Thus, the presence of man in space makesg sea-state
determination by visible light radiomecry much vasier, quicker, and nuore certain than in any
unmanned counterpart system.

Each of the ‘wo visible light ruethods fr measuring sea state frcin orbit have certain
inherent advantages and disadvaniages:

41




1. Observaiion of the shap: and size of the glitter patterr requires .lowance for
atmospheric effects and, therefore, does not depend critically upon mete Al informa-
tion, The application of this method is, however, limited to only one po. Jie field of
view and the observabie pattern is ordinarily very large in terms of dista; s cn the seviace
of the earth. For example, in a typical instance the pattern might occupy the entire width of
tne Mediterrazean Sea, raaking it difficult or :mpossibie to obtain information aboit the
differences in. sea state ur wind velocity in different parts of the Mediterranean, The sun-
glitter m-thod has i's greatest sensstivity at very low wind velocities, corresponding with sea
s.ates more calm tuen those ordinarily of importance in the operation of ships at sea.
Discrimina:ion cf the higher sea states, ordinarily found in the fringes of wave-gencrating
areas, is roor,

2. The visiiie light radiometry method has the disadvantage of aa inii.aate reliance upon
meteorological techniques for making the required allowance for atmosphe.~ic effects. It tends
to be insensitive to sea-state changes corresponding with very low wind ve oci‘ies, but it has
excellent sensitivity in the determination of nigner sca states, It has the very ;rva' advantage
of beirg applicable to any part of the field of view from the MORIL and the .advantagc that sea
3tate or wind velocity can be determined with resolution whick is governec or v on ihat of the
radicmeter, up to the point where irdividual waves are sufficiently re olvi< tc make the
readings of the instrumeat noisy. Thus, details of wind distributions near land nai~..s, 1n the
vicinity of islands, in straits, in openings in the Arctic ice, aaa in other restricted waterg
are possible by this method.

In neither case is ary appreciable equipment development reqguirea. Either methou
could be used from an MORL tcday.

Some indication of the poteutial sensitivity of the visible iight radiometry methad for
sea-state determination is afford=d by Figs. 1 and 2. The first depic:s lhe results of calcu-
lations of the apparent radiance o1 the oceun as it w.pprars to a red-light radiometer directed
vertically downward, The three cvrves relate to thrie ~loud -{ree coaditinns that were
documented by the instruinented r—zearch airesa® « 7 u: ¥ eility Lobor tory during over-
ocean flights; they represent a high sun, a mocium ~un, zrd a low s cordition, respectively.
The apparent radiance of the ocean 1 ceetn to vary systornatically as a funciion of wind
speed. The curious shape of the upp *r, high-sur cv.ve is a result of the invasion of the
nadir by the edge of the glitter patter~ as wind specd increasces.

In order to pain some indey of nea-stute discriminability, norizontsl marks h::c been
made along each of the curves at approzimately 1 db intervals. Thus in the upp-r ~rve, 7
such intervals are seen to occur b:!ween 0 wind speed and 35.6 knuts, Lven ti.- ot
photoelectric radiometer is capable of this precision. Arbitrarily, ithescefore, a &7 Late
discriminability index of 7 has pesn asscriited wit'y the upper curve, Obvivusiy, ¢ *her
path of sight from an MORL under il sarme high-sun lighting conditio.. and the »ar.: atmos-
nsheric condition for which the calculativon xas made, could b assigned a swa-s*3 - - scrire-

inability index under the same basis. .’igure 2 represeants an angvlar map of - . lof
view beneath an MORL for one jllustraasc circumstance. In thie polur plet, -~ -« havo
heen drawn 1o represent 10° increments & e Jdeld of view centere. cbhoex B -,
Obviously, the sea-gt te deter.ninabiliy a8 1 mains high in ali varis o« ¢ - d of view

out to at least 60° from the nadir.

The two preseactiy available techinques for sea-sinte determinae -0 Je such different
properlies and capc bi'injes that they are seen as supp lenunting cack 5 ¢ rather than as
competing tcchniques, Neiher will p+#necrate clov<s, and siser these mivagiahl - accompany
gtorms, optical techitiques ~ro unsuitable for studying ses siates ‘n w.cttay arvas unle: s
rifts or holes appear in the cioud pattern. The radiometric metaod for sea-state det 2 mina-
tion can he applied to radiometric measurements thrugh wry breaks iie cooud cov -« large
encugh to supply a path of sight for the radiometer, An advant.ge of the 3MQR°, i3 the abilit,
of man to direcs the radiomecer through such openings in the clouds,
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APPARENT SEA RADIANCE FROM ORBITAL ALTITUDE (WJlTTS/ﬂFTZ)
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WAVE PATTERNS

High resolution telescopic and photographic systems are capable of obsesving ocean
wave patterns from an MORL. This capability is enormously greater in the glitter pattern
formed by reflection of the sun than elsewhere in the field of view. Visuai observaticn as
well as photographic nkgervat” n tends to be diZficult here because of the steep gradients of
lurainance whick are nresent. Development work on aut'matic exposure control and auto-
matic contro! of lumirance in the field of view provided by teluscopes is desirable and
proLably necessary to achicve a satisfactory copability for the cbservatinn of wave patterns

by oceanographers in an MORL.

CHLOROPHYLI. ASSAY

Multi-spectral photogriphy (perhaps meraely bi-spectral photegraphy) should enable a
quantitative assiay of chloropk ;11 in sea water. Tic dramatic absorption edge Letween 0.68
and 0.70 microas in the deep rd po:tion of ‘he vis‘bie spectrum provides a means for making
a remote assay of this biological parameter. Narrow-band photographs at wavelengths just
abovz apd just below the absorpiion edge should pirovide a means for detecting even a modest
conceniration ol chiorophyll, provided due allowarices for atmospheric effects and sky
reflection (sea state) effects are made. The same metecrological techniques used in the
measurement of sea state by visible light radion.etry can be brougkt to bear here to make
these allowances and to improve, iliereby, the sensitivity of chlorophyll determ.ations. It
appears probable that special coior film (bi-pack or tri-pack) can probably be devised to
detect the presence of chlorophyll-bearing wat:r masses and cha:t their distrib.ion i.
medium and high resolution photograpns of the ocean surfacv. Couceivablv densitom:tric
techniques involving such special color films riight be employ=d for quar::iative measure~
ments of chlorophyll conc :ntrations within the se patters. Special films might provide an
automatic nhotographic means for the cortour mapp:ng of chlorcphyil concurtrations.

Other biological fezwres of t':c ocean as, for example, the occurrence and distribution
of red tide is readily observable from civcraft, and, thereiore, should be observable under
clear weather conditions from an MORL. Spucialized film-filter -:ombinaticns and/or
3peciuiized color filin can probably be devised for the detection and mapping of red tice.

Dichroic viewing devices, analogous to the Wratten 97 filter, czn probably be developed
to enhance the visual detectability of chlororhyll and other biological features of the occan
for use in conjunction with high resolution telescopes in MORL,

Preparations for the oceanographic missions of MORL shuuld begin with flights of
aircraft bearing spectrographic equipment ove™ oceun 2reas vontaining kncwn biologic fea-
tures ir order that film and filters for con-. stional or multi-speciral photographic sysiems
and for v.rusl sightings cun be ascertained. Atmospheric and lizhting conditions ghoulc be
documanted during such sgectroscopic reconnaissance in order that caleulations can be made
of tae acnievable scnsitivity of such techniques from an MCRL. Such studies wili serve ug a
basis for st:dying the *echnical acd economic trade-offs and the eng.neering requirements to
be met by optical systems for biologi~al sceanography irem space.

OTRER] OBSERVATIONS

Most of the : emarks made above concurning sca sate, ocean waves, and bioleginal fea-
turec of the sea have counterparts in discussing other oceincg: aphic observations by means
of .isibie light which may be possible from an MORL. Among these topics might be such
itc.as as shallow water submarine geography, beach: and eroaion oshservations, the detection
and tracking of large oc.ean arnimais (e.g., whales) and other ocean surface effects, such as
the schooling of fish. The development of sucr capabilities ag well ag thore discussed in
greater detail ea.lfer in thic account can be accompliched most rurely, most economically,
and best by means of aireraft over-flights of known oceun 2reas where sea~surface measut »~
ments are made and atmo<nreric conditions are properly monitorec. and with adequate
airborne research equipme: t which will permit parametric studies os sufficient sencitivity
and detailed to reveal the optiznum techniques to be u3- d in an MORL., If preparation is
adequate, there seems little douut that many physical and biological featires of the world
ocean can ve breught uncer surveillance from a manned orbiting researcl. laberatory.
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NOTE ON ASTRICNAUTS TRAINING
Konrad .. K. Bueitne:

Deparimen- of Meteorolegy
Universite of Washington, Seattle 5, Washington

With the introduction of radiosouncs, ridar and othe.s remote conirol sensorg we iost

the air-g-ing mic.corclogist, the man who daily, in an open plane with 2 360° free field of
vision, saw the weather up o the ceiling height of his plane, Also the importance of :npounzain
obscrvatories was plcyed down. A typical syvnoptic working groun at a Unmiversity D=partment
of Meteorology is located ir 2 windowless basement. Spucial lectures about cicuds encompass
more the physical laws ¢f ciouw microstructire than the visible forms of clouds as relatcito
weather. orography. ocean curre.is, etc. I wonder whether the old art of making weather maps

ithoat the knowledge of isobars is stiil in use,

The feture astronau.s whro are to fly the meteorological-oceanographic missions dis-
cussed at this meeting a1 ¢ in high schoaol wday. They should be exps. d o systematic viow~
ing swdies, essentially from above. Targets are geology, oceans, c.ouds, haze layers, etc.
This view training will not hinder but in fact further the hard study of basics such as - rath.
physics and geophyasics.
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4
4y’ LIMITATIONS 7O NIGHTTIME VISUAL OBSERVATIONS
QO FROM SATELLITES
S

When planning night.ime visual observation from a satellite of objects or conditiona near
the surface of the =arth, consideration must be given to the Night Airgiow. Since the airglcw
consists of an active, light emitting layer in the upper atmosphere beiween the satellite and
the chject to be viewed, the desired objects can be seen only if enough brighter than the air-
glow to provide ndequate contrast, Because the problem is principally one of contrast and not
of sdlwmnination intensity, improved light sensitivity in the viewing sensor is insufficient by
itself tu remedy the situation.

W. K. Widger, Jr.

»

" " ARACON Geophysics Company, Concord, Massachusetts .

The ajght airglow, which . .,rms an interiering shield between the salellite and the objects
below, has three principal origins in the visible spectrum:

\ A% 0.557% micron atomwric oxygen]"2 emits due to the {orbidden transition between the 1S
and *D staie. This emission band is generateid between 88 and 110 kilometers altitude with a
magaitude of £39 Rayleighs. (A Rayleigh is defined as 108 photors/em?/second.)

The se~ond gpectral line is due to the D doublets of sodium, 0.5889 and 0.5895 micron?,
The emission bad I8 genecrated between 80 and 110 kilometers with the peak occurring at 92
idiometers. Iis magnitude was found 1o be about 149 Rayleighs.

‘The third spectral band at 0.6300 micron and 0,6364 micron are produced by two ¢. the
red triplets of atonic sxygen®. The emission level of this line is relatively constant over a
night period and over a year average. The emission iy generated between 230 and 300 kilo~
meters with the peak located at about 270 k:'Jometers?’. The 0.6300 micron line has an
intensitys of about 146 Rayleighs, and the 0.6364 micron line has about one-third of this
intensity.

Minus the effects of the r.d triplets of oxygen, the night airglow emission is about
9 x 1075 foot-czndles: it is 1 x 10~4 foot-candles with the red triplet.

The above unectral lines will vary in intensity with laiitude, time of the year, and
auroral activity.

In addition to the interference band effect of the airgiow, the atmospheric albedo and
the refleclance or emission of the objecis to be viewed as compared to the background reflec~
tance determine the observing ability of 4 satellite system. The miniraum target illumination
for a useful satellite system is governed by the night illumination required to cvercome the
night airglow and the transmittance-reflectance logses in the scene. Fcr example, calculation
of ¢loud albedos indicates that the illuminatfon available at the satellite will exceed 2 x 10~4
foot- candles when 10~3 foot-candles icorresponding to 2 quarter moon) is incident on the
scene. The average illumination at the satellite due to the night airglow is abovt 10 -4 foot-
candles. It is reasonable to surmise that useful meteorological information can be obtained
under these conditions. Since seca ice albrdoes are of the same order as those of clouds,
similar values should be applicable to nighttime ice observarions,

Determination of the fensibility of nighttime satellite observaticns of luminescent bio-
logical phenomena would require salculations of the anticipated intensity and wavelengtrs cf
the light created by such luminescence.

The misimum iilumination required will be modified by auroral activity as well ag the
latitude observed by the satellite,
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'
Because of the number of airglow spectral bands of corcern, their frequencies compared

to the ranges of sensitivity of mort low light level sensing systems, and the very low light
levels at best available, filtering to eliminate the airglow lines is a questionable solution.
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POSSIBLE BCEANOGRAPHIC AND RELATED OBI#RVATIONS FROM SATE LLITES

John 0. Isaacs

Scripps Institution of Cceanography, Uuiveraity of California
San Diego, California

These notes primarily are concerned with some suggestions as to observations of
optical nheno mena that mignt be made from satellites and whirii would yield insight Into the
eartl.’s meteorclngical events as well as those of other plzuets.

CPTICAL PRANOMENA

Dr. Orlo Myers of the Visibility Labc catory recently has published a resume of optical
phenomena (SIO REF, §3-4). In this he points out the considerable number of optical
phenomena (anti-coronae, rain and cioud bows, coronae, aureoles, etc.} that are diagnostic
of the reteorological events o earth but also are applicable {o the determination of the
nature of the puarticulate m:tarial and metecrological events in the atmospheres of other
planets. A number of tuese observations of other planets could be carried out from earth.
Obgervavion of eartnly clouds appear to present the possibility of rather sophisticated mea-
surements, Foo example, the displacement of the specular image of the sun in ice clouds
{compared with the specular image un some colinear water body) appears to be a direct
measu? e of horizontal acceleration of the cloud. Such measurements are in addition to the
determination of partical size, a»d composition from refractive-diffractive effects.

I believe that satellite oLservation of earth clouds in these particularly discriminating
ways not only would yield considerable insight into terrestrial meteorology but provide a
sounder basis for the study of planetary atmospheres from earth, earth satellite and flyby.

GENERAL OBSERVATIONS

The conference undoubtedly wili consider the satellife observation of IR for water temp-
aprature; water color as a tracer of currents and productivity; biluminescence; fogs over
upwelling recions; relay telemetering of oceanographic data; glitter: efc.

Satellites ghould be able to detect splashes of large meteorites during the day. Large
metaorite trails also might be tracked and, in some areas, the impact pinpeinted by examina-
tion of Sosus records. They can then be catalogued for eveniual recovery by DSV.

Cavitatior: over the epicenter of underwater earthquakes might be inadvertantly obgerved
and should be id:ntified,

It is possible that ine eva-urative and the condensive molecuiar events give rise to
particular sharp peaks in the IR spectra. These should be searched zor in the laboratory, *aisr
in the acean from satellites.

Cherenkov fiashes from the 1020 to 104} ev, cosmic primarie; {(occurring once or twice
a night over any particular area) possess the qualities of gated lignt. Perhaps these fiashes
could be used (vicc Laser) for unusually penetrating obs: -vations or {improbably) photos
through the surface of the ocean at night.

Special unusaally shaped cloucs appesr to be associated with special local waterinasses.
A discoidal cloud 70 mi, in diamcter was chserved associated with an ctfshore discoidal pool
of river water in the Bay of Bengal. Suct unusual clouds may appear in sateilite photos.

(5]
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Q EXTRAORDINARY CLOUD PATTERN OVER BAY OF RENGAL -

’ John F. Cronin
\ % Air Force Carnbridge Nesearch Laboratories. Bedford Massachusetts

R. C. Wanta
Boston College, Boston, Magg-chusetts

In January 1963 during what had been a routine exar. nation of TIROS photograpny
Cronin noticed a crescent cloud pattern unique in size a«d shape off the east coast of India.
iiis initial conclusion, that this may be a patt:rn of oceanogrsphic and s “ismic origin, has not
yet b.en fully explored and is still under study.

On the 70th orbit of TIROS V, 24 June 1362, from 15:39 to 15.44 1.S.T. (Indian Stan«ard
Timw) a camera of this meteorological satellite photographed a lo° 3 crescent wave of cloud
over the Bay of Bengal (Fig. 1). Crestic crest its Jistance is 340 nautical miles; its total
length is 880 miles. The bulge exiends as fa~ as 320 miles from the coastal city of Madras.
In a composite photograph the deltas of the Krishna #nd (.odavari Rivers are =asily recogniz -
able {i'ig. 2}, The pattern has also been transferred ta a base map by gketchirg from suitably
enlarged projections (Fig. 3).

METEOROLGCGIC AND OCEANCCGRAPHIC ASFECTS

Althcugh the arrivzal of the monsocr may be ceiayed as much ag .hree weeks, the
"burst” of the monsoon occurs fairly regularly about 15 June. 1t was somewhat earlier in
1962. On 24 June, the onset of the southwest monsoon is already well to the north of our area
of interest,

Precipitation in Maaras State was 89 per cent above normal in each of the weeks ending
20 and 27 June. Neighboring states, however, had generally subnormal precipitation amounts,

According to pilot charts for June, 74 per cent of the winds off Madras are from the
southwest, averaging Force 3. At low latitudes, the geostrophic wind is comparatively strong
for the isobar spacing. In our case with a spacing of approximately 5 degrees of iatitude for
2-milljbar isobars, the geostrophic wind speeds are 15 knots at 15 degrees latitude and 23
knots at 10 degrees latitude.

Cuvrents in the Bay of Bengal are generally variable ancording to Chatterjee (1954),
depending on local conditions; in winter they are clockwise. At the Madras coagt the aect is
10 - 60 miles per day southward but changes to nort-ward in summer, extending ur as far as
the Godavari delta in July. Salinity according t~ Sverdrup (1942) is 34.92 o/co &t 10 deg north
and 35.07 o/ oo at 15 deg north on the average. These figuree are used in a water budget yicld-
ing an excess of evaporation cver precipitation of 37 aud 52 cm/yr respectively. Charts in
Sverdrap (1942), however, indicate a summer surface asalinity of 33.5 to 34.0 ofc~. At times
it is as low as 30 G o/oo, a.g., at Calcutta after heavy rains. Charts of swel. nd sea for June
show a maximum frequerncy from the southwest; near Ceylon it is between sou.hwest a..d west.

More recent pilot charts {(1955) indicate for June a clockwise current, at or near ~iore,
starting through Palk Strait. Farther off shore one finds #n eastward and southeastward cur-
rent of 10 miles per day, indicating divergence at or near the shore. The current off the
eastern coast of Ceylon is southeastward. But Balaramamurty and Ramasastry (1957) remark
that "even though the southwest monsoon sets in a northeasterly or north northeasterly current
in the npen Bay, the ccastal current flows from the head of the Bay southwards bending almost
following the coast line. This water can be traced to the extreme south of the Peningular
India." Such a coastal flow makes pertinent the floods which occusred in northern India.

SEISMOLQGIC ASPECTS

Recently Anjoneyula (1961) an.! Iycr aid Puniun {1962), ‘n dircussing the microseismi-
city of the Bay of Bengal, concluded that immediate ic the ccagw ~f Madras is an area of high
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TIROSX. P, TTERN

24 JUNE 1962
TRANSFERRED
TO BASE MAP

Figure 3. TIROS V Pattern 24 June 1362 Transferred to Base Map.
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CANDIDATE HYPOTHESES AND DISCUSSION

We firs: ingiire inlo meteoroicgical causal factors. Examination of the weather map
for (200Z uu 2+ June 1962 roveais a weak so :§ eriy pressure gradient In the area, with
the nerthern Limi: of the monsvon well te the northward in the seasonal trough (Fig., 4).
Ajcf: a2l 1.3 km atore ses level 1 1200Z we nctice iight west wing a Madras and northwes:
wind at Visha<hagamnari (Fig. 37. I Is as if the aorthernmos: of the 1wo crests in the cloae
patiern represents a dividing point between the iwo offshore moiions. The wesconding and
rresumable drier a'r frum the peninsula seems :6 have clearea back eas:ward the clouai-
aess p:esent in wst of the Bay of Bengal. with the sironges: convergence indicated by the
somewhat brightzr aad larger patterns along the roo~ of clou.d. From this point of view cne
would guestion w:icther the rope of cloud is necess rily comiinuccs in the nrigaborhood of
the southernmos: :cvest, that is, thar the sher: tail of cicua nerth of Cevlon n ay be indepenu-
en: of the arcs of cloud (o the northeastward.

'

The principal weakaess of this nypothesis is the smail mntensity of the offshore winag
reiative to the large amp:*muce of the pattern. Other, possibly coop-raiive, .:auses are
therefore scught.

It sheuld be noted that the wave length of 340 rauticui miles (630 kny iles at the botoin
of the zone of unsteble cyclone waves (Fig. 6). Smaller wave leag*hs f2ll into a siable
regime which holds down to roughiy 30 km. This result is hased upon assumptions of two
lavers, infinite in thickness, with an inclination of 1 part in 1000 and with {riction negligitle.

A possible contribatory cause is upwelling, although the distance from the shore of 340
nautical miles goes peyond ordinary experience. The surface winds are aiong shore or
slightly offshore so that we dc expect some degree of upwelling along the coast. At some
distance from the coast upv-2liing may tinve been induced by turbidiwy flow, sediment slump,
or slope failure triggered by the quake in Yunan province. Whatever the causes -~ and ail
are being explored -- it does seem probable that (1) the comparar.vely cloud-free sea surface
within the area bounded by the paitern and the coast is colder *.an adjacent waters, and (2) at
the convergent region along the interface of these water masses of differing temperatures the
cloud cresgceat has formed. Initially the b irdary couid have been fairly linear, only some 100
nautical miles from shore. We can sneculate ihat the length of the pattern made it unstable
and open to some outside influence. Events in the train of the earthquake may havi beew
sufficient.

It should be remarked that the rarity of .he pattern, at leas: in the TIROS films to date,

maght be due to the rarity of a rope of cloud 829 rautical miles in lergth or longer. We would
expect instability to set in and the pattern rapicly to dissociate.
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We are handicapped in this analysis by having so f#w olhservations from ghips in the
Bay of Bengal off the Coromandel Coast. There is but one ship that passes through the rope
region from the convectively cloudy east side to the clear west side between 1200 and 1800Z.
This is a common difficulty in the use of meteorological satellites not only over water but
over land. The deficiency is not necessarily forbidding hut costs investigators both time and
certairty. However the proposed use of data buoys which are read vat by orbiting oceano-
graphic platforms, manned or unmanned, would remove or reduce such shortcomings,
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. 'UNCONV ENTIONAL PHOTOGRAFPHY AND OCEANOGRAPHY
John ¥, Cronin

é‘) Air Force Cambridge Regearch Laboratories
Bedjord, Maagsachusetts

Iini d to illustrate a few applications of photogruaphy, or types of photography, that I
believe ar -i«ct too well known to oceanngraphers. It might be well to note, first, where photo-
graphic & rveillance of oceanographic processes is of particular value. Such a list should
inciude t'.e following areas of investigation, all of whick could be the subject of the techriques
illustr: :d in these notes.

Marine biology
Bioluminescence
Piankton bioom

Physical oceanography
Color
Slicks
Sun glitter
Sea ice aud bergs
Water mass .- undaries
Wind waves

Co: stal processas
Beach erosion
Coastal circuiation
Bottoio vigibility

HIGH ALTITUDE PHOTOGRaITHY

The first series of photographs are four views of refracted waves takeu by a panoramic
camera at altitudes of 80-70,000 feet over the Bahamas, Tkis particular camera sweeps from
horizon to horizon, taking successive 180° exposur:s with a continucusly rotating scanning
head prism. Angular coverage is 42° x 180°, Each picture is 2.4 inckes x 9.4 inches on 70 mm
film. However, what you will see here is an enlargement of a portion of each frame. The
photography was flown for meteorological purpcses and the exposure choceun for cioud photo-
graphy; land and sea surface therefore are quite dark. However, as you will see in thege four
slides {(Figures 1-4) the choice of exposure resuits in an enhancement of surf and wave crests.

All four figures were from the same flight and, as it happens, from the only such over-
water photography as I have been able to obtain. In my opinion it was not simply a matter of
good fortune that this one flight should produce frames of such excellence and content. The
technique is ideal for any requirement of high resolution and a wide view, as, for example, the
program of wave study off southern California by Emery (1958) in 1857 and 1958, He had con-
cluded that photography was a poor method for making primary observations (in his atudy)
because (1) of the small area of each picture, {2) the uncertainty of crientztion and (3} the need
for long or continuous observaticns, All such objeciions can be overcome by the technique
just llustrated.

MULTISPECTRAL PHOTOGRAPHY

"*he technique of multispectral photography, which has variously been termed spectro-
zonal, multihand, or narrow~band photography, ‘s that of pholographing an area or object in
several narrow spectral rangee sitnultaneously. The pavpose is to detect areas, objects or
patterns whose subtle differences in speciral characteristics may not be visible in conven-
tional wide band photcgrarhy. The technique has had consideurable success in medicine,
astronomy, and agriculture.
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Several of us, as geologists, are e«ploring its use in our owa and allied fieldg. The
camera we use is a nine-lens inst.-ument, Figure 5, that provides photographic coverage in
contiguous narrow bandwidths irom 0.4 to 0.8 microns. Our particular chcice of bandwidths
is given in Table I. Other choices ure possible of course,

i)

fable 1

Lens Bancwidth (m u)

3OO b W N
™
-
<
|
-3
g
(]

0w ®

Full range of IR film

A simultaneous exposurz at these banawidths is shown in Fig. 6. It is rot a particularly
good example, but there is still little to chosse from, since there has been no attempt by
oceanograpners to use muliispectral techniques. Th.s view of a portion of San Francisco Bay
from 20,000 feet is without certain data that should have been recorded, such as timz of day
or sur argle, meteorclogical conditions. sea state, e'c., but the figure 1s, nevertheless,
rather interesting and deserves study.

Clarke and Denton (1862) have pointed ont that fresh waters and coastal waters have
their maximum transparency at 500-600 mu and that the maximum transparency of oceza
waters is 400-500 mu . Maximum information content in Fig. 6 appears to be at bands »90~
840 myu and 670~720 my.

VISIBILITY FROM TIROS

Not too infrequently I have observed in TIROS photography the distinct outline of the
Little Bahama Bank and the less distinct north end of the Great Bahama Bank (Fig. 7a).
Mate particularly the similarity in pattern of the Little Bahama Bank in both 7a and 7b.
Apparcntly, with the proper sun angle the calcareous bottora sediments of the Bahama Banks
are equally aa visibie from satellite altitudes as from more conventional altitudes. Most
regions of the Banks ~ve less than 60 feet deep. It should be noted also in Fig. 7a that the
light halo along the southwes coast of Florida is another area of shallow carbonate scdiment.

A second example of bottom visibility from TIROS is Palk Strait between Ceylon and
the Coromandel coast of India (Fig. 3). Here bottom depths are nowhere more than 5 to 7
fathoms.

REFERENCES

Clarke, G. L. and E. J. Denton {1962). The Sea, v. 1, p. 456-468,
Emery, K, O. (1958), J. Mar. Res., v. 17, p. 133-140,
Uchupi, E. {1962), U,S5.G.3. Prof. Paper 475-C, p. 132-137.
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Nine-~Lens Multiband Camera.

Figure 5.
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Figure 6. Multiband Expcsure from 20,000 Feet Over island in Bay of San Francisco.
Bandwidths For Each Lens Given in Table 1. 2 Oct 1963. Time Unknown.
fhotograph Courtesy of Advanced Research Projects Agency.
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Figure 8, View of Palk Strait From TIROS VI, Orbit 57, 22 Sept 1962, 12:35:30 IST.
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Q SPACE PHOTOGRAPHY: A REVIEW

AL
Paul D. Lowman, Jr.

e
Goiddard Spacye Flight Cuenter /(‘-
N o)/ Greenhelr, Marvland 'I‘ﬁ‘

\* , P\
A . f

RACT -

This paper reviews the listory, present stalus. and unique capabilities ol puc.wopraphy of
the earth from space, and prescnts representative space photographs. Space photograpiy Las
the following main advantages over conventicnal acrial photography: wider peispective,
potential world-wide coverage, greatei- speed, and rapid repetition of coverag:. ln addition, it
can partially duplicate aerial pho.cgraphy in producing large scale pictures by tne use of long
focal-length cameras, Potecatial applications of space photography tased on these character-
istacs lie in geviugic reconnaissaace, topographic mapping, oceanograshy, and several other

ficlds, o/
' AT
/

INTROD UCTION L

Since the developni:ent of large rockets in World War IT, thousa.ds of photographs of thé
earth navc been tahen from altitudes of 50 miles or higher, i.e., from space. The iurpose
of this paper is to review briefly the history, present status, and unique capabilities of what
may be calied "spac: photography," or “hyperaltitude photography.' In addition, its potential
applications will be reviewed.

Stress will be on pictures of the earth's surface rather than on those of cloud patterns,
since such photography is of interest primarily to meteorologists. Military space photography
is exlcluded from the scope of this paper,

HISTORY OF SPACE PHOTOCRAPHY

lthough photograpins were reportedly taken from reckets before World War 1 (Katz,
1863), space photography began in earnest with the use of small cameras carried by V-2
rockets fired from White Sands Proving Ground after World War II. Since that time, numer-
ous flights which performed photugraphy have been made by a variety of scunding rockets,
ballistic missiles, satellites, and mann=d spacecrafi; these are listed in Table I, Representa-
tive pictures taken during these flights are presented in Figures 1, 2, 3,4, 6, 7, and 8. 1§
should be kept in mind, in judging the quality of iLiese pictures, that necrly all of these flights
werre made for purposes other than photography, which was usually an auxiliary expeviment,

Useful references on certain uspects of space photography include papers by Katz (1963),
Menfied (1964), Bird and Morrisan (18€4), Rochlin (1962), and Lowman (1364),

CURRENT PROJECTS

Topics which will be discussed under this heading include interpretation of existing space

photographs, planning of space photography for presently approved programs, and long-range
planning and investigations for possible future space nissions.

In the area of interpretation, current or recently-completed efforts include studies of
the MA-4 photos of North Africa by Morrison, et al (in press), of the Viking, Tiros, und
certain MA-4 photos by Merifield (1964), and of Tiros pictures of the United States by
Cronin (1863). Although not yet published, efforts are being made at Goddard Space Flight
Center and elsewhere to extract the maximum amcunt of nonmateorological informatiot. from
the 27,000 images transmitted by the Nirabus I during its brief but productive lifetime. Other
interpretive research by specialists is in progress; an interesting examnle ia the recent coru-
parison of Martian surface features with scif dunes in North Africa photographed by the MA-4
camera (Gifford, 1964).
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Figure 1. Viking II Photo of El Paso and Rio Gran 'e Riva i rom About 158 Miles

Altitude. North nf Top weft.
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Figure 3. Black and White Print of a 70mm Color Transparency Taken by L. G. Cooper During
Ma-¢ Flight, Showing Southwest Tibat. Lakes in Upper _ef: of Phote are Rakas Tal (Left;
About 10 Miles in East-West Width) and Manasarowar (Right): now-Covered Mountain in

Upper Left Center of Photo is Gurla Mandhatz {(25,335°). North at Top.
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Figure 4. Black and White Print of 2 70mm Colo> Transparency Takea by L. G. Cooper During
MA-9 Flight. Showing Central Tibet. North at Top
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Figure 5. Geologic Sketch of Area Shovin in Fignre 4.
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Figure 6, Nimbus 1 AVCH Picture of Dead Sea (Top ! eft) and Red Sea Showing Rift Valley.
Altitude 371 Miles.
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NILE VALLEY AND EASTERN MEDITERRANEAN
ORBIT 275 -SEPT. IS
S T HEIGHT
ZMW .. T 345m

\

Figure 8. Mosaic of Nimbus 1 Pictures Including Areas dhown in Figures 6 and 7.
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The only currently approved manned spaceflight program involving photography of the
earth is Project Gemini. Alt.wugl primarily an operational and engineering test program,
several of the Gemini earth-orbital ilights will have provision for scientific experiment..,
including synoptic terrain and weather ghotography {Gill and Gerathewohl, in press). The
terrain photography is being planned to secure pictures of the United States, for which
ground truth and large scale air photos are available. Pictures thus obtained can be used
as a base of experiznce for interpretation of space photographs of remote parts of the earth,

Several possible futire space programs may involve space photography. Foremost
among these is the Manned Orbiting Research Laboratory {MORL) (Badgley and Lyon, in
press); to aid in mission planning, NASA nopes tc make calibration test flights over
selected parts of the United States with an aircraft equipped with a variety of sensors, ‘nclud-
ing cameras. Another program under consideration is the Lunar Orbital Survey System
(LG35), which would use modified Apollo spacecraft in cirecumlunar orbits to map the -voon
with cameras and a variety of nonvisual gensors such as infrared, uliraviolet, and gamma-~
ray detectecs, The results of planning and experimentation for possible MORL and LOSS
missions will, of course, be applicable to flyby probes of the planets by manned and unman-
ned spacecraft, such as the forthcoming Mars Mariner flights, A detailed discussicn of
planetary exploration :'rom orbiting vehicles is presented Ly Badgley ar:d Lyon (in press).

UNIQUE CAPABILITIES OF SPACE PHOTOGRAPHY

It is apparent, from the examples presented here, that the scale numbers and vnverage
per picture of available space photographs are orders of magnitude greater than those of
conventional air phot:s. We now ask what space photography can offer which aerial photo-
graphy cannot, Before discussing this question, however, it must be pointed out that space
photography can duplicate, to an unknown but probably high degree, the functions of aerial
photography in producing large-scale, high resolution pictures of the ground. Katz (1963),
for example, points out that a ground resolution of 2.4 feet should be cbzainable from 150
miles altitude on a photograph with resolution of 160 lines/millimeter, uging a 120~inch focal
length camera. Neglecting this possibic duplication of aerial photography, however, we see
that space photograpity from orbiting veiicles offers the following unique advantages:

1. Greater persgpective

2. Wider coverage

3. Greater speed

4. Rapid repetition of coverage

The perspective afforded by the great altitude of orbiting spacecraft is, of course, the
most striking characteristic of space photographs, permil..ng us to see entire orogenic beits,
drainage basins, and wrench fault systems at & glance. This perspective affords a continuity
of observation which might permit, for example, the detection of large geologic st1uctures
unnoticed oun large scale air photos. In Figures 4 and 6, many lineaments scores of miles
iong are easily seen. The value of smail scale photographs has, of course, been recognized
before (Hamphill, 1958; Cameron, 1961). and is demonstrated by the wide use of mosaics.
Space photographs, however, have an advantage over mosaics in showing the terrain as it is,
without the necessity for dodging, which must destroy many of the tonal clues to structure
{Miller, 1961), This advantage may be especially useful in delineating structure in heaviiy
vegetated areas, whers interpretation must depend largely on subtle tone or color differences.

World-wide coverage can be provided for space photography by high~inclination or
pola:* orbits. The importance of th;s advantage for photography of the polar regions is
obvious, but it may be pointedout that camera carrying satellites will also cover large areas,
such as the central Pacific, which would be very difficult and expensive to photograph from
aircraft. A related characteristic of space photography from orbiting. veaicles is the speed
of arcal coverage which is possible. Rochlin {1982) poincs out that one satellite at a 300 mile
altitude in polar orbit cculd photogreph the entire surface of the cartb in about 4 1/2 days.
This extremoly rapid coverage will also pernut, if the satellite stays up for a fow weeks or
months, rapid repetition f coverage which wouid be very difficulr to ackieve with aireraft,
This would permit the repeated photography of cioud-cevered ar~is and detection of seasonal
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changes in features such as vegetation, snow fields, and ocean currents.
POTENTIAL APPLICATIONS OF SPACE PHOTOGRAPHY

The unique benefits offered by space photography, coupled with the possibility of
duplicating conventional aerial photography with long focul length cameras, suggests
aprlications in many areas, such as the following.

GEOLOGIC RECONNAISSANCE

The most obvious applicaiion of space photography to geology is ihe photcmapping
of remote areas not previously mapped, such as parts of the “terior of Antarctica. An
even mous € interesting possibility is that of photographing previously mapper areas to show
large geologic structures unnoticed on conventional air phetos (Figure 4 is of interest in
this connection®. For example, the existence of transcontinental iracture zones, such as
the Clippertor Vema lineament crossing Venezuela (Fuller, 1964), might be investigated by
space photograpny. Other g=ologic applicatiors are suggested by the fact that color film
adds a negligible amount to the cost of space plotography; the spectacular pictures taken by
Cooper during the MA-9 flight demonstrated the practicability of color space pho:ography
{Lowmuan, 1964). See frontispiece.

TOPOGRAPHIC MAPPING

The Ariny Map Service study previously referred to {Spencer. 1859) concluded tenta~
tively that 1:1,000,000 scale topographic mapping might be don> with satellite photography
with good accuracy, and that somewhet larger scales might be porsible with lower accuracy.
The requirements for attitude and altitude control of a cartographic cateliite are consider-
ably more stringent than those for one u sed only for reconnaissance mayuing, However,
even the present Mearciury spacecraft would meet most of these requiremeniz.

FCORESTRY

The fact that aerial photography has become a nearly indispensable tool of the modern
forester makes it seem likely that space photography will have applicatior. in this fieid. The
scale and resolution possible with small cameras would prevent the use cf space photographa
for detailed studies such as crown counts, but reconnaissance forest mapping might be pos-
gible. The use of color film for space pl.otography would increase its value in forestry. The
great potential value of multispecical photography (Colweil, 196i) in detecting changes in
vegelation suggests ihat it would be useful to carry out svch photography from spac 2 using
instruments such as the recently-developed 9-lens Multiband camerz {Yaifee, 1963).

ICE PACK RECONNAJSSANCE

It was discovered shortly after Tires 1 was put into orkit that sea and river jce could be
seen on the telemetered images dcaspite their relatively low resolution. This led rapidly to
the joint Canadian-American Project Tirec to investigate the applicatior of weather satellites
to ice reconnaissance, Using Tiros photographs in conjunction with aircraft photography and
ground observations the project derr nstrated that satellite ice reconnaissance in areas such
as the Gulf of St. Lawrence was clearly feasible and of great potential value (Balites and
Neiss); Singer and Popham (1963) report that as much as $1,700,000 might have been saved
in 1961 by the United States and Canada through ice observations fromi a Nimbus satellite
had one been in orbit. It may be pointed out that a figure of this zort is misleadingly con-
servative; an operational Nimbus satellite could provide similar ice reconnzissance over
the approaches 1o western Europe, Russia, and Antarctica at very little extra cost.

#ilm photography would have the advaniage of greater resoluticn than television. But
in day-to-day ice pack monitoring, miethods of rapid iraage rtrieval would have to be utilized,
such as facsimile transmigsion of films developed in flight. it serems safe to say that both
television @nd photograply from orbiting vehicles promise to be -mmensely useful in ice
stadies,
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HYDROLOGY

Although relatively little application hae been mace of space photography to hydrology,
it might be useful in several ways. One of theue is the measurement, over large areas, of
snow cover; the National Weather Satellite Conter and other agencies in the United States and
Canada are currently investigating the use of Tiros pictures for this purpose. As siiown by
the MA-9 photographs, deep snow, light snow, and valley glacicrs can be distingeished easily,
indicating that methods involving film recovery should alsc be valuable because of the high
resolution of ihe film.

The fact that entire drainage basins of major rivers cen be photographed guickly from
satellites suggests that many other hydrologic applications cun be found for space photo-
graphy.

SUPFLEMENTAL WEATHER PHOTOGRAPHY

The greater resolution obtainable with film-recovery me:hods of space photography
makes space photographs veluzble for syncptic studies of the fine structure of clouu systems
(S. Soules and K. Nagler, personal communication), similar to those already conducted from
aircraft (Malkus, 1963). The Arctic Meteorology Phote Protc (Svans, Baumann, and
Andryshak, 1962) further demonstrated the usefulness of rocket photography in supplement-~
ing and supporting metcorclogical ~atellites.

These applications would not be considered photogrammetry in the usual sense, but are
worth mentioning because a surprisingly large part of the eartn's surface is covered with
clouds at anv one time. This will obvicusly hamper tcrrain photography. but the pictures of
the cloud cover irself will he of value.

OCEANOGRATHY

The ability to take individual photographs covering scores of thousands of square miles
should prove invaluable in oceanographic studies. In addition to the cbvious benefiis of
weather cbservations over remote oceanic areas, the following applications may ve¢ possible:

1. Multispectral photography covering the near infrared, visible, and ultraviolet can
show the distribution of currents and possibly of areas with differing salinity. That such
photography is possible even from - ace vehicles was suggested by Gienn's ability to see
the Gulf Stream during the MA-6 flight (Glenn, 1962). A knowledge of the structure of such
major near-surface curreats would obvious.y be of v~lue to the fish.ng and shipping industries,
and from a broader viewpoint to nations whose climate is strongiy influenced by these ur-
ren*s, such as Iceland, England, and Chile,

2. The discovery by Cameron (1952, 1862) that water carrents in oceans, bays, and
rivers could be mapped by pseurio-stereoscopic time-lapse air photography opens erother
possible application of space photography. Small areas can, of course, be mapped with low
altitude photography, but to map large curreats, such as those ir the Bay of Fundy, Camearon
found it necessary to use photogranhs w’.n scales of 1:35,000. He suggests extensiou of the
method to major currents such as the Gulf Stream {and to large physiographic features) by
the use of 1:270,000 photographs taken {rom altitudes of 80,000 ft. or higher, or by the use
of satellite photography.

3. L. G. Cooper, during the MA-9 tlight, noticed striking color differvnces in the water
around islands in the Banamas, which he attributed, presumably correctly, to water depth,
Conventional air photos nave been used to study this, and it is interesting to note the possi-
bility raised by Cooper's observation that space photographs can aiso be used to iuuap bottom
topography.
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EXTRATERRESTRIAL PHOTOINTERPRETATION

The most imwediate extraterrestrial ase for gpace photography of the earth is its
. Miication to the study of pictures f other planetary surfaces, that of Mars in particular.
It is intex 2sting te note that nearly all the efforts to iaterpret the thousands of avaiitble
pictures hav: been rLac. in essentially cemniete ignirance of what the earth would ook
ke under similar conditions. The protlem of decdaciag the natare of {r¢ Martian surface
is complicated by the fact that 2xperience gained by the study of lunar fuatures cannot be
appiieu reliably to Mars, oecause the exiatence of a 3lartian atin.sphere and an intermittent
;tydrosphere may have produced physilography more nearly terrestr’sl than lunar. An inter-
esting example of the use of spacz photography in the study of Mav.s is presented by
Cifford (1964).

SUMMARY

It is, of course, obvious that photography from orbital distances cannoi replace aerial
phtography, especially for applications requiring exivemely large scales. Nevertheless, it
seems clear that the uni aely great coverage and pe-spective possible with space photography
wil: make it an inval® ble tool for many purposes, wind may uncover broad features of the
earth's structure v:08e existence has beaa only conjectured. -
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ABSTRACT
)

ORBITAL SENSORS ¥OR OCEANOGRAPHY

The technigue o1 coordinated, simmitaneous multi-spectral sensing in the infrared,
visitle and ulraviolet bande is described and discussed. Modern infrared scanning devices
producing gictorial output are described and a non-imaging radiometer for s2nsing ocean
surface temperatures is discussed., Some previous scanner applications of cceanographic
interest are described snd oceanographic problems in which this type of ing-rumentation may
be useful are listed. s

INTRODUCTION

I have been asked to say something about infrared sensors as applied {c oceanography
and will do so shortly. First, however, I would like to say 2 few words about simultaneocus,
coordinated multispectral sensing which includes the infrared and also the visible and
ultraviolet bands. Also, given some modest advancement in technique 3, it will include passive
microwave sensing. Following the remarks or multispectral sensirg I will degeribe some of
the modern infrared instruments and their capabilities, mention some grevious applications
of those instruments of interest {o oceanographers and finally indicate some oceanographic
problems in which infrared sensors may prove usgeful.

MULTISPECTRAL SENS:{'G

It has been traditional, for the most part, to develop and use pictorial sensoxs in sigle
spectral bands. In recent years some of us at The University of Michigan have begun to
guestion whether this is the best procedure. As a result, for more than a year now we have
been studying, experimentally and analytically, the utility of imagery produced simultaneously
in many narrow spectral bands « stributed throughout the infrared, visible and ultraviolet
regions and combined in unconventional ways. Our motivation has been as fsllows:

Sensors of electromagnetic radiation in the optical regions, 0.3 to 15 microns, have
been of the three major types

1, Calibrated radiometers
2. Relative spectrometers
3. Imaging sensors

Each of these produces a distinct type of information and is employed for u distinct purpose.
The calibrated radiometers produce absclute measures of power within specified bands due
to emission or reflection which are used to infer states and processes present in the object
within the field of view. Spectrometers produce relative spectral power distributions due to
emission, reflection, absorption and transmission which are used to infer the constituents of
objects within the field of view. The imaging scnsors produce pictorial data in which shapes
and tones are utilized to effect detection and gross identification of objects within the field of
view.

The first two instruments, radiometers and spectrometers, are normally employed in
such a fashion that their precision is limited by fundamental physical processes. The same
is not true for the imaging sensors 8o ii should he possible to moke significant improvements
in their performance. The radiometer is limited by the irreducible internal noise power of
the instrument relative tp the available sigsal power in the spectral band used. Thisis a
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fundamental limit. Potentially th: spectrometer has two types of fundamental limit. First,
like the radiometer, ic the limit set by the irreducible internal instrument noige in relation
to the available signal power in each of the spectral bands resolvable by the device. Second
is the extent of the uniqueness of spectral signatures present in nature. There is every rea-
son to belicve that the former is the effective limit. In other words, no improvements in
seasitivity and speciral resclution have yet failed to yield additional meaningful spectral
structure. The fundamental limits on imaging sensors are the same two which limit spectro-
meters. However, as normally used, imaging sensors are contrained, not by either of thece
fundamental limits, but by the mode of employment, Normally imaging sensors are employed
to record spatial distributions of power with:n a single spectral band. Thus perfy—mance is
constrained by the uniqueness of spectral sig: atures within single bands. This is equivalent
to attempting to o speciral analyses ueing single lines rather than using the entire series or
some distunctive part thereof, i.c., the spectral distribution, and is the reason why the popular
gzarch for a "best” film-filter combination cannot produce more than isolated improvements,
1t is obvicus from spectrogcopic results that improved and additional image conts 1sts can be
obtairecd by producing images simultaneously in more than one speciral band. Since pictorial
use of both tone and shape rests ultimately on the presence of contrast, this is the natural
route tc improvement of imaging sensors. Furthermore, this route involves overcoming
engineering difficuities rather than struggling to approach asymototicilly some fundamental
Yinmrit,

It is ciear that imaging sepsors making use of many spectral bands will provide much
additional information but it will not be useful viiless improved methods of handling and dis-
playing the information are developed, The three most cormmon methods of displaying mulfi-
spectral image data are demonstrably deficient; they are the simultaneous presentation of the
image in each band, the use of color ffim and the use of multiple pass band filters with a black
and white film.

The simultaneous presentation of images from a number of different spectral bands is
currently being practiced o some axtent. It iz clear that, in general, this placea additional
burdens on an already overloaded interpreter. Furthermore, many kinds of joint use of such
information are very diificult fcr- a human being to effect. In the res‘ricted case of comparing
the spectral series from geveral samples the method is feasible but it breaks down when the
several photographs are pictorial with complex structure containing muny different types of
objecte.

The use of color film permits superimposing simultaneous images in different bands
and makes the interpreter's task manageable, It, however, is restricted to no more than
three simmaltaneous spectral channels and there are good reasons for believing that the
optimum number is much greater than three. For instance, color film cannot simultaneously
do full justice to the three dominant visible colors and display the distinctive behavior of
botanical materials just cutside the red end of the visible spzctrum.

It 18 not 8¢ immediately obvious that the multiple band-pags filter used with a single
hiack and-white film is no: optimum but it, and in fact any film-filter combination, can be
shgwn to te unduly restrictive in capability.

As = simplified example consider a black and white film filter combination having a
composaite pass band consisting of the joint effecis of three sub-bands. Then the film depsity,
d, wili be

d = t1p; + typy *+ tgpg

where t; is the transmission and p; the incident power in the 1“‘ sub-hand. The equation is

linear and both the t; and the p; are positive so d is repregented by a very restricted class of

equation. To illusirate further assume each product t;p; to have values of only either 0 or 1.

Then all the possible different conditions are given in Figure 1. It is apparent that there are

eight different conditions of power passing through the filter. Roweter, in recording on film -
one~half of these poasibilities are not realized because the film cannot distinguish among

conditions 2, 3, and 5, nor among 4, 8, and 7,
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A much more !lexible method is needed to put the information in each sub~band in some
fornr (probably e}ec:ronic) which does not restrict unmecessarily the operations waich can be
performed, A typical operation required to recognize a spectral signature or to enhance
contrast is to classify an ohje=t on the basis of both having specified powers in some bands
and no power in some other bands as in the identification of a spectral series. This operaticn

- cannot be performed by the linear equation above. * Given the freedom to perform the required

operatioas on the outputs of the individual channels of a multisnectral sensor, 2 scanning
printer can be programmed to form an image having enhanced cont: ast for any objects having
spectral differences from their surroundings., Objects having nc spectral differences from
their surroundings cannot be differentiated from those surroundings by any electromagnetic
technique. In this sense the method is optimum.

In ae effort to evaluate the improvements attainable by the sizmustaneous muitizpectral
technique The University of Michigan has, for slightly more tnan a year, been generating aerial
multispectral imagery in a number of narrow bands distributed throughout the infrared,
visible and ultraviolet bands. Omne program, for the U. S. Army Elecironics Command, has
generated imagery-at two week intervals for one complete anmual cycle. On each occasion
imagery was generated at intervals of two to three hours for a complete diurnal cycle. Thus
the paraineters of target type, speciral band, durnal cycles and anmal cycles may be studied.
The data reduction is just starting, so only preliminary examples of special effec:s are avail-
able. The imagery is clasgsified, so it cannot be shown here.

More recently, under sponsorship of the National Aeronautics and Space Administration,
another program has beern started. It is generating multispectral imagery of crops and soils
at the U. 8. Department of Agriculture Experimental Station adjacent to Purdue University., It
is being carried out jointly by The University of Michigan ana Purdue University with support
from the U. S. Army Electronics Commaad and the U. S, Department of Agriculture, Imagery
is being generated on five occasions distributed throughout the 1664 growing season. On each
occasion imagery is obtained at six times, distributed throughout a diurnal cycle., This
imagery is also classified, so it cannot be shown here.

Examination of the imagery produced in the many individual bands under thes. programs
verifies that nature does. have the spectral structure upon which we hope to capitalize. In
order to realize the implied benetfits two things must be done: the nature of the processes
for combining the multiband information into single images must be deduced by examination
of the spectral characters of objects of interest relative to their backgrounds, and means for
implementing the: pr ocesses must be found. .A method exists for implementing virtually any
realistic process ng scheme. It consists of reading the densities of the individual images or
channeis into a digital computer and printing out of the computer a composite picture based
on joint use of the information in the many bands. To implement this operationally will re~
quire solving some engineering problems associated with automatic channel synchronizers
and printers but no basic problems remain unsolved. We are attacking the problem of deduc-
ing precessing methods by examining the imagery in an 2*tempt to write rules directly and
also by manually reading densities for selected groups of targets for insertion into a com-~
puter where certain types of statistical manipulation w:il be performed,

INFRARED INSTRUMENTATION

I asrame you zre all vaore or less familiar with radiometers and spectrometers so there
is no need to describe them here., The same mayr not be true of the image forming instruinents
so they will be described briefly.

At present there exists no photographic films which will function satisfactorily at wave-
lengths longer than approximately one micron. Infrared image tibesdo exist but none now
exhibit simultaneously the sensitivily and speed of responge obtainable with small non-image
forming thermal detectors. Therefore the latter are employed in all critical applications,

To obtain images with these, it is necessaryto focus a small instantaneous field of view on the
detector and then scan the IFOV in some regular pattern. The signal resulting a* the output
of the detector is electronically processed and used ultimately to activate a light source which
is scanned in the same pattern and recorded on film or displayed dynamically on a cathode
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ray tube, The m.-gt comr: : ‘can pattern is shown in Figure 2. The scan perpendicular io the
flight line is caused by a ro::tii.g element in the instriument. The displacement of successi: :
ecan lines i8 caused by the motion »f the carrying vekicle. The r<sult is an endless television-
type raster.

A typical scanning optical system is shown in Figure 3. The detector rests at the New-
tonian or Cassegrainian focas of a gimple telescope. In front of the telescope is a multi-
faced prism with flat ref_ecting surfaces inclined usually at 45° to the optical axis of the tele-
scope. The prism rotates about an axis coincident with the axis of the telescope and generates
the scan normal to the fligist path when the optical axie and flight path are parallel,

So much for the gross features of the instrument. Now consider an example of interest
in oceanography. The infrared signal to be expected from the sea is illustrated in Figure 4
for seca ternperatures of + 350 and - 2° Centigrade. The curves are blackbody curves gince
water has an average emissivity of 88% in the region 4 to 12.5 microns. Also ploited on the
same curve is a portion of the a.mospheric transmission curve for a 1,000 foot path. {4 more
complete atmospheric transmission curve is shown in Figure 5.) Notice that the peak
emission for temperatures between +35° and -2° Centigrade lie between 9 and 11 microns in a
region of good atmospheric transmission. The transmission in this region is as good or Leiter
than it Is in the vigible. Approximately 290% of the total emitted sea radiation falls in the good
transmission range between 7.5 and 12.5 microns. In the worst case, the lowes temperature,

- the incremental radiation for a 1° Centigrade tempsrature aifference is 4 x 108 watts/cm?

steradian*

Some fraction of the emitted power will be focussed on a detector by the optical system
of a scanner. Detectivity curves for most of the important modern detectors are shown in
Figure 6. The detectivity D* is normaiized for detector area and electrical bandpass, i.e.

o* = vAM
NEP

where A is detector area and Af is electrical bandpass. NEP is a radiant power level which
will cause the same mean detector output as the inherent noise power of the detector. For a
1 cm? area and & 1 cps bandpass, D¥ is the inverge of NEP., For that simple case, detector
sensitivities of between 10”1V and 10-11 watts are uvailalle in the region of interest.

Rather than go through some calculations here, I wiil present in Figure 7 some calcula-~
tions first presented by Mr. Eric Wormser at one of The University of Michigan summer
courses several years ago. Subsequently, Mr. Wormser built this equipment for which the
calculations were made and the figure presents a comparison between the calculations and the
measured performance of the instrument. They compare favorably.

That instrument i8 a calibrated radiometer designed and built for measuring sea surface
temperatures from an altitude of 1,000 feet, Extrapolation of this performance fo an orbit
altitude of 150 miles indicates conservatively that for fielde of view not more than one mile
in diameter at the surface it is feasible to map temperature differences of 19 Centigrade or
less with collector diameters less than 30" diameter. Hence it appears practical to map sea
surface temperatures from orbiting platforms. The details of an adequate instrument and
its precise performance will require a more refined design study.

EXISTING APPLICABLE INFRARED RESULTS
A significant amount of infrared radiometric and pictorial measurements applicable to
oceanographic problems have been made. Unfortunstely they are, for the most part, classi-

fied and efforts 17 obtain permission to show some of them at this meetirg were unsuccessful,
Therefore, I can only describe some representative cases.

—
Holter, et al, p. 384
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TRANSMISSION SPECTRA of the ATMOSPHERE
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Infrared imagery of Ford Lake, a damied portion oi the Huron River near Ypsilanti,
Michigan, has been made showing surface thermal structure in the relatively stagnant lake.
Imagery also exists of the efflux of the Detroit River into Lake Erie showing current patterns
and vesgel wakes. Imagery further upstream in the Detroit River shows industrial discharges
into the river, e.g., cocling water from steel milis enters the river at considerably higher than
stream temperature and shows clearly.

Imagery in the vicinity of the Florida Keys clearly shows current patierns and .he pres-
ence of submerged reefs.

Imagery exists of the St. Lawrence Gulf and the Arctic bagin showing patterns of sea
ice. Mucah structure is apparently related to the age of the ice and amoun? of snow cover.
Also coastlines covered by ice extending well out over the adjacent sea are sometimes dis-
cernable by thermal patterns in the ice surface at the coast line, Thermal structure is also
apparent on the sucface of the Greenland Ice Cap. These are especially noticeable ia the snow
bridges oivcr crevasses and provide a good means of detecting hidden crevasses.

A1l of the imagery refe.red to was obtained from airborne platforms and in many cases
a calibrated radiometer was operated in conjunction with the imagery scanner.

it is the general conclusion of these of us who have examined such imagery and radio-
metric measurements that the instrumentation and capability for making measurements o>f use
in oceanography are in relatively satisfactor; shape and can be ext. ~ed to orbiting vehicles.
On the other kand, experience with these methods is, as yet, very limited, so the greatest
current need is much increased utilization of the methods to assess their full capabilities and
limitations in oceanography.

The question of security classilication is a serious obstacle and ig receiving the attention
of a great many people. There are indications that within the coming year a significant relaxa-
tion of those restrictions will be achieved.

Figures 8 through 13 show some of the few infrared images that have been declassified
to date. Figures 8 through 12 have been reproduced from half-tone prints so the quality is
somewbat degraded as compared with the or.ginals.

Figure 8 shows the tip of Manhattan Island at night, Figures 9, 10 and 11 are enlarge-
wments of sections f Figure 8, The wavelength band represented is . pproximately 1 to 8
microns. The picture tones are ae entirely to 2mitted radiant power. the lighter tones corre-~
sponding to greater powers {i.e., usually due to aigher temperatures). Notice that the water
in the rivers and the lake in Central Park is warmer than the terrain, Terrain typically cools
fas'er than wawer so it i8 rormal for water to appear warmer some time after sunset.

There is physicolly nuoew* thermal structure in the surface of the water but it does not
show in the Manhattan images bdecause iic inatrument gain was set to show terrain thermal
structure. This {llustrates a gereral feature of these instrume' (s, The dynamic range of
the thermal signals present in nature and available in the detectors and elecironics is greater
than can be displayed on film in a form available to the human eye. Therei.:re thc instrument
gain must be get to sliow either, but not both, the terrain or water thermal structure. A
later figure shows thermal structure on a water surface.

Figure 12 shows Love Field in Dallas, Texas. The spectral region i8 approximately
8 to 14 microns. Notice the white streaks behind the jet aircraft in the certer of the figure.
The aircraft is taxiing and the white streaks are the hot jet exhaust gasses.

Figure 13 shows a lake in the western United States with a stream emptying into it. The
. spectral region is 8 to 14 microns and the ingtrument gain is set to show surface thermal
structure in the water, and there Is a great deal of such structure. The thermal structure of
the terrain in the upper left of the figure does not show well at this gain setting.
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CONCLUSION

In conclaaion infrared radicmeters and imaging scanners, or preferably calibratec.
radiou- ters coupled with a simultanesus rultispectral imaging system, are in their present
state ot development ~nplicable {0 many oceanographic problems. Furthermore, it is cicar
that those techniques can be extended to orbital usage. They appear to be capable of
generating data of importance to all but one (Item m, Thermocline depth) of the nceanograpuic
problems isted for Wednesday's discussion in the tentative agenda.

“he greatest current need is for extensive oceanographic use of these instruments from
airborne platforms to establish optimum methods of application., This will require a four
engine aircraft capable of operation up to a“ least 10,000 feet altitude. It i8 recommendeq that
the initial operation not be ~bose 10,000 fee. because of the difficulties associated with crew
requirements for oxygen and special equipment requirements above that altitude, Simultane-
ously design work for an orbiting system should proceed, It is desirable that the initial orbit-
ing experiments be carried out on manned orbiting vehicles beca:iae of equipment set up,
aiming and detector cooling operations, M initial orbiting operatisn is on unmanned vehiclesg,

some sacrifices in capability will probably have to be made :nd probably uncooled detecicip
will need to be used.
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THE IMPORTANCE OF MAN IX THE STUDY OF WAVES AKD
CURRENTS FRUM MANNED SATELLITE

Jokn C, Freeman, Jr.
Naticnal Engineering Sciznce Company
The oivicus functon of a mian it & (neasuring syste.n is thal of a weaX power source
which showe diseredon. (e.g. He can selcct and pull a significant switch).

The impo.-tance of the man is emphasized by my experience in preparing ior this
conference:

When I asked myself how 10 measure waves {rom an unmonned satellite the answers ail
included devices in the ocean. When the questior of measuring waves from 2a n:annea szieiiite
is considcred the possibility of photographing surf and infrared photography of waves radiat-
ing from a storm present themselves immediately.

The reason that we can consider a man as making this possible is that he is a gcod
"shoreline seeker™ ard a good "storm seeker.” A good telescopic camera guided by a man
can take good enough photographs to siudy wave lengths and possibly some indication of wave
heights,

When satellites and aivcraft ai'e compared as vehicles for study of the ocean, the

satellite becomes less expensive for gathering routine world-wide data over area: measured
on a planetary scale.
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MAN i SPACE
Rernard Scheps
U. S. Army Engineer, Geodesy, Intelligence & Mapping Research
& Developnient Agency, Fort Belvoir, Virginia
1. Man will be in space - ho= can we use him?

2. What better decision ana discrimination machine can we make and how can we pack
it in less volume with less weight?

3. What more efficient set of servos, circait monitors and error correcting devices
can be made with iess weight and volume?

4. How will we instrument for ar e®fect or phenomenon which we don't know existsin a
visible form (or other- is2)? Man is needed o turn the disadvantage of the vnanticipated intc
a gain.

5. How coucld we better discriminate between data to be recorded and stored and data
of transitory or realtime interest?

6. If we Jdon't start exporting people where will we put them?
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EXPRESSION OF OPINION
Robert G. Paquette

GM Defense Research Laboratories, Santa Barbara, California

1. We know the technological ability exists to do ma.y of the things we want, if we
want them badly encugh.

2. The pregram will be a waste unless there are oceanographers actively associated
with the program who want the data badly enough to analyze it, interpret it, be sure it has
real meaning, and to go through the struggles of communicating with ‘he instrument designer.

3. The probability is high that the first instrumental techniques will be faulty or
worse. Here is where interest in the results and devotion to the idea will be a paramount
requirement in the oceancgrapher. There needs to be a mechanism for continual imnprove-
ment in equipment until satisfactory results are being obtained. There needs to be a com~
munications bridge between oceanographer and instrument designer.

4. You need to go slowly enough {0 be sure your results are good for something before
going on.

5. You must face the economic question: "Does the data justify the cost?"” 1 don't
think it does if you don't start using it immediately and keep up with interpretation. Even
then it may be too expensive.

This isn't really a pessimistic attitude. I would just like to see people think of finding
a good, devoted oceanographer to live with any measurement program which 1s to begin.

———,
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RECCMMENDATIONS OF THE PANEL ON SEA S’IliFACE TEMPERATURE

Jolun P. Tully, Chairman
Pacific Oceanographic Group, Nanaimo, B. C.

Members
J. J, Shule, Jr. J. ¥. T. Saur, Jr. T. Laevastu
M. K. Robinson H, J. Wetzstein and others

BACKGROUND

Climatological charts are {(or soonr will be) available, which define the mean monthly sea
surface temperature and its standard deviation both numerically and in isotherms.

Oceanographic information services (1) are in existence which can accept numerical
weither and uceanographic informatien by radio and teletype, construct synoptic charts of
meny parameters, combine these into derived products, and distribute the product by radio
an 1 telex in numerical or facsimile format, all within a space of a ‘ew hours. Resources are
av.iilable to accept, process, interpret and disseminate oceanographic data on a daily or
shcrter time basis. The major weakness is the lack of daily date input from large areas where
there are few or no observatories.

Polar orbiting satellites may provide means to increase the frequency, range and density
of observations. ’

REQUIREMENTS

The ultimate requirement is for synoptic sea surface temperature charts with observa-
tions on a 50-mile or less grid spacing {both directions) at daily intervals. One hundred mile
spacing or weekly intervals are the limit3 of acceptability. Consideration should also be
given to providing a resolution area of not greater than 5 nautical miles for special coastal
studies.

The data should show the real temperature at a point, or the mean value in an area 25
miles square or less, within & 0.5 C°. The data should discriminate iocal variations within
0.2 C° in a distance of 50 miles. The data should be corrected for diurnal heating and cool-
ing.

¥ this accuracy can be provided it will identify ambient variation in space from day to
day and in successive years. Also, it will define the seasonal sequence of change.

In addition to sea surface temperature it is necessary to know the heat budget in order
to forecast possible changes. This implies inlimate knowledge of cloua cover, moisture
com:ent of the near surface air, wind speed, and low level air temperature.

These data should be processed through existing weather and oceanographic service
‘acilities®.

These data are required for existing fisheries, military and civil pus poses. These pur-
poses have been defined in detail at a number of conferences and may be obtained from the
Federal agencies concerned. Once the service is established, considerable user expansion
should be anticipated.

*U. s. Navy Oceanographic Office, Environmental Prediction Section, Suitland, Maryland; U, S.
Fleet Mumerical Weather Facility, Monterey, California; Royal Canadian Navy, Weather/
Oceanographic Centers at Halifax and Esquimalt, Etc.
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PROCEDURES ke

On the basis of current experience with airborne infra-red radiometry, Tircs satellite
data, and recent advances in active and passive radiometry in the far infra-red and micro-
wave parts of the electromagnetic spectrum, it appears that it may be possible w provide
adequate sensing equipment. A polychroma‘ic sensing array is indicated in which the com-
bined data could be analysed 1o determine the periinent parameters.,

A games (oceanoruetric, multiple correlation} anzlysis should be made of several Lype
situations defined by existing Tiros, meteorological and oceanographic data to determine the
mimmum optimum combinations of sensors that would be requireid. This is a computer pro-
ject. From such an aralysis the hardware requirements would be defined. Then the feasi~
bility of construction, orbiting, data readout, processing and analysis could be determined.

A seccad and no iess important application is to use the satellite as a means of inter-~
rogating anchored or drifting weather/oceanographic buoys. Ihe necessary technology
appears to be well developed.

It appears evident that crucial experiments in the development of system components

for these requirements will be made from the manned satellites. Hcwever, the short duration
of such projects precludes their use for continuous monitoring,
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. 4) AIRBORNE OCEANOGRAPHIC PROGRAMS OF ’

yJ THE TIBURON MARINE LABORATORY AND SOME OBSERVATIONS ON
Q) FUTURE DEViELOPMENT AND USES OF THIS TECHNIQUE
¢
. bﬁ James L. Squire, Jr.
Q U. 8. Department of the Interior o,

Fish and Wildlife Service
Bureau of Sport Fisheries and Wildlife
Tiburon mvarine Laboratory, Tiburon, California

The Tiburon Marine Laboratory is presently conducting two synoptic oceanographic pro-
grams utilizing low altitude aircraft. The program objuctives are the determination of infra-
red radiation from the s¢a surface and the monitoring of the dist ibution and abundance of
pelagic schooling species. Both programs have been in operation for more than one year, and
from the results to date certain conclusions can be made as to the effectiveness of the pro-
grams and what research may be desirable to make maximum use of the increase in scope
and freguency of vbservation that high altitude scanning systems may provide.

CURRENT LOW ALTITUDE PROGRAMS
INFRARED RADIATION (SEA SURFACE TEMPERATURES)

In August 1963, a monthly survey was initiated of three Pacific coastal areas using an
airborne infrared thermometer, These surveys are conducied in ccoperation with the U. 8.
Coast Guard, who furnishes a UF-2G (Grumman Albatross) for flights of 6 +2 7 1/2 hours
duration in each area. These flights serve a dual purpose of providing an aircraft from which
we can conduct oceanographic studies and a navigation and familiarization mission for Coast
Guard pilots and crew.

The primary objective of the synoptic program is to provide a more detailed picture of
surface isotherms on the « ntinental shelf than previcusly available to assist in determining
how the ocean environment influences the distribution of fishcry resources. During the past
year 40 synoptic charts have been produced and distributed to interested persons and oceano-
graphic and meteorological laboratories.

Surveys are conducted ver the continental shelf; the uorthern survey area extends from
off Cage Flattery, Washington, south to Cape Lookout, Qregon, approximately 102 kilometers
(55 nautical mifes) south of the Columbia River. The central survey area extends iong the
coast of Californja from Point Arena south to Point Sur, The third survey area extends south
from Point Arguello to Point Salsipuedes, approximately 61 km. (33 n.m.} south of the United
Stateg--Mexican border. All survey areas use a sawtooth flight pattern a.ua cover from tihe
shore to approximately 74 km. (40 n.m.) offshore in the northern and central areas and up to
148 km, (80 n.m.) offshore from southern California. The [light elevation on the track line is
mairtained at about 152 meters {500 ft.) or less to minimize the effect of haze. The infrared
unit i8 now being caliorated in flight, and comparative simultaneous surface and airborne
observations are being made with the assistance of U.S.C.G. lightvessels and the U.S. Na-y
Electronics Laboratory!s oceanographic tower at San Diego.

The infrared equipment used in these surveys is manufactured by the Barnes Engineer-
ing Company, Stamford, Conn,, and models 14-312 and IT-2 are currently in use. Information
from the infiared unit is recorded continuously on a Varian G-14 graphic recorder,

The optical field of view of the infrared detector is 3° x 3°, equalling a field of view
approximating 208.2 m.2 {686.4 sq. ft.) at a 152 meter (500 ft.) elevation. The usual flying
speed of the UF-23 during the surveys 13 250 km, per hour {125 knots) (69.5 meters/sec.),
resulting in the infrared system averaging surface temperature obgervations at a rate of
1,820 m.z per second. The chart record is read out every 30 seconds, and four observations
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(2 min.) are averaged. These two-minute averages are then placeu on the master char at the
midpoint of t1avel and isodierms are drawn to these data.

PELAGIC FISH MONITORING

In several commercial fishing areas along the U. S. muinland aerial fish spotters are
used to guide surface fighing craft to areas having an abundance of schooling fish (Squire,
1961). Such fisheries for species such as salmon, tuna, menhaden, herring (Maine sardine),
sardine, mackerel, bonito. s¢a bass, mullet, thread herring, blueback herring and swordfish
utilize intermittentiy about 70 aircraft.

In 1562, a pelagic fish monitoring program was initiated for the southern and central
California area. Six fish spotter pilots are now under contract to provide ir.formation on all
surface schooling species seen during each flight, their location, number of schools, and
estimate of abundance. Species most commonly observed are anchovies, sardines, mackerel,
barracuda, yeilow:ail, sea basgs, bonito, sharks, rays and tuna. Information is tape recorded
by pilots, and the results are transcribed in the laboratory to a coded log form. During the
past year over 340 separate flight records were obtained from contract pilots.

Present statistical methods employ dockside catch statistivs as an indication of abund-
ance. Results from this program are indicating abundance and distributiorn inforination for
species such as the anchovy {E. mordax), a species -hat is not presently the subject of an
intensive fishery, in addition tc developing information on species subjected to sport and
commercial fishing,

Flight nperations are conducted at low elevations of from 152 to 365 meters {500'-
1,20C), and more than half the flight operations are at night doring the absence of moonlight.
Each pilot operating from the southern California area flies 800 to 1,000 hours per year.
However, some of this time is spent surveying off Mexico and the central American coast
when operating with the tuna fleet, and th.e flight time is not re_orded for our program. The
program as presently operating in the southern and central California are¢a has a maximum
potential of about 4,860 observational hours per year.

OBSERVATIONS AND SUGGESTIONS ON FUTURE USxS OF MANNED HIGH
ALTITUDE AIRCRAFT AND MANNED OR UNMANNED SATELLITES
IN THE FIELD OF BIOLOGICAL OCEANOGRAPHY

The potential of orbiting laboratories to produce oceanographic data on a global basis of
interest o researchers in many f{ields may be exceedingly great. However, the suggestions
offered here are of particular interest to researchers in the field of bio~oceanography. If the
suggestions are technically possible to develop, they would fill a very practical need in deter-
mining the reaction of the pelagic fishery resources to changes in environment.

It would appear from our experience gained tfrom about 400 hours of flight operation off
the west coast with the infrared unit that cloud cover of all degrees, irom high, thin cirrus to
haze and fog, will be cne of the more important factors in limiting high altitude observation of
the sea surface, Infrared flight operations over the west coast cortinental shelf have required
postponement of one day or more for greater than 50 percent of the monthly flights in the
central survey area due to very low overcast <152 meters (<500 ft.} and fog conditions. The
northern and southern areas have experienced less cancellation due {o weatl.er; however, in
all areas more ihau 50 percent of the flight time has been under a low overcast of 9. to 365
meters (300-1,200 ft.).

Data now available from the U, S, Weather Bureau should allow an estimate of the per-
cent of time various portions of the ocean could be obsgerved from a very high altitv .e.

Three related areas of research that, if conducted from very high altitudes, may pro-
vide considerable reward in Lio-oceanography are:
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1. Infrared observations of the continental shelf and wssociateéd vceanic areas.,

A further development of infrared mapping technique to determnine the gross isothermal
pictare (in 1° C.) of the oceans of the world is desirable. At the present time several
isolated, small areas about the continental United States are being mapped in limited detail,
and it would be desirable to produce at a greater frequency information in omparabie detail.

The oceans surrounding the North and South American continents shculd be given
particular emphasis in any advance program. Isotherm charts similar in scale to those
prescatly prodeced py the Tiburon Marine Laboratory and other laboratories, bat covering the
entire ccstal zone, could be obtained by readings taken from individual 2.3 km. (3 n.m.)
square areas. M resclution of satellite infrared equipment to a 9.3 km. scuare zrea is pos-
siole, then the charts produced trom: the data would not only have the basic piclure as found
in current charts, but would scan the areas not presently obe:rved by the low alt:tude aircrait
and should result in charts of much greater detail.

2. Observations of water color as a methed of defining wat :r mass, the coastal and converg-
ence zones in partictlar.

Water color in coastal and oceanic areas is the result of the presence of a fairiy stable
metabolic product re’ated to production of phyteplankton (Kalle, 1938) or the presence of
suspended inorganic and erganic partj:les. Discoloration by algae or dinoflagellates or other
amall invertebrates, and suspended mineral.; all may contribute to this feature of the ccean's
surface that is readily observable from the air. An optical, photographic or electreonic sys-
tem to map the color differences of blue to green in the offshore areas, and brown to green
and blue in the inshore areas would be useful to those studying plankton distribution and the
related environmental churacteristics of the ocean,

A gross picture might be obtained of such featuies ag discharge and flow patterns within
the inshore and estuarine area, and the convergence areas between major water masses off
the North American continent. Identification of these convergence areas off the west coast
should be useful in plotting the relationship of albacore and bluefin and other species of tuna
to the convergence zone of the upwelled waters and the California current and the relationship
of such species as yellowfin tuna and marlin to water mass off Central and Sonth America.
The convergence zoae of the Gulf Stream and the slope water south of New England appears to
be nroductive for biuefin tuna in the spring, and for yellowfin tuna in the summer, and shows
promise as a productive fishing area (Squire, 1963). A better definition of thig zone in rela-
tion to tuna fishing may 1 2suit in a method of short period predictions on the movements of the
tuna poprilations relative to these convergences.

The determination of true water color (quantitutive color measurements) is difficult due
to the many uncontrollable interfering factors. Therefore, ihe determination of the relation-
ship of true color tc any biological or physical phenomena weuld also be difficult unless a
standardized technique is developed to give a record that will be as near true color as possible.
Aerial color photography should yield useful data of a qualitative nature. To strike an
optimum balance among faithful color rendition of the emulsion, the light penetration of the
water, the minimum surface reflections, the removal of ultravielet and near ultraviolet, and
the reduction of atmospheric haze, Dr. Boyd E. Olson (personal communication) suggests the
following technique to obtain a reasonable color rendition:

{a) Al color film used should be from a single batch.

(b) The cameras should be pointed at a right angle to the sun and down at about 45°,

(c) The lens should be capped with a polarizing {ilter properly oriented for maximum
absovrbency of surface reflection.

(d Photography be limited to the hours when the sun is between 45° and 55° above the
horizon with the sky free of clouds.

3. Observations of the abundance, distribution and migration of near surface pelagic fish
schools.
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This phase of research has much in common with the previous gection on water color.
The identification of pelagic near surface school groups requires a system to discriminate
subtle color differences of a tar get of <15.2 meters (<50 ft.) in diameter, and this may be
beyond present technical ability from very high altitudes.

The low aititude fish spotter pilot, during daylight hours, has developed an ability to
distinguish subtle differences tc be founu in the color composition of water masses containing
near surface schooling fish and those without fish. After discerning gradation of luminosity
emittad from the surface, the observer discriminates between color and light intensity. He
then 'recognizes” or perceives some distincrive inherent characteristic associated with the
fish gchool target. The second phase of th< recognition process is the attempt at determina-~
tion of species. This determination may be on the basis of color, shape, behavior, and may
be a combinaticn of these factors.

During observation of near surface schooling species at night during periods when
mocnlight is absent, the spotter pilot relies on the perception of very low, bio~luminescent
light levels. The bilo-luminescence of plankion created as a result of the activity of schooling
fish is used to vector the fishing vessels to productive areas.

In summary it is suggestec that the following research be conaidered:

1a. Development of IR satellite equipment capable of a resolution and readout of a
9.3 km. {5 n.m.) square area at an accuracy of >1° C.

b. Comparative tests between low altitude IRT observations and very high aititude IR
scanner systems capable of mapping a 148 kilometer strip (80 n.m.j. If use of the
very high altitude system is successful, substitution of the high altitude scanner
tecnnique for the present synoptic low altitude surveys should be considered,

c. Consideration be given to the production of IR isotherm gradient charts for all
oceans, with particular emphasis on the continental shelf and the major current
systems surrounding the North and South American continents.

2a. Research on the development of a tecanique to determine and record with reason-
able accuracy trne water color from low altitude and very high altitude aircraft,
preliminary to developinent of scanner gystems for satellites,

b. Research on the relationship of water color as observed from above the surface to
the biological organisms and organic and inorganic suspended matter that may be
in the near surface layers.

3a, Experiments using photographic techniques to determine the height from which fish
schools can be observed during both day {colcr difference) and night {bio-lumines-

cence).

b. Determination of the true color of fish school and the relationship of the.true color
to apecies composition.
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‘. v) OPERATIONAL ANALYSES AND FORECASTING
,\gb OF OCEAN TEMPERATURE STRUCTURE
/ C tain Paul M. Wolff, USN

é) " U. S. Fleet Numerical Weather Facility, Monterey, California

ABSTRACT ‘.;‘:
pla

A brief review is given of the factors affecting the thermal structure of the otean as
well as of sources of errors in the surface temperature reports.

The heat budget of the interaction between the oceaas and the atmosphere has been
analyzed and adapted to routine numerical computations at Fleet Numerical Weather Facility,
Monterey. The dependence of the temperature structure in the ocean on atmospheric events
is demonstrated.

The effects of the constraints of grid mesh gize, instrument and transmission errors are
considered in the production of sea surface temperature anaiyses. The underwater tempera-
ture structure is analyzed using a simple model. Finally, the integrated effects of the calcu-
lated energy exchange at the surface are applied to the initial analysis to obtain a two day
prediction.

Examples of th=rmal structure analyses and predictions are presented and the factors
affecting their inierpretatiorns are briefly pointed out. Brief notes are also given on the
future plans for improvement, extension and utilization of oceanographic predictions.

ot
INTRODUJCTION D«"

Thre Fleet Numerical Westher Facility (FNWF) located at the U. S. Naval Postgraduate
School in Monterey is developing an expanding program in meteorology and physical oceano-
graphy. This report is a condensed summary of the existing operational program in sea
surface temperature (SST) analysis and of the program f.r the analysis and prediction of
ocean t2mperature structure variability with time, space and depth.

Development programs at FNWF produce operatiocnal computer routines whose end
product is designed to be useful environmental information for naval operations. Most efforts
are engineering applications using computers to imitate succesgsful manual operations. Gains
are in speed, quality control, and the ability to accomplish the 7 billion computations involved
in a aay's production in a useful time.

The atmosphere and the ocean should be treated as two closely related parts of the total
environment. All of the energy which produces changes in the ocean comes to it through the
atmosphere. The same basic equations of motion govern both fluids; in fact the equations are
simpler in the oceans. The existence of clouds and moisture and the iarge-scale turbulent
motions are particularly difficult atmospheric problems not present in the ocean.

The sea surface temperature is the most commonly recorded obgservation available on a
synoptic basis, Its key importance in environmental analy~es and predjction will be demon~
strated. The first section of this paper attempts to establich the appropriateness of the pres-
ent ¥NWF approach to this pivotal variable.

DATA AVAILABILITY AND ACCURACY

Numerical analyses are made for convenience at coordinate intersections in a regular
X, y array. The problem of deriving analyzed values at these intersections from & randomly
located array of data has many solutions. The final result i3 obtained by combinations of
fitting and smoothing. The proper scale for the grid is determined by the avarage data
density in space and time and the scale and persistence of the variations in the scalar vari-
able to be analyzed.
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In order to study the scale in terms of typical data coverage, all unique observations of
SST received for a 3-1/2 day period in May 1964 were located on a hemispheric chart. Under
the agsumption that an average density of one observation per two grid squares is required
for meaningful analysis, the grid square side dimension was determined. Figure 1 shows this
chart with isopleths of allowable mesh length. For most water areas of the hemisphere a 200
mile mesh is all that 3-1/2 days of data justifies. A grid 50 miles on a side is supported in
only a few narrow areas in major shipping lanes. Of course concentrated fleet operations may
make denser grids usasle in small operating areas such as the one off San Diego. Figure 1A
summarizes the differences between sea level pressure and SST data as inputted to a scalar
analysis program,

Figure 2 showz the basic grid on which FNWF computes and outputs most meteorclogical
data,

SEA SURFACE TEMPERATURE ANALYSIS

Sea surface icmperature reports are subject to several kinds of error. Careful recent
studies {typically Saur's) report a standard error of 1.65° F. and a positive bias. The
analysis procedure presently used at FNWI is Carstensen's linear method.

Carstensen's linear analysis scheme is a combination of fitting and smootl ing. The last
analysis provides a smooth first guess field. New data is considered in the neighborhood of
each grid point and moves the guess value up or down by a fixed small amount (.2° ¥.), Thia
amount is a function of datz density and is less in dense reporting areas and more in sparse
areas. The changed points are combined with the first guess by a successive relaxation
process alternated with weak smoothing. The resultig cyclical alternation of fitting, relaxa-
tion and smoothing is not carried to complete convergence since the first guess has independ-
ent information content. In dense data areas the final grid-point analysis is determined
entirely by the data and in no-data areas by the first guess with a combination of the two in
between.

This method produces an error distribution summarized for one recent run in Figure 3.
Of th 6000 unique reports, 100 were rejectedin the gross errcr procedure. The remaining
differences between the observstions and the analyeis have a scmewhat normal distribution
but with a higher frequency in the tails. This is attributed to a combination of a few large,
essentially random numbers interpreted by the data sort as valid ship observations with a
group of errors less than 10° ¥, The 2.4° F. standard deviation is typical and not excessive.

Earlier FNWF employed Carstensen’s Relaxation method in SST analysis. The fitting
computation was cubic in this method which has been unsurpassed in its quality in the
analysis of meteorolagical pressure data., Figure 4 shows the results of a simple experi-
ment establishing the superiority of a simple:- linear fitting over the cubic. Three types of
linewr temperature distributions were i« . < with data having a normally distributed standard
error of 2.4° F. Figure 5 shows the an.... 1 ccntours produced by this method wher. applied
with a grid spacing of 106 miles (16000 | /hemisphere).

PATTERN DECOMPOSITION

Recently an iterative procedure has been developed at FNWF which permits a s<\:a1e
separation by a heat diffusion analogue equation. When this operation is performed on the
same SST analysis, one can readily see the different pattern scales which compose the whole.
Figure 5A shows the small space scale disturbances. Major cu.rent boundaries are outlined
and the remaining irregularities are shown as warm spots (interpreted as areas of recent
net heat additions or stable meanders) and cold spots (probably due to wind mixing or upwell-

ing).

Removal of these small-scale disturbances from the initial analyses produces the large-
scale pattern Figure 5B. This chart is similar to long term time averages. The componants
of this chart are more apparent and useful when the purely zonal portion is subtracted. ’




Figure 1. Mesh Length in Nautical Miles Justified For Use in Analysis of Sea
Surface Temperature Observations Covering a Collection Period
of 84 Hours.
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Figure 5. Sea Surface Temperatu

re Analysis (Degrees F) From Csarstense
Analysis Method.
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Figure 5A. Pattern Separation of SST Chart (Figure 5) Showing Small Space 3cale
Disturbances (Degree. F).
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Figure 5B.

Pattern Separation of SST Chart (Figure 5} Showing Large Scale Pattern
{Degrees ¥).
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Figure {C shows these large-scale anomalies and makes possibtie direct comparisons of luca-
tions and intensities of the larger scale SST anomaiies.

ATMOSPHERE - OCEAN ENERGY EXCHANGS

The praceding section of this paper described the SST analysis program which has been
under development during twice daily operations at FNWF for over two years. This section
describes research in progress which wall be placed in diuily operation in the fall of 1964.
Feasibility computations, and in some parts, computer test runs have been made on all parts
of the proram. Experience indicates, however, that many changes and refinements will be
required after routine operation of the program begins.

Figure 6 shows schematicaliy the pruposed environmental cycle, The entire system
will operate once a day and produce an analysis of the initial temperature structure and a
48-hour prediction. The initial variables are pre Jominantly atmospheric including only
sea/swell history and SST in tht ocean. The last day's anaiysis is modified by the heat flux
terms, the mechanical mixing by waves and the divergence effects to produce computed
estimates of the 24~hour structure change. Tnis structare is combined with the current
SST analysis at the surface and climatological data belcw 600 feet to produce a second esti-
mate to the current structure. The temperature at 3000 feet is constant with time but has a
small space variability. At 1500 feet the temperature fields have more space variability and
are changed monthly. At 600 feet Schroeder's monthly charts from Woods Hoze are used
while in the Pacific a field of temperatures at 600 feet will be generated from Anderson's
equations each day.

This second estimate of structure will then be modified by the addition of all available
BT data producing the completed current analysis.

This structure is shown in Figure 7. Next the initial structure is modified by integrating
the effects of heat balance, mechanical mixing and divergence over the next 48 hours. The
variables involved will come from atmospheric forecasts. Figures 8 through 10 illustrate
these effects. Computations will be made initially on the basic FNWF grid but will be moved
to a 50-mile grid in four areas soon. These areas are shown in Figure 11. The smaller grids
(Figure 12) will be used only in very limited operating areas.

The applicability of this method is illustrated by some recent results obtained by T.
Laevastu at the University of Hawaii. The computations were made by hand from geophysical
year historical data.

Figure 13 shows the total heat exchange for 15 Feb. 1957 and for 15 May 1957. The
patterns are cellular and have a space scale clearly related to the major surface pressure
systems in the atmosphere.

Figure 14 shows the air-sea heat exchange for two successive days in May 1957. Excel-
lent continuity is obse*vable between the patterns with the motions of the centers associated
with the movement of the atmospheric features. :

The results of Laevastu's study iandicate the interdependence of events in the two parts
of the environment with this dependence more evident in the changes produced in the oceans.

In longer range plans (6 months to 1 year) 1t is proposed to include currents, advection,

shallow water effects, and ice in the computations. Large eddies and internal waves may also
be handled.
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Figure 5C. Pattern Separation of SST Chart {Figure 5) Showing Large Scale
Disturbances {(Degrees F).

138
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Figure 6, FNWF, Monterey Proposed Cycle For Analysis and Prediction of
Environmental Parameters.
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FNWF OCEANOGRAPHIC MODEL

Obtain Guess of Temp at Standard Depths.

To from SST Analysis
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Ficure 7. Summary of FNWF, Mountercy Method For Determiring the First Estimate
of Ocean Temperature Structure,
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Figure 12. Typical Small Grid Areas Used by FNWF, Monterey in Special Operating
Areas.
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/ b / FUTURE JSE OF SHIPS, BUOYS, AIRPLAN®S AND SATELLITES
4) 7 IN CBTAINING OCEANOGRAPHIC OBSERVATIONS FOR .
ENVIRONMENTAL PREDICTION SYSTEMS }

.\

% Captain Paul M. Wolff, U.S.N.

U. S. Fleet Numerical Weather Facility, Monterey, California

FNWF PHILOSOPHY ON ENVIRON:MENTAL OBSERVATION

1. GENERAL

The general FNWF philosophy concerning the gathering of environmental data both in
the atmosphere and in the oceans is that:

a. The sensing element should generally be at the location being sampled, i.e.,
remote sensing should be avoided unless circumstances dictate otherwise.

b. Maximum use should be made of vbserving platforms already available before
money and effort is expended on new platforms.

c. For daia gathering from regions where piatforms are rot aiready available, sensing
devices and telementry equipment should first he tes*ed on land, then on ships,
aircraft and finally satellites.

d. The frequency at which a given locatior reports should he related to the density of the

reporting network and to the time variability of the data involved.
e. Preprocessing should be done at regional centers which then forward "clean" collec-

tives to research or analysis and prediction centers over high-speed communication
links.

2. PRESENT SHORT COMINGS IN OBSERVATIGNAL DATA

At present it is possible to receive, at a given synoptic time, about 800 meteorological
reports from ships at sea, These reporis contain orly two truly oceanographic elements--
wave data and sea surface temperature in the form of a difference from air temperawre. In
addition about 25 bathythermograph soundings can be received, mainly from weather ships,
naval units and a few fishing vessels.

The density of weather reports from frequented shipping lanes is reasonably sufficient,
Outside these lanes, there are large ocean areas where virtually no reports are received.
First priority in obtaining more information in these areas should be enlistment of voluntary
reporting from smaller cargo ships, fishing vessels, etc. The accuracy of the incteorological
parameters in ship weather reports is generally satisfactory; it is the two oceanographic
elemenms (waves and sca surface temperature) which are notoriously poor in quality, Empha-
sis should be directud toward; (1) automatic recording of these elements and (2} code changes
which would permit direct {not differential} reporting and greater sigmificance.

The nu.nber of subsurface (BT) oceanographic nbservations is not sufficient in any area
of the world for making detailed synoptic analyses, The bathythermograph equipment now
available fulfills a good part of the instrumental requirements here and could be used on maany
more ships if distributed together with proper winches and booms. However, it would be
desirable to construct cheap, expendabie BTs which would signal back temperatures while
sinking.

For synoptic, operational problems these expendable BTs would be useful even if Jeptih
were not transmitted as bodies could be designed to give a constant sinking rate within the
desirec limits of accuracy.

Cloud observations from both ships and satellites are veluable . puts to oceanographic

prediction programs. For many numerical problems, insolavion data would be equally useful,
Ships and biinys should be equipped with cheap, reliable pyrheliometers.
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More accurate observation amsreporting of surface currents on a synoptic basie is also
an urgent requirement, Increased use of navigational satellites may permit increased
accuriacy of navigation to the poirnt where current 4drift _hould be reported by all ships at
3ea. Drifting buoys should nave the positions fixed with sufficient accuracy to permit
computation of drift.

3. USE OF DIFERENT PLATFORMS IN OBTAINING SYNOPTIC OCEANOGRAPHIC DATA

The ships are, and will remain the most ideal platforms for inaritime meteorological
and ocearographic observations. There are about 5,000 ships at sea, of which about 800 are
voiuntarily observing and reporting meteorological elements. Although the report density is
sufficient on frequented routes, there is a definite need tc recruit fishing vessels and others
on less frequented routes. If reliable automatic weather stations have been constructed for
land, they could also be distributed to ships and interrogated by satellites. However, it is
not feasible to get ships reports from large ocean areas which are not crossed by ships and
other means must be sought here.

Buoys, drifting or moored, might come to use in the future to fill the aforementioned gap
when rcliable anes have been manufactured. Moored buoys will always be expensive and
only a few of :nem might be used in "key" positions. Shortlived drifting buoys, dropable
from airplanes would have extensive use, if these could be interrogated from satellites. An
accurate posiuoning during interrogation wouvld be highly desirable, to gain data on surface
currents. The first task in development of these buoys should be to construct a simple
reliable instrument which would work for saveral weeks.

Airplanes are at present in synoptic use in ice reconnaisance flights and in sea surface
temperature measurements in limited areas. Some additional use of existing low-flying flights
{e.g. U. S. Coast Guard's flights) could be made in reporting current boundaries, fog and a few
other specific observations. Any equipment to be used in oceanographic satellites should first
be flown and tested in airc--aft,

Satellites will in the future find their principle use 1n communication, including the
interrogation of automatic stations. Some extended use of satellites will also be made in
measurement of cloudiness and radiation.

4. SUMMARY EVALUATION

In the past most of the developments in synoptic meteorology have been relatively slow
due to considerable international bureaucracy and conservative routine national services
with little flexibility. The advances are usually made outside these established systems.,
The routine meteorological services should try to improve the quality of present maritime
observations by better instruction of observers, by selective recruitment of additional ships
and by distribution of additional instruments and their checking,

In order to utilize fully the existing reports a speedup in communications ie urgent.
Although the development of automatic weather stations has proceeded fc - several years, we
atill do not have a cheap and reliable model.

The ships are, and will be the principal platforms of maritime observations., The use of
drifting buoys is waiting the development of proper automatic stations. The use of planes will
increase with the use of automatic stations. The satellites are expected to agsist mainly in
interrogation, communication, and improvement of navigation (for current drift use).
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v 6/3 . OCEANOGRAPHIC FORECASTING
>
%b - Columbus O'D, Iselin . '

Woods Hole Oceanographic Institution, Woods Hole, Massachusetts

In most cases, oceanographic forecasts do not have to emphasize the future because the
sea conditions change much more slowly than do the conditions in the atmosphere. In general,
if one can describe the sea conditions as of the datc of the "forecast” this constitutes a useful
prediction, except near some coastlines, for ﬁxe next week or more. The principal exception
to this statement is in wave forecasting because the characteristics of the waves can change
nearly as rapidly as the winds.

There are thi'ee principal practical objectives in oceanographic forecasts.

a) Ship Routing. This involves avoiding ice and head seas having a dominant period
corresponding to the natural period of pitch of the ship. The objectives are to avoid cargo
damage and by maintaining speed to shorten the time of the voyage. Often one day or more
can be saved on a transocean voyage. If, in addition, information is available about the posi-
tion of strong currents, a further equal saving in time can be made,

b) Fisheries Management, This invclves not only the currents and the associated
positions of oceanographic fronts, but also the depth and existence of seasonal thermoclines.

¢} Horizontal Sound Transmission. Much the same factors are involved, but in addition
trere is also the question of whether or uot a slight diurnal thermocline will develop.

Oceanographic forecasts start ¢ff with statistical information concerning the seasonal
and geographical near surface conditions {(down to about 200 meters) and then one tries to
predict how these have been modified >y the existing and past weather. Obviously insofar as
weather forecasts can be improved and lengthened the usefulness of oceanographic forecasts
will also be increased.

Tre data gathering network for oceanographic forecasts can be much more open than in
the case of weather forecasting over land areas., However, the present network is inadequate
because ships are very unevenly distributed and their reports contain many errors which
must be screened on the basis of good statistical information. Data gathering buoys will have
to be added, but a serious radio communication probier: will remain. A satellite communica-
tion system that could locate and interrogate ships and buoys would be most helpful.

The principal needs at present are for precise low level wind information, especially in
summer, and for means of mapping sharp horizontal thermal gradients at the surface. Only a
low level of absolute accuracy is necessary in mapping the oceanographic fronts.

It should perhaps be pointed out that the present need for oc2anographic forecasts is now
lesgely confined to the northern hemisphere. However, it will soon spread to the southern
hemisphere and would then mnake a major contribution to weather forecasting over the land
areas. The United States can gain much good will he developing such a service on a world-
wide basis.
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THE POSSIBLE USE OF SATELLITE DATA IN ESTIMATING .
THE DEPTH OF THE THERMOCLINE
/
‘Q Fohn P, Tully
L] ‘u
Q Pacific Oceanographic Group, Nanaimo, British Columbia
INTRODUCTION

I doubt, very much, if there are any means of estimating the depth of the thermocline
in the ocean, directly from satellites alone, Ii..’~ver, it is possible that, by apglication of
erudition, satellite data can be used in conjunction with existing data or techniques now in
development, to provide much needed information. Mr, Schule and I will try to elucidate
some of the possibilities.

INFORMATION SFRVICES

Oceanographic Informaticn Services, simiiar in scope and philosophy to the National
Weather Services, are being developed in Japan, the United States and Canada. Their object
is to provide regular assessments and forecasts of the oceanographic conditions (properties
and structure of the water) in the contiguous Atlantic and Pacific Oceans. The original
efforts were sponsored by fisheries researchers who have produced summaries of sea-
surface temperatures every ten days or every month. Recently the military in United States
and in Canada have created independent services. Eventually, these fisheries and mililary
efforts wiil be coordinated because the requirements are essentially the same for both
groups. Meaawhile, they provide the driving force for high-speed wholesale assessment of
the oceans.

One of the primary requirsments of these oceanographic services is to assess and
forecast the depth of the mixed layer overlying the seasonal thermocline, At the present
time, the assessment i8 inadequate and there .s very little forecasting.

A number of naval and fisheries research vessecls have been provided with bathythermo~
g aphs, They make observauons several times a day and radio the oceanvgraphic and
acct .~panying weather data to center' -vhere they are interpreted and collated onto charts,
Becaust the oceanographic data are sparse it i8 necessary to accumulate them for periods ¢
about 5 woek, Even so, the data are not adequate to be Independently Jefinitive. However,
the picture 1> .ot all black. It is possible to agsume persistence of the primary and, sor.z-
times, of the Sec.ndary features. Considerable weight can b= placed on historical data,
Models of seasonai 2nd regional belavior can be invoked. Correlations can be sought b-tween
the desired quanti.y, S~ as depth of the thermocline, and more readily observable features,
such as gea-surface ten.9=rature. The probler is to iraprcve these procedures.

THdE ROLE OF SATELLITES IN OCEANOGRAPHY

There is an evident need for high-speed wholesale assessment of the oceans. Although
observations from ships are the primary source of data, they are not adequate. The use of
maritime patrol aircraft to collect sea surface temperature data is being developed in the
United States and Canada. Also, some thought haa Yeen given to the use of satellites.

There are three, apparently vbvious ways of using satellites in oceanography; to deter-
mine the sea-surface temperature by sensing radiation from the sea surface, to aid in the
assessment of the surface weather, and to communicate with seaborne sensing devices,
SEA-SURFACE TEMPERATURE

There has been considerable research, particularly in the Gulf Stream region of the

Atlantic Ocean, to show relations hetween gen-surface temperature and the depth of the thermo-
cline, Fron this there i8 an immed! ate temptation to suggest that sea~-surface temperature
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shouid be inferred from the infrared ra-%iation scanned by s~tellites. It may be argued that
the inrerent air path error wouid be nearly constant, or varies regulariy with latitede, and
couid be compensated in suca procedure. Also, on the tasis of regsearch now in progress
{Scripps Instituiior of Oceanography, U. S. Navail Oceanographic Office, Pacific Oceanographic
Groupl 3t is probable that 3 will »e possible to correlate the sea-aurfece radiatior. with the
representative totperaure in the mixed layer. However, one mejor cifficulty ren.zins.

The infrared radiomezes: camnot "see™ through clouds. Much of the ocean is cloud covered
muck of the time. Iience. the technique would de » . on glimpses of the sea surface. It
would be necessary 10 p.:ce the picture togetrer for periods of a week «r more to obfain
sigrificant cumulative results. Presumably this would be somewhat more adequate than the
present input of sea surface temperature dats from ships, but certainly it would fall far short
of the reguirement, particuiarly in high latitudes. Finally, the correlation between sea-
surface teriperaturz and depth o?f the thermocline is by no means universally applizabie.

WEATHER ASSESSMENT

Gradient wing speed over the ocean can be estimated, with acceptable accuracy, from
detailed barometric pressure crarts. The primary iata are availasle from transitting
ships and ocean weather stations via the weather services, These are adeguate only in the
principaz shipping routes. Elsewhere there is considerable intunition it ti:e interpretation of
ths sparce data. The analyses of wind speed can be greatly improved by satellite pictures of
cloud ccver such as shown in Figure 1. Such pictures allow considerable improvement in the
interpretation of the isovaric patterns and, hence, of relative wind sceed and depth of the
ther:nocline.

The utilization of satellites for such purposes is 2conomically feasible. A cheap
{$12,000) real-time photographic read-out facility has been developed by the Canadian
National Research Couucil and proven on TIRUS Vill. On the Pacific coast we are giving
thought to acquiring such a facility for our weather/oceanvgraphic information services.
However, the processing, "inclined~ecliptic' orbit of the TIROS zatellite series reaches our
northern area of interest, during daylight hours, for only a few days each month. To be of
real use, such pictures must be available daily, Therefore, our venture into satellites must
wait until there are enough polar-orbiting NIMBUS satellites to provide cGaily data.

I draw your attention to another feature that can be derived from adequate cloud pictures.
Preasent researches are showing that the thermocline rises in regions of divergence and sinks
in regions of convergence. In oceanic areas these coaditions are dependent on the curi of the
wind streas, which is adequately revealed in these cloud patterns.

COMMUNICATIONS

Tarning now to utilizing the communications features of sa'ellites, it is worthwhile to
consider coordination of some developmentsin the Unijted States. The Stanford Regearch Insti~
tute. under a contract with NASA is exploring the possible uses of a satellite that would
communicate with wandering radio stations, such as telemetering weatherfoceanographic
buoys, and locate them ancurately.

As reported at the tvoy conterence in Washington Iast spring the problems of a buoy
vehicle, power, sensing devices, data atoruge, and telemstering are, or soon will be, satis~
factory. The unsolved problem is how to moor them. Hence, thought is being given to the ua»
of drifting buoys.

The U. S. Bureau ¢. Commercial Fisheries, Seattle has maintained radio contact thrcagh
three months with three free-floating telemetering buoys in the eastern subarctic Pacitic. At
the conclusion of the test they were able to find and recover ihem. They propose to launch
buoys in the confluence region of the Kuroshio and Oyashio, allow thom to cross the ocean in
the West Wind Drift and recover them on the Amevican side of the ocecn. The main y+ Jiem
is to provide radio monitoring facilities which are limited by available channels and monlior~
ing stations. The latter are scarce in the Pacific Ocean.
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With «xisting gensing egnipment this drifting buoy system is capable of revealing
temperature and sound velocity structure to at least 106 meters depth, and perhaps more.
Alss, by comparison of successive positions it will reveal the detail of surface drift. All
these are parameters of concern to the customers of the oceanographic services.

. Bringing these two ideas together, 1t is evidently practical to consider such drift*ng
sensing buoys in any part of the world ocean, located and mounitored by polar-orbiting satellites.
Such 2 system, by itself, would require a large number of buoys, and would probably be limited
Dy corar upicatioa facilities, However, taken together with present data income and knowledge-
able weather assessmen: as outlined above, it may be possible o Cevise a system of oceano-
graphic as<essment wiich can be economically based on the utilization of all availabie
-acilities,
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"') +  RELATION OF THERMOCLINE DEPTH TO SURFACE
’v) TEMPERATURE IN THE ATLANTIC
/

é) . John J. Schule, Jr,

% U. 8. Naval Oceanographic O:fice, Code 3:00, Washington 25, D. 'C.'.

At the Oceanographic Office we have a rathex large prograin in 53 noptic oceanography
and provide services not unlike those Dr. Tully has described. We are,. therefore, extremely
interested in the sea surface temperature, not only because of its direct value in many
applications, but also because it is basic to vnderstanding subsurface conditions. Many movre
surface observs‘ions are received than subsurface and the surface ternperature field c¢an be
contoured more accurately than any other level. R is only natural, therefore, that ane wouvld
wish to use the surface deia as an aid in any way possible when assessing subsurface condi-

tions, and, of course, one of the parameters we are all interested in is the depth to tae top of
the thermociline.

Unfortunately, no quantitative relationships exist for directly inferring the thermocline
depth from the surface temperature. In the relatively stable waters with which Dr. Tully is
concerned, changes in the thermocline depth are due mainly to local changes brought about by

ch processes as heating, cooling, mixing, and convectiun. One would not expect any cuanti-
tative relationship to exist between thermocline depth aad surface temperature in these waters
except perhaps in Antumn, when convection nixizg due to heat loss at the surizce is the
dominaiing process, At all other times the problem is maiuly one of estimating the strength
of these factors which will change the thermocline depth,

In areas such as the Western Noxui: Atlantic the situation is somewhat different. The
presence of the Gulf Stream and Labrador Current with the resulting extremely complicated
structurc nreclude the possibility of quantitative correlations in any season. On the other
band, the fact that both cold and warm water masses, each with its own characteristics, exist
in this area separated by rather sharp discontinuities, enables rough qualitative inferences to
be drawn concerning the depth of the thermocline. In winter, for instance, the presence of
relatively cold surface water would lead one {o expect an extremely deep convective layer
in tkat area, while the relatively warmer waters would have shallower thermoclines. While
the picture is not quite so clear in summer, the effect tends to be just the opposite, the
warmes surface water having the deeper thermocline,

We are taking many steps to improve our understanding-of the gsea surface tempersture
field, One of these efforts has been the development of our version of the Airborne Radiation
Thermometer built by the Barnes Engineering Co., We have been flying this instrument for
about two years and have found it to be a valuable tool in assisting in the assegsment of the
gea surface temperature field.

Several experiments have been conducted to compare airborne radiation thermometer
measurements with surface cbservations taken by other means. One such experiment is
illustrated in Figure 1. The contours are of sea surface temperawmure taken from the chart
prepared routincly from injection thermometer observations from ships for the period during
which the flight was flown; the flight track is also shown. Figure 2 shows a comparison of the
actuai airborne radiation thermometer readings and temperawr« values interpolated along the
flight treck irom the contours. Agreement is good except it one area where the contoured
values were considerably higher.. This discrepancy happened to occur in the northeastern
portion of the flight track where the track paralleled the contours; the discrepancy between
the readings is, therefore, very gennitive to the exact placement of the contours in that area.
I the contours are adjusted twelve miles {o the east, the resulting comparison is shown in
Figure 3. This suggests that the airborne radiation thermometer has value in interpreting
data obtained by other means,

Our experience with the airborne radiation thermometer mazes the possibility of
obtaining similar data from satellites very attractive, in view of the greatly expanded
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coverage such a system vould provide. If the statvof the a. c3.a be developed to the point
where satellite data can be ob:ained which is of even comparabie quaiity to tha: now obtainable
from aircrait, cur capability to assess the sea surface r~myperature field and 1o uncerstand
oceanic structure will be greatiy enhanced.

¥igure 4 shows another comparison between surfzce temperatures measured by the air-
borne infrared radiation thermometer and those taken by coaventional means. In Figure 5
resuits are shown for a repeazed run of the radiaticn thermometer n daylight and 2

t nignt,

The nighr flight is slightly locwer but the gradient ‘emperatures are reasonably repeated.

165




| P




f
e

-

KECOMMENDATIONS CF THE PANEL ON BUOY AND COMMUNICATIONS

: 5‘) James Bush, Chairman
i .
( Members
Takashi Ichiye Albert H. Oshiver
\ C. H. Jeffress R, G. Terwilliger

William K. Widger, Jr.

The buoy and communication committee has considered the problem of cbtaining oceano-
graphic data. Rapid collection of data may be facilitated by the use of airplanes, balloons,
rockets, and satellites. The following briefiy summarizes our present feeling.

1.

There is 1 present limitation on the imagination imposed by the limits of today's
technology. There is a further limitation enforced by the nonavailability of infor-
mation veiled under the security r¢gulations. We, therefore, do not at this time
desire to se* limitations or acouracy and precisions necessary for future instru-
mentation.

We desire to look at as large a portion of tte ocean as possibie, both areally and
vertically.

The only feasible way of obtaining other than interface zone data is with buoy sys-
tems at the present time.

We could start collecting important information within the next few years from
selected locations of the ocean if developme it started in the immediate futurc.

We recommend the use of expendable and nonexpandable systems. rachored and
unanchored systems, free floating and controlled course buoys.

Technical discussions of the feasibility of this application of data collection is em-~
bodied in the Transactions of the Buoy Tecimology Symposium of the Marine Tech-
nology Society held in March 1964; the Datac.ol System report by Srivania Electric
Company written for NASA, and the STROBE repo: .

The tentative NASA program calls for a feasibility experiment with a first model of a
satellite-borne Interrogation, Recording, and Locating Subsystem (IRLS) on board a
Nimbus B meteorological satellite in the second half of 1966. The size of the avail-
able command memory will severely limit the number of sensing platforms which
can be accomodated by the initial experimental system in any given orbit. This
limitation is due to availahle memory capability; it is not inherent in the system
design. Within this limitation, representative user groups will be invited to parti-
cipate if they so desire. Participating user grcups will have the responsibility for
providing the sensing platforms having the desired satellite interface characteristics.
Among the NASA planning milestones for later experiments is the development of
creater memory capabiliiy to permit access to a larger number of sensor platferms,
The IRLS is so designed that an increased memory capability can be incorporated
without other changes being required,
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s‘ OCEANOGRAPHIC PROBLEMS OF UTILIZATION OF SATELLITES

/vy

, 2 by Takashi Ichiye
ks
N "’ Lamont Geological Observatory cf Columbia University
0 New York, N. Y.
WNTRODUCTION

*

T1e operation of satellites has increased the scope of data collection beyond 1wagination
in various fields of sciences including oceanography. In general, satellites can be used in data
collection in two different ways. One way is to cbtain data directly through sensors attached
to satellites and send back the signal to ground stations, Thie method is used by most of
scientific satellites including probers of the moon and the planets and meteorological satellites.
The other way is to relay the data collected by other means to ground stations. Both ways
have applications to oceanographic data collection problems.

DIRECT MEASUREMENTS WITH SATELLTI1 &S

In the present state of development of sensors attached to satellites, sea-surface
temperature and ice ocverage of the ocean might be the only oceanographic data measurable
with one nf such sensors, namely the infrured radiation thermometer, However, infrared
sensors can moeasure the water temperature to a depth of only a few millimeters below the
surface, Also the readings of the sensor depend on the air temperature and humidity between
the sensor and water surface. Since the skin temperature of the water is influenced by many
factors of meteorological origins, it does not necessarily reflect oceanographic conditions
such as circulation and water mass distributions. This limitation, as well as errors in the
readings due to the condition along the rzy path, lessens the usefulness of infrared sensors
gseverely. Therefore, the only cignificant use of infrared sensors will be to detect the paths
of the western boundary c rrents and the locations of oceanic polar fronts in a large scale.
because the gradients of the surface temperature are usually so conspicuous in these areas
that even the skin temperature does indicate the boundaries.

Ice coverage of the ocean can be successfully measured with infrared photographs taken
irom a satellite. This program has keen partly accomplished with a Tiros satellite., In order
to use the data of ice coverage for scientific as well as operational purposes, systematic
measurements which might cover the ice-covered areas mcre frequently and densely will be
necessa.y. Increase of resolution of photographs, in addition to increase of frecaency and
density of orbits of satellites, will make it posaible to study the freezing process of the ocean
on a lurge scale a.ad even to detect the circulation of the northernmost or scuthernmost seas
by tracing floating ice.

BUNY SYSTEMS FOR OCEANOGRAPHIC MEASUREMENTS

The most promising use of the satellites for oceanography is to relay the Jata obtained
at floating or fixed unmanned stat ons to shore stations. Appraisal of various kinds of buoys
developed by different organizations for oceanographic purposes has becen made in connection
with use of satellites for relay, by O'Rourke (1964). Accoruding to this appraisal, a yearly
cost for maintaining one buoy for collecting oceanographic data and transmitting them at the
rate of about 300 bits at a time to a satellite overhead is about $20,00C. It is possidie to
monitor about 1,000 broys with one satellite and thus over long periods the buoy-satellite
system will be much cheaper and reliable than the conventional ship operation for oceano-~
graphic purposes, However, limited number of buoy staticas and thefr limited capacity for
transmission of data inevitably make it urgent for oceanvgraphers to examine more carefully
kinds of da%a to be collected by buoy systems, geograrnic distribution of buoy stations, choice
of right kinds of buoys, frequencies of data collection and so on,

In this paper two oceanographic problems which might effectively be solved by applica~
tion of a bucy-satellite system are discussec. One problem is world-wide measuremenis of
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internal waves of tidal and longer periods. ‘ihe other problem is to determine generation and
distribution of eddies with scales of geostrophic motion in the ocean. In fact thesge two
phenomena are inter-related with each other and are essential factors in governing the
dynamics of the general circulation of the ocean. It ir obvious that the final goul of the buoy-
satellite system is to obtain the data . in situ conditions of the world ocean quickly and
widely. These two phenomena haw luay been believed to be main causes of th.: changes of
oceanic conditions and yet have never bafore been fully explored owing to the cifficulties of
their measurements with the coaventional tecimniques.

MEASUREMENTS OF INTERNAL WAVIS

Occasional measurements at anchored stations in the mid-oceans indicate that the
vexticel fluctuations of isotherms anid taermoclines with periods close to tidal periods are
very common. (Ichiye, 1864) A hyaroiynamic theory can predict only the relationships be~
tween periods and wave lengths (frequency aquations) for different modes of internal waves
in the stratified ocean, (Eckart, 1960). In order to determine the geographiczl distribution of
the occurrence of such waves or the causes of the waves, measurements of wave elements
in different areas are needed. Since the density structure of the -vater is almost constant
during several tidal periods, the amplitudes of internal waves can be determined by measur-~
ing vertical temperature profiles. In fact the occasional observations of fluctuations with
tidal periods of subsuiface temperatures, particularly near the thermocline, seem to be cu-
to internal waves., However, the difficulties in maintaining anchored stations in deep sels
keep the data on internal waves scarce ai.G sporadic,

The main purposes of the buoy sysiem for measurement of internal waves of tidal
periods can be itemized as follows:

1. To determine processes of occurrence and modes of propagation of internal waves
in various parts of the oceans,

2. To study relationships between the surface tides and internal waves,
3. To study causes of internal waves.

4. To determine interaction between internal waves and the general circulation of the
oceans.

5. To determine frequencies of occurrence of these waves.

In order to achieve purruses 1 and 2, measurements with the buoy syster~ have to be
continued only for a period of avout one month, For parposez of 3 to 5, at least o~. vear's
operation may be necessary.

The wave length L of internal waves is given approximately by

L. me- o\
n 2’..{2 \-

Where h is the depth, n i8 u.c order of the mode, ¢ ia the frequenc;, £ is the Coriolis coef
cient and N is the Vaisala frequency given by

s

2\}
N--(f-%-f;) @

in which p is the density of the water and ¢ is the velocity of sound in water {Cox, 1962).
Observed maximum values of N are of order 10~2 sec”! and those of 02 - £2 are of order 104
s2c~! for tidal periods. Therefore, the wave length of the first mode is about 800 km in water
of 4 km depth. The waves of higher modes or for sinaller values of N are shorter than this.
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Analysis by Barber (1963) indicates that the simplest array of wave detectors with a sufficient
directional resolving power may be a triangle of three detectors, with equal sides of half the
wave length to be detected. In osrder to cover the world oceans with networks of triangular
arrays with sides of 400 km, almost 4,000 buoys are necessary. Therefore, it might be better
to set up a system of about 500 master buoys distributed at ten degree intervals of latitudes and
longitudes, each of tae master buoys having two slave buoys at about 200 km distance. Master
buoys would receive and store the data from their slave buoys and transmit their own data, as
well as the data from the slave nuoys, to a satellite. Since the most essential data of the inter-
nal waves are temperature at several depths near the thermocline, the accumulated data at
master buoys can be limited to 300 bits, whica is the capacity of transmission to the satellite.

FDLIES OF GEOSTROPHIC SCALES

From the detailed isotherins obtained with a bathythermograph whicia he had invented,
Spilhaus (1940) recognized the existence of eddies of three distinctly differert siz2s on the
shore side of the Gulf Stream. Eddies of the largest scale were detected even with the routine
hydrographic techniques and its dimension was of the order of magnitude of about 150 kilo~
meters., The intermediate eddy and the smallest eddy, which was called parasite eddy by him,
had a dimension of about 30 and 5 kilometers, raspectively.

Both were detected only by closely-spaced temperature measurer-cnts using the bathy-
thermograph. He suggested that intermediate and parasite eddies would be numerous enough
for their effect ou oceanic circulation to be capable of statistical treatment. However, there
was neither statistical nor synoptic study on these eddies in observational and theoretical
phases of oceanography thereafter.

It was ten years later that details of generation of a eddy of the largest size was deter-
mined by a multiple-ship survey called "Operation Cabot" (Fuglister & Worthington, 1851).
In this survey seven ships were used in the area south of Grand Banks to observe the process
in which the eddy, with a dimension of 200 kilometers, was detached from the Gulf Stream in
a couple of weeks. The eddy was at first a {ongue of warm water protruding to the southwest
from the main part of the Gulf Stream but afterwards it became an isolated cyclonic vortex
of an elliptic shape with a long axis of 300 kra ar.d a she.* axis of 100 km. The current distri-
bution in the eddy was measured with GEK and drifi» of t* .hips and temperature distribution
with BT, Although there was no salinity data crrresponding to detziled temperature data, a
comparison of the mean temperature of the upper 200-meter layer, with the surface currents
determined directly with GEK and ships' drifts, indicates that the gestrophic relation was
valid within the eddy and the isotherms were almost parallel to the currents.

As for the intermediate and parasite eddies no study was made until recently, except
occagional investigations about the Reynolds' stresses, which might be due to the eudies of
such sizes along the edge of the Gulf Stream {Stommel, 1955. Webster 1961) of the Kuroshio
(Ichiye, 1957)., Even the name of paragite eddies has beer. rarely used. The first extensive
measurement of the intermediate size eddy was made by a group from Scripps Instituticn of
Oceanography off northern Baja California in October, 1958, using parachute drogues in
conjunction with the conventional hydrographic techniques {fcid, 1963). The significant result
of this measurement is that the currents measured with drogu=s are fcunu %o satisfy the
geostropl.ic relationships, even in an eddy with a dimension of 20 to 50 kilometers when they
are compared with results of dynamic calculation. It is also noted that an ordinary network
of hydrographic stations of 30 to 60 mile interval off California {and in most other areas) may
often fail tv spot eddies of intermediate sizes, as illustrated by this example, because the
eddy would be unnoticed in the dynamic topography of the area without an extra station
occupied between the regular stations,

MEASUREMENTS OF GEOSTROPHIC EDDIES WITH A BUOY-SATEL'ITE SYSTEM
A synoptic messurement of development of eddies of geostrophic scale can be made with
2 local scale of operations using either ships or buoy gystems, as in cases of the "Operation

Cabot’ and of California Cooperative Surveys. The most effective use of the buoy-satellite
system for measurements of these eddies ia to obtain the data which reveal the statistical
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features of these eddies, such as frzquencies of occurrence in various areas and distributions
of their sizes and energies, In order to achieve this purpose, networks of closely spaced
buoys must be maintained for a long period of time. Therefore, it is necessary tc determine
the most effective spacing for datection of eddieg with the minimum number of buoys.

It is assumed that the fixed buoy stations are set up in a rectaangular array of equal
spacing a . Also the eddies are considered to be circular with a radius r . Further, for
simplicity, it is assumed that the eddies can be detected if any station is within the radius of
the eddy (for instance, eddies are considered to have different water charactaristics from tne
ambient water). Then the probability P (r,a) that the eddy is detected with four stations of «
rectangular array is given by:

P(r,a) = nrza..2 for a> 2r
3 (3)
P(r,a) = {'nr2 - 21‘2 Arc cos (-;;) + 2a Jrz-('z—) }a-Z

for a < 2r

The frequency of occurrence of eddies with a radius r is taken ¥ {r). Then, the most
effective networks with the minimum numbers of buoys can be determined by obtaining the
maximum value of a, satisfying the relation:

f F(r) P(r,a) d&r = min (4)

[}

In actual situations, the function F (r) depends on the geographic location and the time.
In fact, it is the purpose of the buoy system to determine this function. However, if we con-~
sider that the largest geostrophic eddies with dimensions of 200 km are our main concern
and also assume that the frequency F (r) is an error function, a sumple estimation gives the
necessary numbers of buoys to cover the whkole vcean as of the order of four thousands, which
is.too many to be realized. Therefore, it will be necessary to setup the system only in areas
of the most importance. However, in the area:s where strong permanent curreats flow, ficat~
ing buoys would be more effective in detecting eddies of geostrophic scales when the buoys
are released at certain time intervals. The analysis of the data may be.-executed according
to the theories of turbulence in shear flow (Townsend, 1956).

172



REFERENCES

Barber, N. F. (1363) The directional resolving power of an array of wave detectors. Ocean
Wave Spectra, Proceedings of a Conference. Prertice~Hall, Inc. 137-150

Cox, C. S. (1962) Internal waves., The Sea I (Edited by M. N. Hill) Interscience Publishers.
752~763

Eckart, C. {1960) Hydrodynamics of oceans and atmosphex2s. Pergamon Press, Loadon.

Fuglister, F. C. and Worthington, V. {1951} Some results of a multiple ship survey of the
Gulf Stream, Tellus, 3, 1-14

Ichiye, T. (1957) A note on horizontal eddy viscosity in the Kuroghio Rec. Oceanog. Works
of Japan, 3, 16-25

Ichiye, T. (1964) Annotated bibliography on internal waves. (To be published)

O'Rourke, G. E. {(1964) Satellite telemetry of Oceanographic observations. {Mimeograph.
To be submitted to 1964 National Telemetering Confer=nce, June 2-4, 1964)

Reid, J. L., Jr., R. A. Shwartziose and D. M. Brown {1963) Direct measurements of a small
surface eddy off northern Baja California. J. Mar. Res. 21 (3), 205-218

Stommel, H. (1955) Lateral eddy diffusivity in the Gulf Stream System. Deep-Sea Res. 3,
88-90

Spilhaus. A. F. (1940) A detailed study of the surface layers of the ocean in the neighborhood
of the Guif Stream with the aid of repid measuring hydrographic instruments. J, Mar,
Res. 3 (1), 51-75

Townsend, A. A. (1856) The structure of turbulent shear flow. Cambridge Univ. Press,

Webster, ¥. (1961) The effect of meanders on the kinetic energy balance of the Guif Stream.
Tellus 13 (3), 392-401

- 173







L

R

R

IMPRESSIONS OF THE CONFERENCE

J. F. T. Saur, Oceanographer

Burcau of Commercial Fisheries Biological Laboraiory
Stanford, California

My impression of thc conference is that there arc thice main areas in oceanography in
which observations from satellites may be of considerable value:

1. Use of infrared, radar, and microwave for ice reconnaissance. (As used here, the
term radar pertains to an active system and the term microwave to a passive sys-
tem, i.e., microwave radiometry.)

2. Use of all methods for world-wide reconnaissance of beaclies, their cL.anges in size
and shape, and possibly of spectrographic methods to dete rmine mineral content.

3. Use of radar backscattering from the sea surface to determine a roughness para-
meter of the sea surface for wave research reconnaiusance and prediction.

The outlovk for using satellites to obtain data for sea surface temperature {(SST) charts,
which would be of great interest to our Laboratory, is less ;q';timistic. Eiven in the so~called
“atmosgpheric window" within the infrared band, the absorption of radiation by atmospheric
water vapor produces an error of 10-20°C which may be corrected only to an accuracy of
about + 3.0°C. These techniques, which can scan a relatively narrow field and have a rapid
response, could be used in the absence of clouds for delineation of sharp temperature grad~
ients, such as along the boundary of the Gulf Stream, but do not seem suitable for studying
year-to-yvcoar changes in temperature. The working group on sea surface temperature,
chaired by 4. P. Tully and one in which I participated, felt that for mupping of surface tempera-
ture an average temperature accurate to + 0.5°C integrated over an area of no more than about
600 square nautical miles was necessary to give new useful information. Use of microwave
radiometry, which will penetrate clouds, is hampered b, changes in the emissivi‘; of the sea
surface with changes in surface roughness or wayas, and little quantitative informnation is
available as yet about thi,", Element response time is slow so that an integration time o1 3
scconds {satellite movement: 15 miles) or more is necessary.

I made some brief comments on our Laboratory's interest in SST daia. In these I noted
that, although determination of ST is beset with certain problems, it is well to keep in mind
the potential valie that would arise should a method be developed for determination of water
vapor and the cosrection to give SST accurate to 0.5°C, A satellite ir a polar orbit would
probably get 3 daytime and 3 night looks at a geographic location, which would be 180 per
month, Thus, if a clear observation without clouds could be obtained only about 2% of the time,
this would give a sampling of about 3~-4 observations per month., There are now large areas of
the tropical and south Pacific anc the Indian Ocean in which we now get observations only a
few times a year, so that this would be an increase in data essentially by an order of magni-
tude,

The: purpose of the conference was to consider observatioas which ¢ould be made with
the scasor in the satellite, However, the potential value of satellitc communications from
bunva, fixed stations, and ships was deemed so great that a workiag group was organized by
Dr. James Bush, I i O, Research Institute, Chicago,, on this subject. Its recommendations,
which are to be incl ‘ded in the report, are general but serve to point out the importance of
this aspect.

Another thought which arose throughout the conference wae of the value of just placing &
trained obscrver in a satellite in orbit around the earth, it was felt that such an observer
might well discover sources of information which could be obtained from the satellite, ut
which would never occur to the persons sitting in the conference room. One scientist gtated
the problem in the following words, "We need the manned satellit: to find out what to look for
with the unmanned sat.ltes,” Dr. Badgely assured the confereuce that NASA is aware of
this and is already t* ..king along these lines.
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The report of the Panel on Marine Bioiogy noted that visuzi obser ztions of biclumires-
cence, discolored areas, animal life and convergences; sclective ggtcirometry for chlorophyii
cencentration; and .onitoring of commercial and sport fishing fivets; wouid be of great use o
piologists, -1 would telemeter~d informatior: on surface and subsurfaze sensors.

A difficuicy relating to the orientalinn of the satellite .8 encountered when one wishes to
determine the geographic location of somering in a phctograph in order to use stereo
methods for meassrement of height or speed »{ movement from two photographs separated in
time, e.g., on ConSITwice Oruits. The {rack of « saicilile is guite siavie and can be measur.d
and predicted with great accuracy, so that this can be used by surface ships with electreaic
gear to determine their positicn accurately-the navigaticual sateliite. However, if cne Ras a
gatellite photograph {visual, infrares, or microwave) the vertical orientation of the sateliite
carnot at present be governed no: measured 1o give 2 ocction better than about + 30 miles in
the photograph whea their are no fixed reference poi.ats in the photograph, i.2., physica: fea-
{ares of known geograph..c .ocation.

A pumber of participants wers apprehens®ve that much of the prorused effort might be-
come classified because of security regulations. NASA personnel indicated that they have
attempted to get obgervational informaztion releas. d and have rad fair success ir this, even
though the fall capabilities of the sensor might be clasgified. The conference went on recc.d
to the effect that “present security restrictions are: (1) impeding the applcations of mauy
senscry techniques to important scientific problems and (2) preventing interpretation of exist-
ing data by acientists of recognized ability, which resuits in a loss to poth miiitary and non-
military projects of scientific nature.
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/ /\\0 APPLICATION OF SATELLITES OR HIGH-FLYING AIRCRAFT

Q TC STUDIES OF CETACEANS ARD OTYER LARGE RARINE ANIMALS .
7

,A’ William: E. Schevill

h Museum of Coinparative Zoology, Harvara University

b Cambridge, Massachus :tts

{This is 2 special case of buoy work. But these buoys are found already launched, and
sre hard to hold during instrument-mouriing.}

In this note we cifer suggestions for some biological tasks that might be adde i ‘o the
program of a satellite or aircraft with other major tasks. Were there a chance of a vehicle
primarily for oceancgraphic work, further suggestions could be offered.

The utilizatior. of satellites or high-flying aircralt as an aid in cetacean resvarch has
been considered from time to time, but as far as I am aware, only a few .entative steps have
been taken in this diréction. Of course, 2 number of workers have used lov:~flying aircraft
(sometimes as low a3 anout 5 meters), chiefly in spotting or cbservation, but occasionally in
conventional inert-murk tagging attempts.

At the Woods Hole Oceanographic Institution we have made e~varal attempts to use radio
transmitiers as tags "o trace the migrations of whales in the we rth Atlantic, using
ships or low-flying airplanes for detection and location. If satellites o. gh-flying aircralt
could be urilized for this purpose, we could expect far greater coverage d mproved track-

ing.

We have, to begin with, questicns about the readiness of such venicles to detect and
localize shorttransmissions {probabiy shorter than a second) at unpredictable intervals (from
perhaps 4 to 40 or more minutes). Precision of localizaticn would be acceptable at +100 r=*les,
thougt finer fixes would always be welcome, even in the first program.

It would be desirable for the receiving vehicle to discriminate between individual tags,
so that individual whales could be distinguished. The transmission might be coded, or several
frequencies might be used.

It is intended to use the aircraft or satellite only as a receiver or relay station, the
source to be on the whale or other animal being tracked. (This sort of sysiem would of course
be equaily applicable to drifting buoys, which would have longer and more predictable trans~
missions.)

Another possibility would be 2 transponding whale tag, to be triggered by radar sweeps
from tke aircraft or satellite, using cither sidelooking or PPI radars. For whales, whose
surfacing time is unpredictable, this would be preferable to interrogation at longer intervals,
since the chances of finding the transmitter at the surface would diminish rapidly as the
sweep (interrogation) interval increases.

'A whale~tracking project is already in operatior. at WHOI, and this is ready to join in any
such operation right now. Doubtless a number of other biologists would wish to make use of
such a system. The Woods Hole project has been trying to track the migration of Eubalaena
glacialis {right whale) in the western North Atlantic. The conventional inert tags {Discovery
type) are of no use here, since this whale is no longer hunted, so that these tags would not be
recovered. It is so long since this whale has been hunted in the North Atlantic that we have
been unable to find off-shore records of its occurrence, except for one region south of Iceland
where the hunting seema to have ‘stopped about 1815, All we are sure of nowadays is that a
small population {probably not mnore than a very few hundred) turns v.p on the North American
coast between Florida and Cape Cod in March and April, departing by early May.
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For the beginning, we have been content to try simple tracking, leaving till later the
addition of telemetr: of such items as diving depth, swimming speed, temperature, heart beat,
etc.

The taga we have used in our experiments have been uncoded transmitters on 140 mc,
We have obtained 50~-mile ranges from aircraft at 5000 feet, At present we have been limited
by the range of cur small airplane to distances of about 200 miles from shore. With the
possibility of sustained tracking over the ocean, we are of course prepared to modify the
transmitting characteristics of our tag to suit another receiver.

The detection and locahzation of our tag signals are of course only part of our problem.
The transmirter has a number of conflicting requirements, such as the compromise between
optimum antenna size and hydrodynamic requirerients so as to be tclerable by the whale,
There i8 also the sporting uncertainty of the actual tagging of the whale. These and ancillary
problems remain, whatever receiving system is used, but we welcome the posaibility of help
in the receiving and tracking department.

Of the possibiiities mentionei, the radar-wransponder is so far the most attractive. For

the present application, orbiting receivers are not required; for eyample, any trans-Atlantic
flights or suitably insirumented aircraft would suffice.
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INTRODUCTOR.Y REMARKS ON INFRARED SENSING

:ﬁQ R. J. P. Lyon
©

Today we are commencing the: study of the electromagnetic spectrum in greater detail.
This morning we will deal with the infrared portion of the spectrum.

NASA Amesg Resgearch Center, Moffett Field, California 94035

Even the infrared portion of the spectrum is wide and one must identify the wavelength
or band of wavelengths in which one is working. It's a little like saying that you come from
Texas, and the next questioner wants to know 'where in Texas'? The visible portion of the

spectrum only covers the range from 0.4 to 6.7 microns - the infrared portion stretches
from 0.7 to beyond 300 microns,

We are splitting the infrared {(IR) spectrum into several segments — photographic IR ~
0.7 to 1 microns, near IR - 1,0 to about 6§ microns. And far IR from 6 microns to beyond
25 microns,

‘When infrared radiation is transmitied through the atmosphere, several windows
appear. These are areas of relatively good transmission (70 ~ 80%) separated by areas of
strong absorption. The absorpiions are primarily due to HyO and CO,. These peaks are
sharply boundec, but also have the less strong "wing' absorptions characteristic of gases.

Thus, even the windows have varying transmission, as a function of the HyO content of air
from day to day.

This absorption markedly attenuates the IR transmissions with increasing altitude and
will be one of the major protlems with satellite~IR operations.

Hut these abgorption bands and their attendant weaker wings can yield important infor-
mation to the atmospheric physicist and also to the oceanographer. Penetration depth (or
optical depth, attenuation depth) is a function of the optical constants of the gas or liquid
being studied. Knowledge of the optical constants is being accumulated and temperature
measurements as a function of depth in both the air and water can be performed. The 15.0
micron band of CO, and the 6.2 micron band of water can be studied with narrow band
radiometers for temperature gradient data.

This brings me to my first main point increasing sophistication in the IR equipment
now enables the scientists to select narrow wavelength bands for detailed study where before
only radiometers could e used. Detectors now only require fractions of the energy of the
earlier thermistors, and the integration of wide energy bands is not required.

The second main point is this: radiometers respond to radiant energy recetved.
Radiant emission is a function not only of the temperature of the source but also of an
efficiency factor (emittance),

Radiance (R) = _'g_x emittance x (’tc::mpera.ture)4

where k is a constant,

If the emittance i8 known then the true temperature can be easily obtained from the
radiance. This is a fundamental physical fact and no advance in the state of the art of equip~
ment will bypass it, If the emittance is not known then it must be presumed - and for water,
in a steady, flat sea state, at near-normal incidence, and in the 8 to 12 micron band, a factor
of 0.98 may be used. Waves and whitecaps markedly change this value.

This emittance factor {and its converss - reflectance) are even more worrysome in the
microwave region where for water values as low as 0.5 to 0.6 must be used.
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“Pemperatures” should be called "apparent” or "equivalent balckbcdy" temperatures

uutil the emittances {or reflectances) have been calculated and allowed for in the measure~
ments., ’

Thus, while “thermal contrast” maps may be readily prepared by thermal scanning and
image-producing units it always must be remembered that thege are essentially "radiance
contrast maps” and may be maps of sea state rather than true temperature differences. The
case is much more clearly made for land rock and soil IR emission and for the microwave
aress, but it is important not to be mislead by the excellence of the picture shown on the TV
screen into thinking that there is a unique interpretation.
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EVALUATION OF INFRARED SURFACE SIGNALS
\ RECEIVED BY WEATHER SATELLITES

!
j’ by Konrad J. K. Buettner and Capt. Clifford D. Kern, U.S.A.F.

Unuversity of Washington, Seattle, Washington

Surface signals penetrate the atmosphere in a series of windows irom 4u to the micro-
waves. For emitiers of the order of 3009K the 4u signal depends so much on temperature
that the emissivity variance may be neglected. In the microwaves the opposite is true. For
the § ~ 12u window, true temperature changes influence the received signal aiout as much
as e.niacivity variations, The latter have been investigated already by R. Lyon. We mea-
sured m: iy ..atural surfaces with a new device. We also demonstrated from Tirog III data
that the Sabzza emissivity is subsiantially below unity. Water, snow, and ice are nearly
black emitters; however, water and ice deviate from blackness at oblique angles. Therefore
wave formation lowers emissivity. A very thin layer of oil also lowers the emissivity by
ahout 2% or the apparent temperature by about 2°K.

Buettner, Konrad J. K. and Clifford D. Kern, Sclence 142; 671, 1963
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. 4;\ OCEANOGRAPHIC USES FOR AN AIRBORNE INFRAKED )
Q DETECTION DEVICE
g

g’ .- Richard A. Geyer

.

Q Technical Direcior for Oceanography,

Texas Instruments Incorporated, Dallas, Texas

The characteristics of high mobility and day and night operation raaes this method of
remote sensing very useful for synoptic oceanographic observations. The ahility of an infra-
red sensing device remotely to determine oceanographic parameters is limited by several
constraints:

1. The resolving power of the optical system that forms the image for the scanning
system;

2. the minimum vadiometric temperature differential that the infrared part of the
system can sense; and

3. the amount of cloud cover and certain other meteorological counditions.

The first application of this instrument {0 oceanographic research could consist of tak-
ing ar infrared lcok at the world's oceans. This is an entirely new method to obtain oceano-
graphic information and the only method that directly measures parameters in the surface
layer, This device would be suitable for collecting temperature data that could be used to
prepare charts of the surface temperature distribution for the world's oceans. The radio-
metric temperature can by related 16 the thevmodynamic temperature by a cal-ulation if
some value for emissivity ie assumed or determined,

The information ccliected could be used to revise tre surface temperature charts al~
ready existing or to prepare an entirely new set. This work could also be extended to deter-
mine the annual variation in surface temperatures of the ocean. In such a large-scale
endeavor it might be possible :0 determine if there is a seasonal repetition of isotherms on
a ocean-wide basis. This infrared device could also chart the diurnal variations in the sur-
face temperature of the world's oceans.

It is possible that thege data could be used to track large water masses whose surface
radiometric temperatures differ from that of the surrounding surface water by an amount
greater than the resolving power of the infrared system. It could be ueed to take & synoptic.
look at the major surface ocean currents of the world,

Areag of upwelling could be discovered and observed provide-: that the upwelling water
was a different radiometric temperature than the surface water where the upwelling occurred.
It might also be possible to study small-scale convective activity that occurs in the thermo-
cline. The scale of convective activity that could be studied would be directly related to the
resolving power of the optical system of the infrared dovice. it is vossible that areas of
unusual activity where some process was converting another form of energy into heat energy
could also be observed., For example, in an area where there was & rapid conversion of kiv.etic
energy into heat energy or an area where there was unusual chemical or biological activity.

A region of unusual surface radivactivity could possibly be found with this device, The
above conditions would have $0o be of 3uch a nature that the surface tomperature of the area
in which they ware occurring was affected,

This infrared sensing device appears to have general applicability in problems concern-
ing the heai budget of the world's cceans.

The availability of "ground truth" to provide accurate calibration information for remote
sensing data is imperative, if significaat information to solve oceanographic problems is to he
obtained with these methods. Provisions have been made in the xit shown in Figure 1 to niea-
sure in an accurate and efficient manner the necessary key variables. These include
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Figure 1
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temperature, relative humid

. wind direction, Laronietric pressure and velocity, eic.
Soine of the apparatus in the it arc designed for ese on land, but these could also be applied
to study properties in the intertidal zone where this information might be applicabie.

Occancgraphic surveys using infrared seasors have bren concucied by some organza-
tions. The evolution of infrared systems by oav of thess, namely Texas Instrumenms, is shown
ir Fhare 2. I also inciudes suggestions for future advanncs and applications. A flow diagram
1isirating a possibie new application is shcwn in Figure 5.
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" €% OCEANOGRAPHIC MEASUREMENTS WITH AIRGORNE INFRARED EQUIPMENT
I\, AND THEIR LIMITATIONS

Q‘ Y. A TWO-WAVELENGTH MICRKOWAVE RADIOMETER FOR TEMPERATURE AND
HEAT EXCHANGE MEASUREMENTS AT THE SEA SURFACE OF POSSIBLE USE
M\ N MANNED SATELLITES

i
ln E. D. McAlister and W. L. McLeish
n Tha Applied Oceanography Group o” the Scripps Institution of Oceanography
Q University of California, San Diego; La Jolla, California
INTRODUCTION

A part of the experimental siudy program at the Applied Oceanography Group of the
Scripps Institution of Oceanography is to describe the infrared radiance of the sea surface,
its variation in time and space--the noise background of the sea--and relate it to the oceantc
factors rroducing the variation. Infrared radiometers, a scanner, and meteorological
equipment installed in a DC~3 and a surface vessel for simultar.eous oceanographic measure-
ments are the essential equipments used.

The Office of Naval Research has acted under CpNav Instruction 01550.63 to declassify
records from these equipments which are of general ¢ ceanographic and geophysical interest.
Parts of the infrared scanner and its performance characteristics remain classified.

These studies have shown that a number of ocr:anographic features on the sea surface
and some underwater phenomena can be observed v:ith airborne infrared equipment.

INFRARED SCANNER RECORDS WITH INTERPHETATIONS

Some Physical Features oi the Ocean Surface Shown by an Infrared Mapper. The infra-
red scanner used by the Applied Oceanography Group provides images which, except for a
transverse distortion, constitute temperature photographs of the ocean surface. In these
photographs the warmer areas are lighter in tone and the colder areas darker. The broad
horizontal dark bands in these photographs result from sky reflection and do not represent
the tempe-ature structure of the sea suriace. The accompanying figures show the relatively
Sinali-scale horizontal temperature structure of an oceanic front, an eddy, convective regions,
and various slicks. .These figures imply certain features of the internal structure of the
ocean, and it is suggested that cosrespondingly, much larger features might ve ubserved from
a satellite to give similar implications of the larger-scale internal structure .f the ocean,

A horizontal temperature discontinuity found 37 miles offshore near Sa. Diago is shown
w1 Figure 1. The definition proposed by Cromwell and Reid! for an oceanic "front" is satis-
fied here, since there is an abrupt change in temperature along this line. The apparent rise
of the water temperature beyond the front on the cold side is due to the instruvmen! response
of the infrared scanner. Note that the ocean surface has different temperature paiterns on
either side of the front. Thus, there are some irregular cloudlike features on the warm side
of the front which do not appear on the coic side. In Figure 1, the front consists of a single
temperature discontinuity; in a number of other ceses a front has beer- seen to have up to
four parallel discontinuities, a few hundrled of feet apart.

An eddy encouniered along the northeast shore of Santa Catalina Island j& shown in
Figure 2. The island itself lies outside the lower portion of the picture. The direction of
rotation of this eddy indicates it to be the result of a southeast current along the shore,
encountering a point of land immediately upstream, that is, to the left of the figure, The
several features of this eddy are remarkably similar to thogse shown in a recently published
color photograph of the Smith~-Rentor. eddy in the Caribbean?. The cold marks on the water on
the right portion of the figure might represent oil slicks from the nearshore kelp beds
observed in the area.
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Figure 1.

Ocean Front at 32° 18' N, 117° 49' W.
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Figure 2. Infrared Image of Ocean Eddy Along Santa Catalina Island.
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The ‘wo patterus in Figure 3 were found together in the Gulf of Mexico in autumn. This
type of pattern is found on caim, clear nights when the ocean i3 losing heat to the atmosphere
and sky. The white warm spots are presumed to be the result of convective cells disrupting
the cooled surface layer of the sea. These spots are from twenty feet in diameter to more
than one hundred feet; in faci. much larger such features can at times be found, Measurements
of the mixed 1ay. - depin of the ocean when these convective patterns are presgent shows
generally shallo: convective layers. The individual warm spots shown here, then, must not
represent indivi .ial convective cells, but instead must resclt from many such cells, A slight
tendency is see'. in the lower picture for the warm marks to form rows. This tendency is
presumed to r 3ult from a very light wind.

The rer:ainder of the figures in this section demonstrate wind~induced surface tempera-~
ture patterns; these patterns are far more common than the features described above. Figure
4 shows a pattern quite commonly observed at sea, with the "'S" shape being due to the trans-
verse distortion of the infrared mapper. The cold lines are roughly straight, and approxi-
mately parallel to the wind. The wind-driven ocean circulation has apparently collected a
cooled ocean surface layer into lines, These lines are referred to as wind streaks, and must
be related to the wind slicks occasionzlly seen on the ocean by eye. Note that there are
secondary lines between the main oneg, and that the lines join on occasion fo give an irreguiar
pattern. The wind speed here was nine knots.

The flight path was parallel to these lines in Figure 5, so that this figure allows a gend
opportunity to observe their structure. Note the tendency to branch and join, ihe irregularity
of individual lines, and that some lines can be traced almost continuously for distances up
to one~half mile.

A different type of wind-generated pattern is seen in Figure 6, where the cold lines seem
much less well developed than in the previous iwo figures. Note the wide range of line widths
seen on this picture and the higher frequency with which they intersect.

Figure 7 was made in the Long Beach area not far from a large sewer outfall. This
region is noted for its high concentration of arganic surface film. The general pattern of lines
is similar to those of previous figures, but the individual lines are here much wider,

The patterns of cold lines parallel to the wind seen in these previous figures seem to be
almost entirely destroyed at higher wind speeds, Figure 8 was obtaired near Hawaii when the
wind spezd was near 22 knots. The strong cold (that is, black) spots are presumed to be
foam from whitecaps, The warm spots may be regions from which the cooled surface film
was carried away by steep waves which were nearly breaking.

Discussion. In the ensuing discussion it was brought out that the infrared radiation
recorded in these figures came from depths of water of ten microns or less. The question
was raised whether these figures represented day or night scenes. The reply, all night
scenes, was later realized to be incorrect--Figure 2 was made near midday.

DIRECT RADIOMETER MEASUREMENT OF THE TOTAL HEAT FIOW FROM THE SEA
SURFACE

A brief paper from the Applied Oceanography Group by McAlistera, describing meusure-
ments of the total heat flew from the sea surface, was published in the May 1964 issue of
Aprlied Optics. Only enough details are included Lere to show the optical principles involved
in tais two-wavelength radiometer and its application to this important oceanographic problem.
The reader is referred to the refereaced paper for more details.

The absorption cocfficicat k for water vorsus wavelength A is shevo in Figure 9. kis in
em™* and \ in microns. A value of 1 for k means that one centimeter tnickness of water
absorbs i- or 63%, i.e., the "optical depth", S , i8 one centimeter. This concept and its de~

k
pendence on & linear temperature gradient in the water is described in reference 3. One
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Figure 3. Convective Patterns at Night With Light Wind.
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Figure 4, Lepresentative Wind Streaks With Wind Speed 9 Knots.
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Figure 6. A Pine Network of Wind Streaks.
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Pigure 7. Pattern With Sewage Contamination of the Ocean Surface.
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Figare 8. Ocean Thermal Appearance at Wind Speed 22 Knots.
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notices in this figure that for the 2.2 micron region _l]: is about 0.5 mm and at 3.7 microns -}(—

is near 0.06 mm.

The abgorption of water versus thickness for a 2.0 to 2.4 and a 3.5 to a 4.0 micron band
isolated by “sharp edged” filters is shown in Figure 10. These interference type filters
isolate wave length bands where the effective or optical depths arz about 0.5 mm and 0.06 mm.

THE HEAT EXCHANGE AT THE S3A SURFACE AT NIGHT

The heat loss from the sea strface by radiation comes from the top 0.02 mm. The
evaporation loss occurs at the interface, as does the possible loss of heat to warm the air at
the surface. If the transfer of heat oy vertical convection in e upper 0.5 mm layer is small
in comparison to conduction, the flow of heat by conduction between the 6.5 mm depth and the
0.06 mm depth is a measure of the total heat flow from the sea surface.

THE RADIANCE FROM THE SikA SURFACE AT NIGUT

The infrarcd radiance from the water Iy s the sum of two parts: I4{1 - r} from below
the surface and Igr from the sky to rzflection from the water surface, as seen in Figure 11.
The radiometer compares this total with that from the reference blackbody I, i.e.,

(IB-IW)=IB-IW(1‘!)-ISI‘. {1
This reduces to

(IB*IW) = (IB-Iw)e-l'(IB-IS)r, 2)
where the emissivity e = (1 ~ 1),

When the radiation is restricted by a bandpass filter, Eq. (2) applies, if applicable values

for r and e are used. The experimental procedure is to obtain a 30-sec. record of (IB - 1)

on the recorder for the 2.0 to 2.4 micron region and then a similar record for the 3.5 to 4.0
micron region. Next, a sky record (I3 - Ig) is obtained. Finally, another blackbody, By, is
viewed by the radiometer for calibration purposes. Is temperature, Ty, is accurately known
and held 1°C to 2°C different from the internal reference. This provides a calibration record
where (Ig - I )/(Tg ~ TBl) = C, where the calibration constant C is in intensity units per °C
temperature di}ference.

At the start of the experiment, the temperature of the internal reference is set and con~
trolled at 1°C or 2°C different from sea surface temperature, With thig precaution, C remains
constant for smali temperatare differences and (Ig - L} = C(Tg -~ T}, Eq. (2) becomes

L Gphy 0

w 33 C @

T

EXPERIMENTAL RESULTS

Equation {3) was used to reduce data obtained from the measurements made at night from
the end of Scripps pier. Sky readings (Ig - Ig) and C (calibration constant), were taken at the
beginning and end of the run. Values of {{g - Iy) averaged over 30 minutes or more of record-
ings were obtained for each of the two-wavelength regions, 2.0 to 2.4 microns and 3.5 to 4.0
microns., For these regions, the reflectivity of water is 0,018 and 0,022, and the emissivity is
$.984 and 0,878, respectively.

Figure 12 shows measurements of T at optical depths of 0.5 and 5,06 mm taken on 16

November 1962 as a function of elpased time, Data points plotted here for each depth a.e an
average of two adjacent 30-sec, recordings. The temperature difference for the 24-min.
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interval averages 0.15°C. This value is entered in Table 1 under AT for this date. Similar
-recordings taken on 2 January 1963 (early and again later in the night) cshowed averages for
AT of 0.12°C and 0.18°C which appear in Table 1.

TABLE 1

EXPERIMENTAL RESULTS

aT H B

{°C) {czi cm™2 min~1) H/B
Nov. 1962 0.15 0.27 0.26 1.0
Jan. 1963 (a) 0.12 0.22 0.22 1.0
Jan, 1963 (b} 0.19 0.34 0.22 1.5
Average 0.15 0.28 0.23 1.2

The heat flow by conduction between these two depths is calculated next and tabulated
under coiumn H in cal em”™ min"l. Some measure of total heat loss for comparison with H
is needed. For this purpose a value was calculated by means of the Kraus and Rooth
eqaation4, using the observed cloud cover, water temperaturc, and standard meteorological
observations. These values appear under column B, The ratio H/B is shown in the last
column,

The average value of 0.25 cal em™2 min~1 for the latitude of San Diego is shown as the
circled dot in Figure 13 which is the radiation loss from the earth plus atmosphere to space
as measured from the satellite Explorer VII and averagsd for the period December 1959 tc
February 1960, from F. Mbller®. Even though the average from Table 1 is the total loss
(radiation plus evaporation plus conduction to the air}, the value is low here since the atmos-
phere emits energy that it has absorbed directly from the sun and earth. The values ir Table
1 are for night only.

In summary, the heat flow from the sea surface at night by evaporation and air conduc~
tion is from the interface. The radiation loss comes from the top 0.02 mm. Water tempera~
ture at greater optical depths was measured experimentally by infrared radiometry with
wavelength regions selected for 1/k = 0.06 and 0,50 mm. Calculation of the heat flow by
conduction dhrough this half-millimeter layer is within experimental error of the total heat
flow from the surfacc. This result indicates that the heat transfer by convection in this layer
is small compared to conduction, and that such equipment, preferably airborne, can be used
to measure the total heat flow from the sea at night.

THE OCEANOGRAPHIC AND METEOROLOGICAL VALUE OF DIRECT MEASUREMENT OF
TOTAL HEAT 1.0SS AT THE SEA-AIR INTERFACE

The total solar energy absorbed by the seaislostby evaporation, reradiation, to the air
by conduction, in local heating and is carried elsewhere by advection (currerts), i.e.,

QU = QP QU+ QQR* QY+ Q-
The total of the first three losses is measured by the two-wavelength radiometer.

If it were possible to make these measurements from a satellite in polar orbit and
obtain daily or even weekly maps of sea surface temperature and total heat flow for every
degree or two of latftude and longitude of the oceans, a major contribution to physical oceano-
graphy and meteorology would result.®:D
WEATHER AND ATMOSPHERIC ABSORPTION LIMITATIONS ON INFRARED RADIOMETRY

Unfortunately, it is impossible to use these particular infrared techniques from satellite

altitudes. For meaningful results of measurements on the sea surface even at 1,000 joot
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altitude, Loth infrared scanners and radiometers require very favorable weather and atmos-
pheric conaitions~-cne might say unusually favorable conditions. Clouds are opaque to the
infrared and in fact radiate about as a blackbody at clond temperature. "Clear" atmoaphere
is not 100% transparent, therefore, it radiates as a "grey body" at its effective temperature.
Thus, it air temperature is different than that of the sea surface, any radiometric reading of
the gea 18 in error and cannot be corrected unless aimospheric transmission and effective
air temperature are known.

Some idea of the restrictions on the use o: gatellite-borne infrared radiometers for s=a
surface temperature measurement can be obtained from the Marine Climatic At}.a:s6 which
provides the following information.

World ocean Cloudiness
average amount Usable Distribution
< 0.2 15% Some areas more frequently clear
<0.8 35% others not sten for weeks.

These numbers mean that over a 30 mile diameter circle, 15% of the time 0.2 or less of this
area is cloud covered and 35-40% of the time 0.6 or less is cloud covered. In other words,
it is impossible to obtain detailed information on large areas of the oceans with infrared
radiometry from high altitude,

Figure 14 illustrates the influence of weather on infrared measurements taken from
Tiros VII off the east coast of Africa’. This satellite was rotating so that the radiometers
scanned outer space, the earth below, then outer space again. Outer space serves s a zero
radiation calibration reference, Six successive scans are illustrated and gimultanrous
records of radiation in the indicated wavelength regions are duplicated. Of interest here is
the 8 to 12 micron record {2) which on each successive scan shr #8 an increasing fall in
apparent temperature {near the center of the scan) from 250°K down to 2206°K. The reason
for this change in apparent temperature becomes clear upon comparing record (2} with
records (3) and (5}, The latter are the total of energy received in the 0.2 to 6 micron and
the 0.55 to 0.75 micron region which represent solar energy reflected~-largely from clouds.
Thus, the drop in apparent temperature from the 8 to 12 micron record (2) is where clouds
are radiating at a much lower temperature than the earth's surface; i1 other words, infrared
radiometers "see" the cloud tops only and the earth only between the clouds. Even between
the clouds the readings differ from true temperature because of attenuation and grey body
radiation due to the clear atmosphere,

If this problem of frequent and large area surveillance i8 to be golved, it must be done
with more nearly all weather wavelengths of radiation. With this in mind, the microwave
region will be examined.

THE TRANSMISSION OF THE TOTAL ATMOSPHERE TO MICROWAVES

The Proceedings of the Second Symposium on Remote Sensing of Environment® contains
severul papers describing the transmission of the total atinosphere including cloude {p. 157),
and the additional effect of various amounts of rainfall {p. 134).

The electro-magnetic transmission of the total atmosphere from 1 to 30 millimeters is
shown in Figure 15 which is from reference 8, page 157. From 3 cm %o longer wavelengths the
attenuation is less. Thus, more nearly all weather capability is approached in the 3 centimeter
region. A reduced capability exists at 8 mm wavelength.

THE ABSO%PTION COEFFICIENT OF WATER FOR MICROWAVES
Examination of the literature (8, 10, 11, 12) reveals that the recent measurements of
Sianevich and Yaroslavskiil? in the extreme infrared, 42 to 2,000 microns, effectively close

the gap in values for k determined experimentally by infrared and by microwave techniques.
No discontinuity .3 apparent where the two join. A comparison of value: for this coefficient
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Figure 14, Oscillogram Showing Six Scans Off the East Coast of Africa by the TIROS
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of High Clouds Are Nlustrated.
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{cgs units) in the infrared and in the microwave region is made in Figure 16. The infrared
part of this curve is, in part, a duplicate of Figure ¢ with reduced abscissal scale. The
microwave values are largely from 9.

Of immediate interest here ig that the absorption coefficient decreasez from a maximum
at 15 microns down to a value near 10 for k at about 3 cm wavelength. In osther words, the
absorption coefficient for mic:rowaves runs through the same range of values for this micro-
wave region at it does for the infrared. Therefore, it is theoretically possible to use a ‘wo-
wavelength microwave radiometer to measure the total heat flow from the sea surface as nas
been done with selected in{rared wavelengths.

Experimental values for k vary widely and a real departure from the solid line «.alculated
from electromagnetic theory) occurs from 10 centimeters tc about 10 meters wavelength

MICROWAVES WITH OPTICAL DEPTHS (é) IN WATER OF ONE MILLIMETER AND LESS

The one miliimeter depth in water which has a linear temperatui-e gradient3 has been
located in Figure 16. Here fork = 10 cm"l the optical depth ig ore millimeter, For k =
100 em” 1, the optical depth is 0.1 millimeter and 8o on. The 2xpczimental values for k
indicaied by the open circles!l are believed best. ¥ so, a wavelength of abut 3 c1z has an
optical depth of one millimeter and a wavelength of 38 mm has an optical depth of about 0.4
millimeters. -

It is clear that better values for k are needed before these extrapolations can be de-
pended uposni.. However, experiments are in order with 2 3 cm and 8 mm wavelength radio-
meter to determine the absorption coefficient of sea water and how it varies with temperature,
salinity, ete.

THE REFLECTIVITY AND EMISSIVITY OF SEA WATER IN THE SHORT MICROWAVE
REGION

The reflectivity of water for normal incidence is about 50% and 60% at 8 mm and 3 cm
wavelength respectively. The emissivity 13 therefore 50% and 40% for these two wavelengths.
Tris is an order of magnitude 1288 favorable for water temperature measurement than ig the
case for infrared wavelengths. Hswever, these constants are subject to precise measure~
ment so that appropriate values for en.issivity (e) and reflectivity {r) can be used in Eq. 3
{which is repeated here),

T = T - (Iref - ]W) - (Iref ” IS)r . (4

w ref eC

Ths will provide a value for the "real” temperature of the water at the optical depth of
interest,

It is not certr.in that 3 cm and 8 m & ~e the best wavelengths to use. Ex, erimental
measurements of 1, r, and e and their depenacnce on temperature, salinity, etc., for sea water
must be carried ovi as precisely as possible for these and other wavelengths. Once these
facts are known, a decision can be made on wavelengths to provide the best compromise for
optical depth, atmospheric attenuation and temperature sensitivity (smallest oT detectable).

CONCLUSIONS

In conclusion, it has been shown that it is theoretically possible to construct a two -
wavelength microwave radiometer that will duplicate the results of the present infrared
instruments. The great advantage of the microwave radiometer would be that measurements
of the sea surface could be made through hcavy overcasts.

The possibility exists therefore to cbiain sea surface temperature and total heat flow
from the sea with airborne microwave equipment and with little interference due to cvercasts.
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Once this has been demonstrated experimentally, extrapolation to manned satellite usage can
be made.

RECOMMENDATIONS

A. The Applied Oceancgraphy Group of the Scripps Inatitution of Oceanography is
presently engaged in a program to measure the infrared radiance of the sea surface, its vari-
ation in time and space--the noise background of the sea-~and relate it fo the oceanic factors
producing the variation. Infrared equipment airborne in a DC-3 as shown in Figure 17 is
used in conjunction with a surface vessel taking simultaneous oceanographic records.

With the experience obtained in the last two years in this manner and the additional
information to be obtained with the two-wavelength infrared radiometer, it is clear that an
ideal situation exists here to m.%e an exact and detailed comparison of microwave and infra-
red capabilities. In addition, of course, the performance of a microwave radiometer through
heavy overcast and from high altitude can be deter.nined by comparigson of records from the
aircraft with simultaneous records from the surface vessel.

B. It is therefore recommended that a single wavelength, 3 cm, microwave radiometer
be obtained and eventually mounted in the left wing of the aircraft so that simultaneous
readings on sky radiation and sea radiation can be made. This radicmeter should be
assembled by an experienced manufacturer using the latest and best "state of the art" com-
ponents so as to provide the best possible sensitivity cud reliability.

The radiometer should be desi gned'and cons.ru« ted so that conversion at a later date
to two~wavelength capability is possible.

C. It will be used at first in the laboratory to make precise measurement of k, r, and
e for sea water and the dependence of these constants on temperatire, salinity, etc. With
these constants determined for the exact wavelength band of the radiometer, airborne tests
of its capability are then possible.

The oceanographic and meteoroiogic value of direct measuremeni cf total heat loss st
the gea-air interface was pointed out in Section VILAP The first step of determining the
possibility of such measurement with microwave equipment lies in the airborne tests of a
single wavelength instrument tv determine the accuracy with wiich "real” sea surface
temperature can be read. The cost of this initial feasibility study is very small in compari-
son to the potential value of a successful two-wavelength microwave radiometer,
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NOTE ON ATMOSPHERIC INTERFERENCE
John Freeman
National Engincering Science Company
1t should be emphasized that clouds “interfe-e” with LR, imaging by emitting 1. R.

Radiation at low temperature. Water vapor, clcd drops, rain drops and ice crystals in the

atmosphere do not emit microwave signals of suificient strength to interfere with measure-
mem f surface temperature by microwaves.
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P .} BRIEF FOR CONFERENCE ON OCEANOGRAPHIC
4.) EXPLORATION FROM SATELLITES ’
/7 -,
l\v) A bert Oshiver .
¥ 4
; é) United States Coast and Geodetic Survey

% Ohservations to and under the sea surface from satellite altitudes primarily require
devices sensitive to electromagnetic energy. A carefil reappraisal should be made of the
reflective, transmissive, and scatiering properties of sea water and the'overlying atmosphere
with respect t> electromagnetic radiation. Anomalous handwidths of highly penetrative or
strongly atteruated radiation may permit discrimination of variables from properties to be
measured.

The following applications should be considered
1. Radiometry (temperature, atmospheric moisture, evaporatior, carbon dioxide).

Measurement of horizontal temperature distribution of the gea surface would have bene-
fits in physical, meteorological, and biological oceanography. Such measurements on a large
synoptic scale could delineate current patterrs, water masses, and mixing zones., They could
show areas of upwelling and warm patches which may be related to coastal proczsses and
marine life. distribution. On an absolute basis, they could add to knowledge of the energy
balance of the earth and the crigin ana distribution of weather condiiions.

In infrared radiometry, the princip:al problem in measuring the temperature of the

" liquid interface hetwzen atmosphere and hydrosplere is the atmosgphs.'¢ itself -- the uncer~

tainty of its moisture content in any vertical section, and at times its cpacity, The atmos-
pheric water vapor window in the 8 to 13 micron wavelength region still introduces significant
ambiguities in apparent temperature readings due to moisture., The Coast and Geodetic Survey
is engaged in experiments to develop techniques for accurate remote measurement of absolute
sea surface temperature, Direct measurements of relative humidity profiles to the radicmeter
altitude were made for preliminary establishment of relationships. Techniques for remcte
measurement of atmospheric moisture need development, In order to measure a vertical _
section of the atmospheric moisture remotely from a satellite to corract for the tempera‘ure
ambiguity, a double radiometer system and possibly even an active gvsiem are envisioned
which would receive energy at different wavelength regions where the moisture absorptions
are distinct. Somehow, air tempcrature and droplet size may need to Le measured. A sky-
pointing radiometer may be included to compernsate for additional cifects due to reflection.
Thus, the unknown variables may be resolved by simultanccas measvrements. A by-product

of this system would be the mapping of atmospheric moisture distribution.

To use this arrangement for accurate absolute temperature measurements, an adequate
inherent stability or a r2ference temperature system may be required to nullify system drift.
Relative temperature measvrements would still have value in determining the location of
thermal fronts, areas of upwelling, and current patterns. Infrared mappers should have
applications for these purposes,

Other parts of the spectrum, such as the microwave regions, should be inveatigated for
possible advantages in atmospheric trangparency,

The relationship between the temperature of the liquid interface and the subsurface water
is a variable dep.ndent somewhat on evaporation. Thus the poscibility of remote evaporation
rate surveys over il the oceans should be explored using sub-surface temperaiure infurmation
telemetered from buoys to the satellite for comparison with the remote surfuce temperature
measurements.

Survey of atmospheric carbon dioxide distribudon may be possible by use of certain
infrared wavelengths to which COj i8 strongly opaque, again in comnbination with receivers at
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other wave lengths to subtract out the other variables.
2. Currents

Stereo photogrammetric techniques are used by the Coast and Geodetic Survey for re~
mote measurement of surface flow rates and directions. High resolution optics in combina~
tion with vigible large targets (flotsam, icebergs, artificial targets) may permit such
measurements and possible systems should be considered. The infrared mapper may be
useful in indicating boundaries and meanders of currents,

3. Bottom Topography

Several techniques should be considered for possible ocean bottom mapping in shallow
areas from a satellite. We are initiating ¢ systematic study of the influence of known bottom
features on the spectrum of shoaling waves as determined by stereo photogrammetry. This
should be followed by the application of a suitahle high angular resolution system. Color
photography, which i8 being used extangively by the Coast and Geodetic Survey, should be
explored for high altitude discrimination of botiom features. High spectral resolution
technigques may prove advantageous. The wide wmstantancsous field from satellite altitude may
provide perspective advantages. Lasers in the blue-green region should be invest! ated for
use as ranging devices to whatever depth capability can be achieved in shelf areas as avall-
able peak power increases. In this connection the Coast and Geodetic Survey has initiated a
study of light scattering at depth. Also polarization may prove to be an enhancement
technique for increasing depth capabilities.

4. Sea level and Gravity

In the area of gravimetric geodesy, a continuous effort is being made to improve our
knowledge of the potential field in the immediate neighborhood of the ph raical surface of the
earth by the collection of gravity information at sea and on land. It i especially the lack of
adequate marine observations which leads to an undesirable non-uniformity of the distribu-~
tion of gravity measurements and ceuses errors larger than those caused by the defects of
the theoretical developments.

The surface of the ocean represents the geoid, aside from the disturbing factors of
tides and currents. Close~-to-earth satellites could provide a tool of considerable theovetical
and economijcal value when used to determine the geometry of the ocean surface by measuring
the height of the satellite above the ocean surface. Methods and instrumsentation systems for
accurately determining the geometry of the satellite orbit itself are available ag a result of
the effort conducted in satellite gendesy. X, therefore, a system for measuring the height of
the saiellite over the ocean with sufficient accuracy car. be developed, both geodesy and
oceanography cculd be served by determining geoid pruilles and at the same time meaeuring
the magni.ude of tidal effects and their progress with time over the ocean surface.

Such data would not only contribute 233 “nutial information to the determination of the
configura-‘on of the potertial surface clos= o the physical surface of the earth, as needed
especially for developing a significant inodel of the mass distribution in the crust of the
earih, but would, even if executed only locally, be of assistance in the study of off-shore
regiona for locating geological deposita.

A capability for remote measurements of sea level aifferences should be further
explored as an indicator of surface wind and baroinetric pressure and for detecting tsunan:.s.

5. Geomagnetism

It should be pointed out that a polar orbiting satellite could be used to map the earth's
magnctic field patterns in important ways and this might conceivably provide additional
incentive for car:ying out the proposed program. This would b2 particularly relevant if
technology should advance to the stauge of meusuring components or the fleld,
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N THE APPLICARILITY OF TIROG AND NEMBUS DATA O INVESTIGATION
(& THE FEASIBILITY OF SEA SUEFACE_ :
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Since the oceans cever nearly thoee-gui, i2rs of the zarth?s surfuce, sea surfzce
temperare is a most significant geophysica guamtity. This Is true operatiouzliy, in the
applied sciences of meteorclogy and oceanography, and from the viewpsint of basic vesearch.
I now appears probable that such temperatures can be ob lerved from sateliites through the
passive mezasuremeni of the emission in cerzair banos in the infrar<d andfo> th- microwave
regions cf the electromagnetic specirum. The presentiy ~wvailable TIROS infrared daza are
the most pertinent observations for further :nvesiigating this matzer. It may be questionea
wLether these TIROS sa:a will arovide reaiiv new infyrmaion over areas where 1be short
term variabilily of sea surface temperatures is smaii and climatolozy already provides
information accurate %o within 2 few degrees Centigrade. Bu: the TIROS data can cerfainly
shed light on the general feasibility of using sazellite infrared xta and wil in ail probability
provice new and improved information in arecs, sueh as the Gulf Siream, where temperature
variazions and zradients are --omparatively e,

By proper processiag and wmalysis of erisiing TIROS data, 1t shouli be possible to:

1. Determine the feasibility of deriving useful sea surface tempe: ature or temperature
gradient measurements from existing and foreseeabic satellite radiometric observa-
tions.

2. Develop preiiminary technigues for converting satellite radiometric measurements
to useful szz surface tempera:zre lata.

3. Prapare sclected case swdy maps or other presentaticns of sea suriac» tempera-~
ture data to illurtrate the types, accurasies, and limitations of tire caia that sateliites
can provide.

1. REQUIREMENTS FOR IMPROVED SEA SURFACE TEMPERATURE DATA

Frem a meteorclogical viewpoint, namotrous investigations have been conducted in both
the tropics and middie laritudes on ‘ne cffect of varied sca surface iemperature conditions on
atmospheric storm systems. In the tropics, Palmbtn! demonstrated dhat hurricanes rarely
fcrm when the sea svrface temperature ig colder than 73VF; Fisher? sroduced tentative evi-
dence supporting 2 hvpothesis that hurricanes move {prior to recurvature) along the tand
where the sea surface is warmest. More recently Perlroth® has shown a connection between
the intensily of Lurricane Esther (1261) and the sea surface temperature averaged over a
two-week period.

In mid iatitunde synoptic analysis, sca surfare temperatures arve uscd extensively, when
availxple, in air mass de‘irminations as an aijd te proper placement of fronts. Read 11 found
tnat the mean polar f:ont was very closely related to the sirong sea surface teraperawmre
gradients which =xist off the east coasts of Asia and Nerth America, Petierssen ct ai”, ina
study of easi coast cyclonic development relating to dynamic weather prediction, found evi-
dence iudicating that the temperatuie of the sca surface was significant in the development
prucess.

From an oceanographic viewpoint, the need for an accurate indication of sea surface
temperature on adaily basis for large arcas of the world is even more acute, not only from the
basic necd tr: describe the motion and temperature of the sea surface, but also w support both
military requirements and commei cial activities such as fishing and shipping.




A of these applications are sevesely ha'npered br the lack of adequate sea suiface
teomperztuce infarn z;:i(m?:, In a gress cliratological sensc {i.c., seasoral weans and tc a
Iimited de~rce seassa»l variasitiy,, sea surfice " mperaw ~es are rthe> well known over
mang, aithcugh far from s, Jf the ccesns of *he worid. However, the temperature distritu-
tions and variatiors a: the ime and spa-s snales of synoptic and mesoscals ovgervations :.re

3 3

fax less v~ d-termin-d. Along the Tuutes frequently followed by ocran vessels, something

appro.s - 2oy an adequate SymThdc davssity of measurements does exis', but s.ch routes

ety

ravIrse oaly a small fra-non o5f e some 140 millien square miles (neards shrees-guarters
o! the ger 73 ictal suriace) cover :d by the cceans. Chservations moere clozely spaced in
cisiance and more {reguentiy regeaed in time kave been confinel 1o 2 few exairemely limited
reas, sick as paris of the Guli Sr-am, and to short 2nd discreta perinds of dime. Even in
“Lrse few instances of intvass sampling, the areas 10 be travesszd and the few oceanograph’=
3tips amd aircralt available have necessarily resulicd n cbservations cumparatively wic
spaced in time and;or distsnce. Ragular true measures of instantanecus gradienis of se:.
surface t:emperawires ove r distances cf the order of several eas to 2 few hundred mile: are
very rare, as are repeza.cd esservations {on 2 dar-to-day basis) of the temporal variaticns.

2. APPLICABILITY OF SATELLITE OBSERVATIONS

TTee satellite nas provided a world-wide observing tool which, it appears highly probable.
can ¢ auch to fill present “oficizncies in sea surface temperature measurements. For ex-
anmple, in the abrence of clouwas, -r wherc the breaks in the cloud cover are sufficient in size
and frequency, “he Channel 2 (3-12 micron) d~ta from the TIROS radiomeer would appear
to be adbie o provide 2 useful measure of instantancous sea surface temperature gradients,
perhaps of the day-to-day temperature variatons, and pcssibiv of the remperaturas them-
selves. At seas: equivalen and probably beiter capabiiities may come into being in the future
using such: systems as the Nimbus I High Resoluiio. Infrared Radiometer (HRIR) (probabily at
night only) and in later Nimbus launches the Mcdium Resolusion Infrared Radicmeter (MRIR).

Practical utilizatic:, for sea surface teruperamre measurenients, of the sateliite radio-
metric capabilities will se princ.nally dependent on being ah'.- to deal satisfactorily with two
preblem arcas: (1) intervening cloud cover and (2) the part... absorption znd emission of
radiant energy by ceriain variable gasvs in the atmosphere at levels well above the sea sar-
face. The efiects of these faciors in determining surfas: tumperatures and ways to deal with
them wili be discussed below.

3. ATMOSPHERIC MODIFICATIONS AND DEGRADATIONS OF SURFACE INFRARED
EMISSION

Wh:le the infrared emission of a surface as observed from a satellite is rether directly
related to the temperature of that surface, the actual eaergy reaching the satellite sensors is
selGom ideniical with tiat to be expected from a black body at the temperature 7 the surface.
The energy is attenuatec by the atmosphere and, to a lesser extent, reduced by the lack of
perfect surface cmissivity. These effects must be taken i account to interpret properiy !
surface tetnperature and its gradients and variations. Accordingly, we “vill discass here the
problems related to wimospheric attenuation of infraved radiaticn. For convenience, we will
also incluce in this scetion, prior to the discussion of atmospneric eff: ots, u L. 1 discussion
of surfacce emissivities.,

3.1 Surface Emissivity

The ratio of the ~mount oi radiant energy emivded by a substance, at a parilcular i>m-
perature: and wavelength, to the amount of radiant cnergy emitted by a black body (at the same
temperature and wavelength) is tae cmissivity of the substance, For a black body the ratio
would be one at all wavelengths, but for natural :ubstances the ratio varies frem perhaps
nearly one at some wav:lengths to significantly smaller values at other wavelengths. Surface
emijssiviiics of sca water, in the infrared, fortunately are within a fov: percent of unity,

The eficct of surface cmissivity will be of cven less sigrificanc.: when only gradients
and variations are of primary concern.
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¥ the earth is viewed in sunlizht, the effects of rofiectirp of solar railiation mes: oe
consider=d when using daia at shor:er inirared wavealengths, such as ‘hese ised in the Nimbus
High Resolution Infrared Paviometer.

3.2 Ataospheric Abecipgmon ~nd Re-emission; Limb Darkening

Inirared szdiation emitted by the sea’: == ace may be greatly modified by the atrnos-
phere before it veackes sa‘ellite senser.. . ~25.n the ztmospherc absorb the radiaticn and
‘hen re-emit it. both upward and do mwpri a2t % Ir temperatur o, which Is usually lower than
that of the surface. The net result is a cepletic.r of this ~adiation with height and s an appar-
ent reduction in the observed surface temperaw.rz, The exact amount of this depletion varies
with both the wavelengih at which the ¢hservatior .s made and the existing atmospheric
conditions.

Tabdle 3-+ nsts the importan. absorp*ion bands ~f the main a*mospheric absorbers. The
absorption specira of atmospheric gases are extremely complex ard are inflluenced by the
iemperature, pressure, and amount ~f gas present. It is nevertheless possible to est..iate
the depletion of infrared radiation from :he surface from measured and/or assuraed atmos-
pheric remperawures and the distribution of the absorbers i. the atmosphere. The depletion
is small, and rthus easier to take nic cosgsideratior, in ne R-12¢ tand (the so called a‘ nos-
pheric window). A satcllite sensnr looking straight down at tire Jea’s surface and measuring
the futensity of radiation in this band {proportiona: to the emis: -ty and feurth power of ihe
curface temperature) can cbtain a measure of the surfa.e texr--e-~alure, especially after
correction for the small depletion in this bana. '

Further corrections for limb darkening efiecis have to ve applied when the sensor is not
looking straight down. Limb darkening normally occurs through the combined effects of the
decrease of temperature with height iz the troposphere and increase of optical path length and
so of atmosphe ric absorption with increase in zenith angle. Semi-empirical corrections for
limkh: davkening effects have oeen developed and employed by Wexler:8, 18, 20 3nd by Wark
et ai, 17 to estimate su face temperatures from TIROS measturements of the radiation in the
8-12.. band {Channel 2).

Table 3-1

Absorption Bands Of The More Significant
Atmrospheric Absorbers

Gas Band Ceater Strength of Absorption
Water Vapor 6.3 Very Strong
>20p trong
Carbon DRioxide 4.3u Strong
104 Weak
15u Strong
Ozone 9.0u Weak
S.6u Moderate
15 Moderate

The important absorbers for the 8-12 micron range, and the limits within which they are
effective, are shown in Table 3-2, The indicated limits of the absorption intervals are rea-
sonable but arbitrary, sinze they depend on the level cf absorption considered signiricant, path
length through the atmosplere, ete.

221




Table 5-2

Absgorbers Of Infrared Reuiation In The Terrestrial Atmospnere
In The Warelength Interval 8-12 Microns

Abgooing mterval® Strength o1
Gas _ (microns) Absorption Remarks
Wate~ Vaper <9 Moderate Important at large
nadir angles
11.2 - >12 Mo lcrate Important at large
nadir angles
Oone 9.1 - 10 Intease
Carbon Dioxice 9.25 - 9.53 Weak
10.15 - 20.75 Weak

*Arbitrary limits
3.3 Cloud Problems

Since clouds {except for very thin cirrus) are opaque to infrared radiation, clouds in the
field of vision of the satellite senscr would prevent it from “seeing” the sea’s surface, and a
determination of surface temperatures from infrzced radiation measurements would not be
possible. Thus, in derermining sea surface temperatures. only measurements of infrared
radiation from cloudlr 58 areas shovld be used. Methods for deleting cloud contaminated points
from tue infrared data must be a2ppliec, as will be discussed later.

3.4 Atmoepheric Particulatrs

In addition to atmospheric gases, particulate mutter within the ierrestrial atmosphere
can affec. or even prevent infrared surface obgervations from satellites. This is especially
true of water and ice {(cirrus) clcuds, as was discussed in Section 3.3, but can also be true of
dust clouds. Thick water clouds radiate 2s black bodies, &t the temperature of the cloud tops,
but thin clouds, especially certain kinds of cirrus, are partially transparent to infrared radia-
tion and have emissivities smaller than one.% Dust clouds are apt to be composed of particie”-
smaller than those of water clouds, particle concentrations are likely to be smaller, and
thickness may be comparable, so that, in general, dust clcuds are likely to be more trans~
parent to infrared radiation than water :louds,

4. DATA PROCESSING AND ANALYSIS
4.1 Data Formats and Computer FPrograms

As mentioned earlier, it will be necessary to eliminate data in which clouds are within
the field of view. For the TIROS medium resolution infrared radiation data, which have been
recorded on magnetic tapes to which orbital and attitude information have been added (FMR
tapes),12, 74 the problem of Jeleting suspected cloud data is relatively simple. One sets up
criteria for rejection of data and ‘*hen either lets the computer reject the unwanted data, or
prints out all the data and rejects “uspected data "manually’.

The extraction of the actual data point information from the FMR tapes can be achievad
using a procussing program developed by NASA® for the IBM 7094, This program selects and
lists each data point obtained by the radiometer, for each channel, for a specific time period
(and thus geographical area) within a given orbit. These operations will be discussed more
fully below.

TV TR .
NASA Data Listing Program (MS 500)
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4,2 Geographical Lozation, Rectification, and Scale of Resolution

An important problem in - >unection with use of radiation data for oceanograpbiz pur-
poses is determination of the geographic locations of the viewed areas. For TIROS aata, 23ide
from timing problems, this is based on TIROS ephemeris and satellite attitude data. Improve-
ments of various kinds in attitude sensing 'nd determination have been contiraally effected, so
that the geographic locations presented on the later TIROS FMR tapes should be much better
than those given on the FMR tapes for TIROS II data.}

While it is difficult to give a precise figure for locarion errcrs, since they may vary
from orbit to orbit as well as within an orbit, the following staten.ent has been made regard-
ing TIROS TI data: “Uncertainties in attitude lead to an estimated maximum error of 1° to 2°
in great circle arc.”l4 Presumably, then, most position errors for this satellite would be of
the order of 1,2°, and those for later TIROS smaller. The IR sensor subtends about 1/2° of
great circle arc in the horizontal for zero nadir angle and significantly greater distances, in
the direction of the principal line, as nadir angle increases.”

4.3 Detection of and Correction for Atmospheric Eiffects on Satellite Observed Suriace
Temperatures

As indicated in Section 3, the major problem areas . anticipated in the use of satellite
radicmetric data for deriving sea surface ten peratves are (1) clouds and {2) atmospheric
absorption of the energy originating at the surface, with re-emission at a ccolier radiating
temperature.

4.3.1 Ccasideration of Cloud Interference and Elimination of Data with Clouds

Wherever a cloud or a portion thereof falls within the instantaneous 5° faporoximately
30 n.m. at zero nadir angle) field of view of the TIROS Channel 2 raditmeter (or of any othe=
satellite radiometer), it will prevent any rcasonably accurate measurement of surface tem-
perature. In these cases, the temperature recorded by the radiometer will not only be
medified by atmospheric absorption and erxission {to be considered later) but will provide
a value representative of the integrated emission from both the clouds and the cloud free
areas. Since the portion of the emission from each source cannot be resolved by the TIROS
radiometers, it will not be possibl~ to uiterpret these measurements and, therefore, it will
be necessary to eliminate data when clouds fill any part of the field ¢« * view.

A survey of the nephanalyces pubiished in the Catalogs of TIROS Television Cloud
Photograplle has, made it very obvious that sizeable areas completeiy free of clouds are
comparatively rare, especially over the oceans. While the determination, selection, and use
of such cases, using the TV photographs, will be useful in the research work proposed herein,
to be dependent on such situations would be so limiting as to cripple significant sea surface
temperaiure use of satellite radiometric data. Accordingly, a way must be found to select
those specific radiometric data points, from areas of acattered and possibly broker clouds,
where the radiometer is viewing only the surface through a break ir. the clouds.

Fortunately, a way of making such gelections during conditions of daylight is available.
When a cloud is significantly within the field of view of the TIROS radiometer, the compara-
tively intense reflection of solar radiation from its surface will be measured by Channel 3
(0.2 - 5 micron, albedo) and Channel 5 (0.5 - 0.7 micron, visible reflected radiation) of the
same radiometer. The matters to be investigated here can essentially be confinad to {(a)
whether it is best to use Channel 3 data, Channel 5 da.a or some combination of both to detect
data points including clouds and {b} what threstold value(s) of either or the combined data
should be chosen to insure elimination of data points which include cloud within the field of
view.

A more difficult problem will exist during the night when no measurements are avail-
able in either Channel 3 or 5. The best apnroach to t"is prohlem appears to be attempted use
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of the difference between Channel 4 and Charmel 2 measurements.* This difference varies
from 5C a. -46C to 15-20C at 20C and is essentially a constaat at any temperature. However,
with high water vapor amocunts, the difference between the two is dec reased. Tt may be pos-
sible to relate this decrease to the presence of cloudiness. It is not, however, obvious that
suci; techniques will prove to be practical for determining areas of clear skies and it may be
necessary io limit the usable observations of sea surface temperatuz-e i the daylight hours or
to areas known from conventional meteorological observations to be free of clouds. Since
elimination of night cases would, however, restrict the observable areas because of {a) the
inclined orbit usced for TIROS and (b) the lower prohability of cloud free observations when
night cases are excluded, for cay satellite, it would approximately halve the possibly usable
pasaes over a given area. . ' )

4.3.2 Data Processing to Determine and Eliminate Data Points Subject to Cloud Inter-
ference

Essentially all of the routine processing required to perfect or determine cloud detection
techniques, and to eliminate those data points wher¢ clouds occur, (as discussed in Section
4.3.1) can be accomplished from TIROS data as al—eady suitably recorded on magnetic tapes
and using Electronic Data Processing (EDF) procedures.

All of the meteorologically useful orbits of TIROS radiation date, from which the cases
to be used would be gelected, have been processed by NASA and placed in bipary form on the
sc-called Final Meteorological Radiation (FMR) magnetic tapes, The FMR tapes list ravia-
tion values for each channel, time and location of observation, etc. Complete listings of the

available data tapes and descriptions of the data therein have been published by
Nasa.1.12,13,14,15

The extraction of the actual data point information from the FAR tapes can be achieved
usging a processing program developed by NASA** for the iBM 7094. This program selects
and lists each data point obtained by the radiometer, for each channel, for a specific time
period {and thus geographical area) within a given orbit. Other programs for the processing
and analysis of the Tiros radiation data have been developed by ARACON fieophysics Com-
pany for use in synoptic and heat balance studies based on these data, as reported by Wex-
leris, 19; any may be applicable to some aspects of the studies proposed herein, The 7094
can be instructed to eliminate those points where clouds appear t» be within the field of view
as determined by the Channel 2 and/or the concurrent Channel 3, 4, and/or 5 values. Some
initial experimental trials, data inspection, and re-runs would be used to determine optimum
Channel 3, 4, :ncfor § thresholds for cloud point rejections.

The remaining {cloud-free} Channel 2 pointr, representative of surface temperatures or
temperature gradients, can be entered on charts for further analyses.

1t i estimated that approximately 60 separate orbits of TIRCS radiation data would be
required for the studies proposed herein. Extraction and printing of the useful data points
from an average lerzii. of applicable TIROS record is expected to require about six minutes
of IBM 7094/ 1401 time per orbit.

4.3.3 Consideration of Atmospheric Absorption and Emission, and Ways to Correct
for Them .

This problem area is expected to be significantly more difficult than elimination of day-

light clouds, but less so than elimination of nighttime clouds.

*Chanrel 4 {7-30 microns) differs from Channel 2 (8-12 microns) by the energy emitted in the
Rotational HyO band {17.9-40 microns) and in the i3y COg band (12.5-17.9 microns); chus
the apparent radiating temoerature measured by the radiometer i3 normally leas i Channel
4 than in Channel 2 for the same atmosphere.

**NASA Data Listing Program (MS 500).
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As hus been demonstrated by Wexler.1? and 5y Wark, Yarnamoto, and Lienesch,1? the
apparent black body temperature of an underlying surface as measured by the Channel
radiometer is usually several degrees cooler than the true surface temperature as deduced
from conventional observationa. This resnlts from the fact that the 8-12 micron window is
not compietely transparent, and part of the radiation reaching the sateilitz sersor: jriginates
from water apcr, czrbon dioxide, and ozone emissions from levels of the atmosphere where
temperatures are normaliy coolar than those at the surface. Some of the problems created
by these effects {(and very lil..iy 2130 by wac presence of some scattered clouds) as regards
s2a surface temperatures hi ve beon treated by Rac and Winston.!® These matters were also
discussed in Section 3.

Solutions to this prublem are expected to involve several approaches, as described be-
low, and will probably eventually utilize a combination thereof:

{1) For many purposes, sea surface temperature gradient dais will be nearly as valu-
able as absolute values. Radiometric measurements are expecied o be abie ta provide
reliable gradients nver significant areas, since the parameters that create the discrepan-
cies. between the measured and actual values will often be only slowly changing with distance.
Furthermore, regions of rapid changes in these parameters (and so of erroneous gradients)
will most often vecur at air mass boundaries where the highly correlated existence of exten-
siv: and overcast {or nearly overcast) cloud cover will prevent any satellite measurements
of sea surface temperatures over substantial distances. Accordingly, the use of the tempera-
ture gradients alone, over homogeneous areas as regaris a‘mospheric effects, will ne the
one possible solution.

{2) Within areas where the radiomeirically measured temperature gradient would be
expected to be reliable, a single surface ship observation may provide a benchmark for
calibrating the corresponding and other satellite measurements. More than one observation
in such an area would, of course, be even better. One of the studies that should be conducted
under this program would be to use areas with several Lurface temperature observations to
test the validity of the hypothesis that the observed gradients are reliable, to determine the
probable error to be expected in using this hypothesis, and to attempt to determine indicators
of those areas or conditions where the hypothesis is valid and of those where it is not.

(3) The studies of Wexlerl8: 20, of Wark Yamamoto, and Lienescnl?, and other similar
investigations have suggested quantitative or semi-quantitative corrections io be appiied to
radiometrically measured surface temperatures as functions of :i.e nadir angle of view
(which is generally known), moisture content of the atmosphere, c¢tc. The rate of change of
the mcisture correction with variation in atmospheric moigture content appears sufficiently
small to suggest that in many cases corrections based on c:limatological values or deduced
from the general nature of the synoptic situation mnay very well be adequate, The determina-
ticn of the validity of using climatological, or gross synoptic corrections would be an import-
ant area for investigation in this program.

These and other approaches that may be daveloped to attack the problem of atmospheric
absorption/ emission corrections should be studied and tested, both individially and in combi~
nation, o determine the optimum method of determining and applying such corrections, and
the probable degree of the residual error.

5. APPLICABILITY OF NIMBUS HIGH RESOLUTION INFRARED RADIOMETER (HRIR)
DATA TO SEA SURFACE TEMPERATURE OBSERVATIONS

While these discussions were bein,, edited into their final form, the first samples of
Nimbus HRIR data became available in the form of photo-facsimile strips a< reproduced
principally for public information releases. It is obvious from these samples that the HRIR
data-are of extremely high geometric resolution (approximatei » equivalent to that of TIROS
pictures}). The fine detail visible in the piclures over land areas, and along cvasts and lake
shores, suggests the ability to detect rmall temperature differences is also excellent. The
design of HRIR insures excellent calibraticn and +3°C aceuracy.




These data should most deslnitely Lo investigated to determine their applicability to sea
surface temperature observations, especially since their high resolution (approximately 2-5
miies) would permit surface observations through cloudfree gaps far fcv small to be of use
with the TIROS data.

On the other hand, it must be realized that it is not at all clear that the HRIR data can
be successfully applied to sea surface temperature measurements, although their meteorologi-
cal value is obvious. Recause of the spectral range of sensitivity (about 3.7-4.0 microns},
the sensor responds, during daytime, to reflected solar as well es emitied terrestrial
radiation. The reflected golar radiation coinponent may weld be sufficient to prevent quantita-
tive daytime analysis of the emitted component. In fact, a single sample ¢ * low latitude day-
time HRIR data suggests the reflected component is predominant. But it is only during day-
time that the concurrent Advanced Vilicon Camera System pictures permit accurate deter-
mination of areas with cloud cover.

At night, when only emitted radiaticn is detected. Nimbus I has no operaticnal sensor
other than HRIR. Thus a multi->jectral approach *o cloud detection and eliminatise is not
possible. Even when HRIR and MRIR are flown concurrently, the problems of nighttime
detection of small or low altitude cloudy areas will still be analogcus to those for TIROS,
asg discussed in Section 4.3.1.

¥t might be that careful examination of quantitative analog (Visicorder) ‘races of the
nighttime HRIR data would reveal charecterigtic shapes of high temperature portions of the
traces that could be used to ident’fy areas where cloudfree suriacc temperature measure-
ments are being made. In any event, the early samples of the Nimbus HRIR data cleariy call
for careful investigetion of {neir application to sea surface temperature determination.

6. FORESEEABI & IMPROVEMENTS IN SATELLITE SENSORS PERTINENT TO SEA SUR-
FACE TEMPERATURE DETERMINATION

The Nimbus MRIR rengor (not included on Nimbus I but scheduled for flight on a later
Nimbus) will use an atmnapheric window channel narrowed to approximately the ten to eleven
micron waveleng:hs, This will significantly reduce the attenuating influences of water vapor,
carbon dioxide, and ozone a8 compared to the situaticn for the TIROS Chaannel 2 data,

The satellite infrared specirometer beiig developed for the USWB's National Weather
Satellite Centers will provide surface observations in the particularly clear window, about
0.1 micron wide, at about 11,1 microns. Furthermore, this spectrometer will provide some
information on the vertical distribution of atmospheric temperatures through a series of
meagurements along the shorter wavelength wing of the 15 micron carbon dioxide band, ¥
these were to be roade with suitable precision, and similar measvrements were to be made
concurrently along the lo..g wavelength wing of the 6.3 micron water vapor baad, the verticul
distribution of water vapor could o« calculated and used to determine improved values of the
effect of attenuation on satellite observed surface temperatures,
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Nex: the effects of atmospheric gases can b considered. The two gases which dominate
the microwave Specirum are waer vapor and oxvgen. Waier vapor has a resonauce 2t 13.5~
mm wavelength anc oxygen has a series of = sonances in the 4-mm to §~inm wavelengrs: band.
These gases have busn studied thecretically and in the laberatory3- 5 and their contribution
ic the microwave spectrum caa de computec. Thie zpectrum is dzpencen: upon the aititude
dis:ribation <f atmospheric coir posis temperature, Nevertheless, informa-
sion avallatie a: presen: abou: S pa.cameters permits the W0-em o
0.6-cm spectrum e be roderately weil oo K
fluctuations in the amoun: of uimospneric waler vaper. Orciiary va: --ions in the *femperature
diesiribution have smaller zifer 3. Spzeirum f ! 15 the spectrurm appiicabie for an
aimosphnere with water iupor dens: 2:9) where: a is the altitude in
xiivmeters.,

A goea first appee-imation Is that the area uncer the watier vapor rosonance cure is
proportional o the Integrated waler vapor over he fea. The linewid appreximateiv
proportional to aimospheric pressure, which means that if this warer vaper wer: at 1000 mb
pressure the iine wouil be *wo “imes wider and shorter than if “he wa:ter vapor were all a1
506 mb p -essure.

Evidence that ine theorelical computa‘ions of ihe 520-02 spectrum ar< applicable has
recentiy been ohtained from spectral measuremesnts of the 8-m= to l4~mm atmospheric
opacily. These measuremen:s were made by observing severai sursets using a muitichannel
radio ’;.';escape.s The resuiiing specira were cc "related with simuitanzous ground izvel and
roaosonde measurements of humidily 2; 4 temperature. Preliminary resuits snow the agree~
ment between theory 2ad experimen: is w ithin ten percent and within experimental errot.

Clouds zand precipitation can also strongl:- affect the specirum. Empirical measure-
ments show that the microwave cpacity of clouds hecomes important for wavelengths less than
~3 em, and is approximateiy proportionai to the scuare of the frequency. Scattering can
Lecome important if the cloud dropleis are larg: enough, but it generaily can te neglecteua at
the longer wav.lengths except in the case of precipitation. Specirum Ul of Fig. 1 shows the
effect nn Jpectrum II of a cloud 1~km thick centered at 2,5 km aititude and containing
! gmf m3 siguid H,O. Even this maderately dense cloud would not abscure the water vaper
resonance ard could ne disiinguished from the water vapor by iis essentially different
spectral shape.

Pr-cipitation absorbs microwaves and would usuall:- appear abont e same as & heavy
cluvrd, Scattering b2comes important for precipitation and could strongly aifeet f2e spectrum
at waveicngths shorter than abou’ 1€ times the droolet diameter, When scatiering Is impor-
tant e spectra that result ar. strongly dependent -on freguency —nd particle size mstrivi-
sion. Thus precipitaiion would yvielc spectiral featur -t might partiaily ssscure simultane-
ous water vaper or cloul measurements.

Cieariy there is a separation problem in interproting spectral data chtained frem a
microwave saicilite, but as can be seen in Fig. 1, the major aimospheric parameters have
distinct spectral {eaturss that could be us::d to provide separate measuremoents of these
parameters. It should be ncted that the cases considerad in Fig. ! imply almost an ali-

IBecker, G. E., and Autler. S, H., Water Vapor Absorption of Eleciromagnctic Radiaty v, s the
Centimetc r Wavelength Region Phys Rev. 70, 300-307 {1946).

4Barrett, A. H.. and Chun,, V. K.. & Method for tiie Determination of High~Altitude Water-
Vapor Abundance from Ground-Basced Microwave Observations, J. Geophys. Res. 67, 11{1862),
4258-4266.

teeks, M. L., Almospheric Em:ssion and Opacitvy »* Mulimeter Waveiengths Due te Oxypen,
J. Geophys. Res, 86, 11, {1861). ~7 '3-3757.

GStaclin, D. 1. ad Barrett, A, H,, Research Laboratory of Electronis. M.JIT., Unpublizhed.




weather capability for microwave sensars as opposed 1o optical devices, which are affected
much more strongly b clouds,

The spectra shown in £.g. 1 are all for an antenna beam perpendicular u: the sez. At
other receiving angles and at aifferent polarizaticn. . * various s_eciral features could be
enhanced. thus permitting greatcr sensivity.

The sneesra shown in Fio, 1 can now he cromparsd o Y12 zengitivities of currentls
available ra-iome < s sujtabie for spacrcrafi. Al the radiometric systems considered here
are of the Dicke? comEparison type.

The simpies: radiometer is the ¢:ysta. video type consisiing primarily of a crystal
deiector foll.owed by a video amplifier (Fiz. 24). These are wide-bandwicth devices and are
ti.erefore useful prir.ariiy for waveleng*hs less than 10 em. The Mariner R spacecraftd
carried iwo radicmeters of i °s type t~ Venus. ihe waveleagths were 19.0 and 13.5 min
and the rms Iluctuations in the radiomet:r oniput were gquivalent to about 20-30°K for =z
30 second intcgralion time. The package weipnt including the ca'ibration cquipment, ete.
was less than 21 It. and ccnsunad less than 5 watts aver~age 10 watts peak, At 8-mm wvave-
length with & bandwidth of about 5 Ge/sec, an rras deviation of about 5°K for a 1€ seeond
integration time can oo obtained. These scnsitivities almost make this type of radicmeter
suriable for coarse measurements of clouds and water vapor. For accurate measu -ements
i "emner~atrre or narrow sp-ctial features other types of radioraeters must b2 used.

The second class nf racicn.cters includ s those with an RF amplifier in front of the
etecior, (Fig. 2B} [unne. diode miaplifiers are armong the most prumising and can pro-
vide, for czample. = 0.1°K rms sersitiviiy for a 1-seconc integration time and a 1 Ge/ sec
bandwidt:. These amplifiers can be quite small anc ligh w2ight, and require a little mcre
power than the crystal video system. The major restricton is one of frequency ~~ i

presen. such an.plijers are availabie ouly Jor ssavelengtes longer than ~2 em.

Si111 greater sensitivities, perhaps .01%K for 1-sceend integration, can be obtainwd
using parametric . mplifiers. Bec.iise they raquire 2 moderately powerful RIT osciliator to
pump the amplifie., these deviczs are somewhat heavi~r and consume more pnwer than the
tunne” diode amplifiers. Their bandwidth is typically a fcw hundred 1egacycles but can be
mzde narrow i the expense of sensitivity, Their rerformasce is gererally improved when
ther operat: at lowx temperatures, but roo.n temrerature is satisfactcry. At present such
systems are available at wavel:ngths longer than ~3 cm ana arc being developed for wave-
lengths 25 shori as 3 mm,

Cleariy poth tunnel diode amplifiers and parame ric amplifiers are sufficiently sensi-
ti;e *o detect the spectral features shown in Fig. 1.

At present however, the best available sysivms for use in the higher {req.ency portions
of the spectrum are supc rheterodyne radiom: *2rs (Fig. 2C). These are quite coramonly used
for radiometric systems operating at v avelengtns sico.or than 2 or 3 em They are similar
to the RF amplifier system cxcept they have another cxve.al detector before the aniplifier.
This detector mixes the incoming signal with the signal from a local oscillator so as to pro-
duce a new signal at some iow frequency where amplification is simple. The system sensi-
tivity (for ~1-cim wavelength) i5 usually ~1 or 29K rm s finctuation f.r 1 second integration
time and a banawidih of 20 Mc/sec  Tr *se radiometers are generally heavier than the tunnel
diode systems and require more power, This is primarily because of the ic =al oscillator
which mwst generate moderate amounts {a few mill: vatts} of RF power, alithoush this is less
power than is usually required by a parametrie amplifier. Their bandwidts is geuerally

,'T);El:t——ﬁ Hj. The Measurement of Thermal Radiation at Microwave Freguencies, Rev. of
Sei. Jno.. 17. 258, (1948).

SB:xraﬂ‘.. F.T., Rarrett. A, H., Copeland, J., Jones, D, £,, Lilley, A, E., Astr, J. 68, 74
{1vu3).
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8 Mc/sec up to a few hundred Mc/sec, thus making ther: quite suitahle for fiarrow spectrai
featuraes,

Fig. 1 indicates that 1°K rms rluctuaticn permits good identification of the important
spectral parameters, and i the mtegration time s lengthened, the sensitivit; rcreases. Of
courss longer integratior times imply less spatial resolution. These systems have usually
cperated at wavelongths longer than 4 mm but can be used at shorter wavelengths.

ther radismelric systems employing traveling wave ampiifiers, masers, elc, are

also feasible fer future experiments Sut at present are not so practical for spacecraft as
the systems c'. .ridered above.
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MICROWAVE RADIOMETRY AND APPLICATION TO OCEANOUGRAPHY

y -y 27 B .. F. T. Barath
N 65 . 3 0 3 7 b California Institute of Technology

Jet Propulsion Laboratory, Pasadena, Calif.

"Microwave" radiometry has been done from escen*ially DC to 0.1 mm (100 micron) and
even shorter, nears-IR, wavelenyis. As opposed to racar: which are active systems in the
sense ithat they measure reflections of power that they first transmitted and which are
eminently stited for ranging (through puise coding) and for velocity measurements {through
Doppler shi.t), radion.eters measure the passive microwave emission of targe-s and deter-
mine their apparent, or "brightness" temperature Ty;. Microwave radiometers have the
following range of eharacteristice:

Item Typical Best Unit
Sensitivity H 0.01 Degree K, RM3
Integration time 1 0.001 sec.
Resolution 1 0.01 degree
Bandwidth 0.1 0 to (.01 %
Frequencies 10 Y o 3000 Gce
Wavelength 30 large to 0.1 mm

Generally, three types of instruments are available, a) Single fixed frequency,
b) Spectrometer, ¢) Imaging.

All bodies radiate electromagnetic waves if their temperature is higher than absolute
zero according t¢ Planck’s radiation law. The eunergy in the microwave portion of the spec-
trum, however, is very low, typicaily 4 oracrs of magnitude less than zt visible or IR wave-
lengths. This is the reasox for the typically long integration time required for microwave
radiometers. The measured temperature, or brightness temperatnre TB of the target is
affected by several parameters:

~Thermometric temperahire
-Fmissivity / reflectivity

~Physical state

~Waveleagth of observation
~Intervening medium target-observer
-Polarization

These six parameters wiid nov be explored in same detail in the special case of the ocean,

1. Thermometric temperature T In the case of the oceans, typically 259 to 300°K.
Tyg is directly proportional to T, all other parameters being constant.

2. Emissivity e - Reflectivity p: In the case of the ocean water, 1hz2 emissivity is very
low, in the - »der of 0.4, ond the refle:tivity correspondingly very high, in the order
of 0.6. This implies that che apparent temperature of the sea will be low since
mostly cold sky reflection will be measured. The emissivity depends on polariza-
tion, angle cf viewing and wav:2length used. Figure 1 shows the variation of
emissivity with viewiug angle for two polarizations, for pure water. Note that
emissivity reaches 1 in vertical poiarization {electric vector vertical) at about 53%;
this is the Brewster angle. For sal. water, the curves would start at about 0.4
rather 0.75, but the shap.s .re similar. Note also the Linportance of ungle of view~
ing and polarization. Une erfect of wavelength on reflectivity is illustrated in
Figare 2,

3. Pnyszical state: Roughening of he observed surtace introduces multiple ¢ffective
viewing angles, multiple rcflections, scattering and other pheacmena, generally
resulting in a higher Ty than in a smooth situation. A wavelength dependence exisis
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fthe roughness is much smalles han the wavelen o2 it will Rave iitie or no

r ac®ijon w0

. By o3 var o~

as 4 Mneilan

23 2xp. . @ penetrat’on effe

wave epergy penetrates ow divlec ric €on8taNt malt & 1 as sands.
W cu.ar sen. water is a fair eznzuctyr, zro penetration in the ocsan

is extre.. .i: 3. T oy irxtion 3 iess than one wav
idez 1 atleraaiions, we have 54 ¢ of atieruation per Lundéerses w
fori= 10 kos 3,® ".:‘.i'n far f = 300 A1~} - 2= cap uRe the gt
€.03¢f db, meter. At a typical freguaner of 10Ge (X nand), the attenu
3200 L/ meter.
. Intervening meawm: Twe effects, cae an attenuation effect. one = radiation e zc:.
In the case of the ocean as observed fror: an aircraft or satsllite, the principal
niedia are water (cloud, rain} and atmospnere. These effcctr are completely r ali-
gxb;e for all purposes if ie wrvliength used is greater than 3 cm. At s-»rier
wavelength, water has a iine at 13.5 mm (22.2 Ge! and oxygen at ar~und 5mm {69 Gej.
Figure 3 shows Tq as a function 5f ‘requency in the vicinity of ‘he v-ater vapor iine:
emission irom: the atmospheric water, warmer than the sky reflection, is evident.
At wav :ler.gth= shorter than abcut 5mm, the attenuation progressively increasss
until the IR region is reached,
6. Polarjzaticir The importance of polarization has been already menticr=d in con-
junction with the emissivity and the nrysical state of the ocean.

n

CONCLUSION

A:crowave brighiness tempersiures as measured by radiometers are affected by at
least six imporiant factors. I 1s thus necessary to b: exiremely careful in minimizing all
but on= or passibly twe, factors during measurements. Only then will it be pessible to extract
the desired perameter from Tg measurements.

in particular, microwave radicmeters are extremely well suited o deierms
aons die !c the very high 2:nissivity of ice as compared te sea water, Pre-c.se ice area maps
could be obtained easily from ajveraft or saiellite aititudes, an ! this independently from
weather aoditi

Less obviously, the thermometric temperature of the tcp lavers of the seas, sea s*a's,
and whizkness of ice over water could be determined by tue use of *wo or multi-frequency
radiome-ers; several frequencies being necessary to calibrate out 2il put the pertinen: para-~
meter. In ocean meteo: alogy, the disiribution of waler vapor and condenged water above the
oczarn, and atmospheric (cmgperature profiles couid be obtained oy similar multi-frequency
technigues.

REFEREXNCES

1. ""'he Appiications of Fassive Microwave Technology to 3atellite Meteorologyr a sympos-
ium" edited by Y. H. Katz, Rand Corporation, Memorandain RM-3401-NASA.

2. "Prycical Prope: es of the Czean”. Report No. NADC-AW-5234. U.3. Naval Air
Develrrment Center, Johnsviiie, Pennsylvania. Astia Document o, AD 410486,
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MECROW A Y E RAD'OMETERS FCR OTEAN AND WEATHER MEASUREMENTS

/; W.lilsm #. C~oway and Austin Marden
- Al
NS
4\% G Space Geaera: Corporatiar, BI Monre, Californi

%’
%b PART E SUMMARY DISCUSSION OF MiCROWAVE RADIOMETRY
W. Conway

3 is ire purpcse of iris par: to provide an iniradaction ¢ the subjec: of microwave
radiometers and aj=o to nrovide a4 smaii amount of bacxground on the subject. Part II will
aiscuss the specific appi.cations of mictrowave radiometry o ocean and weather mcasure-
loents,

A microwave radicmeter detec:s the energy emitted by all bodies having a temperature
sther than absolute zerc. In thie respec: it is quite simiiax in cperation to the infrared
radiomeier; however. the wavelsngih region and the amount of availabie energy differ con-
siderably. PFigure i slows a pio: of Planck’s Law. It shows that the amount of energy avail-
able at infrared is considerably larger than that available in the micrewave region. Hewever,
in the microwave Tegion the sensors zan u~ m2ii with a much better seasitivity than is pos-
sibie in the infrared rvgicn. These two factor: approaimately compensate tu aliow equivalent
operation in the micro vave spectrum.

Another difference between the two regions ixv the effest >»f em- “vity, In both regiors a
quantity called appirent temperature is utilizeda. The apparent temp  fuie is defined as the
weperzature at which 2 perfect blackbody radiator wculd radiate thr  wme amount of energy.
in =ae infrared region the majority of surfaces have emissivities ©* . lie very close io one,
with very few materiale exhibiung emissivities of less than 0.8. L: the microwave region very
iew notural materials have e nissivities that are ciose e one. The majority are Aigtribuicd
over L2 rance of 0.8 12 0.9, C_;laiu mawerials exhibit changes of frequency over the micro-
wave redica. Water, fo~ instance, ranges from a low ~f the order of 0.05 at the low micro-~
wave frejquencies 10 a valu> cf approximately 0.3 at the 70 XKinc region. It is alsc known that
water reaches an emissivity of approximately one in the far infrared region: therefcre, it is
rzasonable tc assume that this transition occurs somewaere between 70 Kme and the far
infrarec region.

Since the emissiy v of objects in the microwave range is not unity and since the emis-
sivity ana the absorpiivity must be equal, 1o satisfy thermodynamic constraints, the energy
that is not absorbed must be reflected. If there is energy reflected from a surface, it mus* be
considered when the apparent temperatwure of that surface is determined. Figure 2 shows a
sketch of how this reflecied energy ic combined with the emiited energy to determine the total
received radiation. This is, admittedl -, a rather simole sketch; however, the reflected energy
can be simply handled as is depicted. A more detailed sketch is shown in Part 1I. As shown,
the received radiation wiil consist of two components: a steady state oc de component, and &
point-to-point variation in energy. It is this point-to-point variation that provides the vast
majority of information that ~an be obtained with a microwave radiometer, and discussions of
the signal will refer tc this point-to~point variation.

The ability of a microwave raaiometer to det:ct this point-to-point variation is usuasy
expressed in terms of an equivalent value o! temperature for which this signal-to-noise ratio
is equal to one. The noise, in this case, is primarily genervated by receive ncise. The
simpler equation in Figure 3 expresses this 12vel of internal noise as a function of the varjous
parameters of the radiometer system. In this czse the K is a detection conscant (generally
considered r/2 for a switched (Dickie) system); F is the uverall noise figure of the radiometer
system; By is the video or signal bandwidth of the syster:; snd Bps i» the predetection or rf
bandwidth of the system. This, agair, is a relatively simplified >jaation which adequately
descriies the operation of the radiometer system. The mecre complicated expression for A7,
also shown in Figure 3, refers to the point-to-point signal varia.ion previously discussed. In
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this case "ne script ¢'s are the emissiviiics, the T's rcler to the temperatures encountered
such as sky and terrain background, atmosphere and target. The squared term with the D's
ard R refer tc the case when the target does not entirely fill the antenna beamwidth., The
apparent temperature difference in this case is reduced approximately by th= ratio of areas,
This equation is not presented here as a basic equation of radiometry, but as an example of
how the various parameters involved in the detection scheme are handled.

Space-General Corporation became interested in microwave radiometry almost five
yeare ago. At that tiine the primary application in mind was development of a mapping
sensor tc be used in a position fix system. As a portivn of the syslem's development pro-
gram, a scanning airborne microwave radiometer was flown over a variety of target areas.
Figure 4 shows s:.ne of the pertinent data associated with this program. The most signifi~
cant information here is the number of target areas that were examined and the number of
individual ruas that were made. This flight test program las‘ed nver a period of almost two
years.

During this flight test program it was determined that the significant information was
the point-to-point variation in energy levels that was previously discussed. As a resuli, all
of the steady state information was discarded and, thus, was not processeu. This type of
operation has been referred to as gradiant radiometer operation. Figure 5 shows a sample
of the type of map obtained by this airborne gradiant radiometer. An interesting feature of
the maps are their repeatability as demonstratnd by the correlation curve shown on the right
side of the figure. A more complete discussion of this flight test program has been presented
at a University of Michigan Sympo ium on Remote Sensing of Environment.

Several other organizations have also been interested in microwave radiometry, and
Figure 6 presents a short sumimary of represe-tative programs. It is interesting to note,
here, that the programs are a mixture of flight test pregrams and ground test programs.

Having successfully conducted a flight test program, Space-General came to the con-
clusion that a ground test program should also be conducted to gather the basic, rigidly
controlled, data that is necessary for proper interpretation ana prediction of flight test data.
Figure 7 shows a short summary of thz program that SGC is presently conducting. It should
be noted that the primary emphasis is on controlled experiments.

Figure 8 is shown to indicate the extent of frequency coverage that is being considered
and a further elaboration on the types of measurements being made. The two dots on the
and V Band instruments indicate that it is these frequencies that will be primarily discussed
in the remainder of this paper.

Figure 9 shows some of the representative measurements of terrain background thai
have been made, It is interesting to note here that there is a difference between the vertical
and horizontal polarization apparent temperatures for all materials except metals.

A variety of information had been previously obtained concerning the apparent tempera-
ture of materials as a function of incidence angle. Figure 10 shows some apparent te.npera-
tures that have been meaaured for a variety of materials as a function of incidence angle.

The most interesting material for the purposes of SGC's military program is metal and it
was not available.

A method of measurement was required that would allow separation of the metal rodia-
{ion from the background radiation. This was accomplished by allowing the metallic s rface
to rotate about a fixed axis; in this way, the only variables are the plate incidence angle and,
unfortunately, its area; however, since the plate is a simple rectangle, its area is relatively
east to account for. Figure 11 shows the test set-up and some of the data obtained. in this
chart, the effect of the area of the metal plate has not been removed and the raw measured
data is presented.

1. "A Gradient Microwave Radiometer Flight Test Program,” W. H, Conway, et al. Seccnd
Symposium on Remote Sensing of Environment, University of Michigan, October 1862
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One clars of targets are argets of opportunity, For a metallic surface targe: of
opportunity, -iothing was more oppcrtune than a series of measurements on automobiies.
Thi- is espr.cialiy tiue sir ze the experiments were being conducted on the edge of the cam-
pany's parging lot. Figure 12 shows two of the measurements that wer: made on automobiles,
In thic ct se it is interesting to note that even though the bearawidth o. the antenna was con-
siderably larger than the size of the automobile, aimost by a factor of ten, a dafference can
be see.a between the small. aimost syminetrical cars and the large. starion wagoen, indicating
the s:gnature possibilities available with this kind of sensor.

Concurrent with the metailic surface measurements, a measurement of the sky tempera-
tares being refizcied Ly the metal is necessary to be sure that the measured temperatar:s
couid be correlated. Figure 13 shows a representative series of sky iempersture m=asuie-
mems.

A probiem that conironted the data analyst, in this instance. was the dep'n of the surface
which would be adequate to mask the effects of the underlying materials. A series of measure-
ments were run to ascertain this value by measuring an aluminum piate under a variable
thickness «f materials. Figare 14 shows some of the information that was obtained at 16 Ge
from thes:2 meazcrements. The materials that were chosen for this initial measurement
were, of aecessity, dry, very powdery, easy to handle substances. Subsequen: measurements
at 70 Kmec indicate that the depth of penetration is directly proportional o the waveiength.
Another in.eresting series of measurements were run using a thickness of ice v.uer a tody
of waler, and this will he discussed in Part 1l oy this paper.

With the background just discussed and having an interest in finding r=w applications
for microwave radicmetry, several potential applications, directed particularly o ocean and
weather problems, have been investigated. Figure 15 shows five of these possible applications.
The follow:ng paper will cousider some of them in more detail to examine their feasibility,
di~cuss scme of the pessivle metnods of impiemeantation, and draw some conclusions about
the tim= «cale in which some definitive measurements might be accomplished.

PART I’ APPLICATION OF MICROWAVE RADIOMETERS TO OCEANOGRAPHY
A. Mardon
INTRODUCTION

The following material is intended to complement my colleague’s puper with 1 more
spccific discussion of the application possibilizies oz ra-*iometers tc ocearographic measure-
raents, Foruwnately, the experimental and analyticar werk aiready .-ited can be directly related
to such a pcseibility. Parameters of specific interest ‘o oceanograjhers which we are con-
fident will be ultimately measgured with radiometers include:

. Thermometric temperature of the sea {tnhrough fog)
. Distribution of water vapor above the sea

. Determination of the sea state and sea swell vector
. Distribution of ice {ihrough fog)

. Thickness of level ice over water

. Distribution of condensed water vapor sver the sca
. Atmospheric temperature 2s a functicn of altitude

~3 0 O N e

It is noted that all material bodies, above absolute zero temperature, generate thermal
erergy. This energy is related to the random motion of the elementary particles of electro-
magnetic energy postulated by Planck, It can be shown that the spectral distribution and
intensity of this energy is such that sensitive mililmicrowave receivers can detect it. These
receivers are usually operated in the r=iometric or Dicke mode, e.g. the input circuit is
alternately switched betweern the artenna and a known thermal reference in orde: to preclude
the drifts in receiver gain, which limit the performance of standavd receivers. This technijque
is comparable to the cominon practice of using choppers in Jdc amplifiers to stabilize gain.
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The resulting narrow band video output of {ne receiver is filtered, allowing the detection of
eflective temperature changes of a few degrees. It should be noted at this point that sensitive
laboratory-type radiometers have been fabiricated for most of the millimicrowave range ~°
interest. These receivers are capable of detecting changes of ten degrees or less with yreater
than 85% certzinty when using an effective video bandwid*h of one cycle {or an obsecvation and
integration time of one recond}.

R: :0 engineers are {amiliar with thermal radiation 1n the microwave spectrum because
solar, s zilar or galactic noise background moise limits the performance of even the most
gengiti- = receiver. The radio astronomer studies thie noise and its distribution in an attempt
te Je- ve the structure of the universe. In the milliriicrowave spectrum from 10,000 to
300,0 -0 mcs. the atmosphere becomes important tc the microwave enginesr. Fcr example,
oxygea gag has magnetic dipole moments centered at 60,000 and 120,000 mc, water vapor has
electric dipole moments at 22,000; 183,000 1ac, ete. The result is an attemuation of an of
wave of appropriate wavelength and random radiation within these bands. By analogy with
the radio astronomer the meteoroloyist is interested in the degree of attennatioa that can be
measured at 22,000 mes for possible derivatio- of the distribution of water vapor in the
atmmosphere. Furthermore, condensed water vapor in the form of fog, raiv or snow is com-
parable in size to the wavelength of millimicrowave eaevrgy and aiso tends 1o attenuate this
energy. It, too, may be analyzed with radiometric equipment,

GENERALIZED EQUATION FCR THE APPARENT RADIOMETRIC TEMPERATTRE CF
SEA WATER

The apparent tamperatire of an opacque object i8 comparable to the absolute ‘emperatvre
of a black bady which would radiate the same power; this apparent temperature ig n.aae up
of the following terms:

1. An absorption term to account for the attenuating medium between the obsecviag
inscrument, the object and the sky. It will inciude an absorption component fromm water vapor
gas and oxygen ar.d an acditional scatiering compounent from fog or rain.

2. A radiation term which is the product of the thermometric temperatvre of the ohject
or gas and its emissivity {(e).

3. A reflectivity term which is the product of the apparent terapera‘ure of the reflectea
surroundings and its reflectivity, This 1eflectivity coefficient from elementacy thermo-
dynamice must equal (! -¢} assuming zero ransmissivity.

In the case of sea water, a fourth lerm might be added to account for the apparent temp-~
erature due to the sea state. This complex term presumably is 4 function of the wind force
and vector and ocean current force and vector.

From these considerations we can establisl a simplifisd general expresaion for the

apparent temperaturc (Ta) of tie guiet sea as observed through water vapor, as presented
in Figure 1i:

2
T = Te{l-¢e )L -iZL (1-¢ ¥4 T ¢ L. +7 ¢
a vv,K W v v w wwyv vv

Where T are the apparenti temperatures with subscripts v and w tha* refer to the wat:r
vapor cloud and the water, respectively.

L, is an ahsorption loss term related to 8 the zenith angle.

¢ are the emiasivities with subscripts v and w that refevr to the water vapcr cloid arnd
the water, respectively,

Zis the absolute temperatux e of the sky (above the atmosphere),




If there is a fog bank over the sea, the absorption term L., of water vapor may be lumped
with a scattering loss term and using the subscript {, the equation becomes:

2 - -
Ta = [Tfef (l—ew) Lf] + [Z Lf (l—ew)J + [Tw"w I..f + lfef ]

215 close to absolute zero. This means that the gecond term in the above expression is
extremely small and may be neglected

~ Ts {i-¢ + :
Ta Tf £ (1 e.w) Lf Twew Lf'r Tfef

An antenna at sea level pointed up to the sky will record the Te, tern. which thns
beromes the apparent temperature of the sky Tg.

o7 =L [T (1~ })+T ¢ ]+’I‘
a f, 8 w w W s
-

Setting values to the terms in the above equation:

i. A plot of apparent zenith sky temperatare (TS) as a function of frequency has been
calculated and is presentea in Figure 1,

2. The emissivity terms for sea water over a rarge of water temperatures aad fre-
quencies have been calculated using the complex dielectric values derived by Saxwin.

Presupposing that there ig no fog or rain and that the sea is calm, the apparent water
temperature can be calculated from the above vquation fo: some typical cases, These appar-
en* water temperatures are present~d as a fanction of zenith angle for horizontal and

: . . s Jm3
vertical polarzzation at several frequencies in Figure 2, assuming one percent (7.5 gm/m*)
water vapor a- standard temperature and pressure and a 0° water temperature. The signifi-
cance of this plot is that it leads tn the first radiometer application: determination of the
otal water vapor column over the sea.

DETERMINATION OF THE .JiSTRIBUTION OF WATER TEMPERATURES, WATER VAPCR,
FOG AND SiiA STATE

As Dr, Barett of MIT has suggested, the difference in apparent temperature between the
water vapor resonence line at 22,235 mes and other frequency points such as 19,800 mcs or
35,000 mces offers a measure of the water vapor concentration in the atmosphere. As the
concentration rises 8o will the apparent temperature difference. A map of these apparent
temperature éifferences should afford a rough measure of the total water vapor distribution
over the oceans. Changes ir. water temperature are autumatically accounted for by this
difference technique. However, complications arise when we consider the effect of fog.
Fortunately, the attenuation in fog follows a well defined law and analytical techniques permit
us to correct for it. In addition the effect of sea state on apparent temperatures is required
but very difficult 1o resolve, However, analytical work on this problem has brought to light
interesting results,

The sea state cases so far considered are the relatively simple ones where the sea sur-
face has the cross-section of a saw tooth. Depending oa the obaervation angle, multiple
reflections of the apparent sky temperature wiil occur. The second graph in Figure 2 shows
how tne apparent temperatire changes as a function f zenith angle. Note that there is a
pronounced change in apparent vertical polarization temperature where the zenith angle is
the compler- nt of the angle of tilt of the saw tooth {(grazing angle). This impllies that a
surveillance radiometer scaming in azimuth as well as zenith angle coula measure the aver-
age vector or set of the s=a swell.

Again, by selecting an appropriate set of p.lerizations, frequencies and viewing angles

we expect to be able to determine the water vapor column. Definitive measurements cn wndels
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of typ.cal sea sweils or states are rlanned. For the momen?, we can make the following
generalizations:

1. The thermomctiric ‘emperature of the sea in clear weather can be derived from the
apparent water tempe-atur< at 19 Ge; in fog the measurement :rust bi: made.as low as § Gz,
£sstming 2 gquiet sea.

2. The set or vectwer of the sea swells can be determined with a scannin: array of
rad ometers at seterzl {requencies.

3. The fog column can be measurcd at 84 Ge after deriving the water temperature and
sex state.

4. The water vapor column can be geterinined from the apparen: tempoeraturs differ-
ence between a 22,238 Ge and eiither a 33 Ge or 19 Ge signal.

EMISSIVITY OF MULTILAYER SPECULAR SURFACES

Ar. 3nalysis has been completed of the emissivity of multilayvered spocuiar surfaces. It
can be shown that if the principal frequencies lie within 2 small frequency interval the
amplitudes and phase of radiation can be represented by

TR -
Vg = A{t)el'b“' - 2=ft_
where tiie A and § arv: real valued functions of :ime. Because the spectral amglituges are
assumed 1o be arpreciably different from zero only in some small neighborhood of f, it 2an
be shown tha: A and ¢ are slowly varyving compared to 2=ft and ¢{t} is a random functicn of
time, I the thickness of the layered media is sufficiently small thes, in the time it takes
the radiation to reflec: back and forth at the boundaries, the functicn A and é will have
changed by unly a small amount and an interference phenomena niay be expecicu to occur.

The emriss: ity may be defined as follows:

z = 1-R
t

where R, is the overail voltage reflection ~oefficient. For 2 -ase where a plane (TEM) wave
impinges on (1:-1) semi-infinile parallel sheets, R, is most easily obtained by a transmission
line analogy. A paper is being prepared by Space-General showing the derivation of reflec-
tivizy for thin specujar muitilavers, thick specular multilayers, two lavered media of uniform
temperature with no incident radiation, two iayered media wilh o incident radiation and non-
vniform temperature and three layerea mz<ia with no incident radiation and uniform empera-
ture. The case for ice has been derived and cneslad experimentally.

From the general equation and assuming a quiet sea, the apparent differential tempera-
ture (¢ T) hetween ice and the sea under a bank of foy is given by:
N

R .
aT -1Lfl'1‘wew+ Ts(l-s“_)} - [1.;i+ Ts(l-zi)]} ,

using the subscripts f, w, s and i for fog, wat.r, sky and ice, respectively. Assuming that
Ty = Tj = 2737 Kelvin,

AT = L_(273-T ) (z_-z)
£ s w i

The apparent differential temperature is equal to the difference between the thermo-
metric temperature and the apparent sky temperature multiplied by both the difference in
emissivities between water and ice and the scattering/absorption loss through the atmos-
phere corrected for zenith angle 6. The effective difference in emissivity between ice and

«i33




water is shown piotted as a function of incidei.ce angle in Figure 3.

As anticipated, calcutaticns of emissivity showed that as the ratio of ice-thiciness to
wav.leagth {{ /1) increase, the reflectivity ¢ and hence the apparent temperatu e #xhibits a
damped oscillatory effect. Assuming T = 273°K, a sky temperature of 11.99K and a fre-
quen-v of 18 Ge. the apparent temperature of ice as it thickened was caiculaied. Results are
presemed in Figure 4. A compieted csciilatory ovele #as obiained between 4 = 0 and
£ = .48 cm and this was subsequently verificd by cooling 2 bath o' water with lqui< ..2irogen
a~d recording the apparent temperature of the surface with an 18,000 m: radiometer as ice
lorme.? and thickened,

Since apparent L2mperature is derendent on either {§) thickucss or3) wavelength, an
estimate of thickness can be made from values of apparent temperature at several fr
quencies. Although caution would be necessary in interpretation for cases of hummockea
ice, iherz is a definite possivility of indirectly determining ice thickness with multifrequercy
radicmeters. The economic importance of such a capabiiity, particulariy in the Baltic,
goes without saving.

¥t can be gshown tha* ice covered with wet siiow measures warmer than smooth ice.
Analytical work is continuing to estimate the uepth of snow over ice and aiso ite liquid water
content.,

Typical values of apparent sky temperatures for a series of weather conditions at 18,000
mes; 33,900 mces; 70 060 mos; 94,000 mes andé 140,000 mcs have been calculated analytically
and checked at several dgiscrete frequency points with existing radiometers. in the table in
Figure 3, veiues are presented for typical arctic condgitions at a frequency = 35,000 mes.

It sizould be noted that early test measurements, at 10,000 mcs, of the iceberg to water
temperature difference, AT, indicated that the analytically determined differentizl values were
rougly twicze those actunlly observed. This discrepancy can be attributed to layers of slush ana
pools of water which form >n top of the icebergs resulting in lower values of emissivity for the
iceberg ana hence a smaller Ac term in the opparent temperamre equatien. Even so. ine pro-
spective system margin in heavy fog is such that accurate radiometric maps can be constructed
today showing the distribution of ice in the arctic. This is particularly imporiant when it is
recalled that ice observations (visual) from aircraf: is already the most important method of
ice cover study, allowing examination of huge areas of the arctic in 2 short time. ¥or example,
survey flights are {lown by the USSR along the arctic coastlire .nroughout the year. By du-
plicating flight paths from season {o geason, th2 changes in ic~ conditions and coverage can be
followed., This detailed information is then used for navigation courses when shipping begirs
its seasonal move aloag the coast, As A. K. Laktinov not:d, these a2ivcraft observati -ns are
greatly hindered by short day. and frequent fogs since ‘bey are visual. Efforis by boh the
USSR and 'SA shipping authorities to use radar have met with limited success. The reason is
that icebergs are poor radar targets because they are Lighiv absorbent to microwaves. The
smaller bergs, known as growlers, are dangerovs to navigation as they are virtually undetect-
able by radar.

However, the very property which makes the icchi:g an unattractive target to a radar,
its absorptivity, makes it an excellent oue for a microwave radiometer. The iceberg shows
vup nowminally 10C° hotter than the sea. State-of-the-art radiometers would be powerful and
valuaple recording instruments for aetermination of ice distribution and for setting accurate
quantitative values to the scale of ice closeness numbers suggested by Ya C kkel., This scale
is reproduced in Figuvre 3.

With acsurate ice maus of the Eastern Greenland littoral extending roughly from Iceland
north to the Charnel between Spitsbergen and Greanland, some long range weather predictio.s
for Europe and Northeistern United States are suggested. Good correlation has heen estab-
lished by Rodewald and Mertins Letween the «-ccurrence of ice in this zone and meteorological
conditions in the North Atlantic. Visual observations are difficult because of fog and over-
cast but 2 microwave radismeter would serve irrespective of fog conditions.
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AT A

With the advanced solid state radiometer arrays now under development, having
- ffective sensitivities up to one hundred fold better than present day radiometers, complete
radwmetric strip maps can be taken from a satellite in conjunction with the Nimbus weather
and c.oud cover camers data. Ice closeness numbers could be determined for the entire
pelar region making possiblz the continuous updating of ar ice distribution Atlas of the Arctic.

EFFECT OF RAIN ON APPARENT SKY TEMPERATURES

When a piane polarized wave passes over a spherical drop of ccndensed water vapor, it
induzes osillating electric and magnetic dipoles within the drop. Enfrgy is absorbed from the
fielu; pcrt is absorbed as heat and part is reradiated with the drop acting as the spherical
radiator, i.e. the energy is scattered.

At the 2gher frequancies in the FHF band, the scattering crosy~section of precipitation
particles becomes significant and modifies, thereby, the apparent sky temperature. Shace-
General has performed an analysis to set quantitative values to the mignitude of the s:attering
Insses for a series of representative cases. The basic transfer equations for twc orthegn..aily
polarized beams of radiation iraveling at an angle ¢ with respect to the normal at height Z with

p(Z,-‘s) and T(2,6) represerting the apparent temperatures have been Cerived. Because the
effect of scattering is expressed as an integral in the equations for adiat.ve transfer, these
basic equations have an integral differential form whichk complicates the s olution. Morcover,
polarization effects arise over specular reflecting surfaces because of the difference in
reflection of horizentally and vertically polarized radiation. A paper is now being prepared
at SGC to present this analysis and the results of the computer calculations. It will be pub~
lished in the very near future.

RADIOMETERS FOR LAB, AIRBORNE AND SPACE APPLICATIONS

Dickie radiometers may be conveniently compared in terms of the noise power sensi-
tivity for an integration time 7.

FT
AT = =/ 2’. ‘fB_o ] (signal-to-ncise ratio equals one)
T

where F is the recelver noise figure
T, is 290°K
B is the total rf bandwidth over “¥nich noise is received
7 is the post detection integration time

A number of excellent radiometers have been built by radio astr~rnomers, research
paysicists and others. The symbols in Figure 1 are representative of the performance that
has been secured to date with equipments designed for laboratory or ground field measure-
ments. The majority of such equipments are capable of suitably detecting temperatures in
*hs. 1-10° Xelvin range and are quite adequate for most purposes. Airborne equipments
shicaid be 2 vughly an order of magnitude more sensitive because of the ieass favorable inter-
cept conditious encountered and satellite~borne aquipments must be 180 fold more sensitive.
Such an improv~ment is well within the state-of~the-art.

Repregentat. ve lab/field radiometers are shown'in Figures 5 and 8. The breadboard
pack.ges are no particular handicap for lab or ground field work and standard design will
pr>duce an overall package ke the unit shown in Figure 7. This radiometer is designed to
measure ground geophysical parameters, at 1000 mes, from an aircraft, Apart from the
antenna, the size of ricst radiometers is directly related to the calibration rircuitry power
supplies needed. Note that the local oscillator, egsential in a superheterodyne receiver,
could be a solid state source in which case the entire receiver package would aceupy no more
than 1 cu %, while retaining an overall system AT of better than 1° Kelvin, Uiiimately, all

-
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airborne-~type equipments with operating frequcncies up to 100,00 mces will be of this
type.

The next step would be to an inte grated quasi-stripline low noise radio frequency head
and integrated module amplifiers and phase det.-tors. The package size would then be leag
than 6 cu in. and the temperature sensitivity would be of the order of 0.1° Kelvin/cps.

Such a package wnuld be ideal for single or array radiometer payloads in satellite sur-
veillance systems.

”
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l\-) OCEANOGRAPHIC APPLICATIONS FOR RADAR
‘ %’ Bernard B. Scheps, U, S. Army Engineer
b Geodesy, Intelligence and Mapping Research and Development Agency ,
§ Fort Belvoir, Virginia

The purpcse of these brief obs rvations is to give a rapid appreciation of the present
unclassified state -cf-the-art in side-looking radar imaging and to suggest broadly the oceano-
sraphic applications of this technolugy. An initial viewing of several radar phe 58 will
establigh for you the context in which these remarks are made.

Figure 1 shows a radar photo of a large tear fault northwest of Knoxville in +;e Virginia-
Tennessee border area. The geomorphology of the area is easi'v appreciated, The differen-
tial dissection of areas of varied slope and composition is quickly regionalized. At the next
lower order cf detail, specific foult lines, fractures and probably fracture traces are visible.
This radar photo represents about 2400 square mates of terrain, l. was obtained with a Ku
band radar as also were the next three photos.

Figure 2 shows a transition area in Missouri near the Lake of the Ozarks, southwest of
Jefferson City. The transition from steenu slopes and thin soils to the deeper soils in the
Missouri River bottom lands is evident both in change of tone and in the obvious difference in

laad utilization. Relow where the dam holds the lake, the rivcr is visible as an almost dry
channel,

Figure 3 is = radar photo of the Berks Garden Dome of western Virginia which shows
portions of the Alleghanies, the Appalachians and the Blue Ridge. Differentiation of structures,
rock classes and drainage systems is readily apparent and a number of fault lines and gys-
tematic orientations of lineaments ar= scen,

Figure 4 shows the Chesapeake Bay shoreline just north of Newport News. The York
and Rappahannock Rivers drain the area. A number of interesting features may be observed.
There appears to be a periodic wave-form in the water area offshore and in the estuaries.
Wavelength is about 3000 to 4000, This may be a sweil with some cross-currents also
being expressed. Note that a1 number of shore features are oriented the game way. Specula-
tion ig dangerous in view of the lack of control data for this photography, hcwever, lack of
cloud shadows tend to eliminate this possibility (Note 1). Sandy areas siow bright - in fact as
bright as the bridge. There are also persistent orientations which seem to indicate structural
controls beneath the deep soils. These are noted in the linearilies and angularities of the
river banks. A history of old meanders can be read further upstream. Note the very specular
behavior nf quiet water in the back bays and clos. in-shore as contrasted to the refleciivity
of deep water which ie presumably rougher and thus more of a diffuse reflecwr.

Figure 5 and the two which follow are an example of what may be done when there is
sufficient knowledge of ground conditions to permit a degree of quantitative analysis. The
arca is in New Mexico between Vaughn to the north and Carrizzozo to the south. This southewn
portion is characterized by sedimentary rocks into which massive igneous imrusions were
thrust in tertiary and quaternary times. Except for these lavas in the southwest, most of the
slopes ave soil covered and vegetated, in m.ny7 cases by a dense tree cover. In the no-th
somewhat deeper soils are mixed with windblcwn sand. These are the only areas to have
been cultivated, Complete field and photo-geologic mapping for this area was done by U S,
Geological Survey. William A. Fascher of tha. . gency svbseguently ran a densitometer trase
across this portion of the radar photo.

Figure 6 is an aerial photo w.cross a portion of the densitometer trace, It shows much
of the area as being so densely vegetated tha* geologic interpretation would be difficult.

Note 1: Comment by Dr. K. O, Emery, WHOI, tends to confirm this phenomenon as probable
sand waves, Such waves do exist in that area with the same o1 ientation.
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Figure 5. FExampl- of Analysed Radar s.1age.
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Figure 7 is the set of curves indicating Mr. Fischer's Lkighly interesting densitometer
analysis. The top curve is the topographic cross section showing the geologic units. Beneath
this is a plot of depth of soil cover. The third curve is the densitometer trace scaled in
arbitrary units. It can be seen that all igneous rock falls above 8 in this scale. Between 5 and
8 are contained all ferruginous sandstones. All other rocks and goils fall below 5. This raises
the point of perforn.ing additional work on a more controlled basis to develop adequate gray
scale - material relationships.

Figure 8 is a final example. This very fine radar photo of Baltimore Harbor isg left to
your own imagination to establish a figure for res-lution and detection.

Having established the context of what side-looking radar photography is, and presented
some broad notions of its geologic and oceanographic potentials, we may now proceed some-
whet backwards to explain the mechanics involved in obtaining such photography.

The normal radar presentation with which most are familiar is the doughnut ghaped
Plan Posiiion Indicator {PPI) display. This is generated when a transmitter-receiver antenna
is rotated 360° in time synchronization with a sweep line on a cathode ray tube. Professor
Cameron's images were of this type and I have used them to good advantage in reconnaissance
mapping of ice features in Greenland and Antarctica. Such systems have proven toc unwieldy
to permit their technir al growth in the important factor of increased resolution. Resolution
for radar, as with any other electro-magnetic sensor, is proportional to wavelength and {o the
size of the aperture, which in this case should be translated to mean antenna. The analogy
with photography, however, i8 complete in that photography at shorter wavelengths with
caraeras of large physical aperture yields higher resolving power. Side-looking radars have
overcome this problem by firmly fixing the anteanna to the side of the aircrafi and propagating
the energy broadside in a fixed beam. The ground is scanned by the forward motion of the
aireraft. The sweep of the cathode ray tube is then tyme synchronized with the speed of
propagation of the radar energy and the recording film is traced past this week line at a
properly scaled down ground speed, thus recording the radar echoes as strip images which
you have seen. The physically large antennas are easily carried flush against an afzcraft
fuselage in the side-looking case, thoughan antrnna of ke size could not have been rotated
beneath the aircraft. Physical limitations still apply, although not so strongly, and a 50 foot
antenna was actually flown for about two years by a B-538. Operating at X-band, this equip-
ment produced some very remarkable resolutions though it must be admitted that lifting such
an antenna was a difficult chore even for such a powerful aircraft. Manipulating, therefore,
the second variable, airborne radars have been produced to operate at wavelengths from the
.85 cm range through the 15 cm range. Resolution would indicat: a preference for the usz of
the shorter wavelengths. However, these can be seriously attenuated by clouds and storms.
The shortest wavelength at which little appreciable attenuation occurs is akout 3 em. This
wavelength also appears to be least affected by tranamission through theriaal boundary layers
and strongly ionized layers. Fortuitously components for this wave band are more easily
avallable than for others and they are generally cheaper and more reliable, For these rez -
sons8 most developumont has occurred in this wave band, Other technigues for improving
regolution by synthesizing an antenna of very great length are also being utili 2d but will not
be discussed. However, as with any gain a price must be paid, In thig latter cuse it {3 in
terms of additional equipment complexity and anlenna and vehicle stabilization requirements.

Depression angles for the radar beam have *pically been 25° to 60° f -om the horizontal,
At guch angles most incidence of radar energy w'ik the theoretical plane of the earth's surface
is shallower than 45°. This is the dominating factor in the appearance of the radar photos
and accounts for flat smooth textures being suecular and thereiore dark while elevated and
rough surfaces reflect diffusely and show bright. Smooth and rough are relative terms and
linked to wavelength., Thus while grass is somewhat rough at .85 cm it is smoother at 3 cm
and absolutely mirrorlike at 15 cm. The effects of this geometry on reflectivity uare, of
course, very angle dependent. Wherever facets in the terrain are soc angled ag io form corner
reflectors, these geometric effects are heighwned.

The second factor which strongly affects the imuge quality is the dielectric constant of
the reflecting surface. An empirical relationship which ‘demonstrates the magnitude of this
280
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parameter is that there is a factur of ten spread in grey scale values on 3 cm radar photog
between average earth and metal, with wood and brick or stone intervening, Smooth water
and very flat terrain, such as in a dry lake bed, probably extend the scale by at leust another
factor of 10. Inclusion of georaetric factors further extends this scale. Received signals
from terrain will prcbably have a total spread of about 40 db, although mcre sensitive re-
ceivers may actually detect as much as 90 db. Rather severe compression cf the dynamic
range or grey scale occurs in all the subsequent processing steps, through amplifiers,
displays and film recording. For this reason the 40 db figure appears to be a more realigtic
one. Dielectric constants of natural materizls may be rapidly zltered by changes in moisture.
The moist soils of th.e humid east are better reflectors than the dry soils of the arid areas,
where much initial radar flight testing is done, Test crews trained in the arid areas almost
always set their radar gain and contrast too high when flying a humid area for the first time.

The factors of geometry and dielectric constant may combine to give an object a greater
or smaller effective radar crosa section than its physical dimensions. At 3 cm wavelength
a 1 meter tetrahedral metal corner reflector focuses and returns energy equivalent to a 1900
8q meter area, Thus it ie detected and imaged by radars whose resolition in terms of ability
to separate objects a given distance apart is several orders of magnitude poorer.

Penetration is & third, but poorly known factor. Theory would seem to indicate that at
useful wavelengths penetration is so shallow that it should be dismissed from further consid-
eration, Peorly understood indications of structure overlain by soils seem to contradict this
view. Work in progress ut U. S. Army Encineer Waterways Experiment Station at Vicksburg,
Mississippi also tends tc indicate penetrations to greater depths than previously suspected.
Regardless of cause, radar photos frequently appear to indicate subsurface features in a most
useful manner. It is already apparent, however, that careful work will be required tc gseparate
out direct and parasitic effects and to avoid semantic difficuities in ascribing causes to
effects. In connection with NASA geoscience radar programs, GIMuLADA will design and
install a series of well controlled test patches on the floor of Wilcox Dry Lake, Arizona.

This very smooth, specular surface has already been equipped with a radar resolution range.
The intent now is to augment it with patches of natural rock materials which are laid out on
the surface and under the surface to known depths.

With this very brief, basic understanding of the more impertant processes which go into
the making of a radar photo, it is now poagsible to explore ihe utilily of this sensor for oceano-
graphic research.

Greatest applicability appears to be in the study of shcre and estuarine morphclogy.
This is the area of strongest comrast in a radar presentation. Radar can give data day or
right. in any weather. With its very rapid acquisition rates, large areas can be imaged almost
simultaneously. The “before and .fter'data regarding catastrophic storms can be rapidly
compared. In fact GIMRADA has under development a Change Detector for comparing sequen-
tial coverage and displaying only the changes. The amall scalen and the generalized nature

of radar photos enhances interpretability of large scale features, lineaments and overall
trends.

It would apnear that a! the ghallower anugles of incidence gome information concerning
sea state may be svailable. In 2 manned satellite it would be an easy task to change the radar
gain settings over all-water areas to optimize the low level signals from the sea surface.

Radar can work cnoperatively with ships at sea and urmanned buova. The radar, in its
passage, could interrogaie transponders which would respond with not only position but alao,
by encoding and modulating the response, such data as temperature of air -nd water. These
data are also ava.'able day or night in all weather. Comparative cover should reveal diurnal
trends and tide and current information,

Radar will definitely define land - ice - open water interfaces. It will aiso distinguish
several textures of ice and may be able to distinguish between snow and ice on a moderately
reliable basis.
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It may be possible to utilize the shorter wavelengths which are cloud attentuated to
determine cloud h2ights either by ranging or by shadow displacement. Cloud morphology and
composition and presence or absence of precipitation should also be interpretable.

Satellite borne imaging radars will require solution of some difficult, but not impoacible,
engineering problems connected with power needs, antenna size and antenna stabilization ana
pointing. These problems are very closely allied with the need to carefully specify, in terms
cf expected signal strength, the nature and seale of information which must be detected and
recorded. It is to be expected that we :an only come to know these parameters well enough
through an initial non-orbital experimental program utilizing aireraft in conjunction with
careful ground conirols and careful airborne instrumentatiosn.

In conjunction with the comments on controls and the obvious 1mportance of knowing the
radar grey scale rather precisely, GIMRADA with the U. S. Air Force is presently seeking
to build a grey scale callbration capability into an advanced airborne radar. A grey scale
will be recorded on the film in such a manner that it will besr a direct and unvarying relation-
ship to the transmitted and received radar power.

Finally, it 18 important fo give consideration to the best use of the entire spectrum.

Figure 8 shows the configuration of a tri-sensor aircraft which will be {lovn by Air
Force in the NASA - GIMRADA geoscience program. It is the only truly tri-sensor configura-
tion in existence in that it simnltaneously images exactly the ame ground patch in the racar,
LR. and visual ranges and displays the images in the same geometry and scale. Nec single
sengor is sufficient to uncover the nature of the multitude of effects which we are geeking to
study. Only well integrated systems of this sort will yield the spectral data in useful form.
The question hag been asked whether the instruments in such integrated systems will inter-
fere with each other electronically, With good engineering they do not. Several integrated
systems have been flown successfully.

In conclusion the Corps of Ergineers is vitally interested in o¢ :anographic programs
and would like to participate in them and help make them succeed. Engineers' obvious
interests are in shore and beach processes, a betier understanding of catsstrophic storms
and waves, silting and all the procsesses which bear on the missions of the Corpc. They are
also interested in the sensing and interpretive techniques in themselves.

There is obviously much ieft unsaid in a summary of this scope and brevity. A neces-
sary next step is coordination on a specific problem basis to explore possible applications of
orbital radar systems to oceancgraphy and the implementation of initial airbcrne experi-
mentation to sapport this effoxt.
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Kl MICRGWAVE EMISSION OF RAINING CLOUDS
s (\ A Konrad J. K. Buettner .
X Univ: raity of Waskington, Seattle, Washington
Rain gshowers attemuate racio signals of c:n microwaves in a rougaly known manner.
B The attennation is ‘ue fo scattering and absorption. The ratio of theae two 2ffects is known
from D. Deirmendjan's application of the Mie theory *~+ o pclivaisperse cloud. Accordingty,
heavy rain clouds for 7. > 1.4 cm emit substanti2lly r-o~e than the ocean for ihe game ».
Inclusion of .2 unknown, but likezy, effect of multipic scattering increages the signal differ-
ence betweenr cczan and a cloud, The counteraciing tempe: stures effect is small. 3t should
therefore be possible to discriminate between rairing clowds and ocean. Optimai wavelergth

seems 1o be 1.6 cm. A passive system receiver could also be used to discover sea state,
icebergs, and openings in Arctic ice fields.

Buettner, Konrad J. K., Regenortung vom Wettersai elliten mit Hilfe von Zentimeterwellen,
Naturwissenachaften 50; 591, 1963,
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RECOMMENDATIONS OF THE SANEL'ON MARINE METEOROLOGY

Chairman: Claes Rooth

. O ‘Woods Hole Oceanographic Institution ’
/I\‘I\\ Woods Hole, *“assechuset.s .

. Q Members
M

7 D. C. Manckard " P. M. Saunders
h H. Charnock R. Wexler
: b ) J. Levine A. H. Woodcock

E. S, Merritt R. <. Terwilliger

Since a separate program of feasibili‘y studics -»iihin the meteorological problem sphere
iz planned by NASA, it was felt that the discussion should be limited $» those gjuestions which
deal directly or indirectly with the air-sea exchange processes and their manifestations
observable from satellites. It was the consensus cf the participating roup:

a. That the techniques for remwte sensing and pre- .o, as almost available fcr non-
military apphcauor.n today, offer scme p‘-"m:ismg avenues for work from low level or inter-
mediate level platforms {ships, towers, airplanes). The technical presentations given during

the meeting provided a very vinable soarce of ingpiration for those not in contact with the
classified research in these fields

s. Indications cf greater capabilities raised demands for an
effort to achieve farther declassification of such material.

b. That capabﬁitxos in the infrared and microwsve ranges of the spectrum seem mar-~
ginal at the mement from the poiut of view of surface observations from satellites, but that the
potential value of heat flux mecasurements and stress estimates is great enouzh to warraat an
appreciable development effcrt. By cooperative arrangements between instrument devclopers

and informaszion users, the development phase itself should yield valuat-le results from air-
borne platforms.

c. That apart {rom his capability of pointing a camera or an instrument at ta2e unusual

even., man in space seems to offer hardly any advantages but a few drawbacks, e.g. limited
endurance, compared to orbizing instrument packages. This does not mean that once he goes

up there hn would ot be givén 3 1ist 6f 3 hundred-and-some things to lock for while he is
orbiting.

Specific Comments By Chairman:

Our knowledge of the meteorological rhenomena allow us to deduce only some crude
_qualitative facts about the state of the ocean on the basis of the meteorological information
readily obtainabie by sat:llite information. Dire-tion of heat flux can to some extent be
inferred from the character of the cloud cover. Rate of displacement of clouds and possibly
pattern character in cinud groups may yield infocmation on winds and hence on sea state and
stress {cf various publications on interpretation of Tiros datu). A special case of this (s
tne 1ucation of temperawre discontinuities by correlation with discontinuities in cloud cover

or type, at best a delicate problem in intelligent inference since neither uecessarily involv>s
the presence of the other,

The most promicing avenue for further work seems to lie along the lines suggested by
McAlister in terms of direct observations of the microsurface temperature gradients, i.e. the

_upward heat fiux in the water. Coupled with the obvious rossibilities of estimating radiative

enargy balance by photographic estimates of cloud cover combined with IR estimates of water

vapor in “the atmospheric column, we have an important inroad to the thermodynamic foreing

both in the sea and in the atmosphere.

The stress problem is much further away from solution. It seems unlikely that we shell
be able to estimate mean monthly values of the stress curl significantly better than from
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-cliraatblogical maps, unless a majo%iechx{ical advance is made. But, given a significant
improvement in sea state detection and wind determinstion techniques, or the latter alone,
togetg':er with the resulis of surface level work on relations between wind speed, sea state,
and stcess, which is in progress at aeveral places, we may yet see the day when our
theoretical understanding of the ocean circulaticn can be severely tested against observa-

- tions.
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%Q “HE ROLE OF SATELLITE AND MANNED £2ACECRAFT
7 M IN MARINE METEOROLOGY
' I\-? ' Earl S. Merritt .
¢t - '
] Q', ARACON Gsophysic 1 Con.pany
. b _ ’ Concord, Massachusetts

N ‘

Major ..nteractions between the atmosphesc sud the oceans occur continuously over a
wide variety of scales.’ The wmeteorological observativns reguired for investigztion of these
interactions (and their effects on vessels, coastal geclogy, and on the oceans and atmosphere
3 themselves) were adequately available prior to TIROS 2t only two scales: (a) averages in time
|3 and space obtainable from climatic summarizations; anc (b) micro-scale observations obtained

from oceanographic research vessels and projects over very restricted- areas and penods of
time.

PRIV G T T DRSO, TN by

R

MR

Transient ships and the ocean navigation and weather ships provide synoptic scale space
and time observations over the restricted areas of the major shipping lanes, but are too
infreaent in their passage outside of these areas to provide useful observations at even the
synoptic scale. Thus large volumes of the atmosphere have been inadequately unobserved in
both space and time. Satellites and perhaps manned spacecraft can provide many of the

needed ¢oservations, Some of the desired data have already been obtained, in rough form,
from the TIROS observations.

SN e

&

Piscussion of the application of observations from satellites and manned spacecraft to
marine meteorology may be ajded by first listing some of the specific problem arees where
meso-ecale or uynoptic sca.le obsemﬁons would be useful, $icha Mst would tiscluder """

R

a. Surface wind wave generation, -

. Ocean current variability due to wind eﬂects.

c. Ocean surface temperature variability as related to evaporation, cloud cover® and

) the short term local effects of precipitation.

d, Pressure aud wind effects on tidal enhancement.

e. Sea ice drift and erosion; formation of pressure ridges in pola.r region ice fields
due, in part, t> the wind.

f. The effects of wind driven ocean waves on coastlines and bea.ches.

g. The interactions between wind driven waves, currents, and winds which effect ship
routings and other marine operations, commercial, military and research.

Since the atmospheric-oceanic interchange is a two-way interactiou, we can also deduce
information useful to meteorclogical analysis from derived and observed measures of the
physical state of the sea, For example, sea surface temperature variations sare an imnortant
factor in air mass modification; synoptic scale meteorological developments ure effected by
sea surface temperatures and temperature gradients, and in some cases by the local gea sta.tg,"

AR e TP AT RIS T e TR RS RS A R Rt

Fortunately we need not operate from a position ~f complete ignoreace in our conginera~
tion of the applications of satellites and manned spacecraft to marine meteorological prohl-ms.
Observations from the TIROS meteorological satellites provide excelleat duta which can be
uged to examine specific synoptic scale problems and thereby assist in defining plans of
atta.ck. Some pertinent pretiminary analyses of these TIROS data have slready been pre-
pared 2, For example, low level wind velm.ity can be estimated from certain types of
eharactergstic cellular cloud patterns extending over vast areas of middle and high latitude
oceans, especially in the wake of cyclonic activity. These are broad areas where the wind
speeds are frequently high and the fetches are long. The spatial and temporal distribut.cas i
wind in these areas are essential to the {crecasting of wind driven waves. Clouds can alsc

¥an allied, but separate, discussion of the problems asssciated with cloud distributions over

the oceans and their effects on satellite sensor design is included elsewhere in these pro-
ceedings.
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provide information about the existence of coastal upwelling of cold water and variations
thereof; a study® of the struti’y 1 cloud masses of the Canaxy Island region of Africa
obrerved by TIROS I and-1lI provides some preliminary data relating fo *nig problen.

- Specificaticn .1 the departure from climatological sea level pressures, from TIROS observa-~

tions of cyclonic cloud vortices, has been tentatively examined®; this information reay be use-
iul when censideriug tidal enhancement and sea level variatione due to atmospheric pressvres,

Specifications of the surface temperature field from gatellites and mauned spacecraft
appears feasible. Tise of satellite infrared a. °+ to further examine the feazibility and to
define the prohiems o.se,aciate.d with this mode of obsgervation in discussed in depth eigewhere
in these pro..eedings . -

In the more specific application of air-ocean effects on the navigati..x of ships, minimum
time routings, and other marine operations, the meteorological data acquired over normally
unobgerved * areas by TIROS and Nimnbus satellites already provide the data necessary for
che increased meteorologieal analysis accuracies required for effective application. Sherrt.
among others. hags shown that & greatly increased accuracy of analysis is permitted by the
TYROS data; this can be of great value in predicting weather-related operational conditions
over the oceans that will be enc.untered by commercial, mﬂitary and research vessels and
programs. This is an »rea of great economic impact.

There are indicationsd that forecasts of the position of the primaxy ice fizids and fronts
in the Antarctic may be of use to the whaling industries of the wor'd. Thz whales are fre-

- quently observed to follow the movements of the main ice fionte, Data on the pressure and

wind distributions are necessary to prepare these forecasts. satellite observations of both
the ice and the pressu~e and wind distributions can provide these data.

It i8 clear that observations from satellites and mauned spacecraft can be of a.ssistance
in providing a fuller understanding and picture of the day to day synoptic scale variations in
the atmosphere over ocean areas and, in that, will contribute to an understanding of synoptic
scale air-sea interaction nroblem:s and to related areas of physical oceanography. It ig not
as clear, however, to what extent observations from satellites and mamed spacecraft can
assist in the more basic studies of the several microscale processes which take place right
at the boundary between the gea and the atmosphere and which have been examined at some
length in Reference 6. Detailed micro- or meso-gcele observatioral programs sre still re-
quired for these measurements.

In order to permit optimum use of satellite observations in operational and research
interpretations of the marine meteorologicsal environment, a program of study shouid be
underteken utilizing TIROS and Nimbus observations concurrent with periods of exteagive
corroborating conventional data. The data from oceanographic programs, such as EQUILANT
and the International Indian Ocean Expedition, would he excellent in tiis regard.

‘The role of man in these observations is, at hest, unclear. He is well suited to take ad-
vantage of unusual events, he can discriminate, he can perform specialized muiltiple operations
which may be extremely difficult to program into an unmanned satellite. But h- requires far

greater logistic support than an unmanned satellite. Al of these factors must be weighed'to
deter#ifhe if man has & useful, w.ontinuing role, in marine meteorological observations from

space.

In any event, 1aan will go into spece for extended periods .sithin the next decade. and
marine meteorologists and oceanographers will be derelict if they do not provide the astro-
nauts with the tools and training necessary to make useful observations. Analysis of available

*Qlaser, A. H,, &, 8, Merritt, R, Wexler, and W. K, Widger, Jr.: The Applicability of
TIROS and Nimbus Data to Investigation of the Feasibility of Sea Surface Temperature
Measurements from Satellites, ARACON Geoplhysics Company, Concord, Mass.

A Study by the U, 8 Weather Bureau showed large areas of the southern hemisphere with
less than 10 ship ot servations per year.,
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data from TIROS, Nimbus and sumilar satellites can prow‘ridé nraterial for-a}stem desigus, i:
and for training of the astronauts who will make the obscrvations. - - :
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THE NEED FOR STUDIES OF OCEAXIC CLOUD CLIMATOLOGY

%}‘ William K. Widger, Jr.
'l

ARACON Geoph;sics Company
\_‘/ Concord, Massachusetis

For many of the wavelengths and seasors proposed for cceunic observations from a
sareliite, the presence of clouds wili seri-usly degrade and often completely prevent we de-
sired observations. A survey of the nephanalyses published in the Catalogs of TIROS Tele-
vision Cioud Photography for TIROS IV-V3I has made it ~ery obvious that sizeable areas
normally completely free of cloud are comparatively rare over the oceans except for specs 1,
small areas such as that south-east of Arabia. Accordingly, observaticns requiring the
absence of clouds must be made through the small, in  7idual ciear patches wihin areas o1
Scattered or broken clouds if they are to be made with any rezsorasle frequency.

For determining the design and feasibility of such observations, a much improved
knowledge of the cloud climatology of ocean areas is reeded. Since the most pertinent faciwors
are the frequency, for various geographic locations, of clear patches of various gizes within
areas cf scattered-to-broken clouds, these studies cannot be made solely from existing sur-
Zace observations. The TIROS cloud picture data, in spiie of a shorter length of record than
is % be climstologically desired, could be appropriately analyzed to comribute significantly

to this prob.em area and so to the optimum design of satelli*e sensors for oceanographic
purnoses.
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NOTE ON THE CAPABILITIES OF RADAR FOR MEASURING
CLOUDS, PRECIPITATION, EVAPORATION, AND SEA STATE

R. K., Moore

Center for Research in Engincering Science
The University of {ansas, Lawrence, Kansas

The capabilities of radar for meacuring clouds and precipitation from the ground are
exploited routinely in the U. S. by a network of Weather Bureau radar stations and by all
commercial aircrafi. A side-looking radar in a satellite can map these same phenomena with
higher precisic.. and or: a world-wide basis, Dy using two or three frequencies properly
chosen, the sea state, shipping, and bergs beneath the clouds may be mapped simultaneously
with the clouds themselves, and precipitation is easy to distinguish.

Even a simple 10 - 20 Ib. package used like an altimeter can be designed to observe
precipitation beneath the satellite. It also (with a different frequen:y) can observe sea strte,
8o that winds and evaporative rates may be inferred.

The properties of an imaging radar for 3-dimensional portrayal of cloud and precipita-
tior data are somewhat different from those for ground and surface mapping, but the same
radar, with {perhaps) an antenna resonably larg.- in vertical dimension (but not larger than
planned horizontal dimension) can obtain this information by having its highest frequency
operate in a cloud/precipitation mode on command. Without these complications it can still
provide a 2-dimensional presentation with cloud thickness data from directly below.

297







g

PR

Y

.

TR SRS
. i

O R (ol S

COMMENTS

Allyn Vine

Wocds Hole Oceanographic Institution
Woods Hole, Massachusetts

Some general comments sre:

1. The meeting certainly acccruplished the purpose of getting more thinking about how
the ocean looks from the air and from space.

2. I strongly suggest that the final report emphasize satellites and oceanography and
try to keep the manned and unmanned satellites represented and in perspective. I believe fail~-

ure to do this will cause considerable kickback and create an unhealthy political type of
atmosphere.

3. Better weather predictions in the Antarctic Ocean would be of special interest. Cer-
tainly satellites can give us data on a global basis. They will drive us to thirk about all oceans

and all latitudes and they will go through the seasons every hour. I believe this will be their
most significant contribution.

4, I did not hear rauch about the time scale for professional, interested oceanographers
to be in space stations. What is an estimatred data for five oceanographic trips per year?
When can a good graduate student do space field work?

5. In retrospect, I'm a little surpriscd {(and somewhat disturbed in my own lack of think~
ing) that there wasn't more discussion about what oceanographers might contribute to the study
of other planets., Even though Terra may have the only conventional ocean, the hoar frost,
ligrid hydrocarbons, underlying MOHO, or a deep dust with liquid like characteristics may
present problems in which oceanographers are interested and knc wieldgeable,
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Y MEASUREMENT OF CLOUD HEIGHT
W (\ John Freeman
\ National ZEngineering Science Company

A precision camera in space opens up the possibility of measuring cloud heights ard
cloud motions {perhaps winds) on a synoptic basis over much of the world.

As a means of making cloud motion estimates, TIROS telemetry is strained to its
utmost,
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RECOMMENDATIONS OF PANEL O MARINE BICLOGY

Cochairmen: Carl L. Hubbs, Scripps Institution of Oceanography
La Jolla, California
George L. Clarke, Department of Biology, Harvard
University, Cambridge, Massachusetts

Members
E, R, Baylor D. Menzel
D, ¥. Bumpus G, I. Murphy
W, V. Burt J. H. Ryther
A. W, Collier J. ¥, T. Saur
H. W. Graham M. B. Schaefer
W. V. XKielhorn W. Scheviil
¥. F. Koczy T, J. Walker

The biologists attending the conference have had hopes ana expectations raised that much
information of value to them can be obtained from high~flying planes, i.om unmanned and
manned orbiting satellites and space craft, and perhaps from relatively stationary satellites.
What type of space vehicle would be most appropriate for =ach objective is rather beyond our
competence to decide. For many objectives we assume that planes will be used for local,
detailed, and fine-grid surveys, even though large-scale features may be monitored by satel~
lites. A main function of the satellites would likely be to locate areas where more intensive
surveys by high-flving or low-flying planes or even ships would be auspicions. Some sorts of
probably obtainable information of biological concern are as follows:

1. DIRECT OBSERVATIONS OF THE SEA SURFACE

Bioclogists as well as physical oceanographers are definitely concerned with many physi-
cal featuies of the sea, with large-scale and small-scule features, For example:

Sea-surface temperatures are already being surveyed by ..shery agencies using infra-
red gear. Such surveys coula be improved by increasing coverage and frequency by
using nighc ' flying vehicles,

Temperature fronts are of great concern to biologists and fishery scientists, and call for
continual monitoring.

Frequent mapping of currents and water masses, such as may differ in color, would be
most v seful.

N.B.: Whether such obscrvations can best b -nade visually, by iight photography, by
infra -red images, by radar, or by other means is hardly in our competence to suggest.

II, OBSERVATION OF BICLOGICAL PROPERTIES

The biologlsts have agreed that monitoring of certain essentialiy biological properties
will be of high value. In particular:

Bioluminesence would seem to be measurable, and could help to locate jarge moving
animals and moving fish schools {also submarines, th¢ recor:d of which should be dis-
tinguished if poasible from luminescence produced by whales, fish schools, etc.).

Discolored arvas (red water, etc.) need to be monitored.

Chlorophy’l concentration in the mixed layer (well represented in the uppermoat levels)
should be monitorad by selective spectrometry,
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1I, TELEMETERED INFORMATION FROM SUBSURFAC.. AS WELJ. AS * “# CENSORS

Much information of biclogical value can, we hope, be obtained by gea. alrcady developed
or being developed, to be telemetered directly or on ccmmand to rcceivers overheac on va:ious
vehicles, including satellites, The transmnters would be on anciored and on drifting buoys
{also on animals, as indicated below).

Such informativn could be sensed from a conside “able depth rar ge, at least through the
thermocline. Parameters in mind include temperature, current dizection and velueity, salinity
(by conduciivity), transparency {by beam transmission), dissolved oxyzen, varivus nutrients,
pariiculate organic matter, acoustic properties (particwarly biological acise).

IV. DETERMINATION OF ANIMAL LIFE

Of prime concern is the identification of animals and determination of their distritution,
abundance, and movements, Particularly in mind are marine mammals {whales, por sises,
geals, etc.), marine birds (in larger dense flocks), sea turtles, larger fisnes and schools of
smaller fishes (showing as shadows). Presence of the animals may be letermined by linear
or intermittent slicks, ruflled surfaces, flocks of active birds, etc,

V. PHYSIOLOGICAL AND OTHER TELEMETERED DATA ON LARGER ANIMALS

For arimals large enougn io carry telemetering equipment, either ou the body or on an
attacned buoy, much valuable informatior could be obtained on:

Depth of dive

Instaneous speed and rate of mipration

Course of migration {especially needed)

Body temperature, envi-onmental teraneratere
Heart beat

Blood flow, etc.

At present we would anticipate tuat planes rathsr than satellites would be morst appro-
priate for most such research, but satellites might also pick up the data, especially from long-
migrating creatures.

VI LOCATION OF FISHING VESSELS

Monitoring of the commercial and sport fishing fieets, off our coasts and on mc- distant
waters, such as Georges Bank, Bering Sea, and the /ntarctic, would also be of vaiae.
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Q s MARINE BIOLOGY AND REMOTE SENSING
R ‘)’ 4) John Clark and Richard B. Stone

Sandy took Marine Laboratory, Bureau of Spoit Fishertes &7¥ilqlife
Highianas, Hew Jersey

R

Application in masine biology of remote sensing from manned orbital spacecraf: lies
mostly in measuring characteristics of the physical :nvironment at ¥-e sea surface. Measure~
me...s of the oceanic environm=nt which could be obtained from spucecraft would be related to
information abvat marine orgamisms originating from other sources. The objec: of remote
sens:ing would be lor studyng ecology, i.e., 10 measure those parameters of the ewironment
which most influence distributien, behavior and abundance of marine species.

Ecology is an important field of biclogical oceancgraphy but b.cause of the high cost of
obtaining environmecntal observations hy conventional shipboard technigues it is much
neglected. The result is that moes? oceanic ecology is descriptive and based upon sparse data
fro= unsystematic collection programs. There wili be littie encouragement {or modern
workers to caxry ecologica. studies to a higher ievel of accomplishment until! systemati-~,
contimting measurements of the environment are available.

Fish studies might be given first corsideration in the design of ecological programs
since fish affect the national economy mote than other marine organisms., However, an
environmental program es:ablished pramarily for fish studies could be designed t provide
data of value in all fields of martae ecology.

It is at the edge of the sea that biological productivity is highest. “’his includes the
estuarine zone, the inner protected waters, the open coast, and the continenta’ shelves of the
world. Although the oceanic zone contiguous to the coast should receive the highest consider~
ation in resea~ch priorities, it iz realized that deep ses features have pronounced effects on
the coastal regime. Thus, an underswunding of 3uch deep sea phenomena as the Gulf Stream
is important to an understanding of the condition of continenta! shelf waters.

Of thos~ ocean parameters subject to remote sensing, temperature measurement is
nerhaps of ti:e greatest significanca to marine biology. All ocean species are limited in their
distribution vy their temperature toierance. In the fcllowing paragraphs a suggestion is made
for a practical feasibility stuy for a systematic temperature survey in marine biology.

FISH AND TEMPERATURE

It is widely accepted in marine biology that temperature is the primary factor in limiting
the occurrence of marine fish species., This is weil stated by Taylor, Bigelow and Graham?!
"We doubt whether any marine biologist today woald dispute that temperctii« 0z the water is
the factor chiefly responsible for setting gecgraphical buundaries tc the ranges of marine
anin:ais along the seatoard of eastern Morth America. Consequeatly, any alteration in the
temperature or any continuing trend, either upward or downward, would e of great importance
both ecologically, and from the commercial fisheries standpoint, if the ilteration .n tempera-

re is wide enough and if it persists long enough to affect successful reproduction cf the
species or the well-being of the individuat”, )

In the same way, temperature has short term effec.s on patterns of fish distribution.
For examply, recent studies at the Sandy Hook M.rine Laboratory indicate that the annual
spring influx of warm season fishes intc the mid-Atlantic coastal area is controlled by temp-~
erature conditions for such species as bluefish, striped bass and mackerel. Theae studies
have been made possible by the colleciion of temperature data by aerial survey with infrared
sensing equipment. To date, the extent of the areas surveyed and the frequency of flights in the
gea surface temperature survey program heve been restricted, However, results are suffi-
ciently promising to warrant extension in area and frequency of coverage on a trial basis.
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¥ detai’ed thermal patterns now avaiiable from low altitade aircraft survey can be shown
to be of value in marine ecology studies, the way will be paved for effective use of remote
thermal measurements of the oc:2an from high altitude spacerraft,

AERIAL SEA TEMRERATYRE SURVEY

The Sandy Hook Marine La} oratory initiated use of the infrared thermometer (IRT) in a
iarge scale survey of sea surfa~e *>mperature patterns in 1962. The coastal ares surveyed
monthly has varied but now extends from Delaware Bay to Cape Cod, from the shore seaward
over the Continental Sheif to the ceep sl~pe (8ee Fig. 1}. «. asi-synoptic charis of sea surface
temperature patterns for 20,000 sg. miles of Continental Sxeif arc drawn and published each
month, iIn aZdition to the thermal mapping, surface circulation patterns ar- studied from
return of free drifting current markers {drifc bottles and sca-bed drifters) released ar inter-
vals of ten mwiles along the flight track. The study area is covered in three flights of
approximately five hours each on consecutive days. An in-flight “biological watch” is kept to
rescord occurrence of sharks, fishes, turtles, mammals, ete.

The Sandy Hook Marine Laboratory furnishes personnel and instruments for the survey.
Afrcraft are provided by the U, 8, Coast Guard Air Stations, Brooklyn. N. Y. and Salem, Mass.
The Coast Guard's standard search and rescue plane, the Grumman UF2G (Albatross) has
proved excellent for this study altheagh more speed would be advantageous. Air speed varizs
between 120 and 140 knots. An altitude of 500 ft, is normally maintained daring flight. On
calm days the relatively silow speed and low altitude of the aircraft permits detailed recon-
naisance of the surface waters immediately below for marine life. The survey plan and
techniques ars reported in more detail by Clark and Frank?,

The demountable IRT is tripod moun*ed ir the aircraft at the rear hatch with a view path
of about 15% to 20° from vertical. The irstrument used is the Barnes Engineering Co. Model
IT-2S, whick senses water temperature through use of a thermistor bolameter detector. The
ocean surface avproximates a black body; emissivity from the ocean in the region from 8u to
141 is 0.98 for radiation normal to the surfzce. The optical filters in the IT-2S have a spec-
tral passband confined effectively to the 8u to 14u region. In this regicn atmospheric
absorptioa is negligible, but water vapor in the view path can cause error. Correction {oi this
error can be made from the following reported by Frank3,

-
L
L2

4t - goeor !
e . «_K
t

P
where ¥, = true surface temperature

Ty = indicated (IRT) temperature

T, = air temperature

¢ = emissivity of the ocean

t = transmissivity of the aumosphere

A more extensive exploration of problems affecting the accuracy of the IRT for absolute
temperature determination is reported in “Report of & Workshop on Techniques for Infrared
Survey of Sea Temperature™d, The joint opinion of the Workshop was that absolute tempera~
ture of the micro surface of the sea can be estimated with present instrumentation to £0.5° C,
Better instrumentation and techniques can improve this accuracy considerably, but aceuracy
to £0.5° C. is adequate for most purposes in marine ecology. An example of the accuracy
with which the airborue IRT can measure sea surface layer temperatvres is given in Fig. 2.
This data is from a study comparing a shipboard IRT record with the record from a thermistor
towed § inches beneath the surface.
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Figure 2. Proposed Flight Track For Expanded Cooperative Infrared Survey Program.
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Survey activities for coastal areas con-ucted by other laboratories reported at the
Workshop mentioned above also show promising results. Regular surveys have been made in
the Pacific by the Tiburon Marine Laboratory and for the Gulf of Mexico by the Gulf Coast
Marine Laboratory, and the results pubiished. Other efforts, confined to the Atlantic have
not resulted in regn’ar distribution of thermal maps. Only cne of these programs is separately
funded, the rest being inadequately supported adjuncts fo regular resear:h programs.

PLANS FOR THE FUTURE .

Improvemant of ecological studies in the North Atlantic area depends upon increase in
both the area and frequency of study and intensifying the collection of distributional data on
fish species. It now appears to be feasible to consider expansion of the systematic sea
temperature survey to include the Continental Shelf from Cape Cod to Cape Fear with
specific transects extending to the Gulf Stream front, as shown in Fig. 2. Following this basic
pattern the survey could be extended south along tl:e coast to the Florida Keys. The {lights,
in all parts of the survey area, should be as near corcurreat as posgsible. The survey should
be reported at least biweekly for optimum value, The most practical approach to an enlarged
survey plan is through participation by several laboratories in strategic locatioas along the
coast. Each izboratory would mainiain a schedule of flights coordinated with the other partici~
pating laboratories. Techniques would be standardized and copies of all data forwarded to a
central point for compilation. A temperature map for the whole area would then be drawn up
and distributed to ail interested agencies. The coordination could best be provided by the
Committee for Scientific Exploration of the Atlantic Shelf.

A coordinated broad suxvey plan based upon biweekly coverage would provide the basis
for analyeis of environmental factors involved in large scale migrations of marine animals.
Analysis of migrations baged upon the present limited survey program of the Sandy Hook
Marine Laboratory is promising. An example given in Fig. 3, shows tem:perature patterns
from the May 1964 survey. The large schools of migrating mackerel observed are evidently
restricted within a narrow temperature zone as shown below:

Temperature Zone Number of Mackerel
Boundaries (F.9) Schools Observed

46-48 -

48~50 S

50-352 11

54~56 8

56-~58 -~

58-60 -

80-62 -

The distribution of the schools suggests that northward migration in May proceeds
within a narrow temperature pass bounded by water of 48° and 56° F. At the time of the sur-
vey, the pass was being closed on the south by increasing temperatures. To the northeast
the fish were pressed close in to shore by colder, offshore water., Most schools were con~-
centrated in a broad 50° to 53° zone south of Montauk Point.

A more frequent series of flights extending t. the east and to the south of our own
survey area would have «~abled us to analyze the shole progress of the mackerel migration,
from the time they passea from the deeper ocean in over the Continental Shelf (somewhere
soutk of our area) until they moved over to Nantucket Shoals and off to the east. On the
Pacific Coast albacore occurrence was shown to have a close association with the position of
the 60° F. isotherm,

VALUE TO OTHER DiSCIPLINES
Maps of sea surface temparature along the North Atlantic Coast are of use to disciplines

other than ecology. The maps produced by the Sandy Hook Marine Laboratory are recejved
and stidied by meteorologists interested in such phenomena as fog formation. Physical
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Sea Surface Isotherms Chart For May 1964. Fish Schools
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Figure 4. Simultaneous Recording From Shipboard Infrared Thermometer and
Towed Thermistor.
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oceanographers interested in circulation patterns of the Continental Shelf and Slope and the
effect of Gulf Stream and other deep sea influences on the shallower zone have also made use
of the data. An expanded survcy would provide data of far greater value to physical studies.
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,44\ OCEANOGRAPHIC OBSCRVATIONS FROM MANNED SATELLILES 3
FOR FISHERY RESEARCH ~ND COMMERCIAL FISHERY APPLICATIONS .

N’ J.F.T. Sasr

Bureau of Commercial Fisheri¢s Biological Laboratory

:b Stanford, California

The broad mission of the Bureau of Commercial Fisheries (BCF} is to c~nsesve the
Nation's fish>cy resources and strengthen its fishirg industry through research, deveinpment
and services. At the Biological Laioratory, Stanford, California, our research in "fisheries
oceanography" is directed wowa: d establishing the eifects of changes in the meteorological and
oceanograpnic environments upon the changes in abundance ar.d availabilitv of commercial
fishes, Although I have suught to determine general irn.erests of BCF Laboratories in the
Pacific area, the thoughts and emphasis which are placecd on oceanographic observations from
heavy payload or manned satellites will naturally be colored by my own interests in physical
oceanography.

When we attempt to establish some history of events in the North Pacific Oczan, the
glaring lack of time-space continuity in any form of oceanographic observations, wich the
possible exception of poor quality sea surface .emperatire data, becomes immediately
apparent, ‘The use of satellites as a communication link *o shore from shipg, buoys, and {ixed
stations as a method to extend and improve geographic coverage and to obtain data, particu-
larly below the surface, on a real-time or syroptic basis stunds out as an obvious, and perhaps
the most promising, benefit to be derived from the use of satellites for oceanography. This
suhject has received n.uca attention, e.g., by R. T. H. Coslis and R. E. Nagle*. and it seems
unnecessary to ‘tweil further on i here. It is well to remind ourselves, however, that it is
not necessary to await th:e perfzction of complex oceanographic buoy systems, because there
are many rocks, shoals, uninhabited islands, and inaccessible coastal regions on which a
fixea autornatic station could be constructed for making observations. It esuld even be advan-
iageous to have sites offshore from present coastal stations which were tied into a single
sommunication system.

This conference, however, is concerncd primarily with observations which would be
made with sew. ors located in the satellite. The development of methods for obtaining cloud
cover, rad.ation balance, and sea surface temperature (SST) has already begun iu the TIROS
series of satelli*«s. Here I might suggest that for synoptic charts of SST the in. trumentation
goal be a resoluticn of a 50-mile diameter circle and an accuracy of #0.5¢ C. Grnater resolu-
tion would be necessary for special studies, such as meanders in the Gulf Strearn: ur ocranic
fronts.

Turning now to c-.aer observations which might be mace for oceanographic or figheries
research, it seems apgropriate only to set forth a few thoughts or brief suugestions for con-
ference discussion. The cvrder of listing has no particular significance as to importance or
priority.

Visual, photographic or televised observations of marine flora and faune: seaweed fixed
or drifting; plankton blooms, such as red tide; fish schools, eg., herring, sardine, tuna,
anchovy, etc.; large sharks, e.g., the basking shark and great white shark, and whales. Not
~uly is the identification, number and size >f schools important, but also the movement or
adgration and the beliavioral patterns. Such observations would require resolution at scales
ot one meter 10 one mile. Until such resclutions become available the satellite could be used
to relay observations from surface ships or a real-time basis as noted in the next paragraph.

Locations of fishing boats and Iishing fleets on a daily basis: This would help to increase
efficiency of fishing operations. An associated problem is the failure to receive ona short-

¥Sur ey of Requirements for a Geophysical Data Collection System. Stanford Research Insti~
tute, Final Report to NASA on Contract NASr-49(12), August 1963, pp. 66.
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» time basis many potentially‘val".iah}e metecrological and oceanographic observatic.s ma - by
fishing boats because many are unwilling to use the marine radio and nossibly receal their
locations to competitors. VHF communication to sateilite might provide the “security” which
would engeader grzater cooperation by the .ishing boats in reporting these observations. 1t
shoulc alsc bz notud that a contiruous monsto-~ing of the location of all ships at sea would be
a great fac*or in improving marine safety.

Marker, transponding and comimnand buoys: In addition to the normal tracking of drifling
buoys and communication of observations from instrumen* .i buoys, some buoys, when visible
from the satellite, might be commandzd to release smoke, fluorescent particies, or dye for
asses55ing wind and current 5U uclure and for making diffusion vbservatio .s in the aimosphere
and ocean. Deep currents might also be measured over long periods of iime by adapting
Swxallow flvats with time-release pop-up markers to be detected by satellites,

Laser radar or LIDAR {light detecting and ranging): Thase devices have shewn promise
for detecting clear air ‘urbulence and aimospheric pollutants below the level of detection of
the human eye. Potential uses which might merit turther investigation are (1) for the deter-
mination of corrections for atmcspheric absorption to improve the accuracy of sea surface
tewnperature charts an (2) for observations of turbulence zear the surface to assist in the
evaiuation of evaporation and heat iransfer, and rhereby increase accuracy of heat budget
cr mputations.

ez

Productivity of the ccean: The possibilit;y -1 assessing and monitoring the productivity
seems indeed remote, pocause there is difficuity even now in standardizing and imternreting
observations which cun be made from ships. Nevertheless, there are a few possibilities for
making qualitative or semi-quantitative observations, such as color anu changes in color.
Perhups it would be p« :sible to use LIDAR instruinents at several lJifferent frzquencies to
determine the back scattering in the surface layars and thus obtain 2 measure of particie size
and concentration.

The above comments indicate that I have comre to this conference as a user of data,
seeking information on instrumentation and methods of obiaining data of interest to me, Ican
assure yvou there are other scientists of the Burvau oi Commercic? Fisheries Laboratories in
the Pacific area who are also deeply interesied ir obtaining the types of data I have mentioned.
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POSSIBLE CONTRIBUTIONS OF MANNED (AN} UNMANNED)
‘J SATELLITES TOWARD ADVANCING THE FIELDS OF
MARINE BIOLOGY AND BIOJI.OGICAL OCEANOGRAPHY

b
(\i' Sidney R. Galler
\

Office of Naval Research
N Washington, D.C.

Orbiving satellites both manned and unmannt=dJ could previde oceanic piologists with an
opportunity to transmit comparative ecological informatior. simultaneously from several
environmental stations to selected laboratories throughout the world.

The Biology Branch in the Office o Naval Research is supporting a program of hydro-~
biological {oceanic biologiLal} research. This program has inciuded a plan ‘o construct
underwater audio-video s:itions and telemeter the field data to jaboratories on shore thereby
providing scientists witk unique opportunities to oivserve visuely and acoustically the
behavior of unrestrainec marine animals in their native eavircenments. The first successful
underwater acdio-video research facility was constructed at the Lerner Marine Laboratory of
the American Museum of Natura} History located on Bimini in the Bahamas. In fact, this
project, under the direction of Dr. John Steinberg of the University of Miami hae been
successful beyond our expectations. The establishment of a retwork of observation stations
locatzd in other scilentifically interesting macine environments with the data telemetered to
several associazed marine laboratories represen's a logical next step. This system wouid
provide an inteliectual focusing lens enabling our most competent scientists to join in and
participate in actual field research programs of world wide significance. For example, it
would facilitate international cooperation on fundan:entally important prcblems of hiological
tehavior and productivity of the sea. It is our considered ~riLjon based on discussions with
sciertists and eangineers (onversant with >rbiting sateilites that these vehicles could be
jceally suited for relaying the data derived from ground stations linked with the underwater
ooservation stations.

Although the noveity of observing the bottom of the sea by means of a space vehicle may
nbscure the scientific merits of this system a compelling case can be made for 2 world wide
<omparative environmentul observational network; one designed te facilitate the acquisition

of basic oceaniu: biologicai information of interesi to many scientists.
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Q TRANSPARENCY, BIOLGMINESCENCE AND PLANKTON
,4) George L. Clarke
N
b Harvard University, Cambridge, Massachusetts

=
The iciloving 1s & a:  ary of the conditions of light in the gea, especially in rziation te
biologi: .. phanomena, ¢ .icr e s a basis for a consideration of possible observations to be
made fi+m high-flying cralt by NASA.

Light studies in tke v2ea1 were greatly cccelerated and extended when the photomuitiplier
wbe became available, Cur drnp-sea photoineter contains a RCA phototube number 5819
placed in a water--ight. pressure-resistant tube with a plexiglass receiving window. The
photometer is lowered from x four-conductor Amergraph logging cable. A depth sensor
containing a2 Bourns potentiomezer is attacned to the photometer. A two-channel Sanborn
recorder provides a record in the deck laboratory of the changes in light and depth.

For measuring iransparency the photometer is used with the receiving sui face upwards.
The response of the photometer itself Is logarithmic and can be used over seven decades.
When used above water aud in the upper iayers a neutral filter is placed over tke receiving
wirdow to reduce the light reaching the photomultiplier by six decades. At greater depths
measurements are made with this filter removed. The total range of the instrument with
and without the filter is thus thirteen decades.

The spectral sensitivity of the photcmeter extends from 320 to 650 mu with 2 maxiraum
at 480 mu. It thus includes the whole of the visible spectrum and peaks in the region where
ocean water is most transparent. The instrument and the measurements which have been
made with it are described in the publications which are referrea to at the end of this report.

As radiation from the sun and from the sky pass into the gea the infrared is removed
vecy rapidly. The ultraviolet and viclet at the short wavelength end of the specirum and the
red, yellow, and grean at the longer end of the visible rogion are attennated at faster rates
than the blue region in clear ocean water. Accordingly, the attenuation coefficient in the
apper layers for visible light as a whole is large because of the high rates of atzenuation at
both ends of the spectrum. Below a depth of about 30 meters nc further significant narrowing
of the spectrum takes . lace. After this selective: absorption has essentially ccme to an end,
only blue light remains, and it is this radiaticn thi! the photometer measures at the deeper
levels.

Using 105 myf em?® as an approximate maximum figure for visible radiation reaching
the gea’s surface, we may piot the reduction in energy with depth. In reglons where the gea
water is optically uniform a semilogarithmic plot relating light iniensity to depth gives a
straight line, In the very clear water of the Bronson Deep, north of Puerto Rico, the presence
of daylight was detected at 2 depth of 1,000 m, This water, and the slightly clearer water
found south of the equator in the Indian Ocean, have the higheat transparency vilues ever
reported {except for a few instances of shallow strata reported by Jerlov). Attenuation
coefficients as low as k = ,021 were obtained in the Indian Ocean.

Relow a depth of about 600 m in clear water during the middle of the day flashes of
Iuminescence began to appear on the records of downwelling light. As the photumeter was
lowered to greater depths the ambient light was reduced, with the result that luminescent
flashes stood out more prominently. In some instances lumincscent flashes overlapped to such
an extent as to raise the general level of the illumination above the ambient for many seconds
at a time, The patt:rn of luminescent flashing was found to differ markedly from place to
place, from depth tc depth, and at different times of the day. The differences in intensity,
frequency, and duracion of the flashes indicated the presence of very different populations of
organisms. Below 1,000 m the amount of luminescence began tc drop off rather rapidly but
some luminescence wag found at every level tested aown to the deepest recording of 3750 m
where an average of one flash per minute was rccorded, During the night luminescent flashing
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in great profusion was detecied in the upper levels. Cn many occasions 100 to 200 flashes
per minute were observed. Flashes cculd be detected at depths up to the very surface dusing
periods when there was no moon and the night sky was dark,

Observations on transparency and on luminescent flashing were made at a variety of
stations off the northeast coast of the United States, across the continental shelf into the slope
wate s and the Gulf Stream, as well as on George's Bank and in the deep basin of the Gulf of
Maire. In additicn, observations were made off Greenland, in the Caribbean, in the Mediter-
ranean Sea, and in the western Indian Ocean. At every station at least some iuminescence was
found at every depth below that at which light Irom the surface interfered, The Bodens work-
ing irom Scripps Institution have reported luminescent flashing in the Pacific off the coast of
California and off the Hawaiian Islands as well as in other localities.

A chart summarizing the relation between light penetration and b.2logical activities is
given by Clarke and Denton (1962}, In the clearest ocean water sufficient light for phyto-
plarkton growth extends to a depth of only about 180 m, but light of sufficient intensity to be
detected by the eye of man and probably by many marine animals with eyes extends to a depth
of 1,600 m. Probably many deep-sea fishes can tell the diffevence between day and night at
thie depth in the cleavrest ocean water. In clear coastal water animals with eyes could prob-
ably gee at a depth of about 200 m but vision would be correspondingly curtailed in less
transparent waters neaver shore or in other regions of turbid water. Full moonlight is about
10-6 of noon sunlight, and light reaching the surface on a dark night with no moon is about
10"3 Jower than that of full mooniight. However, even on the darkest nights enough illumina-
tion exists in the clearest ocean water for animals to use their eyes in the upper few 100 m,

Mzny kinds of animals in the sea carry out a diurnal vertical migration in relation to
the change of lizht during the course of the day. Animals of the scattering laver appear to
flash more frequently during periods of rapid migration at sunrise and sunset,

Luminescent flashes may have an intensity as high as 102mu/em? and are thus well
above the visual threshold for man and probably for many marine animals as well. A very
great variety of organisms are luminescent. Included are animals of many kinds and sizes
from the fishea down to the protozoans. In the plant kingdom it {8 primarily the dinoflagel -
lates which are luminescent. Among the more primitive organisms luminescence may have
no value today. It may be a useiess byproduct or it may be an evolutionary survival frem an
earlier period when it had some physiological significance. Among the multicellular animals
luminescence may be useful in providing Xlumination, in atiracting prey, in species or sex
recognition, in keeping members of a group in contact with 2ach other, in countershading, or
in distracting potential enemies.

Our observations have indicated that most luminescent organisms produce their light
only when stimulated. Since the vessel fromn which the measurements are made is always
rolling to some extent the motion is transmitted to the photometer at whatever depth it may
be. The moving photometer may sometimes strike the crganisms but more frequently it
causges a turbulence which stimulates their discharge of light. Since there is some differznce
in the amouut of ship inotion from time to time, a method has been developed for standardizing
the amount of turbulence by placing an agitator in front of the photometer window. This
device consists of a centrifugai pump waich draws in water through a one-inch tive of black
rubber, spins it in front of the window, and discharges it at the other side of tlie photometer.
Since the intake and outlet tubes were bent in a complete eircle, no ambient light from the
surface can enter the instrument. Thus, it was possible to make measu:-ements of lumines-
cence at all depths from the surface downward even during daylight periods. With this light-
tight agitator added to the photometer, luminescent organisms were shown to be present in
the surface layers. Organisms which had been exposed to brighe daylight were found to fiash
after having been in the dark only for a fraction of a second while moving through the intake
pipe. Many more near-surface organisms were luminescent during the night period. The
ability of many of them to flash persisted until about 7 v'clock in the raorning, when the light
at the surface was almost as bright as in the middle of the day. Thus, a diurnal periodicity in
the tendency of these organiems to flash was demonstrated. The most pronounced difference
between day and night was found in the upper 50 m but a noticeable change in amount of
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flashing in respocs- to agitation was recorded down to 200 m at a station in the slope water
about 200 miles southeast of New York.

A large amount of information i8 now available on transparency, reflection, and scatter-
ing in the sea. We also have records of the intensity, frequency, and duration of flaghing
produced by luminescent organisms. Calculations may be made of the attenuation of radiation
passing upw-rd through the water and then through the overlying zir to a height suitable for
detection by airplanes or spacecraft. Of course, light from objects of interest wiil have t{o be
distinguished from other radiation, It is hoped that, using the foregoing information, instru-
ments can be designed for use from high-flying vehicles which can respond to light reflected
from or emitted by living organisms. Also instruments in the air should be able to detect
the moveme :t of schools of fishes, large animals. or underwater craft by means of the
luminescence produced by the disturbance of the water. It should be possible to map the

occurrence of biciuminescence and the positions of large objects rapidly over great areas
and probably to considerable depths.
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t DETECTION OF MARINE ORGANISMS BY AN INFRARED MAPPER
/
,\‘] T. J. Walker

- A’) The Apgplied Oceanography Group of the Scripps Institution of Oceanography
: / University of California, San Diego; La Jolla, California
'Q Detection of marine organisms by infrared scanners is limited to those aniinals which are
near enough to the surface to generate gravity waves or turbulent eddies. The magnitude of
these features depeds upon size of the animal, its speed and orientation to the surface.
Marine mammals must surface frequently to breathe, and these range in gize from a few feet
to over one hundred feet in length for the largest, the blue whale. Fish aiso can bz seen at
the surface, particularly schooling fishes which may even momentarily leave the water in an
effort to avoid their predators. Cae should not lose sight of the fact, however, that mariae
birds which prey on fish when thes are near the surface, tend to keep the fish submerged during
daylight hours, Nonetheless, fish surface when under attack by predatory whales or fish.
The situation at night is different inagsmuch as mosti marine birds are at rest, and the multi-

tudinous fishes, partially protected by darkness from their other predators, have moved up
near the surface to feed on plankton.

1

Detections of organisms by infrared requires the surface of the water to be either warmeg{-
or colder than the layer just below. Such conditions resul. from influx of golar radiation during
the day and evaporational cooling and out-radiation at night. Air, sea temperature, wind, and
relative humidity determine the irtensity of the temperature difference. All that is theoreti~
cally needed for a detection is a propulsive jet of subsurface water directed upward to shove
agide the topmost layer to expose the subsur®ice wailer as a temperature discontinuity. In the
paper by McAlister & MclLeish, a series of infrared maps of the sea surface were shown to

i illustrate the temperature patterns obtainable over different paris of the ocean. These patterns
. represent the natural background on which may be superimposed patterns generated by organ-

% isms. How does one with certainty identify patterns so produced? Daytime flights were
scheduled out over the ocean from San Diego in order to observe biologically generated dis-
turbances. These were photographed at the same sliitude as the line scanner. Also, the flights
were needed in oraer to determine the most likely locaticns for concentration of fish and whales,
and on the basis of these results, followup night flights were scheduted,

Schools of fish were seen‘occasionally. Our search for these was facilitated by watching
for circling birds which soon congregate around a school of surfaced fish. The smaller

. whales which feed on fish are gregarious and can often be picked vp at distance, and when
approached are found herding a school of fish at the surface. Figure 1 shows a number of
\-} submerged schools of anchovies found in the . rastal waters of 3aja California. Note that the
schools are not all circular. Figure 2 shows a portion of a fish school that extended much like
a doughnut around a school of porpcises. The porpoises were actively feeding on a small
schoo?. of fish in the center of the doughnut. Of course we were at too low an altitude to photo-
graph more than a bit of the total perimeter. Figure 3 shows the area of roughened water in
! the center where the porpoises were feeding. This water is stirred violently by the fish when
they jump clear of the water, In the lower left hand corner of this photograph will be noted a
echool of fish which have broken away from the melee. Figure 4 shows another achool of fish

B O A NS

under attack by porpoise. Note the number of white marine birds, probably sea gulls, cirching
the site to feed. This ‘ype of disturbance also frequently happens when a group of predatory
“ fish such as tuna find a school of bait or forage fish. Fishermen keep a sharp lookout for such
* digturbances which they call "breezing”. The identification and location of fish schools at
¥ night by tishermen is done by watching for their turbulence shown by the excitation of phos -

phorescent organisms. Unfortunately, these populationg vary widely in space and time, and in
fact the light produced cannot be seen except in the dark of the moon. We have at the AGG
noted fish schoola at night from the air by phosphorescence, and the shapes of the schools
range from those pictured to cloudlike nebulosities. It was accidentally noted on these flights,
that the ajrcraft noise drove the fish downward to excite the bioluminescence, and above 700
feet, the fish were not disturbed nor seen, Similar effect was noted in a daytime flight with
Dr. Gifford Ewing, when a achool of fish breezing at the surface promptly disappeared
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2.

Figure 3, Disturbed Sea Surface Produced by Surface Escape Reaction of Forage
Fish Under Attack by a School of Porpoises. Viewed at 1,000 Feet.
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whenever we attempted closer scrutiny, at 300-700 feet, whereas observations at 1,000 fecet
had been carried on for cver an hour. This effect was noted several times, and was not be~
lieved Lo be visually prcduced a: the piane merely circled them. Figure § is a line scanner
map of the sea surface at night showing patterns of cold waler intruding on the surface. These
patches are very suzgestive of schooling fish, Figure 6 is a similar map cbtained by a nigh:-
time flyover of a purse seiner with it8 net set out around a sckool of fish. Note the very strong
warm patch of water in the net. One is inclined to suspect from the patterns of similar dis-
turbances ountside the net that there were more fisk out of the net than in.

Whales, of course, 1» addition to producisg a visible wake, break the surface of tre water
to breathe, and the exhaled hieath is visible by the moisture condensing from it by its sudden
expansion. There are droplets "x the breath which fall vack on to the sea surface around
the heac cf the whale to producy a marked calming of the sea surface. It is suspected that
this is due to surface re:w.ctive material, which spreads te produce a sizable cirele. Figure 7
shows the fall-out of dreplets onto the surface jusi after a whale (California Gray) has exhaled,
Figure & shows how conspicuous thege circular patches of smoothed water are from the air.
A pair of migrating gray whales have finished blowing and are diving, leaving the patches
astern and to one side, Note also the foam marking the edge of these patches. Figure 9is
another aerial photograph of a school of 5 California Gray Whales on :migration on and near
ihe surface. In order to interpret the event more properly, one must know thai the whales
generally surface one after another. The spout from an exhaling whale shows sirongly. Note
also the breaking waves and the turbalent wake churned up by these 40-50 foot specimens.
Figure 10 is an oblique view of a surfaced Gray whale showing how conspicuous the whale is
when surfaced.

Ordinarily the whale generates a surface wake during the minute or two it is at the sur-
face for breathing. After this aas been completed, the whale submerges to greater depth for
varying lengtis of time, depending on whether it is just traveliing or feeding. In our studies
of this specics, we attempied to follow the migrating groups by ship in dzylight hours up tc
dusk in order to facilitate infrared detections at night by the plane. In the course of doing this
it ~sas note ! that the California Gray Whale shortly before dusk stops diving deeply, and swims
along just below the surface, leaving 2 continuous wake, gee Figure 11. Figure 12 shows the
infrared map of the same group obtained slightly later. Hach wake is warm, and continuous,
and the whales have spread out in 2 more open formation. Smali whales should also produce
surface scars aud wakes. Figure 13 is an infrared map of an area in which two grouvps of
porpoise can be detected by their wakes. These wakes are interrupted frequently by the diving
and surfacing of the animals, and the tracks are not necessarily straight.

Infrared mopping devices do under appropriate conditions detect whales, and fish at or
near tne surface. The detection of “ish schools of all sizes at the surface is practical,
whenever the surface has an adequate temperature contrast with the uaderlying water. The
system as operated from moving aircraft does best at 1,000 feet and this altitude permits
resoluticn of at least the larger biological targets,
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Figure 5. Schools of Fish Reveal. & at Night by an Infrared Line Scasner. Disturb-
aaces Are Cold. Zlevation is 1.000 Feet.




Figure 6. Purse Sziner Adrift Inside a Purse Seine. Note the Intense Black Center
Caused by Fish Within Net. Elevation is 1,000 Feet.
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Figure 12, Same Group as Figure 11, Viewed by an Infrared Line Scanner at
1,000 Feet,
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A PEW COMMENTS ARISING FROM THE NASA CONFERENCE

Garth 1. Murphy, Coordinator of Marine Research
California Co-operative Figheries Investigationg
Scripps Institution of Oceanography, La Jolla, Culifornia

insofar as biology is concerned it appears to me that the most important, and feasible,
space programs are thoge conzerning physical parameters. Among these are temperaiure,
currents, and therilocline depth. If we had these on a routine basis, say monthly or weekly
situation maps, for the world ocean, they would certainly provide the bagis for exciting and
significant advances in our understanding of the ecology of the sea, and this would certainly
result in enhancing man's ability to use the resources of the sea.

With respect to temperature we would like a measurement that compares well with
“bucket temperature.” However, among the most critical phenomens of interest are masgaes
of unusually warm or umusually cold water, unusual in the sense that they differ from the
climatic expectation, Such masses are more likely to be out of equilibrium with the overlying
air and thus have a good chance of being undetected by ordinary infraced measurements. 1
can't suggest a solution, but simply want to emphasgize that the temperature phenomena of
greatest interest may in fact be the most difficult to measure.

Turning now to biological phenomena. I have asked myself the following questions:

1. Are we considering rare events or curiosa, or important continuing processes?
2. Can they be measvred directly or indirectly?

3. Can meaningful interpretations be made of the measurements?

4. Is there need for continuing measurements?

Most of the biological programs that came to my attention failed one or more of the
above questions.

The only suggestion that really seemed worthwhile was measuring the chlorophyll con-
tent of the world ocean. This possibility has been elaborated elsewhere, and I'll not comment
furtiier except to note that the "laser technique" outlined by Dr. Duntley was most appealing.

Stemming from this problem is a suggestion for an experiment, an experiment that
agsumes we can measure the chlorophyll content of the upper laysrs of the ocean, Let us first
pick an interesting ocean area in terms of circulation, Then let us asceriain a scason when
some or geveral nuirients are limiting the size of the standing crop of the local phytoplankton.
Then appropriate guantities of the lim.ting nuiricnts would be added. This would serve to test
«11 of our previous information and theory on the relations oetween physiology, the physical
and che-.al environment, and productivity. If we were correct and had added the correct
substance(s) in the appropriate amount, a local bloom ghould be created. The uppropriate
obsgervations from space and the sea surface should elucidate the net motion and eddy
difwusivity of the surface waters, i.e., the nutrients added would be gelf-enhancing dye marks.
This may be enough on this as in all likelthood the suggestion isn't practical. It intrigues
me though, because if feasible, it would test and bring together an important spectrum of our
conceptual and factual understanding of the sea,

MANNED VS, UNMANNED VEHRICLES?

I think this is a divisive question. We don't even cousider it in surface oceanography,
excepting that for reasons of economy, objeciivaiy, and reproducibility we try to get man out
of the picture as much as possible. Our judgment is based not on any philosophy but rather
on the pragmatic situation at hand. The same problem existed in tne days of the Challenger,
i.e., whether to send 2 scientist or let i e bridge record observations.
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RECOMMENDATIONS OF PANEL ON £EA ICE

LCDR. Richard M. Morse, USCG, Chairman

Members
Trevor Harwood George Prehmus
Austin Mardon H. L. Cameron
W. K. Widger Edwin Shykind

It was previously pointed out in plenary session that the statement of requirements, a
review of actual and predicted TIRCS and NIMBUS satellite prcgra:as and a summary of the
results of Projeci TIREC® is available in the Jane 1963 report of a Conferenc: on Satellite Ice
Studies (U. S. Department of Commerce, Weather Bureau, Meteorological Satellite Laboratory
Report No. 20.) It was further noted that Mr. R. W. Popham of the U. S. National Weather
Satellite Center has provided a staf{ study to the Naral Weather Service on satellite vs.
aerial and surface vessel ice reconnaissance. This panel's report upon requirements for an
ice-study program to be conducted from = polar orbiting vehicle constitutes, for the most
part, a restatement of previously noted reguirements.

Fesearch involving studies of the world’'s sea ice will have ramificat:sns in many asso-
ciated lields of physical oceanngraphy and meteorology. Researches of the nature described
will have immediate application in commerce and within the military establishment. Four
generai probiem areas are recognized. Wirst, and perhaps least complicated, is the study of
the sea ice of the south polar areua. The study will be simplified because locally formed sea
ice rarely, if ever, exceeds one year in age, thus allowing its thickness to be closely approxi-
mated. Thus the ice volume, brine entrapment ard, upon melting, the fresh water discharge
into the Antarctic system can be calculated. Simple measurement of the geographic extent of
the sea ice boundary will provide basic information on the winter formation of the Antarctic
Deep and Bottom Water and the contributicn of the intermedijate waters. The distribution and
movement of the hugc, tabular Antarctic bergs from the ice shelves caa readily be determined
as an aid in the understanding of the surface circulation contiguous to the continent.

Secondly, we consider the north polar pool, the Arctic Ocean. The waier system here is
nearly a closed system except for the transfers across the sills between Grec:dand and Nor-
way. The basic problems of oceaaic circulation in this area are reallv little Gifferent than
those of Antarctica, but appear in a considerably more complicated form. Research iato the
brine ertrapment, seasonal discharge of great quantities of fresh water, lateral extent of ice
fields, formation and dissolution of winter ice is greatly complicated by the fact that much of
the area is covered by a relatively permanent sea ice field whose thickness is a seasonal
variable. Observations of the geographic extent of this cover throughout the year will need
to be coupled with spot sampling of ice thickness, oceanographic measurements of scasonal
transports, etc. to provide the correlation parameters to allow long-range forecasting of ice
conditions as well as those oceanographic features of the North Atlentic Ocean which are so
dependent upon the Arctic circulation.

Thirdly. the area of the Grand Banks of Newfoundland should be studied in some detail,
This area, so important to world fisheries and trade, will benefit directly from the studies of
the Arctic Ocean mentioned above, through knowledge gained of the fresh water contribution
to and the circulation patterns of the East and West Groenland Currents, the Irminger, Baffin
and Labrador Currents., Independent studies of the specific circulation in The Grand Banks
area should be provided to specifically define the presence, extent and movement of sea ice

and of ice bergs, the latter occurring in the area during the season of historically semi-
periaanent fog.

Project TIREC - a joint U.S.-Canadian effort to investigate t  ough TIROS) the use of

satellites for ice reconnaissance and surveillance.
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Finally, consideration must be given tc those inland sea, gulfs and estuaries .. .
which are characteristically ice-clogged during portions of their winter seasons. As these
areas are inherently of lesser geographic extent than the areas previously mentioned they are
more amenabie to study by airborne medhods and there is a lesser nead for such sophisticated
studies as may be carried out from satellites.

In

consideration of the general problems delineaied, more specific requirements can be

get forth. First, the satellite sensing systems mus! have an ail-weather capability, i.e., must
not be significantly attenuated by the presence of cloud or water vapor and must not be depend-~
ent upon sunlight as they must operate seasonally through the long polar nights. Secondly, the
orbiting frequency (20-100 minures) af a gingle satellite wiil provide an adegquatc sampling
frequency. Ti.irdly, the system must mreet the resolution requirements stated beiow.

a,

For general polar research, a 5 mile resolution and complete polar coverage in 48
hours or less of the areas 70° N to the pole and 60° S (o the vole. Coverage of lesser
latitudes is not required at the 48~-hour frequency.

For specific researches, operationai and cactical needs in the arctic areas, a resolu-
tion which wi'l detect, identify and position a polynye, lead, or lake having a width of
150-200 feet. If possible, special equipment should be developed with a resolution
sufficient to determine the structure or the sea ice, i.e. puddles, preasure ridges,
rafting, etc.

For the gulf and iniand sea areas, a resolution of less ihan 1000 feet, preferably of
200 feet is reguired, - sufficient to provide an operaticnal delineation of ice loca-
tion, concentration and movement,

For the Grand Banks of Newfoundland area, additional capability of detecting and
positivning individual pieces of {loating ice of 100' diameter and preferably of 15 foot
diameter. Inherent in this requirement is the capability of distinguishing ice from
any other target-type such as a ship or boat. Fallout from this type of detection
system will be of great assistance to the maritime agencies of the world in position-
ing surface vessel traffic and greatly simplify the "search”problem of search and
rescue activities.

In conclusion, it i8 to be noted that discussions with instrumentaiion personnel lead us
to believe that the present state of sensor art is very :lose to being that which has heen stated
above as required. It is therefore to be hoped that systems for the detection of sea ice will
be aniong the very first to be incorporated into future satellites.
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-1 %9 RADAR AND ICE SURVEYS
«.)Q ?
6, H. L. Cameron

»
i % Acadia University, A.F.C.R.L. a..4 D.R.B, of Canada

INTRODUCTION

The theme of the present meetings is the possible oceanographic applications of dara
obtained from space vehicles. The most cbvious advantages of obtaining data from space are
speed of acquisition and great areal coverage. The present paper is based on the same
advantages obtained by the use of high altitude aircraft and high aefinition radar. The added
advantage of all weather capability suggests that radar must be considered in any projected
oceanagraphic, or earth science gatellite, or manned orbital iaboratory. Finally, it is
suggested that regardless of futare space developments, radar can be applied in its present
form with existing aircraft to extensive polar ice siudies.

TIREC

Tirec was a joint U.S.-Canadian project involving the U.S Weather Bureau Tiros
Satellite Group, the U.S, Navy, the Canadian Department of Transport, the Canadian Defense
Research Board, und ‘*he Royal Canadian Air Force, it was designed to test the possibility of
uging Tiros photography for ice surveys in the Gulf of St. l.awrence and off Newfoundland,
The first phase was carried out in Febrnary 1962 and the second in March, 1962. Excellent
Tiros photos were obtained and extensive high and medium altitude photography was carried
out by USN and RCAF aircraft. Radar photography was also obtained and was sufficiently
interesting to indicatv that further tests should be carried out. It was of particular 3ignifi-
cance that the radar gave ice cover data when cioud and other weather conditions prevented
conventional photography and masked the Tiros cover.

RAF

Because of lack of suitable radar and aireraft in Canada, the Royal Air Force was
approached, and with their usual keen interest in new projects, kindly consented to obtain
radar cover of the Gulf of St. Lawrence on practice missions in the area., These were obtained
daring the winters of 1962, 1963 and 1964. The radar was the standard RAF radar installed
in one of the V bombers. Operating altitudes were approximatcly 41,000%, and radar scope
photos were taken using 35 mm black and white film. The results were excallent and the
photos were readily worked up into ice cover maps. These were compared with the visual
1ce reconnalssance maps obtained on the same, or nearest day, by the Canadian D.O.T. The
reader may judge for himself as to the value of radar for such ice rover surveys {rom the
illustrations which aceompany this report.

The writer wishes to thank the Royal Air Force for their great interest and cooperation
in this work., He is especially grateful for their permission to publish the photography and
hopes that this good example will be followed by other groups and services,

GULF OF ST. LAWRENCE

Fig. 1 is a reduced copy of the Canadian Department of Transport Ite leconnaissance
Map of the Gulf of St, Lawrence lor March 5. 1963, This map was the result of two flights
of DC-3 aireraft from Sydney, Nova Scotla, 1mnd Baie Comeau, Quebec, These were of
approzimrately six hours duration, 4 ring whick trained observers made visual observations
which v ere recorded on maps. Powsitioning was approximate and based on elapsed time be-
rween land falis, Flying heights varied but were vetween 1500' and 2000f, Standurd ice type
an+ cover symbols are used: These are not given here, but can be obtainea from the various
~gencied. It should be noted that the entire area of the Gulf of St. Lawrcace, Northumberlaad
Strait, ana Strait of Belle Isle is not covered, though the main shipping routes are iraversed
several times.
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Fig. 2 is an ice reconnaissance map prepared from radar photography for March 14,
1963. It is not a8 detailed as the visual map but 1t covers the entire Gulf. Fig. 3 i8 a radar
cover map showing the actual coverage of the flight., The scales used were 1,1,000,000 and
1:3,000,000. One is struck at once by the great areal coverage of both scales, and the ease

with which ice data can be related to land masses by simple projection of the photo ontc the
map.

Fig, 4 is a radar scope photo from the group used to prepare the map (Fig. 2). The
spectacular spiral is a slob ice-slush feature off the south ccast of Anticosti Island, and is
believed to be the result of current and coriolis effects. The dark areas on the ice near

the open water are polynas. This was confirmed by conventional tri-camera photos taken
at the same time as the radar.

Fig. 5 is a radar scope photo showing the Cabot Strait exit to the Gulf of St. Lawrence,
The fine detail of the {ce masses and streamers can be clearly seen. The curl of slush
streamers northeast of the Magdalen Iglands suggests a spiral or eddy, formed by the
incoming tidal current working against the wind and current drift out of the Gulf from the
West. The latter can be seen in the open water to the east of the Magdalenes and St. Pauls
Island in the Cabot Strait.

Fig. 6 is a radar scope photo showing the ice masses in Northutnberland Strait. Pars
of old ice are prominant as they are relatively smooth and tend to reflect the radar waves
off to infinity. This makes them appear as dark holes in the mosaic of ice flves

Figs. T and 8 are successive radar scope photos vhich are separated by five minutes

in time., They constitute a "Hme lapse” pair, rather than a “stereo” pair. I they are placed

under a sterecscope a topographic effect is produced due to the movement of the ice masses

relative to the immovable land masses. Using the principle of stereo time Japse velocity

determination, the speed of ice mass movement can be determined.* This method has been

successfully applied to Tiros photography using successive orbits. The resolution of the RAF
- radar is of about the same order or slightly better than Tiros VII so it is not surprising that

the movement of ice masses can be detected and measured.

CONCLUSIONS

It i8 concluded that with high resolution radar from altitudes of 40,000' it is possibie fo
make accurate ice cover surveys in subarctic and arctic areas. With suitable aircraft and
radar 2 complete surve: of the arctic ice conditions is now possible at a reasonable cost.

% is further con: uded that with time lapse photography and succeasive covers it should
be possinle to determine the speed o~ ice field movement and to plot the seasoaa.l pattern of
such movemants,

The relative all weather aund all season capa.bility of *his sensgor is algo of great import-
ance. This could be ¢f particular value in operations i~om satellites or manned orbital
laboratories as so much of the earth's surface is obscured by clouds.

Fwater Current and Movement Meusurement by Time-Lapse Air Photography-An Evaluation;
H. L. Cameron, Photogrammetric Engineering, March, 1862. Ice Cover Surveys in the Gulf
of St. Lawrence by Raaar; H. L. Cam« «n, Photogrammetric Fngineering. (In Press)
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Figure 4. Anticosti Island, 14 March 1963
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Figure 6. Guif of St, Lawrence, Februavy 11,
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Masses in Northumberland Strait.
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rigure 8

."Stereo" or Tine Lapse Pair Showing Cabot Strait and Gulf of St. Lawrence to Madgalen Islands.
Ice Movemen" Shows by Stereo Effect and by Open Water Areas ia lee of Land Masses.
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RECOMMENDATIONS OF THE PANEL ON WINDWAVES AND SWELL
Chairman

W. J. Pierson, Jr.

Members
¥. T. Barath W. Marks
T. W. Godbey R. K. Moore
I, Katz D, H. Staclin
A. Mardon H. B. Stewart. Jr

MEASUREMENT FROM AIRCRAFT AND SPACE VEHICLES OF
QUANTITIES ASSOCIATED WITH WINDWAVES AND SWELL

SCOPE OF MATERIAL COVERED

This panel considerad the probicm of obtaining data pertinent to describing features of
the full directional spectrum of wind seas and swell, the frequency spectrum, the sloge
spectrum, and integrals of the f+equency spectrum of the waves.

An assortment of radars, all within the capability of present technclogy, was dircussed.
\ficrowave radiometry was considered. Optical technigues, though useful in areas of good
1isibility, were judged to be of limited ‘nterest because impertant wave-generating storm
a~eas are masked by storm clouds.

RADAR

It seems possible {0 build radars that will yield data on the windwave part of the wave
wpccirum as di ~inct from that portion due to swell. For high frequency radar the variation
1n scaitering cr..8 section with antenna zenith angle depends on the roughness of the sean
the short wavelength region of the wave spectrum, anc this region appears to vary directly
with the loca® windwaves, Verification of this relation for winds over 30 kaots is stili needed.

A lower frequency radar, or a frequency sweep radar, should give information on the
area under the whole wave spectrum. This radar would yield a wave heigint greate > than that
obtained from tnc high frequency radar, and the difference would lie in the long wavelength

part of the ocean wave spectrum, The two combined would give a procedure for determining
swell and dead seas,

Lastly, side-lonking, high resolution, image producing radars offer the promise of data
on ‘he directional wave spectrum. One such radar presently offers the essentials of stereopsis,

With further development of radar tecimology it should be possible to collect from air-
borne vehicles information needed to describe the state of the sea complately. With the
advent of larger payload space vehicles, we believe that by using appropriate radars in a

gatellite or spacecraft the following measurements can be made of the surface structure of the
ocean:

1. voot mean gquare wave height

2. the wave spectrum

3. pictorial presentation of major wave structures, including direction.

Four possible technique# are considered feasaible for obtaining the foregoing items.

These are described briefly in terms of their capabilities and in increasing order of com-
plexity.

1. NEAR-VERTICAL SCATTERING CROSS SECTION SENSOR -- Th.s would be a low-
power radar with antenna directed vertically, but with an angular beam pattern
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permitting reception along the orhit to about 45°. With such a device the scattering
coefticient {or a r=lated paramete.) can be measured as a function of angle. The
angulsr response Gepeads on the roughness of the surface. The optimum radar
frequency has pot been determinea. The average power required will be les: than
15 watts.

2. VARIABLE OR DISCRLET FPREQUENCY LOW-POWER VERTICAL RADAR —~ Be-
low a certain frequency ietermned by the rms wave height, the sea reflects
¢lectromagnetic waves essentially as a mirror. Above this frequency it is o
scatterer, The transition point can be determined by varying the radio frequeny
and determining the vesuiting degree of fading. The critical frequency for determin- |
ing the long wavelength components of trhe sea lies in the region from 109 to 400
megacycles. Foir an cperational system a narrower range probably would suffice.
Peak power reguirement is probably under 10 watts in the low frequency range but
may reach 1000 waits near the high frequency extreme. Average power requireme:ut
ig under 10 watts, plus what may be required by the recording system, The ghoiter
wavelength components of the local windwaves would require a radar in the kilo-
megacycle range.

3. SCATTERING CROSS SECTION SENSOR FOR ALL ANGLES OF INCIDEI'CE -~ By
elaboration of the near-vertical sensor to include all angles o incidence, the com-
plete scattering cross section vs. angle curve.would be obtained, With fixed fre-
quency thie should permit evaluation of several parts of ‘he ocean wave spectrum,
With multiple or scanning antennag the upwind-downwind ratio and conseguently the
directional properties of the sea may be obtained, It is possible that polarization
properties of the return can be observed with little additional complication, ot their
interpretation awaits further research now under way. Average power of the order
of 100 watts appears appropriate.

4. HIGH-RESOLUTICN IMAGING RADAR - High-resolution radar can, with minor
modification, yield all the information obtainable from the simpler radars. In
addition it permits imaging the surface features with a resolution element perhaps
better than 100 feet. Thie alluws studying long ocean waves quantitatively and pic~
torially. Power requirements will probably he several hundred watts, and space
requiremen*s will ke several cubic feet.

All of th~ abov : types of radar incorporate an altimetric feature permitting one foot
resolution of mean sea level by appropriatz averaging techniques. Such accuracy appears
obtainable over distances of hundreds of thovsands of miles. This topic is discussed by H. B.
Stewart, Jr. in the section on Tides and Storm Surges.

MICROWAVE RADIOMETRY

Pasgive microwev. radiometry has a history of technological development that lags
hehind that of racar. It employs a receiver without a transmitter and receives the signal
radiated fron. the sea surface and the atmosphere. The properties of this signal are not so
well understood as those of the radar-return 1 'gnal, but it has been claimed that microwave
radiometry can duplicate, for less logist’c ¢ort, some of the things that radars can do. High
precision altimetry is, of course, nct possible by passive means. This i aportant capability
would, of itself, justify the oceanographer's preference for radar over microwave if they were
in all other respects equal.

The brightness temperature of the sea as measured with 8 microwave radiometer de-
pends on three parameters: (1) the reflected brightness temperature of the sky {which is
related to the absorption of the atmosphere); (2) the skin temperature of the sea; and {3) the
emigsivity of the sea surface {which varies with the angle of incidence, the polarization and
the sea state).
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A simple case has b3ea eensidered analytically, and it would appear that the slope distr.-
bution of the sea surface can be estimated from comparison of ke vertically and horiznntally
polarized brightness temperatures at the higher microwave frequencies.

Because of the gbvious logistic advantages in terms of size, weight, and power require-
ments enjoyed by this technique when compared to radar, furiler investigation of the
feasibility of passive radiomeiric determination of wave parameters would be of value.

IMPLICATIONS

The implications of the ability to measure wave parameters from satellites must be
stressed. If the world ocean can be kept under day-to-day surveillance storms in remote.
areas, now sometimes completely missed by conventional coverage, would be detected, It
would thusbe possible to observe the generation of swell systems that in recent studies have
beer. tracked halfway around the earth. The ability to forecast waves a day or so in advance
wou.d be erhanced. Sucn forecasts feed into the day-to-day affairs of mankind-in many ways
— in science, military operations, ship routing, fishing, and so on. Nor is the ability to fore-
cast waves the only benefit derivable from the world-wide ocean reconnaissance herein

envisioned. It is conceivable that the information ~btained may also be of use in long range
wenther forecasting and ccean prediction.

«: Teference: Moore, R. K., T. W. Godbey, and W. J, Pierson. August 1063, "Proposal for an

Electromagnetic Active Sensor of the Earth for Pogo-3" submitted University of
Kansas. CELMED Proposal No, 23-036-3A
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SATELLITE RADAR ANI; OCEANOGRAPHY, AN INTRCDUCTION

6 Richard XK. Moore

30 3 % €tnter for Research in Engineering Science
“bs The University of Kansas, Lawrence Kansgas

- Radar techniques have progressed a long way since World War Ii. Radar applications
for military purposes, for air traffic control, and for operaticnal mete rnlogy have alse
orugressed a long way. Use of radar in seientific investigations, however, appesrs to have
lagged, possibly because it ‘s such a powerful cperational tool that its potentials as a
scientffic instrument have often been overlooked.

All of you are familiar with che use of radar for navigation aboard ships and aircraft,
We hope, how:ver, that you will expand your thinking about radar and .oalize that itis a
type of remote sensor of the environment that has many possible forms and uses that may
be less familiar.

The only radar flown to date in a satellite was intended to look at the foncsphere, not
the ground. This is on the Alcuette Canadian satellite. We at the University of Kansas are
examining its ground return signals. Its frequency is Jow and its pulse length is Ion,' e
that it is far from an ideal instrument for earth science.

Today we shall talk abcut technically feasible radarsg that can bewused as remote sensors
when flown in satellites, We shall atterapt to point ouf some ways these 1adars mig!* be of
help to the oc«:anopraphic commumty. These ideas, however, are intended primarily to
stimulate you. "suagination 8o that y ¥y may helo us in identifying the significant oceano~
graphic experiments.

I ghall star« by going quickly through the geometric description of radar return so that
vertinent parameters may be defined and identified, This will be followed by & discussion of
the radar parameiers that may be eseparately adjusted in any experiment, and of the surface
parameters that may cause differenc:es in the radar response of earth, sea or cloud. A brief
description of the: iypes of radar displays available and the sorts of systems one might use
in a satellite will follow along with a Ziscuasion of some of the possible oceanographic uses
of satellit:- radars.

This introduction will be followed by a series of talks related to certain vceanographic
problems as spelled out on the agenda for this meeting., Mr, Isador Katz will concentrate
especially on simple radar techniques for sensing of properties of surface waves. Mr.
Bernard Scteps will concentrate cemecially ou the mappirg aspects of high resolution radar
and their application to coastal geography and shore processes. Mr. Thomas W. Godbey
will describe the evolution of a sea~state sensor altim ter. Each will also describe some of
the properties of modern radar systems, and of the returns and imagery obtainable from them
as Jetermined by his own personal experience.

SECTION 2. RADAR RETURN PRINCIPLES

The wide variety of racars and sonars are all modifications of the same basic ides,
shey use some mathod to measure the distance to some object which returns a signal after
they have transmitted it, They may a:c0 measure the amplitude or strength of the return, its
polarization, its Doppler frequency shift and other properties. Radars are distinguished from
passive sensors such as microwave radiomelers, infrared radiomeiers and cemeras by their
observation of a known and controliable trausmitted signal which permits use of time and
p-age information to moasure range and to determine res~lvakle regions anu targets.

Figare i showsa the basic elements of any radar or sonar. Ttre transmitter s the source

of the ra'Yation. I is modulated in some fashion so that travel time for the wavys inay be
utilized to determine range or to separate signals at various ranges. 3ome of the simplest
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radars such as proximiiy fuzes ard velocity meters used by police do no* have any moduiation.
The output of the transmitter is ccupled to some sort of iransmitting untenna (tranxducer in
the ¢ :ge of sonar) and travels tL.rcugh space to the target {object sunsed). The target re-
radiatus the energy (it may be abeacon that amplifies it and modulates it ag well} zua sends

it to the receiving part of the radar. It is picked up on a re~civing antenna wh:ch may or

may not be the same as the transmitting antenna; in fact, o called "bistatic radars” have
transmitting and receivins stations in different locations, The received signal is sent to a
receiver and precessor which amplifies it and ctherwise processes it to setermine informa-
tion that is desired froin the signal. Prccessing may occur b‘ucre any ainplification or at
varfons stages through the amplification and detecticn in the receiver. The outprt of the

D1 .cessor is presented to some sort of a display and sometimes to an actuatnr, as in the case
~f an z2ltimeter to fire retro-rockets on a lunar landing vehicle, Infcrmation about the modu-~
lation is supplied directly {o the processor and display units. This direct link is not availuble
for passive devices.

Although transmitters have been made larger and more efficient in power a well as
smailer in phyeical sizo and there have been 'umerous improvemeuts i antenaas, the biggest
improvement ia radar since World War 1iI has been ir. mcdualation techniques and in the type
of processing that is used at the receiver.

‘The radar eguation is the basis for cperztioa of any radar. It will be reviewec nere for
the hegefit of those of you who do not work with it daily as some of us de,

TABLE 1

Davelopment of the Basic Radar Equation

{Recezve\ power} t' Power per unit < Effective area of
L javea at receiver Receiving Antenn2
Ap
Power per unit _ {Power scattered in all directions x ifielative power in
i area a* receiver 4nR> direction of re-~
ceiver f
p { \ otz .
ower scaliered Fraction of pow: r
= { Power received at target ) x
i m ali directions \ g y not abscrb=d
s
{ Power received . I Pewer per unit area at} x Effective acea of
at Target Ltarget target a
N -

-

'{Power rer unir ] - (Power radiated in ail directions) < Antenna gain in

area at target | ;,.,Rz direction of target
~ G

t
r wt ~
—tlc |a —=.V¢la
(4"32) t 4«&9 r

Table 1 shows the development of the basic radar equation. The power received is
deiermained by the product of the power per unit area at the receiver and ine effective area of
the receiving antenna. Thc power per unit area is the total power scattercd in all directions
by the w1 get divided by 4nR? the arca of a sphere czntered on the target and passing through
the receiving antenna. I power were scattered unifermiy in all directicas by the target, there
would be nc muliplying factor, but it is not scattered uniformly so a factor { showing the
reiative power in the direction of the receiver must ve inserted, This is a property of the
target. The power that is scattered in all directicns is a product of the total powes received
by tne target, and the fractioa of power not atisoroed or tranemitted into the ground or sea.
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This fraction we call s, The power received at the target is the power per unit area at the
target multiplied by the effective area of the target a. The power per unit area at the target
is power radiated py the antenna over 4rR2 times the antenna gain the direction of the
target, This chain is indicated in the equation at the bottem of the table.

It is customary to combine all three properties of the target in this equation into one
quantity called th. .arget cross se« lon.

v = asf

The effective area of the receiving antenna can be shown to be related to its gain and to th:
wave length, ), as indicazed by

G )_2
T

Arz 4

Making these substitutiona and combining terms gives us the radar equation for a single
target,

W,G,G A
. ttr
Yt it C
{iv)"R

If we were concerned only with shins or aireraft, or icebergs for that matter, this equation
would suffice if moaified to take care ~f the effects of atmospheric attenuntion and refracticn.

Mo=t surface targets consist of numerous facets. If tie illuminated area is large enough,

the powe: received on the averaye is the sum of the powers received from individual faceis,
althdugh for any particular prlse the signals received from the different facets may add more
or less in phase so that this value is not the level for any one pulse. Thus:
W o= W_+W_ +W 4.,
r ry r, T,
Since time fluctuations of transmitted power are translatable into distance, and since distance

and direction for each of the various target facets may be different from that for another, the
mean received power is indicated by

o - . _ 1
2 W, G ¢, ¥ G G,
w o= |2 117, 22 "2
. 2
r g_(m‘ nf B,

if we had to determine the scattering ¢ross section for each indivicdual taryget facet to
degcribe radar returns. there would be no hope «f describing the signals irom most compiex
targets. The usual technique is to talk about a mean scattering cross section per unit area
for these targets. We obtain this as follows: Suppose we pick a small area AA, over which
W, , the antenna gains, and the range are essentially constant, The mesn power received in
this area is therefore given by

2.
A wta Gta Gra

€|

o rg toc , t ...
ra 3, 4 { al a2 a3
(411) R& L
We defins w'e n.2an scattering cross section per unit area as that number which, when multi~
plied by the area, givea the sum of all the components from the scatters in the small area.

Actually, this definition must include an average over a number of comparable areas. The
next equation indicates its form for one varticular area.
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If we designate a series of these areas with subscripts a, b, ¢, the total mean return is
given by the next two equations

W =W +W. +W +
Wr wra w b Wrc o
3 2 wta Gta Gra cIoa AAa - wtb th Grb oob AA‘n +

W =
r 3 4 Py cee
4
{4n) { Ra. Rb

It is customsary to repiace a sum of th*s sort by an integral on the assumption that the
small areas may be decrcased without limit. in fact, of course, this is not strictly legitimate,
for shrinking the ar:as to the size of a waveler gth will violate the requirement of many
scatterers within 2 given area. Nevertheless, :f i a convenient description that ordinarily is
applicable. The result is shown in the Jinal equation,

\2 (wGGq AA

w =
r
3
(4= j R
A
! srea contributing to
returns taken together

This is .ne radar equation for an area-extensivc targe:. Note that the integral or summation
is carried over the area contributing to the returns considered together. This area may be
determined by antenna beam width, by pulse length, by modulation wave form of a frequency
:nodulation or a noise modulation character, by some property of the processing system, etc.

Table 2 shows the factors determining this area for some simple radars. for an
ordinary pulse radar, it is determired by the pulse length and/or the beaxa width, For an FM
radar, palse length is replaced by width of a filier determining a selection in the difference
frequency between transmitted and received signals. The beam width is again a factor. For
Deppler radar, a filter width may be pertinent. The beam width is, . 3 always, pertinent and
the radar may involve 3 pulse which also can determine the area contributing. Other types
of modulation result in other factors determining the properties of this equation.

TABLE 2

Parameters Which Set Area Contributing To Radar Return

Type Area set by
Straight pulse radar Pulse length, beam. wiath

Frequency modulated radar Filter width, beam width

Doppler radar Pulse lengta, fi'tar width, beam width
Other types Set in other ways
i should like to reitcrate thai the signal ~alculated using the rader equation is an aver-
age signal, and individual signals fluctuate widely from this value. Figure 2 is an example of

the fading that can take p'ace at a particvlar range from a gingle area target as 2 radur flies
past the target. This fading occurs in distances that are quite short.

The radar equation can be readily modified from an area iategral to a volume integral
to take into account the type of scatter that accurs in precipitation or clou”,
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In the radar equation, the only thing that cannot be controlled in the syatems design and
operation is the scattering cross section itself. It is this scattering cross section per unit
area that, by its fluctuation, makes it poussible to detect ships un the sea, rivers in the land,
buildings in cities, and all the numerous other things that a radar can show, Thus, it i8
extremely important to consider propertics of the scattering cross section.

SECTION 3. PROPERTIES OF SCATTERING CROSS SECTION

The scattering cross sectfon is a function of many conditions of the usge of the radar as a
sensor. Table 3 indicztes this. The angle of incidence or angle of depression atrongly in-~
fluences the scattering crcss section. The azimudh angle at which we look at a surface may
influeace the cress section too. For example, the radar cross section near grazing incidence
is significantly different when we look upwind at the sea at the steep slopes of weves coming
toward us or jownwind at the leas steep slopes of waves goirg away from us.

TABLE 3

Variable Parameters of Radar and Turget That Determine
Scattering Cross Section Per Unit Area

1. Angle of incicence 4. Frequency
2. Azimuth angle 5. Size of region averaged
3. Polarization §. Distance

Scattering Cross Section Set By

1. Structur= heights 3. Dielectric properties of material
2. Slopes of surfaces 4. Orientation of structure

Scattering is a furction of the polarization of the wave transmitted, and in some cases
one can receive a quite different polarizatior from that iransmitted, depending upon the pio~
perties of the surfacz, Scattering cross section varies with frequency, the variation with
frequency being Jdifferent for different types of rarget., The effective cross section depends to
some extent pon the size of the regicn sveraged. For example, the effective scattering cross
section of = city would be quite different from that for a single street, building roof, or pack.

A scattering cross section mayv be a glowly varying function of distance as individual
facets that appear large at close range become relatively small at greater ranges. No sys-
tematic study has been made of this.

Given any set of conditions that we may conirol, :uch as those listed, the scattering
cross section is determined by properties of the target surface. At radar frequencies com-
monly used, structural properties of the surface are most important, both structural heights
and slopes. Suriaces one would describe as rough do not return as great a signal at normal
mncidence as smooth surfaces, but they return mauch stronger signals at grazing incidence.
For a given set of structural pruperties, the dielectric properties of the material can make a
big differcnce in the signal returned, With the ocean, dielectric properties are essentially
constant as f«* 23 radio waves are concerned, but there would be a big difference in signsl
returned from ‘ce and sez having the same relief.

Scaztering properties may be quite strongly influenced by the orientation of structures
and their regularity or irregularity.

More informatio: is available about the variation of scattering cross section v-ith angle
of incidence than with respect .o eny of the other parameters, Figure 3 indicates rmghly the
sort of variation of scattering with angle one observes for smooth and rough scas and for
amooth sand having the same struc-ure as smooth sea, The return from a smootl. sea is very
strong near the vertical but weak at large angles and, in fact, it becomes very waak only a
short distance from the vertical, With rougher sca, the signal is not as strong uear the
vertical, but is considerably strorge: out st angles, We are familiar with this from shipboard
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radar. When the sea is smooth, the "sea return circle” is small because the gignal at the
large angles from the vertical is so weak that we cannot see it very far. When the sea is

rougher, the "gea return circle” is larger because the signal near the horizontal is stronger,
and therefore detectable at longer range.

The curve for sand having the same structure as the smooth sea, has the same shape as
the comparable sea curve, but the dielectric properties cf sand cause a smaller reflection
coefficient and consequently a weaker echo.

The structure of the curve of scattering versus angle near the vertical 18 determined by
large scale properties of the surface {in terms of wavelength). This has been ascertained
experimentally and theoretically. Mear the horizontal, the scattering is more likely io be
determined by the small scale structures, Furthermore, near the horizontal the effect of
aspect angle is more important so that, for examnple, in this region the scattering coefficient
may be quite different for upwind and downwind echoes from the sea.

The effect of polarization as a function of angle has not been studied nearly so widely as
the scattering coefficient. Near thz verlical, polarization has little effect, althougn a cross-
polarized component can be observed frcm rough surtaces. Near the horizontal, polarization
can be quite significant, but the effect depcnis upon the type of surface. For example, on a
relatively smooth surface near the Brewster angle one does not expect much return {rom
vertical polarization, but the Brewster angle does not exist for horizontal poiarization so it
is not so affected. On the other hand, one vxpects a strong return from vertical polarization

with a forest where there is a great deal of --ertical structure and not so much horizontal
structure.

SECTION 4. RADAR DISPLAYS

Various types of radar displays have been known for some time. Figure 4 shows some
of these pictorially. A meter may be uged to show distance as in an altimeter, speed as in a
velocimeter or directin:. An A-gcope shows ampltude of return as a function of time and
therefore distance for a fixed position of the antenna. ™ can be quite useful ia such applica-
tions as the landing of aircraft using GCA (Ground Con.. “led Approach} or even in locating
ships at sea from an aircraft, Certainly, it 18 not much help in handling interpretation of
gignals from a complex target ruch as a city.

The B-~scope ig & distorted map with range as one coordinate, antenna angle as the
other, and signal intensity appearing as light intensity on the screen. It is distorted becausge
it is a rectangular presentation of a pelar plot and also because it uses slant range rather
than ground range. The PPI (Plan Position Indicator) is a less distorted picture of the same
type. By computing ground range from the slant range and applying this as a distortion
correction prior to the applcation of the symal to the cathode ray tube, it i8 possible {0 make
this essentially an undistorted map, ’

Accuracy has been improved since the war so that range measurements at quite long
distances can be made to only a few feet and quite small areas can be resolved on the PPlor
B-scope. The biggest improvement in mapping has come with the use of side~looking radars,
especially those having synthetic apertures.

A side-looking radar map is generated by flying parallel to the strip to be mapped and
pointing an antenna directly to the side. A presentation of one line at a time on an oscillo-
scope, with intensity as a funciion of range, is photographed continuously with motion of the
film corresponding to motion of the aircraft or satellite, This, if the difference between slant
range and ground range is compensated for electronicaliy, this presents a true map of a strip
of terrain to the side of the flight path.

It has ~tways been relatively easy with radar to resolve in range because it has been
easy to obtain short pulses or to achieve the same effect by other modulation schemes.
Resolution in angle, on the other hand, has always been difficult, although for partieulay
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isolated targets such as aircraft or ships, such resolution has been possible by nullin.g
systems.

The angular resolution of an atenna is determined by its length in wavelengihs, To get
a realy narrow-bear: one must use a really long anten»a, Thus, autennas used for radio

astronomy get to be quite monstrous. Cearrying these monsters aloft in an airplane or a
satellite is another matter!

By the end of World War II some really large anteanas were carried aloft in the AEW
{Airb- ~ne Early Warning) systems. These are still in use in modified and improved versions,
and we have al. seen the pregnant Constellations that carry these antennas out to sea.

For a glven size of aircraft or satellite, it is easy tc make a fixed antenna long in the
direction of the iength of the aircraft so thet it can look %o the side easily with good resolution,
So called "brute~force' high-resolution radars use this technique to generate very high
quality maps. For example, a 10 meter lorg antenna at 1 centimeter wavelength has a beam
width of less than 0.1 degrees. This means that at 2¢ miles it can resolve about 150 feet,

By combining pulse and frequency modulation, it is possible to gct ivs range resolution down
to 5 or 10 feet at quite long distances.

In recent years, synthetic aperture techniques have been developed which permit e» tend-
ing the effective length of the antenna far beyond the length of the airplane or satellite ard
geparately focusing at different ranges so that the width of the resolvable patch is independ-
ent of range and, in theory, about equal to the physical length of the antenna. The practical
resolution capabilities of these radars is clasgified. I have carefully avoided learning any
of this classified information prior to this meeting so that I may speculate on the basis of
unclassified information. I seems reasonable to assume that practical resolution as good as
twice the physical length of a fairly large antenna may be achieved from ranges as far away
as those of sateliites, Thus, it should be possible, for example, to resolv: patches 20 feet
on a side from satellite altitudes, Even if the mechanization of the theory is not nearly as
good as I think it is, it would certainly seem that resolution of patches less than 100 feet
from satellite altitudes should be feasible.

When we talk about mapping to an accuracy of a few tens of feet from a satellite on a
worlq wide basis, we are truly discussing a kind of accuracy that permits radar performance
grestly suparior to anything dreamed of at the end of World War II.

SECTION 5. POSSIBLE SATELLITE EXYERIMENTS OF OCEANOGRAPHIC INTEREST

Two quite different rumote sensing experiments using radars in satellites have been
proposed by The Uidversgity of Kansas. The first uses a 10 pound package on an unmanned
satellite. The second uses a much larger package, of which the size i8 not ye. determined,
on & mauned Orbiting Regearch Laboratory.

The simplest experiment involves a radar that is basically an altimeter. Its8 antenna
pattevn is narrow ‘n one direction (perpendicular to the flight path) and about 45 degrees wide
along the path. The signal returned to this sensor is sampled at various time delays so that
a curve of scattering coefficient versus angle can be determined from the information tele-
metered to carth, In addition, altitude can be measured to an accuracy of about 10 feet.
Table 4 shows some possible uses of this simple radar, Recalling the difference between the
scattering coefficient variation for smooth and rough seas, you can see that the curve
obtained should allow worla wide mapping of sea staie, The accurate altitude information
permits determination of midocean sea levels, or profiles of the mean sca level across a
tropical storm {where one expects the sea level to be highest near the periphery and lowest
in the middle). Difference in the amplitude of re’urn as well ag shape should permit detection
of the boundaries of sea ice an1i the boundary between frozen and moist ground. Heavy pre-
cipitation over a sufficiently wide area (20 or 30 scuare .niles) should algo be detectable.
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TABLE 4

Possible Uses of Simple Satellite Altimeter-type Radar

Sea state
Mid~ocean sex levels
Profile of mean gea level across a tropical storm
Boundary of sea ice and open spaces
Bounazry between frozen and moist grouud
Heavy precipitation
Racar weight ~ 10 1bs. Radar volime 330 cu. in.

The second proposed experiment uses a "Roils Royce ot :adar” - & mapping radar
obtaining its high resolution by synthetic aperture techniques, ising several frequencies, and
presgenting th= results for the differcat frequencies on a polychromutic dispiay. The next
slide shows some of the types of cceanngraphic work that might be done from such a radar.
It can of course do anything that the altimeter-type radar can do, but it can also map icebergs
and shipping {even indicating the size of :thips and icebergs)., With its incrensed sensitivity,
precipitation in much smaller cells can be distinguished from the non-precipitating clouds.
# can make accurate maps of coast lves avound the world, including quick surveys after
large sturms. It can map floods in remote areas {(and it might be the best way to map floods
even in this covrtry}. It has been suggested that it might track buoys in various oceanic
currents, probably using some kind of transponder on the buoy rather than depending on the
radar returp from it.

SECTION 8. CONCLUSION
Radar in satellites, we kellevs, has great potentlal for oceanography. Ihave tried to

stimulate your imagination with some exsmvlez. No Joubt many more interesting ones will
turn up during this week,
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- {;i, RADAR BACKSCATTERING FROM THE SEA

o d
7 Isaaure Katn
7
“ ADpi:+€ Phvsice Laberatery, johns Hopkins University
INTRODUCTON
e s

In this popats 2 . wish 10 distass e : clatioasnip Detween raui~ n2ikscatieriag from the
ace anc the strecty: ¢ of that surince. Energy neideni on ihe scerqaa surface is

. soalteroe in @ anner 'c-:)e....e::: upcn the structurs of i+ surface. ¥hen the ocean (s smooth
: a specuier relle-zion, Whe e surface is roagh, scattering takes
-;‘E:cc:;ons; s me of the enirg "en.*'is 0 ine ra.h;* recriver and .s detaoted just
wdrid be ai tha: >ame: range. Gen-::aL ¢, CeLarns T sva and jand surfaces
with 5 ;sm irom discrete :zrg:.s and =re regasded as A auisance; it is referred to
ir hat thers «x34ts a direct refatios >-vween the -2 .kscalteming and some

of tize wave siruciare it s the thes:s here thal we can empioy the character:stics of

We #:sh 26 desc ~ithe hon “le ocean appears > a rocer mounted ‘n an ai z-p...xw fiying
abuve the sa-face aad hHuw thes: rewrnes signals 2o *ntergreted. Then we will discuss our
;:r-:s-:':: a--ug;'-a": 'o learp more adout this probiem ansd we wili ciose with 3 statemsnt sugges:i-

2 could bu.it s sateilite- borne radar *o acto-rmine the ocz.n surface

SEA CLUTTER

Let 15 turn our atteni.or to e <lutter probiemt!). A smooth, vonducting surface back-
saaters only 22 normal incidence. For all argies other s 20 degrees theres is no back-
Scatterea energyv. A rough surface, nowever, also scatters «nergy in other direciiors. Radars
azwaru ships and airerait are ‘tequan v limited wn their speration because of such c.utter. If
she ciutter s:gnal is larger than the return from 2 targ the targe: wiil be cosewred. While
the a?xy sica! nawmire of the backscattering problemn is not yet completely andsrstood, thers arc
~erta’y features of ihe problem which ares graluaiiy Secoming clear and which we can 3¢
wr 2avantags in a maaned satelllte.

Sea clatter :5 generatly Jescrided in terms of the ; adar cress section per unir arex of
e sea surfac-, ¢ . Thisisa Cimensicnless meagure of the reficciive property of the sur-
‘»z¢ and it Jepends on grazing or lepressicn aagle, polarization, s2a roughness and oricnta-
" 1300 of the radar with respect to the sea.

SCATTERING VERSUS ROUGHNESS, POLARIZATION AND WINT DIRECTION

An example of such 3cattering is sh~wm in Figure 1. This is a pair of curves ootams2d
by the Naval Research Laboratory in fligh's cver Lake “ichigan, Here we see the normalized
radar cress section plotted against depression angie (50 degrees means ncrmal incidence,
;.., the radar is looking straight down at the wate: surface}, Thes-. are two curves drawn
through the vxpesimental points, one for horizontal polarization and one for vertical, At larg.
sepression angles there is no gignificant difference between the two polarizaticns; at smalier
argic8 the returns on vertical polarization are larger than on horizoatai. There is a large ra-
- tumm at the large depression angles and the analytical shape of th- ~urve follows exp -k rotzc‘-;
z where £ is ti:«c cepression angle. At the smaller angles the curves may be fitted with a

surve whose form is erp{- k cot €}. At the larger angles we think of the scattering as

coming from groups of retlecting faccis on the sea, each facet acting as a mirror. The dis-
v triburion of the slopes of these facets determines ihe shape cf the peak of the curve. At the
: jower angles the Scattering is more "diffuse" and we think of the individual scattering elements
P as srialler and hence more isotropic. For rougher seas these curves become Yflatter' and
apprcach a sin # dependence. At the same time the difference between the two polarizations
teads to disappear. We illustrate the specnlar (directive) scattering and the diffuse (less

Y.
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directive) scattering in Figuro 2. At the very smal. depoassion angles there may be yet a
th.ird mechanism:  scat:«ring caused by vertical structurss which yieid a rise in ~cattering

ith decreasing on.gle. This trpe of angle den-mderce has Leen measured over lan< but not
over waler, 1o our knowiedge. However, st tie sraall depression angles “here does 2- ~-n 10 be
a reversgal between ihe %o polarizations. In Figures 3 and 4 we see <, versus £ for saooth
ane somewhat “ougher conditions. These are resvlis of experiments performed by the Royal
Razar gstatiishment at Grear Malver, Englati. Note, that © <5 for norizontal polarization is
greater 'han Jor vertical and that “he curves are perhaps 1 db nigher in reflectivit: for tne
Ligher Sea states. These cury- s are worely
=it on roughn -55. There now exis*s -a imposing array of curves from experin:ents per-
fori..=d at various laborator:es whicl indicates the sarr2 qualitative Lehavior. There is also a
Cir.r-cul cpercence cn save {or wind) direction, upwing sca*tering is greater than down-
wa.i. There is ample proof of e dependence of radar ~lutier on wave height, polarizaion

» ! wing aeiraction.

g®

idustrative of the fact hat the return is degend-

¥ has vven known for 2 long time tha- th: small irregularities on the water surfacc a1¢

Impo:.ant in drterminiag Uackscatiering. Gades of varicus kinds are avzilabic t» measure
waiLr hzight 2t one poin. on the ocean, but none could vield the twe dimensional sie2c-

spectrum of the small #ases3 The methoa peir f used for the present pui pose was Jeveloped
av Oceanics, Inc. under contrics with ONR which was supervised by APL. it consists of a pair
of specially moedified zircraft sweres cameras mourt.d 20 feet above the warer and abouat the
same a:stance forward of tre ship’s bow. The mounting is shown in Figure 3. The ship moves
forwarc at z si~w spe=¢ whii2 ste;o photographs are taken of the sater.

These stereo photographa are processed by Aero Service Corpors.un . "aun wave
heights for any designated periions of the water susfzce. During the 1t35 testg  “hesa-
pezke Bay and in the Atlantic Tcoean, it was found that with cloudy skies the ster  phoingraphs
wore of excrlient quality. When tle sky was clear gocd gualicy strreo phoiogr .= could be
obiainesd only during early morrang and late afternoon neurs, when the sur is ¢ . a relatively
oW angie in the sky. Urder optimum lighting conditions wave Zeignt niei~urements to a
sensitivity of 0.02-inck have dezn made. To our knowledge this is +le fnsst ressherion yet
achieved in an- wave measurement program anywhere.

Sea reflectivity meagurenients are being madae by NRL with their multi-band air-~
torne radar :nstalled in a Navy WV-2 airplane. In Figure 5 is shown a phojograph of the air-
p;an-: in flight ducing one ¢f the exprriments. The radar has a 5-degree beamwidth, a puise

length of 0.3-microsezond, and a repetitisn rate of 1090 per sec. Both polarizations are a5 =d.
SCATTERING VERSUS ELECTROMAGNETIC WAVE LEXGTH

W hether the s2a surface can be considered smooth or rough, of course depends on the

ave length of tii= radar. One criterion of roughn~ss was ziven b} Rayleigh. He showed that

a sur’act was rough ~hen
hsin® _ L
[N

wherce b is the roughness slement height, £ the depression angle and ) the electromagnetic
-vave lengin, Clearly, one may postulate that if the radar wave length were varied or if one
could build a multi-frequency radar {polrchroma:ic) one should have a good tool with which to
probe the nature of the surface. Such ¢ radar has been proposedu) but to our knowledge not
et built. Theoreiical analyses have indi ated(® that she backscattering should vary inversely
with ¥ and the dependence should be between -2 and; -8, 1o date, there is insufficient
organized exprrimental data to yield a clear-cut answer to the wave-length dependence.

EXPERIMENTAL PROGRAM TO STUDY RADAR REFLECTIVITY
Experiments to find radar sea reflestivity at microwave fregrencies have been per-

formed for many years at various laboratories. Although some prcgress has been made,
there remained a gap in our knowledre, This gap was a result of our inability to describe the
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sea in a quantitative manner. Radar measurements wita no simultaneous sea measurements
are relatively meaningless. A series of tests was designed to measure clutter and the sea in
a guantitative and meaningfe! manner.

The attack on the problem has two main directions: a shipborne system designed to
measure the ripples and waves on the water, and an airborne calibrated radar to determine
the reflection characteristics cf the sea.

During the operation the airplane flies in the vicinity of the ship making reflectivity
measurements, while the waves are being recorded with the sterec cameras and a spar-buoy
wave gage.

A POSSIBL.E RADAR FOR MANNED SPACE SHIP

Although the problem of scattering iroin a rough surface has yet to be solvec com-
pletely v.e know that a radar can be Jdesigned which will yield information regarding the state
of the roughness of the surface. Figure 7 illustrates this point. We plot 6, versus depres-
sion angle over the entire angular region, Three curves are shown for three different sur-
faces: smooth, intevmediate and rough. The smooth surface as discussed previously,
results in a curve with a large peak about 90 degrees but small reflectivity at the lower
angles., When the sea is rough the curve is flat as indicated. For the varying sea states be-
tween these extremes we obtain curves of different shape. On this basis slone {disregarding
polarization and wavelength dependence} we can determine the wave roughness from a single
set of measurements from a satellite,

A radar whose parameters are:

Transmitted peak power = 108 watts

Pulse length = 1074 sec
Antenna gain = 4,5 x 103
Wave length = 3cm

Noise factor = 3.2

Losses = 10
Beamwidth = 2.5 degrees,

can give a signal-to-noise ratio of unity at a distance of about 1000 miles on a surface whose
reflectivity is 1078, This means if our radar is in a satellite whose orbit ig about 200 miles
above the earth it is able to obtain information 20 db below the lowest value shown ia Figure 7.
The average power of such a radar transmitting one pulse per second is about 100 waits.

CONCLUSION

Radar reflectivity of the ocean surface depends on the structure of the surfece, It de-
pends also on the wavelength and polarization of the electromagnetic energy transmitted A
satellite-borne radar could be used to determine the water surface roughness of ocean below
by imeasuring radar cross section as a function of depression angle.

REFERENCES

{1} For a more detailed discussion of the clutter problem see: Katz, 1., "Radar Reflectivity
of the Barth's Surface”, APL Technical Digest, January 1983.

{2) Katz, I,, and L. M. Spetner, ""A Polychromatic Radar", APL Report No, CF-2838, 24
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(3) Spetner, L. M., and I, Kaiz, "Two Statjstical Models for Radar Terrain Return", IRE
Trans on Antennas and Propagation, Vol AP-8 No. 3, May 1860.
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- Q THE APPLICATION OF AIRBCANE RaDAR BACKSCATTLR TC

(\‘;’) MEASUREMENT OF THE STATE OF THE 3£a*
A
'} Wilbur Marks

Oceanics, Incorporaies, Technical Indvsirzi Park, Plaimview, New York

ABSTRACT - -

Tlis papet explores the possioiiiiy i using radar backscatter from ihe sea suriace as a
maasure of the waves preser:. Wave proifiies reas from stereo-photog-aphs of the waves,
obtain~d on a ship, arc reduc=c to statisiics of 2 kind that may be cempared with radar bac-
scatter meamre . simultaneousls The wave statisiic are also compared with model tank
cate. k aprzars. from these prechuninary experiments, that gooc correlation can be obtamned
belwesn wave and radar siatistics, the best statistic for correlation remains to be Jetermired.
The uniquencss of correlation will depera on furtner an=lysis in vifferen? states of sea.
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INTRGDUCTION ;fx

.

The destructive 2ffect of ocearn. waves cit structures anu beaches 2long the coasts of the
world's land masses needs no elaboration here. For day-to-day operation as well as for long-
range shore-protection planzing, it is as recessary to predict wavs s as it is .o forecast
meteoroisgical variablies al any inland point. Unlike the meteorologis: who s able *2> collect
many hundreds of weather reports as input daia to his prediction techrique, the wave analyst
s, in «ffect, starved for input. His basic wave data derives from wind fielcs inferra¢ from
spasee dbservalions at sea; the occasional visual wave repor. is not much help.

The ne¢ &u for ocean-witge wave information, on a routine basis, is apparent and coasid-
erable thought and effort is row going into schemes that will provide such data. Among the
ideas being considered for synoptic wave-coverage is an ocean-wide buoy network and the
polar-orhiting sateilite.

Another possible source of synoptic wave informaticn mayv come z< a by-product of re-
search that is ertirely unrelaied to wave predixdon. This s the study of radar backscatter
from the sea surface and its relation to wave characteristics {(Katz, 1963).

The development of the radar as an instrument for detection and classificacion has been
considerably hampered as regards targets in the sca, because the backs. atiered radiat.on
from waves often obscures the rtucn sought from the target. This "clu.ter" frequently himits
the s»arch capability of ships and planes. If the physic il nature of the backscatter were well
understocd, it might be possible to separate a weak target signal from such background noise.
Cousequenrtly, “auch effort is being spent to determine the relationship between the electro-
magnetic radiation observed by a radar and the ncean-wave surface from which the radiation
is reflected {Macdonald, 1963). Since the reflectivity of the suriace depends on the state of the
gea, it is also necessary to relate changes in radar backscatter to changes in wave vevelop-
ment. It is therefore logical to conclude that a necessary feature of ultimate radar detection
will be a reasonable correlation of radar backscaiter with state of sea. By the same token,
successful achievement o7 such a correlation will permit identification of wave conditions from
radar measuromems,

*Sponsored by ONR under Contract Nonr 3861(00). Thig paper submitted to: Proceedings
IXth Conference on Coastal Engineering, Lisbon, 1864.
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* This paper discusses th& way in which prof ies of the sea surfac: are conrerted into
wave statis:ics iha. raay be compared with ra-iar statistics vi the same Xiné. Som« of the
inilial experiments w.ll be described and some wave-radar correlativiny wili be shown. The
ultimate appli=a®i0.: of such a successful correlation might be the systematic reporiing of
sea state along liues of flight of aircraft eqiipped with apprepr:ate radar or from orbidng
satellites. -

CONVERSION OF WAVE DAT.: TO RADAR STATISTICS

The radar obsrives reflections from facets on tie surfac~ of a wave; the strength of the
rcficcted sighal wepuasds on the size and orientation of the face:s xitn respect io the angie of
incidence and fremiency of the radiated signal. For the purposes cf this experunent, the radar
scanned he wave suriace in 2 direction generally perpendicuiar to the wave cresis, first up-
wind (against the waves) and then <ownwind {with the waves). Figure  -Jows a typical record-
ing of radar backscatier. During the run, direcztion, polarizaiion, and -ate are neld constant
while the return at different power-input levels is recorded as a funciip of radar- depression
angle {that is, the angle with respect to the horizon} lor periods of 20 -2+ seconas. On succes-
sive runs, the experimental parameters are varied one at a time. Froa data such a3 shown
in Figure 1, the average amplitude of the radar return, at the 50% level, ‘s tabulated for each
depression angle in terms <f the >ther parameters. The ratio of the apw.rd-downwind retura
Irom the sea surface is a measure of the backscattered radiation and is onc of the statistics
tnat might successfully define the state of sea. Since the upwind-downwind razin will change
with radar depression angle, the final "radar signature” of the sea surface :11 be a curve of
upwind-downwind ratios versus depression angle,

In this section, the way in which wave profiles are converted to radar sta istics is de-
scribed. This method was introduced by Schooley (1961, 1962} who studi2d the problem, in a
model tank. Schooley also provided partial justification for the basic assumption of this
stady; that is, that the wind speed is the primary factor that influences the roughness and
slope distributions of the tinry wavelets in: the sea and that these distributions are significantly
uaique in different sistes of sea. By carrying cut a dimensional analysis, it was shown that
air momentum (M} and air visceaity (r) acting on a water surface that resists 4 .ormity
through g:avity {g), water dersity {p,,) and surface !:nstior. (T), produces a roughness condi-
tion (R}, cha: acterized by a slope distribution (s}

r go_o
s = 1[R,--—,§\-—E(Fhv)]

in this expre ivion, the air mumentum is expressed in t2rms of mr density (p,). fetch (distance
over which wind blows} {F}, the effective height of the wind (h} and the wind speed {v). The
term

£0,0,
™

iz considared to be constant. The fetch determines the state of wave development for any given
wind speed and the effective heighc prescribes uniformity in correlation of wind specd with sea
state. Therefore, it is the wiad speed that primarily governs the slope chaiacteristics of the
waves, The successful application of the method proposed here will depend upon significant
changes in the slope distribution with changes in wind speed and corresponaing significant
changes in the radar signature.

Figure 2 shows some portions of wave profiles {originally § meters long) obtained from
different stereo-photographs of waves made in the same sea condition. Figure 3 is an enlarge-
ment of a small section of a wave profile. This profiie lies in the dominant direction of the
waves as well as in the path of the NRL* radar plane which wiss overhead at the time the wave
information was obtained. Some basic definitions can be derived from Figure 3. Flatneas

¥Naval Rescarch Labocatury, U. &. Navy.
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tolerance is dJefined as 1/10 the radar wavelength, In these experiments, the ra.2 wave-
length was about 3 cm. 8o the flatness tolerance is 3 mm. At any point c2 the vave profile,
the slope is found by a line drawn tangent to the profile at that point (A). The angie 8 of the
tangent line with respect to the horizontal will be referred to as the glope of the targent. The
flatness tolerance is then drawn para. 1 to the tangent line and equidistant from it; that is,
1.5 mm. on either side. The two lines representing the flatness tolerance will intersect the
wave profile and thereby define the facet length associated with the slope 9. " At the point B,
the facet length is obtained by intersectior of only one parallel of the flatness tolerance with
the profile. The ratio of flatness tolerance to facet length is called roughness factor (R).

If the poofiic is now sampled randomly (equally~spaced intervals will do), a sequence of
facet lengths appropriate to each slope is obtiined. The facet lengths are collected in 2-
degree intervals and averaged. The vesult is a rclation between average facet length and
slope as shown in Figure 4. Negative slopes orrespond to the downwind direction of wave
travel. In cach of the cases considered, abou. 200 slopes were read.

The contrmovtion to the radar return or backsc:itter depends not only on the slopes of t:e
facets and their size, but upon their frequency of occurrence a< well. Consequently, the next
step is to obtain a relationship between probability of occurrence of average facet length and
associated slope. - Such a relationship is shown in Figure 5.

In order to estimate the quantity of radiation reflected from the irregular wave sur-
face, it is necessary to consider the elfective radar scattering area of the facets. This war
done by first considering the return of radar waves impinging on disks of known area
{Schmitt, 1357; Katzin, 1957). If the wave facets are assumed to be circular then the facei
area is known and the theoretical results of Schmiti may be used to infer the effective radar
scattering area for the real condition. Furtherrnore, the information i~ Figure 5 permits a
table to be calculated that describes the probability density of effective radar scattering area
with respect to slope,

Each facet receives and reradiates energy over a limited angle which is greatest at
normal incidence {(90°). This effective beamwidth (or beamwidth at half power in rader
terminology) is a function of facet size and radcr wavelength {Silver, 1951). The effective
bvamwidth thus obtained relates also to the effectiv2 radar scatiering area.

The radar depression angle (#) is the angle the radar beam {center) makes with r«spect
to the horizontal. For a constant radar depression angle, the facets that have sufficient beam-
width to contribate to the total radar return from the water surface are known and so is the
probability density of facet oceurrence. Thus, the total effective scattering area for diff2rent
depression angles may be obtained for all the facets oriented in the upwind and downwind
direction. If the ratio of effective gscatt«ring area ir the vpwind and downwi | directions is
plotted {in decibels) against the deprs :. n sngle (Figure 6), then this statistic is equivalent
to the radar measurements and a dir--* . »mparison can be made.

DISCUSSION OF RESULTS

The calculatiocns presented here are the first of this type ever made from actual seu
wave data. (Schooley's work was based on model tank experiments.)) Consequently, this
initial effort is basically exploratory and should not be regarded ag a proven technique for
treatment of such data.

Each profile provided approximately 200 slopes with its associated data. Al!l the profiles
were made in the same sea gtate where the waves were about 1 - 1.5 feet high. Figure 7 shows
a comparison of the average facet-length distribution with distributions obtained in the water
tunnel (for 50 slopes). The agreement is fairly good as is Figure 8 which shows comparisons
of the slope probability distributions. These comparisons are not to be judged on the basis of
the reported wind speeds, but rather on the general shape of the distributions. Figure 8 shows
the upwind-downwind ratio of 3 sets of Jata with radar observaticns and with model-tank
yneasgurements made by optical means superposed, as well as the water tunnel results that are
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appropria- 1o this sitvation. The important feature to ncte is the agreement of positive
vaiues at lcw depression angle and negative values at high depression angles.

Figures i0 and 11 deal with averages of the results from different profiles and
generally confirm the observations already made.

In general, it can be said at this early stage of the study that rada> observations tend to
confirm the positive rature ot the upwind-downwind ratios as calculated from wave profiies.
The negative ratio~ are confirmed by optical experiments in the tank. Calculations from
tank-generated waves are aiso in general agreement, with the exception of the arez 2% very
low depression angles where the "real-wavc” calculations tend to zero, while the tank wave
caicuiaiions appear 10 be increasing positively. Also, it appears that horizontal polarization
produces results that are in hetter agreement with calculation than does vertical polarization.

For the particular sea-state condition studied here, it is evident that the ratio of effec-
tive radax backscattering areas in the upwind and downwind directions 18 related to the radar
return as observed by aircraft. The question is whether this reiationship is unique as regards
change of ses state. In crder for radar backscatter to bz applied as 8 sea-state indicator it
wculd be necessary for the curves {thxt is, radar daa) in Figures 8~11 to change significantly
as the wares build up. In particular, the aegrce of variation of the amplitudes of the pogitive
and negative lobes and tl« depression angie of crossover will determine whether this technigue
can be successful.

At present, wave profilcs for a sea of 2 - 2.5 feet are being prepared. If sigrificant
departure fror: the “radzc-signature” for the 1 - 1.5 foot high waves results, then there iz a
good charce of succzss.

Exrcriments planned for the future wil? provide for radar observations of depression

anzizs in excess o f 30° in order to verify the crossover angle as well as the magnitude of the
negative ares.

REFERENCES

Katz, 1. (1563). Radar reflectivity of the earth's surface: APL Technical Digest, Jolns
Hopkms University, Vol. 2, No. 2, pp. 10-17. .

Katzin, M. {1957). On the mechanism of radar sea ciutter: Procecdings IRE, Vol. 45,
pp. 44-54.

Macdouald, F. C. (1963}, Radar sea return aud ocear wave spectra: Proceedings o a con-
ference on ocean wave spectra, Prencice~Hall, Inc. pp. 325-332.

Schocley, A, H. (1861). Relationslip between surfac2 sicpe, average facet size, and facet
flatness tolerance of a wind-disiurbed water surface: Journal Geophysical Rerearch,
Vol. 66, pp. 157-1£2,

Schooiey, A. H. (1962). Upwind-downwind ratio of radar return calculated from facet size
statistics of a wind-disturt.ed water surfece: Proceedings IRE, Vol. §0, No. 4,
pp. 456-461,

Schmitt, H. J. (1957). Backscatiering measurements with a space-separaiion method: Cruft
Lab., Harvard Vniv , Cambridge, Masga.

sitver, S. {1951). Micrcwave Anienna Theory and Desig: MIT Rad. Lab., Vol. 12, p. 194,

358




) (o) N » (+))

UPWIND-DOWNWIND RATIO (DB)

y
H

AHORIZ POLAR.

- t O VERT. PCLAR.
- CIOPTICAL PTS.

! \ /_MODEL
\‘ 23 q’ TANK

| DEPRESSION ANGLE (DEGREES)

Figure 10. Comparison of Upwind-Downwind Ratios

360




N

Q

AHORIZ. POLAR.
O VERT. POLAR.
O OPTICAL PTS.

UPV{IND** DOWNWIND RATIO (DB)
N
T

A
]

ANETj

! as
\ ¢ wwuvtl
. S TANK

DEPRESSION ANGLE (DEGREES)

Pigure 11. Comparison of Upwind-Cownwind Ratios

391




Page intentionally left blank



e

3 N o R

kg

[T TN

A

[l
rd
. f,Q ?
6 -
;w0
Q Willard J. P-erson, Jr.
New York University ’

WINDWAVES AND SWELL

INTRODUCTICN

Probably the first waves observed by man were waves on water: the concept of wave-
length, sreed, and period {or frequency) probabdly arose with study of these waves, The
physical laws of truly periodic long crested waves were understcod more than a century asc.

The spectrum of waves on water covers a range from wavelengtas comparable to tha
circumference of the zarth to fractions of a centimeter with certain frequencies correspond-
ing to periods of years, a year, a funar month, a lunar day, a solar <ay, a half lunar day, a
haif solar day, various fractions of these, and on duown to hours, mir—tes, seconds, and tenths
of szconds,

Waves geoerated by the action of wind on the water will be the first subject of discus-
sicn, Tre subject of storm surges also caused by wind, tides, ana the slope of the sea surface
due tc currents will be dis~ussed by others.

Waves caused by the wiad on the water can be interpreted by a combination of physieai
and probabilistic concepts. Tre irreguiar moving bumps and hollows that make up waves can
be represented as a large sum of different superimposed waves propagating in different direc-
tions and with different wavelengths, where

o we an®
() k = = - 3
gT
Such probabilist models are described within a linear theory by a function of the form,
S (w, 6) which r~solves the tntal variance (the square of the departure of n {x, y, t) at some
fixed time) int~ the frequencies that contx fhute to this variance and the directions toward which
these long crested elements are traveling.

1If the rise and fall of the sea surface at a fixed point as a function of time is considered,
then one can obtain only the frecuency information, and not the directional information, that is

”
(2) S = f Slw, 6)do
-~

Finally; the total variance is the one number of probably maximum usefulness. Deriv-
able from the total variance is the significant wave height which c»n be defined to be the
average of the crest to trough heights of the one third highest waves t> pass a given point.

The significant height is given by

(8) H.. = 4J/Variance
1,3

Variance = j S{w) dw
o

SAMPLING VARIABILITY

When ocean waves are measured, and they can be measured in quite a variety of ways
such as stereophotogrammetry, radar altimeters, and asgorted wave recorders that out out
electrical siganls representiag the waves as function: of time at a fixed point, one ends up with
a sample in the siatistical sense. By techniques due to tim: series methods and statistical
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concepts, this sample can be converted to a spectral estimate. We worry about resolution,
aliasing and the degrees of freedom of the individual bands of the spectrum. A selected
bibliography is appended. A good place to stari is tne book 'Ccean Wave Spectra' published
by Prentice Hall.

A STORM AT SEA

‘To obtain ar iden of what waves are like in the open ocean congider the sequence of
figures that follows. These figures show what happened at & particular point at sea as an
extratropical cyclon: passed a British Weather Ship that recordcd the waves by means of a
ship borne wave recorder.

WAVE FORECASTING

If the wind has a coustant velocity, U, and blows for a long enough time over a large

"enough area, a fully developed wind sea at that velocity should occur. I the frequency spectra

for various wind speeus are properly combinedaccording to atheory of Kitaigoredkii (1961), and

if v = 2nf, and if the quantity

& So = siogio’
ig plotted at
® f-1u/g
then the function
(1) S(D should have the same shape for an, .

Figure 8 shows that indeed, within our present accuracicy isuring wind over
water, this is the cagse. Given a small perceniage differcnce beowesr the nominal values of
20, 25, 30, 35, and 40 knots, these spectrai shapes coincide. When put back into a dimen-~
sional form, this spectrum can be represented by:

4
2 ’5(‘”01:9)/ Y
Swaw = {age w Jdw

wherea = 8.10 x 10‘3, B = 074andw = g/“ {where U is measured at 19.5 meters).

The wind over the water varies in specd with height. There are a variety of different
theories as to exactly how this variation ig descrit.ed. Uder the assumptions of sne theory as
to the variation of wind with height the significent wave height in a fully developed wind sea is
shown in Figure 7 as if the mean wind were n.easured at different elevations,

SATELLITES

One lonely British Weather Ship provided the data described above, Our U. S. Weather
Ships should soon provide similar data, But the vastness of {hc sceans makes these data not
enough. From a synoptic wave forecasting point of view, it would be nice to get data from all
the oceans once a day say from e polar orbiting vehicle, that could measure something about
the waves every 200 miles {or 0} aloug its path. The ultimate would be enough data to pro-
vide an estimate of the directional spectrum at each point. The frequency spectrum alone
would be extremely useful, Bven something like the variance, needed to compute the significant
height would be most useful.

Radar altimeters and optical stereophotographs are possibilities. The new side scan-
aing radars point down with & long narrow illumination path remind one of an early paper by
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Fig. 1A. 6 hourly major frontal pusi-
tion and rusitions of the OWS "Weather
heporter" (®) for 16 Decr.nber 1958
("z" = GMT)
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Fig. 1B. 6 hourly major frontal posi-

tion and positions of the OWS "Weather

Reporter' (@) for 17 December 1959
("z" = GMT)
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Mr, Marks in which a directional spectra could be gotten from similar averaging tech-
niques.

The challenge of satellites is that it is possible to survey the whole world oceun on a
synoptic scale from day to day and to keep track of what is hapnening from day to day 23 an
aid *o snipping and cominerce. These daia can serve as an initial value input to the problem
of forecasting the waves a day or so into the future.

There are other ways beginning with the winds over i oceans to d2scribe wavee and
to :orecast them. Large parts of .he world ocean are poorly covered by ship repo.ts and wave
data and the techniques presently under development suffer from this lack of data. Wave fore-
casting data and satellite data can enhance eich other 1o provide a becter understanding of
waves on the swiface of the sea.
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SATELLITE RADAR BEAM G... N
TTRY 7’
Villiem K. Widger, Jr. PRI
v
ARACON Geophysica Company :

Concord, Massachusetts )

When considering raaar obscrvations of the earth's surface from a satellite, certain
~dverse aspects of beam geometry &s nadir angle increases should not be overlooked. Since
the earth curves away from the satellite subpoint, range increases, inclination angle at the
target decrcases, and resolution degrades far faster than for a plane surface.

The resclution, d', along the Great Circie irom subpoint to target is given byl

- -1
R+ H T cTiR+ H
1t = p3 | et - = =
d r[ A cos a RJ+ 2[11 ]sina,

is the slant range, ¥ is the beam width, R the radius of the earth, I the sateilite
the nadir angle, ¢ the speed of light, and ~ the pulse duration, as shown in Figure 1.

where r
height, ¢

The resolution in height, h’, is given by

R+H —I cr IR+ H rl
t = = - =—
h ri[ R sina | + 2 [H cos Y R

Many aspects of satellite radar observations have been {nves* gated by satellite meteor~

oicyists and are wascussed, for example, in Reference 1, which also has a rather comprehensire
bibliography.
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Figure 1. Vertlcal and Horizontal Resoluticn Components For a Pulsed Satellite
. Radar.

404







g

"

L

ey
AT L)

TAPIRRESR

B A AL

TR R e

o‘lbq‘) , AN AIRBORNE WAVE METER
i “bs - 'b John J. Schu'e, Jr.

U. S. Naval Oceanographic Office, Was'hingtoz\, D.C.

Use of M CW radar for measuring waves began at the British National Institute of
Oceanography. Woods Hole Oceanographic Institute initiated work in this country by evaluat-
ing one of the British instruments. The work was later continued at the Oceanographic Office
and then at the Naval Research Laboratory. The Oceanographic Office has recently revived
the work by awarding competitive contracts on two systems. One system is modeled after the
most recent system developed at NRi.. The other is a modified flareout altimeter. The sys-
tems were designed to measuire wave heights between 2 to 50 feet with an accuracy of 10%
from an aircraft flying at a 500" altitude and a speed of 180 knotg. Flight tests were made at
Argus Island near Bermuda. The aircraft measurements were compared to fixed wave staff
located at the tower. The analysis used for the comparison is the Tukey method for comput-
ing power spectra; estimates of waves energy are then plotted as a function of wave length.
The aircraft energy estimates were mapped in wave number space to correct for the doppler
effect resulting from aircraft motion. Figure 1 shows the results of the NRL type system.
This system responded well at the short wave lengths, but failed to reproduce the energy
peaks accurately. A large amount of energy was introduced at wavelengths of 2,000 feet and
longer. This was due to faflure of the aircraft motion compensating circuitry. Results of
the modified FM CW ultimates are shown in Figure 2. Wi.h th!s instrument the effects due

te aircraft motion were minimized and the energy peaks were well reproduced, however the
instrument demonstrated a lack of sensitivity at the higher frequencies or shorter wave

lengths,

Work to improve both instruments is now underway.
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THE IMPORTANCE OF LOW ALTITUDI? WORK

Hanns Wetzstein .

-
.

Institute of Naval Studies, Cambridge, Masas.

Throughout this conierence it has rightly been implied that experiments performed from
aircraft are merely pilot models of experiments ultimately to be performed from sateliites.
o Neverthelesa such pilot experiments, whether performed from fixed wing aircraft, blimps,
kites, or balloons, employ advanced and costly instruments, They should be made to advance
A oceanography rven if the radius of rapid reconnaissance is small when compared to the
global scale anticipated in the case of orbiting satellites.

‘Thus, exploratory instrumentation should, if possible, be planned with this low altitude
use in view as well as the ultimate satellite application. Perhaps as an expansion of oceano-~
graphic research capabilily low altitude =2irborne instruments should, in some cases, be

B designed for this usc alone. Funds shculd be made available to encourage the develspment
N of the maximum gensitivity and resolution that available technology permits.
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As an extension of Dr. McAlister's suggestion for sea surface temperatare measure~
ment by passive microwave radiometry I would like to suggest the foiiowing.

0

W

b
1
"t

As D;-. McAlster responded daring question time correctly the lack of quanta emitted

£ 7 in the microvave region requires 2 long integration time and large irregular field of view
~ hence voarse resolution.
&

As Lieberman states in "The Sea”, Vol. I, page 473, "a1C° change in sea surface
temmperature causes a 2.4% change in cond.tchvity which cap perka;s he measured by
active microwave reflectivity measurements. . As changes in salini.y hikely to be encountered

R

v

A

3 prodnce less pronounced changes in con:incﬂvity this will be an :adirect way of measuring
&%= sea surface temperature.
fé-‘_\ I* may offer:
J: a. Higher resolution :f the microwave radiometer “optics” can be made large enough.
£ :
%f_ N b. Penetration of the order of millimeters or even centimeters may be obtained
‘i‘; depending on the wavelength used. ‘ _
;f‘é;, From satellite altitude however - . -
£
- .

The optics size for resolution mentioned under {a) above will be a probiem.
Eapecially if due to the dielectric constant of water one: i3 forced below 800 mega-.
cycles in frequency. However the use of synthetic aperture techniques for this type
of somewhat stationary target may help with the resolution problem.

.»zp o

B,

>

AN

&

. d. Power requirements for active techniques are likely to be 2 problem for some time.
= Perhaps a "low" altitude aircraft illuminator for certain regions could br usec

it initiaily, and then its use as a receiver also is possibie.

& S 4

&

?.‘}_—Z- Miny ramifications may be pussible The above brief remarks are i the nature of a
% - suggestion for thought.

=

*‘i’ Prof. W. Richardson of the University of Miami informs me that jr the past he has sug-
},, gested a very low altitude (50 feet) simvitaneous surface temperature and conductivity mea-
lif; surement to determine salivity indirectly, withouvi water contact.
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OCEANOGRAPHY FROM SPACE

CHAPTER 6

COASTAL GEOGRAPNY, GEOLOGY
AND ENGINERERING
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RECOMMENDATIONS ©°F THE PANEL ON-COASTAL GEOGRAPHY

K.O. Emery, Chau-ma.n
Woods Hole Oceavographic Institution, Woods Hole, Massacht setts

Members
A. Ayala-Castanares D, L. hman
) ¥. Bonet R. L. Miller
N P. Bruun ¥. B, Phleger
J. M, Caldwell E. L. Pruitt
H. L. Cameron G. F. Salas
P. Clound * B.B. Scheps
J. F. Cronin W. Thempson
K. O. Emery. 5. D. Tattle
R. W. Fairm idge E. L. Winterer .
R. A. Geyer J. M. Zeigler

We 7rurt with two premises: (1) that manned satellites are to be placed in orbit and
will be ava.iable as a tool for studiss of coastal geography, and (2) that satellite observations
have their chief value for large-area studies, s/moptic studies, and monitoring at bourly or
longer intervals. Detailed precision studies and studies in water depihs of more than about
20 meters are probably best left for other platforms. The term coastal geography includes,
but is not limited to marshes, beaches, deltas, estuzries, lagoons, duncc, offshore bars (their
topograghy, water cover, and air cover) for both marine and lake environments.

Recommendations are in three groups: generzl, smail calibration sites, and large-area
problems. For general aspects, there are tiree recommendations.

1. An album should be prepared to di<seminate information ox the kinds of data avail-
able now, and to recruit full-time workers and casual users of satellit data. The
album should contain the best available images by photography, infrared, and radar
from rockets, U-2 planes, and TIROS, Fifty to 200 images ghould be reproduced by
lithograph in a 3000-edition printiag, each image accompanied by some interpretation
or brief discussion. NASA should handle compilation and distribution, probably
throngh John F. Cronin {APCRL)., Declassificaticn of images is required for the
national interest in providing experience in evaluation of existing images by the best
qualified people, in recruitment, and in training.

2, Based upon experience gained from TIROS, ship-board geophysics, and other large-
data~prcducing activities, plans must e made for rapid scanning of satellite data for
immediate Zissemination o competent interested workers, and for storage and re-
trieval. Much of this scanning is routine and can be done by trained technicians. It
must be done. {0 insure {s) that use can be made of the data, and {(b) that workers not
be deluged by non-pertinent data. Obviously, these plans must include the attraction,

training, and hiring of competent technicians and scientists. This should be a NASA
responsibility.

3. The need for precise and accurate positioning and timing of all records made cannot
be overstressed, for it has in the past been frequently overiooked. Images or pat-
terns whose precise coordinates in space and time are rot known have only esthetic
or illustrative value. If they are to serve &s the basis for maps or for evaluation of
prccesses and their effects, the locality and time must be known as closely as it can
be specified,

RECOMMENDED PROGRAM FOR NEAR FUTURE
CALIBRATION AND EVALUATION

A problem that should be attacked immediately is the calibration and evaluetion of the
imagery from available sensors. It is not clear at present how useful the data frox. various

413




W

sensors will be, that is, whether significani absolute values will be obtainable on objects of
interest in coastal research. One of ihe first steps, therefore, is to attempt to calibrate some
or all available sensora, and this can te done by using test sites of known properties, such as
known types of beach materials, kncwn rarrents, known tides, ztc. *Known' is here used to
mean that the absolute properties are meagured on the ground at the time the sensor is flown
across the area so that numbers can be attached to the sensor records or images.

In addition tc czlibrating the senso: s, the resultant imagery or records should be evalu-
ated to determsine their total inf¢rmation content so that better, more precise specifications
can be formulated concerning scale and object resolation, object ephancement, aud other
characteristics and-capabilities of the instruments to obtaia the kinds of data in ugeful form -
for coastal research. .

There seems to be every likelihood at present that available sensors, properly cali-
brated and possibly redesigned or modified for specific coastal purposes, could be used to
provide needed data on beach width, beach slope, characteristics of waves, angles of wave
approach, dimensions of surf zone, and water ciiculation near shore and in tid i marsaes and
lagoons. Calibration and evaluation to obtain useful data on thene and perhaps other coastal
properties could best be acenraplished by using as test sites {1} the heach at Scripps Institution
of Oceanography, (2) one or more lagoors along the Guif of Mexico {such ac Laguna de
Terminos in Campeche), (3} Cape Cod, (4) Virginia Beach, Virginia, and possible other sites
where an abundance of data is available and where interested scientists are available to
obtain eritical groutrd truth during tests. ' -

REGIONAL STUDIES . i -
Delineation >f Surface Characteristics: Information about the structure and cornposition
-of coasts and « vastal waters, boih of the sea and of large lakes, and over large distances, is
an obv’oud early objective. Such regional data could be of great valie in classifying, economic
evaluation, and selecting smaller areas for future intensive study. Curreaitly aveilable radar
and infra-red seasors could prebably digsceriminate between beach zurfaces of quartz sand,
caleite sand, rock, or organic mats, Heavy mineral sands of economic significance might be
detectable. Moisture content of the beach and back-shore, and-zanes of fresh-water seepage,
could probably be detected. Submarine springs and hence cpproximate traces of outcropping
aquifers below sea level might be detected. Coastal currents and zones of up/elling should be
magpable. Coastal zonation would be mappable in many places, especially frem aireraft and
egpecially around tropical reefs where it should be possible to dircriminate between concen-
tration of red and green algae, living and dead corals, loose sediment, pools and channels of
watet of varying salinity and temperature, and a variety of reef-front featurcs related to
prevailing winds and currents,

Synoptic Observation of Processes and Effects of Such Processes: The action of waves,
currents, gravity, slumping, aerosol transport, etc. along beaches and coasts coald be moni-
tored on a global or orbital basis and *heir prugress and effects with time observed and
r2ssibly related to generating factors. For example, wave trains might be traced from off-
shore storm centers and slumps correlated with inshore events. Slumps or flooding rivers
may generate turbidity currents and upwelling of cold, mutrient-rich waters from such causes
o1 as a result of offshore winds may produce plankton blooms, colored water, and fish
mortalities. All of these processes and events are interrelaied in space and time and with
other sedimentary, circulatory, and biologic processes, and many of them should be datectable
with available sensors.

LISTING OF USEFUL MEASUREMENTS RELATING TO COASTAL AREA

Listed below are a number of factors which are under active study in the coastal zone,
A brief description is given of these factors together with a statement of the degree of
accuracy {(or discrimination) which is needed to make the measurement highly useful. Leaser
degrees of accuracy would still be helpful and an attempt has been made to indicate the lowest
degree of acc\zracy'(or discr mination) wiich should be at all helpful. Whether or not it is
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practical to make these observations {rom sste lites {(or high-altitude aircraft} is not con-
sidered in the presentation,

A, HYDROGRAPHY AND TOPOGRAPHY

Beach Width: This is probably the most u-eful single measurement in the short area,
as it {(coupled with the elevation} determines to a large degree the protection given the back-
shore from storm action. The measurement of beach width to the nearest five feet would be
very useful; measurement of width to the nzarest 25 fcet wonld he helpful. The change ia the
beach width from week to week during storm seasons would be desirable.

Beach Elevation: The beach and dune elevations also enter into the degree of protection
givea the backshove by the Leach. The r.easur:=ment of beach elevations to the nearest one
foot will be very useful. while measurements to the nearest five feet would be helpfil.

-
Y

Nearshore Hydrography: T rearshore area is in many ways and to a large degree
determines the uses to which the adjacent shore may be put. The fopography of this area
(MSL to -100 fi.} is a .ominant feature of this area and it is useful to know the depths to the -

_nearest foot. Particularly in the area sHoreward of the -12 ft. contours. The absolute
- accuracy needec of course decreases seaward, but is in the order of 3 feet at the 40-ft. -
contour. Accuracies of 1{/3 of these valnes would be helpful for many areas of the world.

Offshore Hydrography: Bottom {opography often influences water circulation patterns,
both horizontal and vertical, and thés® interactions might therefore be studiéd as a means of
detecting certain kinds of bottom topograpny. Sand waves, for example, may reveal them-
selves even in turbid waters by rerturbations in the s.rface currents that could be measured

" or mapped by stereo~photographs or perbaps in infra-rec means. The influences of submarine
- canyons on surface currents described in an appendix to this report by F. P. Shepard, provide

another subject for study. Banke, reefs -- perhaps even some gsamounts -- may affect sur-
face currents sufficiently to be detected and studied.

Fresh Water Irflow: Contrasts in temperature or turbidity can be used to map the poinis
of entr) and the-patterns rns of dispersal of fresh water. Sediment-laden stream waters (dis-
cassed in an appendix by ¥. P. Phleger), nearshore springs, or even submarir2 springs, can ’
be tiaus studied by photographic or infrared means.

Wave Spectrum: The characteristics of the wave spectrum in the beach zone are of
considerable interest as they determine the accretion or erosion of the shore. Determination
of the spectrum to the degree presently possible with fixed surface gages would be very useful.

Measurements compzarable .o those presently obtained with radar or sun glitter from aircraft
wounld be useful.

B. CURRENTS AND SEDIMENTATION

Longshere Currents: The longshore wave-gene~ ated currents (litteral currents) deter-
mine the rapidity with which sedirnent {chiefiy sand)-is moved along the shore face. These
currents have velocities of significance varying from 5 feet per minute to 180 feet per minute
or more. Rip currents with velocities to 300 feet per minute may also be a factor in the long-
shore current p-ttern, It would be helpful if velocities as low as 5 feet per second could be
measured to the nearest 1/2 ft./sec. with the higher velocitics measured to a comparable

degree of accuracy in per cent. Measurements of velocities ot 20 ft/min. with a fair degree
of accuracy would be ugeful.

Tidal and Fresh-Water Currents: The velocities and directions of tidal and fresh-water
currents in the ccastal zone are Tactors in sedimentation, {iughing, poliutions, and navigation.
Concurrent measurem :nts of these currents as well as successive measurements in time ar>
needed. Velocity measurements as low as 12 ft/sec. would be very useful while measure-
ments as low as 2 ft/ sec. would be helpful. In deeper water in offshore approaches, velocity
measurements as low as 0.1 feet per sec. would be ugeful.
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Sbchmen* Transport: Sediment transport causes the massive changes {erosion,
accretion, and shoaling) occurring in the coastal area. Two important sediment movements
are: (1) the trangport on the shore face by waves and inshore currents, and (2) the sediment
load brought down by the fresh-water streams. While it would be most useful to lmow both
th. nua.nhty and size distribution of the sediments being transported, even qudlitative informa-
tivn on either quantity or siz~ would be helpfui. I shouid he recognized that the sediments
may travel as both bed-load or suspended load, though the distinction may be rather small in
the surf zone. The sediment concentration usually does not exceed a few parts per thousand
and in many cases is much less than one part per-thousand.

Shore Ice Shore ice or grounded ice entrains sediment and carries it offshore The
details of this process, especially its quantitative aspects, may fruitfully be studied by
frequent surveys of the extent and motions of the ice,

Jlaciers: Glaciers bring huge amounts of sediment to the sea, and icebergs calving
from glaciers may carry the sediment thcusands of miles from its source. Periodic surveys
of glaciers in Antarctica and Greenland from a satellite should indicate rates of addition of
sedime 1~laden ice to the sea; and more frequent surveys would show the paiterns of dispersal
of the ice. It might even be possible to get a measure of the sediment content of the ice by
spectral analys:s. =

Biogenous Sediment: The biogenic contributions to sediments are quantitatively impor-
Zant, not only in warm.shallow seas where carbonate deposition is prevalent but also in the
deep seas and in the cold seas, where the remains of planktonic organisms such as diatoms,
radiolarians and foraminifers settle to the boitom. Naturally, then marine geologisis are
interested in means of determining patters of distribution of these creatures. Our interests
thus coincide here with those of ‘he m:rine biologists.

C. GEOLCGY AND GEOMORPHOLOGY OF COASTAL AREAS

Composition of Beach Face: The type and size of the material composing the beach face
determines to a large degree the stability of the shore face. Also, in certaw. areas, the silica
sand or other components may have commercial value. It would be helpful to know whether
beachers were dominatly silica or calcium carponate, or some other minerzl. Percentage
definition to the nearest 5% would be useful, but even gualitative information would be helpful.
It is also useful to know the mean grain size of the beach, i.e., mud, fire sand, coarse sand,
gravel, or boulders.

Cemposition of Nearshore Area: The composition of the offshore area (from MSZL to
-80 1.} is of an importance similar to that of the beach face, Of particular importance is the
2sence or absence of sand in quantities suitable for dredging and placing on the beach to
res tore and stabilize the beack face, or for building constructicn.

Coostal Vegatation: The type of vegetation or the backshore and dune ares is of intevest
ard auy definition of this cover {grass, scrub, or forests) would be useful. Also knowledge of
the density of the cover would be helpful.

Coastal Geology: Besides the regional coverage of the subaerial parts of the coasts,
where older beaches, terraces, reefs, etc. ¢en be stndied, high-altitude phowgraphy will pro-
vide especiaily in the clear waters of many of the tropical and desert coasts a view of the sea
floor, where we may expect to see the patterns of underwater rock outcrops.

Geological Controls of Coastlines: The grand scale of images obtained from sotellites
may show much more clearly than we now know, what relations maintain between large
geologie structur s -- great lineaments for example -- and coastlines. The scale of some
of the geologic fectures may be so large that they have so far escaped our attention.

D. WATER CHARACTERISTICS

Temperature: Temperature distribution in surface water often provides yaeful data on
circulation patterns, both horizontally, as in rip and longshore currents and vertically, a8 in
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upwelling. An ability to measure differences of 0.1 degree C are desirable but 1% C differ-
=nces would be very useful. ) ’

Salinity: The salinity of cuastal watei F determines o a large degree the fish and shell-
fish life which will be found therein. It also influences the rate of intermixing of the ¢ rastal
water with the inflowing sea water and the inflowing fresh water. The salinity gradiens in
such cases may determine the shoaling pattern or the flushing pattern of an estuary. " Deter-
mination of the differences between fresh water and sea water in twenty ‘steps would be very
useful, Even the ability to identify salinity fronts would be helpful.

Pollution: Pollution has a great influence on the usefulness of coastal waters t& man-
kind. Fish and shellfish life, recreaticn, and even human habitation of the shore, are affected
Ly the degree of pollution. The pollutants may be man-made or may be the result of unusual
blooms of diatoms and the like. An ability to define the source, degree, and extent of pollution

wo 11d be very useful. Although quantative information would be most useful, even gualitative
data would be very helpful in many cases.
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o;y} USE OF ORBITING RESEARCH L+ BGRATORIES

. , SOR EXPERIMENTS IN COASTA”. GEOGRAPHY -

)

‘ ) Evelyn L. Pruitt, Head, Geogsaphy Branch

‘ ‘é” ) Oifice of Naval Research, Washington 25, D. C.
N
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Many challenging and exciting possibilities suggest themselves for the use of orbiting

laboratories in conducting researci experiments in the field of coastal geography. At the very
-minimum, this offers opportunities for the first time to obtain yynoptic coverage of coastal
areas throughout the zone of arb#*. ~nd w0 obtain repeated detailed coverage of particular
coasts. The value of such coverage to coastal research wouid be tremendous. The ability

to cbserve in detail the conditions in mauny areas almost simultaneously would permit re-
gional comparisons that are now out of the question because the data are stretched across
months and even years, thus blotting out variations oceurring on a lesser time seale,

SAMPLING PROBLEMS

The matter of time~-scale has traditionally posed serious problems in coustal geo-
graphy, problems which might be solved through the use of orbital platforms. One such
fundamental question is, how fast do conditions change in the coastal zone? Obviously, differ-
ent phenomena change at different rates, and undoubtedly rates of change vary on a regional
or geasonal basis. These rates of change need to be measured, not only with regard to ~ral
time for each phenomena, such as waves, currents, and sediment transport, but alco in * °
relative time with rates of one phenomenon corapared with other phenomena. An experiment
should be designed that would measure the significant rates of change. The experiment would
include attempts to discover if there is a best time-scale for making observations of individual
phenomena and of groups of factors, a time-scale that will assure acquisition of information
on all criilcal changes in conditions that effect coastal processes of erosion and sedimenta-~
tion. Part of the experiment will certainly concern determination of which sensors can
best detect these changes, and detect them in real time so that the data can be handled,

The problems of time-scale for obsevrvations are closely related to problems of spatial-
scecle in the coastal zone. For example, assuming that details of the surf can be detected,
possibly at the sacrifice of area of coverage, there is the question of what ig the best resolu~
tion scale to detect the essential character of the surf, and how far areally can this local
detailed data be considered as valid or representative of conditions? In other words, what

should be the areal spacing of these detailed samples to assure validity of interpolation
Yetwe en gam;les. ]

Experiments from an orbiting laboratory designed to solve, or at least explore these
basic prohlems of time-gcale and +:atial-scale of nearshore and coastal phenomena would be
broadly applicable as sampling syste.: guides to a host of other studies, such as those con-
cerned with particular phenomena or particular coastal places. Some of these latter studies
are suggested in the following paragraphs, and in all caaes it is assumed that the experiments

will include tests to determine which sensor or group of sensors is most suitable to detect
the needed informatinn,

ENVIRONMENTS OF SHORZ, SHELF AND BASIN ZONES

A question that would be p -ticularly suitable for examination from an orbiting labora-
tory concerns we nature and extent of differences in conditions in the three zones: the shore
zone, continental shelf, and ocear basin. Is there some real change at the edge of the sheif
in current and wave patterns? Ave there discernible differences in water and sediment
behavior or. the shelf ve the basin? Are there, in fact, clear and ietectable zones? Are there
identifiable differences that validate the assumptions that environments in these three zones

are distinctive? To what measureable extent do these zones influence each other? What is
going on in each zone?
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KEARSHORE-CIRCULATION AND SEDIMENTATION

With regard to the nearshore zore, it would be valuable to deterwine raajor <irculation
patterns, such as eddies from the G if Siream, and to define their diffusion patrzrans,
especially as they ‘nfluence sediment trancport. Measurements should aiso be made of tidal
cusvern-s, 1nd of the effectiveness of these currernts as compar.d with Icngshore wave-
produced currents in regard to coastal erosior and sedimentztion. Related to this would be
an effort to trace the sediments from rivers Jlong coasts. Under non-storm conditions vivers
carry very iillle sediment to the coast but during storms which fiond rivers, iarge voiumes of
fresh water and sediments cutflow. By choosing a meteorolog:cal situetion in which a2 drainage
hasin receives abundant rrinfall, enirained sediments could be traced as they disperse aiong
the coast. Patierns of dispersion and deposition are poorly known and beclouded by a lot of
misconceptions. A sensor could be gselected which would most cleariy distingeish the s~diment
laden watersg, although even ordinary photog.-aphy il well-taken can provide considerable
information, as shown by Cooper*s MA-9 photograph of the Ganges River Pagin. Uuadoubtedly
sensors could be selected cr designed that would detect at least certain kinds of poliutarts
in coastal waters, and the spread of the pollution could be traced., The orbiting lahoratory
also offers ar exceilen: opportunity tc observe and measure sediment dispersion around an
entire tropical island, particulariy to discover how it relates tr reef development and to flo'7s
across the sandy bottoms. Through the use of irfrared or simiiar sensors, much needec
information could be obtained on the extent and character of coral reefs, both alive and dead.

SURF ZONE

Since the surf zone is the active area where details of beacl- morphology are determined,

& deserves attention in several sxperiments. Many coasts are characterized by having one
or more suomerged bars in or near the surf zone. These bars change outline frequently, and
it has been suggested that tidal rips determine the gross petierns, but more closely spaced
irregdiarities ex;st and their explanation should be the subject of an experiment. Repecated
sensing should be made along short segments, say one guarter mile, of sandy beaches such as
along the Oute. R3nks of North Carolina, and on the ends and middie pa“ts of cove beaches
such as Half Moon Bay, California, in wa'ers not over 7 fathoms deep. Bar shapes shculd be
scnsed &l timec of both high ard low tidea. This would yleld some greatly needed information.
In additicn, an experiment should be designed to locate and measure the properties of a new

- storm at sea, and then trace the generated wave train to the shore tc measure the changes in
wave dimeusions and patterns as the waves move into increas:ngly shoal water and “n the
breaker zone. Several such stucies of - .crete stor us would =12 waterially in cur underctand-
ing of transformation from deep~wate. o shallow-water waves, it would also be especially
valuable if synoptic data could he obtained on the width of the surf zone throughout the area of
orbit inasmuch as the width of che surf zone is indicative of many other nearstore environ-~
mental characteristics and processes.

COMPOSELION OF BEACHES

Anocther series of experiments should forus on identification of gross m. nerul composi-
tdor. of beaches, and, of course, on the gelection of the most suitable sensors fc such
identificatioa. K beach morpholcgy is related o the minerals present, tauen i* would be of
extreme interest to find ways to gsense the minerais, ]t would be desirable fo be able to
differentiste the beaches coniposed of:

1. Predonidnantly cuartz

2. Predominantly calcinm carbonate

3. Considerable amounts of magnetite

4. Considerable amounts of ilmenite

5. Considerable amounts of epidote

8. Considerable amounts of mafic minerils

7. Considerable amounts of non-calcareous organics

The Lesser Antilles would be a gcod locale for such invesugutions because their beaches dis-
play 2 wide variety of mineral groups, and the mineral composition of many of these beaches
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is already knocwn so a certain amount of ground truth is available for calibrating the sensed
data,

CAROLINA BAYS

There is a good possibility that a long-standing scientific controversy over the origin
of Carolina Bays could be resolved through information gained frem sn orbiting laboratory.
One hypothesis attributes the Bays to the impact of meteorite fragments. This thesis could
be substantiated or refuted by taking advantage of the high altitude of the laboratory to obtain
vegional geomagne "¢ data, with a resolution of one mile or Jess. It would be essential to
establish strong geographic or ground control to tie down the geomagnetic data. The hypothe-
si. which attributes the Carolina Bays to ground water movement could also be checked
through the ase of infrared or some other sensor to detect the ground water patterns in the
Ba, s section of the Atlantic Ceastal Plain.

TIDAL STREAMS

¥ it is possible to detect the difference between fresh and salt water, very useful data
could be ob:ained on the extent, timing and pattern of incu-sion of salt water in the tidal
streams of cnastal lowlands, and also of the outflow of fresh water. The distribution of
sediments in these waters might aZso be detected, aad thus provide important information
relating to tidal channel erosion and “epositicn and to the whole problem of development of
drainage systems in coaswal marshes.

REGIONAL STRUCTURE AND LITHCLOGY

Tiros photography, as well as Project Mercury pictures taker. by Cooper and other
Astronauts, show the great pctential of a space platform for obtaining new information on
broad regional ground patterns that are not easily discernib’e on conventiorz: photography
from airplanes. From an orbiting laboratory, big secticns of the earth can be covered ina
sirgle image or on a very few, easily handled images. The area represented on a photograph
from a saiellite is many thousands of square miles (MA-9 flight photos were at a scale of
1:800,000) as compared with 2 few tens of square miles on conventional aerial photographs
{average scale of 1:20,000 to 1-40,000). This potential of acquiring broad regional coverage
should be exploited to discover ‘he extent to whichregional, structural and lithologic condi-~
tions influence shorelines and coestal forms. Studies of maps and aerial photographs,
even of Recent alluvial surfaces, «>mmonly display numerous lineations, a large number of
which trend northwest or northeast. It would be especially useful if lineations for broad
regious or continents could be detected, for this might shed new light not only on problems
of coastal behavior, but also on fundamental questions of the structural history of the earth,
and on hypotheses of continental drift and migration of poles. If both the lineations and the
iypes of bedrock along coasts could be det=cted, any relations of these factors might be dis-

covered which could help to explain the mozohology and world i.stribution of certain coastal
forms.

;\cknowledg-;n-ent is made of suggestions by W. C. Krumbein, W. C. Mcintire, R. J. Russell,
and B. Thom that are incorporated in this paper.
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EFFECT OF SUBMARINE VALLEYS ON WATER MASSES AND CURRENTS
i Francis P. Sheperd

[k

H ‘: ',uli)J The University of California, San Diego

[ Seripps Institution of Oceanography
~

Experience in the investigation of submarine valleys indicates that their existence has
zn important effect on water masgses and cn: “ents. It is well known, for examgle, that the
coid deeper waters up well from time to ti.ae along the axis of the .2 Jolla submarine canyons.
The trough-shaped continental shelf valleys off the Ganges zr . Indus deltas have indications
of the importance of this current reiation to valieys. In May f this year in approaching the
maryin of the Ganges shelf valley on the Pioneer we were regeatedly < scovering a change in
*he water color so that a bluer shade or a less intense brown shade was found over the valley
with 2 sharp contact at the break in slope of the valley margin. Similarly the Pakistan
Navy in surveying the Indus shelf valley found streaks of foam running parallel to the bound-
arics on both sides. Features of this type can be photographed from the air.

We know that from time to time there are mass movements of sedinients along the axes
of submarine canyons, very likely producing turbidity currents. It is likely that these move-
ments stir mud up into the surface waters above the canyons and that these movements could
be detected by ais photographs. In this way the frequent crossing of the large submarine
canvons by camera equipped satellites may allow us to keep a record of the major canyon

fiushing episodes. This in turn could give us a better corception of the causes of these
movements.

Among other indications of the importance ~f submarine valleys in influencing ocean
currents has been the rather frequent cbservation that a ship positioned over the axis of a sub-
marine valley will remain over the axis during a periced of drifting amounting to as much as
several hours. In view of the narrowness of th usual canyon axis there seems to be little
doubt but what these cases of adhering to the axes, always with movement down or up the axis,
are related to currents controlled by the canyon direction. This phenomenon was observed
ix.ce over the canyons off Buja California, once off La Jolla, twice in the Bahamas (over a
canyon 1,900 fathoms deep), and once off the east side of Ceylon. As yet thcre is no evidence
‘hat any of these currents that are influenced by underlying valleys have surface phenomens
that could be detected by air photographs, but further investigation may show that this is the

case. For such an investigation the combined use of ships 2nd air phetographs would be
necessary.
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STUDY OF RIVER EFFLUENTS FROM SPACE VEHICLFS
Fred B. Plleger

- q5 The University of California, San Diego

. -"-\ JI) Scripps Institution of Oceanography
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s ‘Use of space vehicles 0 study the Earth's oceans should be planned to take advantage of

\the' following potential abilities of such vehicles:

1. World-wide surveillance.
2. Quasi-synoptic obserrations.
3. Frequent surveillance.

The suggestions made below are based on these unique capabilities of space platforms. It is
urged that priority be given to large-scale applications instead of cetailed invest gations which
may be more efficiently pursued by other techniques.

It is assumed that the present instrumentation, or at least improved instrumentation
anticipated within th2 next five to ten years, is adequate for this proposal. It appears that
photographic techniques are now excellent and can be improved considerably with little effort.
Infrared sensing can map water temper ature differences and future improvements may in-
clude determining actual temperatures.

Two problems corncerning runcff from rivers have world wide implications. Reliable
quantitative estimates of the total supply of fresh water and sediment would be of considerable
!mportance in many arzas of study involving the world ocean. Few rivers have accurate flow
metering equipment and thu.. total runoff of f+~3h water from the land is not known. The
total ~ate of supply of sediment to the ocean «.s0 is unknown. Easentially all sediment fur-
nist.ed from the land is from river flow, with minor amoums from coastal ercosion and by wind
«nd ice transport., These two problems are interrelated and can be investigated essentially
as a single problem.

River effluents seen from above are characterized by one or mcre of the following:
a) muddy water, b) differences in apparent color or sheding, and ¢} lines of foam or floating
debris. These are easily photographed by color or black and white film. River effluents also
are usually characterized by water temperatures which differ from those of the surrounding
sea water, These differences can be detecteu by temperature sensing techniques.

River effluents are generally wedge -shapad in cross-section, thinning upwards on the
scaward edge and composed of water less saline than sea water. This water is less dense
than s 22 water and thus floats on top of the more saline water.

The surface area of & river effluent can be mapped from an airplane or space vehicle
using photographic and temperature sensing techniques. The next stage is to determine th2
exact shape of the wedge of river water and to make a realistic estimate of the volume of
fresh water and quantity of dediment .n suspension. This can be done by depth surveys of
vater salinities using recording salinometers and by direct measurement of sediment con-
centrations., Total fresh water and sediment load can be estimated from such surveys.

The three aimensional shape of the wedge of river water and sediment will be a function
of a) the amount of river runoff, b) the submarine topography at the location of the effiuent,
¢) wind and wave conditions, d) surface currents, e) tides and f} ice. The submarine topo-
graphy underlying many areas of river discharge is-fairly well known or can be easily mapped,
and tidal regimes are sufficiently known at most locations. It appears that waves and cur-
rents can be surveyed by remote satellite sensing and wind can ve inferred from wave
patterns, The dynamic interrelationships of thege various factors must be understood, how-
ever, before reasonable estimates of volume of fresh water and sediment load can be made
ny mapping of the surfsce.
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It would be i.mpracti::al to make a detailed analysis of even a large percentage of the
world's river effluents. It is suggested that as an alternative river effiuents may be divided
into & small number of classés and that studies be made of a representative of each class
selected. River effluents may be divided into classes using the following criteria:

a. Total fiow. The actual ituw i8 known for many .ivers. Relative flow of others may
be estimated by size and rainfall regime of the drainage basin.

b. Ephemeral or perennial, Many ephemeral rivers have significant flow during times
of runoff, as in some areas surrounding the Arctic Ocean.

c¢. Marine conditions at the effiuent, such as wind, waves, tides, currents and ice,
insofar as known or estimated.

d. Sediment load. Sediment load is measured in some rivers, such as the Mississippi.
In others relative sediment load may be estimated by colcr density of the outflow.

e. Size and shape of the effluent.

Close correlation of ground analysis and overhead surveillance will be required for
this study. There is essentially no pertinent information available on the nature of river
effluents, and basic ground studies will be necessary before sensing from high flying air-
planes or satellites can be used.

A suggested beginning in sué:h a program is fo study one small, muddy river plume such
as the Rio Balsas on the Pacific coast of Mexico. This should be mapped at various times
from an airplane. Ground studies would be defermination of the three dimensional shape of
the plume and calculation of the amount of fresh water and sediment load at different times
and under different conditions. The effect on the effluent of tide, topography, wind, waves and
currents would be analyzed. An attempt would be made to determine whether the volume of
water and sediment can be estimated by surface mapping techniques alone.

The second stage would be study of the more complex effluent of a large, relatively
well-known river such as the Mississippi. Procedures would be modified based on experi-
ence. If both the studies were considered successaful the next stage would be classification of
the river effiuents of the world and ground studies of representatives of each class. After
completion of this stage it should be possible to determins total volumes of water and of
s~diment being supplied and their variations geographically and with time.

There are several probable by~products of such an investigation. Among these are
effects of catastrophic events such as floods and hurricanes., Considerable insight into the
dynamics of river effluents and procesaes of deposition in a delta is expected. There is now
little understanding of these processes.
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( })/X// ESTUARIES

Alfred C. Redfield

Woods Hole Oczanographic Institution, Woods Hole, Massachusetts

Estuaries are usually relatively small bodies of water which display however, and often
in an extreme form, the variety of surface conditions observed in the open sea. Thus, there
are present marked gradients 1. saliniiy temperature and turbiaity, drifting ice, and varied sea
state, all of which display characteristic and changing pattern under the influence of strong
currents due to tidal action. Most estuaries are sufficiently small to be readily surveyed
synoptically from conventioral aireraft, and the data so obtained may be easily checked by
observations on the "ground". Prom these considerations it would appear that their value in
the present connection may be in the preliminary testing of techniques to be subsequently
employed over oceanic areas from high flying platforms. Some of the larger estuaries such
as the Gulf of St, Lawrence or the Gulf of California are sufficiently extensive so that the

transient phenomena they display may be profitably studied from satellites as the contribution
of Dr. Cameron amply illustrates.
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POSSIBILITIES FOR USE OF SPACE AND OTHER HIGH .
ALTITUDE VEHICLES FOR GATHERING OF COASTAL ENGINEERING DATA

Per Bruun ’

Department of Coastal Engineering, University of Florida

The various kind of data needed for use in Coastal Engineering are mentioned briefly for
rach specific type of information.

METEOROLOGY

The distribution of winds, barometric pressure and humidity is responsible for waves,
short as well as long period and certain type of currents. The more met*eorological data which
can be secured, particularly from areas which are not easily accessible, *he better possibility
exists for prediction of waves including normal storm waves as well as long period waves as
storm surges, barometric pressure waves and waves caused by large scale irregularities in
wind fields. Littleisknown about wave action penetrating from the arctic as well as antarctic
regions. Space vehicles seem to offer excellent opportunities for gathering of such data as is
already proven in specific cases. The recent experience with hurricane DORA demonstrated

the need for more adequate data on the hurricare structure which may be picked up from
space vehicles,

WAVES

Short period wave forecasting is based on knowledge about wind fields and/or barometric
pressure which must be 1 ecorded, As outlined by Mr, W. J. Pierson, it should be possible to
observe wave characteristics including sea roughness and actual wave dimensional and
directional spectrum by the use of radar, Certain types of radar seem to be useful for studies
of detailed nature requiring wave heights with 1/2 to 1 ft. accuracy and details on the direc-
iional spectrum. Evaluation of the sea state over larger areas using space vehicles provided
with sensos of high resolution will be valuable in the forecasting technique as well as in esti-
1nation of the relative wave energy input on shores, particularly such shores as wouid be
very difficult to observe otherwise. Propagation of long period waves inciuding tides and
waves of surge character observed from space crafts or other high altitude vehicles will be of
large scale economic importance by providing data useful for accurate forecasting and thereby
for an adequate warning system.

Two examples should be mentioned, the March 9-11, 1962 swell activity in the Atlantic

Ocean which caused congiderable damage on the Eastern Seaboard and the March 28, 1964
tsunami caused hy the Alaskan earthquake.

CURRENTS

Joastal Enginecring i mainly concernec « with (ddal and longshore currents caused by
wave breaking, Some studies o's50 include pollution problems. Aerial photography of current
pattern in estuaries has proven very useful but the garie technique may be possible for opera-
tions cavering much larger areag if space or other high altitude vehicles with sensors of high
aceuracy aud penetration can be secured. Data on density currents and internal waves may
be secured thereby.

Information on wave induced longshore currents must be fairly aceurate (1/4 to 1/2
ft/ sec) in order to be of value. Radar has been used in Holland and in Canada for such pur-
pose., High altitude stereo as well as infrared photography seems to offer excellent opportuni-
ties for detailed studie: of current pattern and velocities in the surface. This echnigue has
not been developed in any detail. It should be noted that longshore currenta csused by wave
breaking usually carry water with higher temperature than the water outside the breaker
zone., Upwelling currents which may occur with strong offshore winds will normally carry
water of lower temperature. Possibilities of penetration for observation of currents to
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deeper. layers geem to exist. For computation of sediment transport, cu=~ ut data within e

1 ft. range from the bottom are needed and may be secured by a combi .echnique using
dyes, staffs, drift bottles or simlzr devices to be observed from aire 21 observation
of open ocean currents, a muitiple-look technique using satellites m:uy -ogible.

TIDES

Observation of the propaga*ion of long period wuves was mentioned above and tidal
currents may be cbserved by infraredand stereo-photography. Observation of tidal heights
along shores is doae by photography. A more deve.oped technique may 1iake observation in
the open sea possible if sufficient accuracy can ire secured. This will be of great advantage
for estimation of barometric squall and tsunami waves and their penetration from thc deep
sea into coastal waters, especially in funnel-shaped bays where the geometry may favor
concentration of wave energy endangering coastal zones.

SEDIMENT TRANSPORT

Sediment transport is caused by the action of waves and currents on alluvial ghores.
Information of Juantitative character on sediment transport must include data on the sus-
pended-load as well as the bed-~load transport. It is possible to ob. :rve the pattern of
longshr. e cucrrents with suspension load by photography, ard it seems likely that it should also
be possible to evaluate concentrations by the use of various kinds of photography combined
with a proper calibration technique. But to be of value, it must be possible to measure con-~
centration in various depths below sea surface. Infrared photograpiy from aircraft or
space vehicles may be of sume value in:.sniuch ag the temperature of nearshore water may
differ from the temperature of offshore waters by scveiral centigrade degrees. Wave breaking
in itself causes a rise of temperature of measurable size. The difficully with infrared is its
very low depth penetratior. Sediment transport in estuaries has for long been studied by
aerial photography.

With respect o transport of material & bed-land, it ia somewhat difficult to visualize
how much transporti may be observed from high litudes, There is o possibility that
modern tracing technique, particularly by fiuorescent traccrs, may be able to furnish details
if proper light sources covering large areas can be arranged, and water is ghallow enough
to allow sufficient penetration of lignt and conccatration of tracers in the pottor. material
can be 'nade iarge enough. It is deiiruble {o observe concentration as lew as 10710, At the
first instant this figure raay sound absucd.

With respect ‘o large scale transport of bed inaterial in mig ating sana wave = on the
bottom, aerial photography is already at this time ».ry useful, and even larger o 432
phenomenon may be observed fro-n high «l'itude vehicles, The existing paotogra: . from
the Cape Kennedy area are very isteresting in tlis respect.

COASTAL TOPOGRAPHY AND MORTLCLGGY

It is now possible to undertake hyarcgraphic g'irveys using color prew ... ay down to
about 100 ft. depth under favorable conmiionz {very clear water}., Accurs’y 1 wst be high on
the order of 1 to 2 ft. It may be possible to develop this technique furtr .o, i . licularly with
respect to posgsibilities of penetration in turbid v.aters. Aevial phoizuel iy using infrared
specira is already used for studies of vegetation. Uther typus of high i i"de photography
will be very important for atudies of sand deposits useful for beacl. acurishment.

Changes in shoreline geomectry is observed by periodic aeriai surveys. It should be pos-
sible to develop this technique much {urther by the use of high alituds vehicles with proper
photographic equipment making it possible to distinguish horizonts® fiuctuations on the order
of 10 ft. an vertical changes of anproximately 1 fi. Such iafcrmatisn will be valuable in
evaluation of techaical as well as scientific matters, pariiculaily 1. combined with ability to
penetrate shallow waters thereby allowing evalnaiion of large gc.ic sediment transport.
Perlodic surveys of shorelines and special surveys following storms will give jnformation of




great scientific and economic value. High resolution photogr-phy from space vehicles may
be very important,

Use of buoys moored in offgtore waters telemetering wave data to shore would allow a
correis.i n between wave data and shore movements. Longshore currents must be recorded
simultancously.

FORCES

There seems at this time to be little possibility for evaluation oi actual forces on
objects by the use of sensors installed in low or high altitude vehicles., Meanwhile information
secured on sea state will be able to furnish wave data and thereby information cn wave energy
and its propagation, Current data will be of similar value, if it becomes possible to observe
currents at different elevations above the sea bottom. Low flying aircraft are useful for
evaluation of details of the wave spectrum at wave breaking and the charactur of the wave
breaking, Thia technigue should be developed to secure more deta®is.

CONCLUSION

In conclusion, it may be said that even in "a field of details" like coastal engineering,
high flying vehicles seem to open possibilities in the future of great value for coastal
engineering research. At this time certain delails may be studied by low flying aircrart vzing
a properly calibrated technique, Radar, stereo-photography and infrared photography seem
tc orfer excellent oppertunities,
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COASTAL PROCESSES
——
qs Rhodes W. Fairbridge

& “66 - 303 Celumbia University

i. In view oi the close interaction beiwven COASTAL PFROCESSES and such diverse
phenomena as gravity waves, currents, tides and runcsf from rivers, it would appear that any
sort of overali observation or recording that could nelp integrate those phenomena should by
pronounced a GOOD THING and worthy of ciose study.

2, The przsent status of COASTAL GEOGRAPHY studies lies in the area of smaili-scal:,
local, concentratad investigations, for the most part. When considering th. problem of long-
shere sand movement along beaches, for example, which have biliion-dollar economic orice-
iags, we are often involved in complex interactions, the pararacters of which cannot be
established within a local area. Thne major swell source mauy, for instance, originate soveral
thousand km. away. Forces which produce erosion and da:nage to evastal instaitations at one
pnint will logically lead tc harbor and channel siltation in another. Tho recent program of
air photographic coverage along the vastern U. S. scaboard {rom low-flying aircraft has been
a valuable step, but essentially only an extens:on of the local study viewpoint.

3. A world pilot-stuay of coastal sediment dynamics has recently been issued by R.
SILVESTER (at present in Berkeley, Dept. of Engineering). Calling for a concentrated effort
-vould be a sequence of high-level recoras of swell-sediment motion reaciions at close inter-
vals over & 12-month period.

4. In addition to ~bviousiy seasonal, repetitive dynamics, therc are long-term secular
phenomena that are much iess easy to observe, but which nevertheless ultimately rzach
crescendo points which may have vast and catastrophic results. One may consider the case
of Dutch dike catastrophes, waich refleci the coincidence of more or less predictable
meteorologic/oc eanographic phenomena (low pressure, high tides, onshore winds, sciche
c{ects) and secular phenomena (the siow subsidence of the North Sea Basin, about 1-2 mm.
snnuaily, and the recent eustatic rise of sea level, 1-5 mm, annually). The geomorphology of
such regions, in contrast to stable or uplift areas, is very distinctive, but difficult to analyse
svstematically on the basis of local studies alone.

5. Climatologists now clearly recognize tht existence of long-term climatic oscillations
{crlated variously to UV solar transmission, volca: .c -tust/albedo control and other factors).
Oceanic circulation must be geared to these oscillations, but the relationships have yet to be
worked out in detail, notably the time or retardation factors. Since the Coriolis Force is
involved, variztions in the energy of any major coastwise curren: such as the Gulf Stream
«ill lead to variations in the tilt of the mean water surface, to be recorded hy anomal.es in
coastal tide gauges. Any device that could be used to measure the Guif Stream velocity, for
correlation against the east coast tide gauges would be of inestimable value.

6. Coordination with ground studies is evidently essential if any of the above projects
were to be impplemented, This has always been a gine qua non for the proper appraisal of air
phctography. K would seem that observations and recordings from satellites, manned or
otherwise, involve two new dimension changes:

a. Scale, raising the mean height of the cbserver from about 10 km. {in conventional =
photography} to 100 km. and over, thus at least one order of magnitude in elevation but
two orders of magnitude for the area covered by a given picture with a conventional
camera.

b. Sensing Equipment. R is cvident thai cloud and smog obliteration factors must be
avoided by use of new devises, The effectiveness of radar photography at intermediate
altitudes has already been demonstrated. We should explore the possibility of "seeding"
major currents, such as the Gulf Stream, with mﬂl-i@f_egnatfzd_ cork chips or
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plastic -balls weighted to float at predetermined depths. Methods for the large-scale
tagging of beach sands should also be investigated.

7. Administrative Procedure., As far as COASTAL GEOGRAPHY, ENGINEERING,
GEOMORPLOLOGY, and OCEANOGRAPHY are concerned, a first step would be the establish-
ment <f a planning zand coordination committee, to bring together existing national and inter-
national authoriiies and study groups. Thes: should include representatives, amongst others,
of:

- International Conference on Coastai Engineering Council .ur Wave Research

- International Association for Quaternary Research (INQUA Commission on Shore-
lines)

- Internationai Geograpaical Union (IGU Commission on Coastal Geomorphology}

- International Union cf Geodesy and Geophysics {Int. Oceanographic Assoc., Commis-
sion on Shallow Waier Research)

- U. S. Coasti 2nd Geodetic Survey
- U, S. Army, Corps »f Engineers (Beach Erosion Laboratory}
- . 8., Office of Naval Research, Geography Branch

~ U, S., Neiional Science Foundation, Earth Sciences Division.
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STATUS OF MARINE GEOLOGY STUDIES IN MEXICO

Guillermo P. Salas®

% N 6 5 - 36 :g 9 6 Agustfn Ayala Costdfiares™

Universidad Nacional Autonoma ge Mexico, Instituto de Gec;logxa

INTRODUCTION

It is notable zhat the importance of Marine Geology and oceanngrapnic studies in Mexico
had heen overlooked by the Mexican goverament and scientific institutions until recently.
Apparently it made no difference that Mexico is one of the largest countries in the world with
regard to the length of its coasts of litiorals which extend for more than 2,270 kms. on both
the Atlantic and the Pacific Oceans.

Moreover, the continental platform off the coasts of Mexico add up to more than 477,500
2 -
kms®, down to the 220 m isobath.

With the advert of oceanography as a modarn coordination of a group of marine disci-
riines in the past decades, some Mexican scientists staried ocearographic ac'ivities at the
Universidad Nacional Auténoma de México.

Thus, as shown in the text later tide observations were begun in a systematic and
scientific way for the first time early in the past decade. Later, expeditions to study volcanic
islands in the Pacific Ocean gave rise to a series of mesine and littoral observations by
geologists in Mexico so that, under the encouragement of Drs. F. B. Phleger aad Gifford
C. Ewing, of the Scripps Institution of Oceanography the senior author started the Marine
Feology Department at the Instituto de Geologia in the Universidad Nacional Awténoma de
México.

This new Department stimulated the use of raarine biology studies to complement geolo-
gical surveys in littoral lagoons and thus marine biology came into its own in the last few
vears.

A selected bibliography presented at the end of this paper will contribute to fulfill the
scope sought in presenting it so that more information will be available to the international
oceanographic researcher.

The authors acknowledge sincere thanks to Drs. P. M. Fye, Director of Woods Hole
Oceanographic Instiiution and G. C. Ewing, Chairman of this Conference ccnvened to evaluate
the feasibility of conducting oceanograghic explorations from aircrafts, and manned orbital
or ‘unar laboratories.

BRIEF HISTORICAL BACKGROUND

Although Mexican littorals and nearby islands have been explored since the XV Century
by the first European explorers, as Amerigo Vespucci, in 1497, it was not until the conquest
of Mexico was consumated by Hernan Cortés, and afterwards, that the first systematic
exploration for strategic mapping of the Mexican littorals and islands was initiated.

On the Atlantic side in the XVI Century Pinzdn, Alamino, Grijalva, and others contributed
+5 the mapping of the Mexican coast in the Gulf. On the Pacific side at approximarely the same
tirae, Cortés, Sandoval, Onate, Vizcaino, and others mapped along the littorals on the main-
land at the Baja California Peninsula.

¥Director Instituto de Geologia, Universidad Nacional Auténoma de México.
**Coordinator of the Marine Geology Program. Instituto de Geologia, Universidad Nacional
Autdénoma de México.
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Mapping and littoral studies contirued throughout colonial times but maritime transpor-
tation did not require intensive or extensive knowledge of the Mexican coast; except around
the two or three harbors in use "t the time, on each ocean.

By the XIX Century, both the British and the American Admiralties, effected extensive
mapping of the coast of Mexico and itz Continental Platform close to shore, so that excellant
coastal maps became available after the USS Narragansett (1873-1875) and the TJSS Tuscarora
{1878-1878) expeditions on the Facific. On the Atlantic side and in the Gulf of Mexico and
Caribbean, excellent maps were put forth by the H.M.S. Challenger {1873-1878) expedition of
the British \dmIralty {1852} and by the USS Wycming (1873-1874} and the USS Fortune {1873~
1874).

Naturally, these bathimr etric and geographic maps were limited solely to ravigation
requirements and may be taken as the predecessors of actual oceanographic studies in
Mexican warers.

With the advent of modern and more scientific equipment for the oceanographic disci~-
plines, Mexican shores and oceanic waters have been cxplored and studied by several foreign
Institutions so that within the past two decades literature on marine geology 2nd allied sub-
jects has grown profuselv in amount and in quality.

Thus, it is hoped by the aut»ors that the main objective sought in presenting this paper,
which is to bring up to date the state of oceanographic and marine geologic knowledge regard-
ing Mexican littorais and cceanographic waters, will be fulfilled by the following brief sum-
maries of most of the works done in Mexican waters znd by presenting what is believed to be
an up to date bibliography on Mexican oceanography and marine geology, etc.

The Revillagigedo Archipelago and the Gulf of California were studied several times,
especially in 1021 and 1925. The basic knowledge of the physical and biological character-
istics of those islands was obtained from expeditions.

The same areas were surveyed by the vessel "Velero HI" of the Allan Hancock Feunda-
tion in several expeditions. Most of the results are described in the "General Accou it of
the scientific work of the 'Velero III' in the Eastern Paucific”, 1931-1941, published by the
Foundation in 1943.

Cruises to the Gulf of California were organized by the Scripps Institution of Oceano-
graphy, during 1639 and 1940, in the vessel "E. W. Scripps". Results of the Marine Geology
research were published by various authors, i 1950 in a Memoir of the Geological Society
of Ame.ica.

An expedition to the Revillagigedo Archipelago was made by the Scripps Institution of
Oceanography, in 1952, to study the birth and development of the new volcanco "Bircena®,
in the San Benedicto Island, under the leadership of Dr. A. F. Richards. The islands, sub-
marine bottom and structural characteristics of the Clarion Fault were studied. Another
uxpedition to the area was made in 1855, in the -vessel "Crest".

An exploration to the reefs south of the Triangulo Isiand, in the northern portion of the
Campeche Bank and other reefs north and east of Yucatan Peninsula was organized in 1935 by
the Politechnical Institute, undé~ Dr, F. Bonet, in a vessel of the Mexican Navy, the " Davic
Porter". General geologic observations v~re made on the reefs, particularly concerning
their mechanism of growing, related to sea currents, especially the Gulf Stream. Bilological
studies also were maue, under Drs. E, Caballero and C. Bolivar,

Another expedition to the Revillagigedo Islands was organized by the Scripps Institution
of Oceanography in 1857, uader the scientific direction of Dr. A. F, Richards in the vessel
"Stranger", with participatior of Ing F. Mvos r of the Instituto de Geolegia. The main
geological purposes were to study the iarge Clarion Fault, and the petrographic composition
of cores and rock samples of the Clarion, Socorro and San Benedicto Islands.
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Investigations in the Campeche Bank area by the Agricultural and Mechanical Un.ver-
sity of Texas, were begun in 1957, under Drs. K. H. Drummond and R. G. Bader, in the
vessel "Jakkula", Dr. F. Bonet of the Instituto de Geologia participating. Geophysical, geo-
logical and biological studies were carried out. Cores of sediments from the continental
shelf and deeper portions of the Bay of Campeche were obtained, 25 hydrographic statioas
were established, bathytcrmographic observations were made each hour (with plankton
collecting}, and meteorologicai datz was obtained, accompanied by information of the upper
atmosphere. Later cruises in the vessel "Hidalgo'", in 1952 under Dr, L. S. Kornicker, in
close relationship with the Instituto de Geologfa, were developed, with the participation of
Ing. A, Yéhez and Ing. R. Pérez Priego.

A Mexican expedition to the Socorro of the Revillagigedo Archipelago was organized in
1958 in the vessel "Tehuantepec” of the Mexican Navy, by the Institutc de Geofisica of the
National Autonomous University of Mexico, under the leadership of Dr. J. Adem, covering
geophysical, geological and biological aspects. Ing. L. Blasquez of the Instituto de Geologia
participated, and studied the hydrogeology and edafology. A monograph of the research
done was published by the Institute, 1960. ’

Although the increasing interest of Mexican scientists in oceanographic disciplines was
great, lack of research facilities and trained personnel kept them from participating
actively in such explorations until 1959, when a coordinated effort was made towards the
execution of definite research programs in the Instituto de Geologia.

Marine geological and general oceanographic studies at the Instituto de Geologia began
early in 1959. Mutual cooperation programs were undertaken with the Scripps Institution of
QOceanography of the University of California, the Instititute of Marine Sciences of the
University of Texas, and the D:partment of Oceanography and Meteorology of the Agricultnral
and Mechanical University oi Texas. Three of the members of the staff of the Instituto de
Geologia have been on board several oceanographic cruises in the Pacific Ocean, Gulf of
Mexico and Caribbean Sea, and visited the Scripps Institution of Oceanography several times,
studying the laboratory organization and specialized methods employed, for improving their
scientific preparation.

Special efforts have been made to educate a group of Mexican scientists in different
fields of Marine Geology. Twelve scientists constitute the staff working on the projects in
process, covering the basic field work, the study of inorganic and organic fractions of the
sediments, and some experimental ecological work.

The Instituto de Geologfa initiated its first formal marine geolougy project in 1958
under the direction of the senior author. With the encouragement and sponsorship of Drs. F.
B, Phleger and J. Curray of the Scripps Institution of Cceanography, a program was initiated
to study the Mexican coastal lagoons on the Gulf of Mexico shores (Laguna Madre, Tamaulipas;
Laguna de Tamiahua, Veracruz; and Laguna de Términos, Campeche).

This work was facilitated by N.S.F. Grant No. 19105. 7To carry out this program
sedimentology laboratories were established at the Instituto headquarters and the
Laguna de Términos was chosen to begin the program. Results of this work were pablished
late in 1963.

General studies of the Laguna Madre began in 1962 and it is hoped t{o publish results
early in 1965. The Laguna de Tamiahua field work was completed in June 1964, 2ad probably
the results will be published late in 1865, These studies are coordinated by ti-e junior author.

A program for the joint study of the Alacran Reff, Campeche Bank, by the Instituto
de Geowg‘fa and the Institute of Marine Sciences of the University of Texas was established
and field work done in 1959, 1860 and 1861, under the leadership of Dr. L. S. Kornicker and

the senior author of this report. Dr. F. Bonet and Ing, A. Yéafiez, of the Instituto de Geologia
participated, several papers have been published and many others are in progress,
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An important research program in the Gulf of California was started by .he Scripps
Institution of Oceanogcaphy, in close relationship with the Instituto du Geologia. The vessels
“Baird" and "Horizon" were used. Studies included part of the mair'and, and some portions
of the coastal and offshore Baja California areas. Members of the Listituto de Geologia
participated sporadically in the project. Aircraft, ship and land operitions were carried out.

A Geophysical study of the Sigsbee Deep, was organized for the Lomont Geological
Observatory of Columbia University, in 1961, in the vessel "Vema' under the leadership of
Dr. M. Swing. The Instituto de Geologia was invited to participate and Ing, A Yandz was
commissioned to the cruise, At the request of the senior author seismic profiles were shot
across the Continental Platform to tie in to the Pemex wells at the North Yucatan .nainland,

Minor Marine geological studies, have been made by personnel of the Instituto de
Geologia under a cooperation contract with the Mexican Navy, particularly concerning sedi-
mentary studies for Harbor development in various areas of the country.

Physical Oceanography studies have been carried out mainly by the Instituto de Geo-
fisica in the U.N.A.M. That Mmstitute established, in cooperation with the Inter-American
Geodetic Survey, a series of tidal guages on both coasts, in 1947; some of these were dis-
continued soon after for technical reasons and others are still in use. Determinations of
salinity, temperature and other data have heen made more or less continuocusly at those
stations. Results have been published for several years. it may e said tnat study of such
aspects of the physical regime of the sea became more appropriate in 1961 when numerical
data began to be processed by a computing macaine for tide prediction.

Meteorologial, gravimmetrical and seismological studies have also been made. Their
results are published mainly in the Anales del Instituto de GeofiSica. Meteorology and
Climatology of the ocean-continent-system in the Gulf of Mexico are covered by the Institute of
Nautical Meteorology of the Directorate of Geography and Meteorology of the Secretariat of
Agriculture.

Efforts will be continue! in the future, and it is hoped to obtain enough economic support
to train more specialisis, and to carry out more ambitious programs svch as the study of the
continental shelf adjoining the coastal lagoons already studied. This requires necessarily
more expensive equipment and larger laboratory facilities.

Marine biological studies are carried out at the Universidad Nacional by scientists of
the Instituto de Biologfa. They are concerned with taxonomic, ecologic and evoluvticnary
aspects of different groups of flora and fauna from both Mexican littorals. Results are pub-
lished in specialized journals, particularly the Anales cei Instituto de Biologia. Biological
studies of marine organisms are also conducted in the National Schools of Biclogical Sciences
of the Mexican Politechnical Instutute, and the results published mainly in the Anales de la
Escuela Nacional de Ciencias Bioldgicas. The Directorate of Fisheries and Relaied Industries
of the Secretariu de Industria y Comercio, through the National Institute ¢f Fisheries Biology,
is responsible for the technical study and conservation of marine and inlznd water organic
resources, raainly fisheries; this agency is publishing occasional papers on Marine biology,
and Informational pamphlets.

The sudden development of Marine geclogical research in the country since 1959 acted
agacetalytic agent to increase interest of Mexican Institutions and scientists in the oceano-
graphic disciplines. The First National Oceanographic Congress, celebrated in Chilpancingo
and £ capulco, in March, 1963, with a presentation of nearly 100 papers, as an indication of
such reaction. The Second National Oceanographic Congress will be held in Ensenada, Baja
California, in March, 1865.

A discussion of the different regional or specific studies of Marine Geology in Mexico,
partic :larly those conducted with the participation of the Instituto de Geolog“{a. follows, includ-
ing in each case the more significant references anc a map (Fig. 1) showing the specific areas
of study.
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A COMPREHENSIVE ANOTATED BIBLIOGRAPHY

A short, but realistic historical description of oceanographic studies in Mcxico to 1957
was published by Maldonado-Koerdell {1958a). This author stressed the fact tha. w0 Mexican
Instituiion was doing Marine Geological studies, and probably the Irstitute of Geology of
Petrdleos Maexicanos cou'd be interested in this field.

The Panamerican Institute of Geography and History published twn papers (1958, 1960),
including American Bibliographies in Oceanography and Geophysics, respectively.

Alvarez del Villar et al (1961) made a complete analvsis of Hydrobiologic and fisheries
investigations in Mexico, including an exiensive bibliography with 1831 references, some of
them concerned with papers in Marine Geology.

Ayala-Castanares {1963a) summarized the oceanographic and Marine geological studies
in which the Institute of Geology participated between 1959 and 1963, with special attention to
tae independent programs carried out by scientist of that Institute.

GULF OF MEXICO AND CARIBBEAN SEA
REGIONAL STUDIES

REGIONAL FRAMEWORK

Geoloyy, shorelines and ccasts, Marine Meteorology, physics and chemistry of the
waters, Physical Oceanography, light penetratmn and Foraminifera are discussed regionally
by Lynch (3954}, Price (1954), Leipper (1954a), Marmer (1954}, Leipper (1854b), Shoemaker
(1954), and Phleger and Parker {1954), respectively. Important biological aspects are
described in the important monograph "Gulf of Mexico, Its Origin, Waters and Marine Life",
Lynch (1954),

EAST MEXICO COASTAL LAGOONS

A short contribution describing the general program of the Institute of Geology studies
in the larger East Mexico coastal lagoons was presented by Salas and Phleger (1962).

EASTERN MEXICO CONTINENTAL SHELF

General aspects of the oil exploration studies made by Petrdleos Mexicanos on the con-
tinental shelf of Eastern Mexico were discussed by Garcia Rojas (1963). The paper refers
specifically t¢ ine area from Isla de Lobos, off the Laguna de Tamiahua, to the Santa Ana
Area, off the State of Tabasco.

SPECIFIC AREAS OF STUDY
1. LAGUNA MADRE, TAMAULIPAS AND MATAMOROS AREA, GENERAIL STUDY

“ielo wurk was done in 1962-196% The general reconnaissance of the area was made
by aircrat, by Ing. A. Yanez and the authors, laboratory studies, under the coordinarion of
the juaior author, of the material collecteu in 200 stations will be finished this year. It is
hoped to publish several papers giving the general description of the area early in 19€o.
Bathymetry, salinity, temperature as well as sedimentological inve stigations of the inorganic
(grain size, heavy minerals and internal structure features through X-Ray exposures) and
organic (diatowr, foraminifera, ostracods and molluscs) fractions are inciuded. An ecologic
study of the vegetation of the beaches and areas surrnunding the lagoon and the island is being
made. Experimental ecologic studies on living foraminifera are also in process. Although a
paper by Segura (1963) has already been published, dealing with the foraminifera of the "Playa
Washington south of the Rio Grande Mouth near Matamoros, Tamps; detajled studies are
planned for future activities.
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2. LAGUNA DE TAMIAHUA, VERACRUZ, GENERAL PROJECT

¥ield work was done in June, 1964 by Ing. A Yéfiez, under the supervision of the junior
author. A helicopter was 1:sed in part of the field work, 60 stations for ecologic observaiions
and measurements were established and dredged and core sediment samples were collected
for sedimentological studies of both the inorganic and organic fractions, covering the same
aspects as the Laguna Madre studies, Water samples for suspended sediment content as well
as plankton tows and bottom vegetation samples were obtained,

Detaiied laboratory studies of those materials, under the coordination of the junior
aathor are in process, including somme biological studies of bottom vegetation and plankion,
made by specialists of the Department of Biology of the Faculty of Sciences ¢ 1d the Institute
of Biology respectively.

Technical biologist of the Institute of Fisheries Biology also participated for studying
some specific biological aspects. The Coastal Studies Institute of Louir "ana State University
began a few years ago a geomorphologic, ecologic and geographic study of this area. As part
of their results Poggie {1962) published a paper dealing with pioneer plants and their habitat
in the Cabo Rojo Area.

3. REEFS IN THE VICINITY OF THE PORT OF VERACRUZ

A detailed sedimentological study of the reefs and sand sediments in the vicinity of
Veracruz was begun in 1963, by J. Morelock of the Department of Oceanography and Meteoro-
logy of the Agricultural and Mechanical University of Texas in close cooperation with the
Instituto de Geologia. The project is still in progress.

Emery (1963; described briefly the sedimetology of the reefs near the Port of Vera-
cruz.

4, LAGUNA DE ALVARADD, VERACRUZ

Sedimentological analyses were made in this area, as part of a cooperative research
program for Harbor development with the Mexican Navy in 1863.

5. GRIJALVA RIVER DELTA

Sedimentological studies were made in this delta, in 1962, as part of the joint projects
with the Mexican Navy.

6. LAGUNA DE TERMINOS AND CARMEN ISLAND, CAMPECHE

A) General studv. General oceanographic and sedimentologic studies were begun early
1959, under the leadership of the senior author and Dr. F. B. Phlezer of the Scripps Institution
of Oceanography, with collection of ecologic data and 200 samples of sedimuents (dredge and
core samples). Laboratory studies were done under the coordinaiion of the junior author, and
papers published late in 1963, covering the pathymetry, salinity, cemperature and recent sedi-
ments {Yafiez, 1933), generic distribution of recent diatoms in the sediments {Silva-Barcenas,
1963), systematics and distribution of the foruminifera in the sediments (Ayala-Castanares,
1963b), and systematics and distributions of the micromolluscs (Garcia Cubas, 1963). Studies
on distribution of ostracods and experimental ecolegic research with living foraminifera are
still in process.

Zarur {1961-.962) published some biological resuits as 1 guest research Jellow «n this
project representing the Inst, Tecnologico de Veracruz.

Folk (1962) discussed briefly the sorting 0" .he carbonate beaches on Carmen Island

B) Advanced studies. More detailed and ndvanced studies in the area were planned in
early 1963, and Dr. F. B, Phleger, Dr, A. Ayula-Castailares and Ing. A. Yadez visited the area
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in May, of that year, to locate 17 stations for ecologic observations and sampling. The pur-
pose of this study is to determine the variability ui the ecologic factors in the whale area, as
well as the relatize organic productivity and relative rates of deposition, employing mainly
standing crops, and the rate of lotal number of living foraminifera, diatoms and micro-
mollusce, by uniform vciume of sample parameters as « epositional rate norms. This project
will be cortirued during at least three riore years. Plankton and botiom vegetation seasonal
preduciivity studies are carried our by >ersonnel of the Institute of Biology and the Department
of Eiology of the Schooi of Sciences resjectively. Technical biociogists of the Institute of
Fisheries Biology are also participating in this program.

Sampling and detailed studies of Carmen Island, which is believed to be a barrier
island, were started in May, 1963. Detziled topographic and geologic studies will be done
trying to determine its origin, evolution and rate of growth. The Northern beach of the island
was carefully sampled by means of 30 sampling sections along the coast. Carbon 14 deter-
minations will be made for age dating.

7-10. BAY OF CAMPECHE, CAYO ARCAS, CAYO ARENAS AND TRIANGULO REEFS IN
THE CAMIECHE BANK

A research program for studying those areas was begun in 1857, by the Department of
Oceanography and Meteorology of the Agricultural and Mechanical University of Texas. under
Drs. D. H. Drummbond and R. G. Bader, with participation of Dr. F. Bonet of the Institute of
Geology. Some results have been pubiished by Creager {1958a, 1958b), covering a rubruarine
canyon-like feature, and bathymetry and sediments of the Ray of Cainpeche respectively.
Results on wave refraction and wave energy in Cayo Arcas, Campeche Bank were published
by Waish. Reid and Bader (1962).

Arother series of investigations of the area, by the same institution under Dr. L. 5.
Kornicker was made in 1961, Ing. A. Yafez snd Ing. R. Pérez Priego, participated. The
description of oae of the cruises was published by Perez Priego (1962).

11. ALACRAN REEF, CAMPECHE BANK, YUCATAN

The integral study of physical, geological and biologiczl characteristics of the reef
complex was carried out as a cooperative program between the Insiitute of Marine Sciences
of the University of Texas, and the Instituto de Geologia, under the leadership of Dr. L. S.
Kornicker and the senior author. The Institute commissioned Dr. F. Bonet and Ing. A. Yanez
for the field work done in 1959, 1960 and 1961. Several scien:.sts of different institutions in
Mexico and the United States are studying the materials collected. Marine geological studies
of the sediments are designed to define the sedimentary patterns. A diamond bit hole was
drilied down to 150 feet, cores and samples are being studied at the Institute. Several papers
have been published, covering the generat description (Kornicker, Bonet, Caun and Boskin,
1959), shallow water geology and environmerts of the reef complex {Kornicker and Byd, 1862),
molluscs (Rice an 1 Kornicker, 1962), sorting of sorae carbonate beaches (Folk 1962), car-
bonate sedimentation {(Hoskin, 1963), carbonacecous sand (Folk and Robies, 1964} short fora-
miniferal study {Davis, 1964), and vegetation of the islands {Bonet and Rzedovski, 1964).
Sediments of the well in Isla Perez will be published shortly by Dr. ¥. Bonet. Detailed ecology
and distributional studies of the foraminifera in sediments (surface and subsurfacz; wiil be
published early in 1965 by the junior author and C. Gonzilez.

12. YUCATAN AND CAMPECHE PROVINCES

Harousg {1964) published an important c~ni.ibution dealing with the petrology and
petrography of the Campeche Lithic Suite, Yucatin Shelf, as gt of thc cooperative studies
made by the Department of Oceanography and Meteorology of the Agricultural and Mechanical

University of Texas and the instituto de Geologia.

Logan (1962) described the submarine topography of the Yucatén platform.
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13. CIENAGA DE PROGRESO, YUCATAN

Physical ctudies, some of them concerning sedimentation were made by the Mexican
Navy. The results are published by the Direccién Genera: de Obras Maritimas {1963a).

14. ISLA DE MUJERES, QUINTANA ROOC

Folk, Hayes and Shoji (1962} described the carbonate sediments of Isla de Mujeres and
vicinity, as part of the guide bbok of a field trip to Yucatan, urganized by the New Orleaas
Geological Society.

Folk (1962) discussed briefly the sorting of carbonate beaches in that area.
Shoji (1963) wrote a detailed review of the first mentioned study.
15. SIGSBEE DEEP

Exzellent geophysical research was conductea in 1961 by the Lamont Geological
Labcoratory in the Sigsbee deep, under the leadership of Dr. M. Ewing. The Instituto de
Geologia was invited to participate and Ing. A, Yafiez {1962) published a short paper describ-
ing the program and mode of operation of that cruise.

PACIFIC OCEAN AND GULF OF CALIFORNIA
REGIONAL PAPERS

Regional papers have been published conce:ning the Baja California Peninsula area or
with the Mexican portion of the Pacific Ocean, concerning the gencral geology and historical
geology of Baja California (Durham and Allison, 1950; Mina, 1956, 1957). The volcanological
and some structural features of Mexico, including some submarine characteristics, the sub-
marine topography of the Pacific Ocean West of Mexico {Heacock and Worzell, 1955), the
gravimetric and Cortical Structure of Mexico (Woollard and Monges Caldera, 1956) and the
seismic-refraction results on the Middle America Trench, from Puerto Vallarta South
{Shor and Fisher, 1961).

SPECIFIC AREAS OF STUDY
16. SURMARINE BASIN OFF THE NORTHERN PART OF BAJA CALIFORNIA

A survey of this rew baain was published by Emery (1853), showing details of the sub-
marine topography.

17. SAN MIGUEL LAGOON, B, C.

Sedimentary significance of depositional environment in this lagoon, and a general
oceanographic description of the area were covered by Stewart (1958).

18, TODOS SANTOS BAY, B, C,

This area has been explored by different researchers. Walton (1955) wrote a general
oceanographic description and discussed in detail the Ecology of the living Foraminifera, with
a view to understanding deposition of these materials. The Ecology of the recent Ostracods
of the area was studied by Benson (1956, 1959).

Emery, Gorsline, Uchupi and Terry (1857) discussed the sediments of Todos Santos
Bay.

Recently Ing. C. Obregén of the School of Marine Sciencies of Baja California, in
Ensenada has been studying the bathymetry and geologic interpretation of the Todos Santos
submarine canyon. He is also studying the sedimentation process that is sanding up Ensenada
Harbor.
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19. SAN QUINTIN BAY, BAJA CALIFORNIA
Some aspects of the recent history of this arez were explained briefly by Gorsline {1962).

20-21. SEBASTIAN VIZCAINO BAY, OJO DE LIEBRE AND GUERRERO NEGRO (SCAMMION]
LAGOONS, BAJA CALIFORNIA

‘These areas have been explored -uring the past several years by scientists of various
institutions, especially Scripps Institution of Oceanography, Drs. F. B. Phieger, J. S. Brad-
shaw, H. Postma, G. C. Ewing, et al. The authors of this report participated in some field
operations either by aircraft, boats or on land. Sedimentology and Oceanography oi che Ojo
de Liebre and Guerrero Negro Lagooas was studied by Phleger and Ewing {1962). Phleger
{1964) mentioned some ecological aspects of Ojo de Liebre Lagoon. Some sedimentary
characteristics of Scammon Lagoon were discussed by Stewart (1958).

22, OFFSHORE AREA BETWEEN SEBASTIAN VIZCAINO BAY AND CABO SAN LAZARO
BAJA CALIFORNIA

(Studies of the genetic process of the offshore.} Receni phosphorites North of Setastian
Vizcaino Bay on the western shoresof Baja California, have been completed and are awaiting
publication. Preliminary results were published by D*Anglejan (1962), as part of the
cooperative proérams between the Scripps Institution of Oceanography and the Instituto de
Geologia of the Universidad Nacional Autdnoma de México.

23, SAN CRISTOBAL BAY, BAJA CALIFORNIA

Some sedimentological aspects of this bay were described by Emery, Gorsline, Uchupi
and Terry {1957).

24, BAHIA MAGDALENA, EAJA CALIFORNIA

Physical characteristics, including sediment composition were made by the Mexican
Navy, with the cooperation of the Institute of Geology. Results were published by the
Direccion General de Obras Maritimas (1963).

25. SANTO DOMINGO LAGOON, BAJA CALIFORNIA

Phleger and Ewing (1962} discussed briefly some of the physical oceanographic aspects
of this area as well as sedimentary patterns,

26, REVILLAGIGEDO ARCHIPELAGO

These islands have been studied several times, as may be noticed in the foregoing hiz-
torical review. Papers have been published relative to several expeditions of tne California
Academy of Sciences (Haunna, 1928, 1327); hydrogeology and edafology of the Socorro Island
{Blasquez, 1960a, 1960b}, and volcanology (Maldonado-Koerdell, 1958¢, Ric 1irds, 1953, 1956,
Richards and Dietz, 1956, Snodgrass and Richards, 1956, and Williams, 1982).

27. GULF OF CALIFORNIA

Comprehensive studies of the Guif of California have been mace during the past 15
years by both Mexican and foreign institutions or individual scientiste. These include many
aspects of the marine environment, submarine basins and surrounding land forms. The
major stimulus to this kind of research was originally given in 1840 by the "E. W. Scripps"
cruise, of which the results were published some years later in a Memoir of the Geological
Society of America {vide Anderson and other authors in the Bibliography). The work pub-
lisi.ed is mainly dedicated to the geology and paleontology of the Guif environments.

For the purposes of this report, the pertinent papers will be referred to as follows:
a) general and Marine geology including submarine topography, b) Sedimontology and
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gevckemistry, ) Paleontology and Stratigraphy, including taxonomy.

a} The structure and tectonics of the elongated trough that constitutes the Gulf of
California, as well as the geology of its coasts and island have been dealt with by Anderson
{1850}, Byrne (1957), Shepacd {1950}, Sverdrup (1941) and Thumpson (1962).

L) The sedimentary pattern and geochemical composition of sediments have been dis-
cussed by Bandy {1961, 1962, 1963), Bradley {1949), Byrne and Emery (1960), Keen (1962,
1964), Parker (1962), Phleger (1962, 1964, ard in press), " -~velle (1950), Taft and Harbough
{1964}, and Van Andel {in press).

¢} Invertebrate Paleontology and stratigraphy is rather poourly represented and in need
of stimulus for a better knowledge of organic remains in the area: Mention can only be made
of wwo pape s, one by Durham (1950} on megascopic paleontology and Marine Stratigraphy,
and another by Natland (1950} on Pieistocene and Pliocene Foraminifera. -

d} Similarly, the general geophysical aspects of the Gulf of California have only these
references; the f{irst by Harrison and Spiess {(1961) on gravity measurements in the sub-
marine bottom, the secord by Kovach and Monges Caldera {1961) on resuits of a gravity
survey in the delta of the Colorado River, and the third by Spiess (in press) on the gravimetry,
seismology and heat flow characteristics; and general geophysics (gravity, seismology,
magnetometry, etc.), and physical oceanography. Obviocusly by reason of facilities and
opportunity, some of these special fields are greatly developed while others are only repre-
sented by a few contributions.

¢) The physical oceanographic aspects have been reported upon only by Roden (1958}
covering vceanographic and meteorologic aspects, and Roden and Groves (1959) on some
physical oceanographic traits.

However, in the four special fields above mentioned, a number of papers are either in
the process of preparation or are in print. Furthermore, within the International Upper
Mantle project of the International Union of Geology and Geophysics (LU.G.G.), the Instituto
de Geoffsica de la U.N.A.M.,, in collaboration with the University of California at Los Angeles
and the California Institute of Technology, in Pasadena, is conducting a seismological program
of study of long-wavc prupagation through a network of four stations on both sides of the Gulf.
The codirectors of the project are Prof. L. Knopoff and Dr. L Herrera,

28. COAST OF THE STATE OF SONORA

The Scripps Institution of Oceanography has been carrying out studies along the coast
and on the contineutal shelf off the State of Senora. This is a part of the Gulf of California
Project and the Instituto de Geologia has cooperated in this work.

Nichols {1962} described briefly the tidal flat sedimentation of the Sonoran coast.

Benson and Kaesler (1963) studied the recent marine and lagoonal ostracods from the
Eastero de Tastiota, Son.

Phleger (1964) mentioned that the barrier island and marsh foraminiferal faunas else-
where are different from the mangrove marsh fauna of Sonora and the slightly hipersaline
marsh faunas in Ojo due Liebre Lagoon in Baja California.

29. TOPOLOBAMPQO BAY AREA, SINALOA
The Institute of Geology, in & cooperative program with the Mexican Navy is conducting
a general oceanographic survey of this area. Detailed seaimentological studies will be car-

ried out to include hoth the organic and inorganic fractions trying to define the sedimentary
dynamics of the region.

445




30. SINALOA AND NAYARIT COASTAL PLAIN AND CONTINENTAL SHELF

J. R. Curray of the Scripps Institution of Oceanography and D. G. Moore of the U. S.
Na.y Electronics Laboratory have been working for several years on the sedimeunts and
history of the coastal plain and continental shelf of this area. Some papers have already
appeared as part of their results (Curray, 1962; Curray and Moore, in press; Curray and
Moore, 1964; and Moore and Curray, 1964). Taese studies alsu are 2 part of the Gulf of
California Project as a coventure with the Institute of Geology.

31. COAST OF THE STATE OF MICHOACAN, MEXICO

Geomorphological and geographical studies, especially concerning the river deltas were
carried out and published by Brand (1957, 1858). These studies cover the whole coast of the
State of Michoacén, from the Mouth of the Coahuayama River (Boca de Atasta) to the Barra
de San Francisco, in the Balsas River Delta.

32. BALSAS RIVER DELTA AREA STATES OF GUERRERO AND MICHOACAN

The Instituto de Geologia under the patronage of the Secretary of the Navy bas started
a periodic ecologic and sedimentologic study of this area. This study will define the modgifi-
cations that the large Infiernillos Dam will cause in the delta’s morphology. This study is
extremely important to learning about geomorphological, biological and sedimentological changes
in the modified strecms and delta. The study will continue over an extended period. Pre-
liminary results were published by the Direccién General de Obras Mantimas (1963¢).

335. VICINITY OF ACUPULCO, GUERRERO

Isolated sediment samples for recent foraminiferal distributicns were studiad by Bandy
and Arnal. This paper deals with the foraminiferal distribution off the west coast of Central
America and Mexico.

De Cserna, in Fries and de Cserna {1956}, described the Bay of Acapulco, in a field trip
guide of the Internatioral Geologic Congress XX Session, México, 1956

34. SALINA CRUZ, OAXACA, BEACHES

Feld (1952) discussed briefly *1e sorting of beach sands in the Salina Cru=, area.
35. PAREDON, CHIAPAS

Physical studies, including some sedimentologic aspects of the Mar Muerto and Paredon,
were done in this area in a cooperative program between the Instituto de Geologia and the

Directorate of Marine Works {Direccion General de Obras Maritimas) of the Mexican Navy.
This agency published (1963b) some of the results,

CONCLUSIONS

Marine geology studies in Mexico, conducted by the Instituto de Geologfa of the Universi-
dad Nacional Auténoma de México began, under modern technigues, early in 1958. The first
independent project was the study of the Coastal Lagoons along the Gulf of Mexico. Coopera-
tive programs have been caxrried out with foreign institutions to improve the knowledge of
marine geclogical resources of the country and to train Mexican gpecialists in different
oceanographic disciplines.

Efforts will be continued hopefully with enough economic zupport to prepare more
scientists to carry out a2 more ambitious program. This will require more equipment and
laboratory facilities. The investigation of the continental shelf off tie coastal lagoons under
study will be the next step in the program.

Marine geological research started by the Instituto de Geologia early in 1959, acted as a
catalytic agent {o increase the intcrest of Mexican institutions and scientists in oceanographic
disciplinec. Celebration of the First National Oceanographic Congress in Chilpancingo,
Guerrerce, in March, 1963, with the presentation of nearly 100 papers, was an indication of
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such a positive reaction. The Second National Oceanographic Congress will be helc in
insenada, Baja Califsrnia, in March 15-18, 1965.

The Instituto de Geologia is now able t{o coordinate any gereral oceanographic or
Marine geological study in Mexico, in cooperation with interested institutions.
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QCEANOGRAPHY FROM SPACE

CHAPTER 7

SECURITY CLASSIFICATION

U



RECOMMENDATIONS ON SECURITY AND DECLASSIFICATION
E. D. Mc Alister, Chairman

Scripps Institution of Cceanograpny
aiversity of California, San Diego; La Jolla, California

The problzam of restrictive sccurity classificaiion particularly that governing airborne
electromagneti: seasory devices and data was raised during the symposium. In the ensuving
discussion, several scientisis became apprehensive that much of this proposed effort might
become classified at a luter date, If this happs—2d, many present would lose interest in the
pruject since such aciion would interfere with .ue iree exchange of ideas and information
which is basic tc progress in science. To allay this fear, Dr. Peter Bagley of NASA made z
statement to lhe :ffect that no part of this vffort will become classified.

Several participants stated that classification had not been removed in some areas as
has been authorized by a DOD directive and hence, ceriain datz could not be used 15 further
the objectives of this NASA-WHOI conference. OPNAV instructions, 01550.63, have done
this for CNO in all U. S, Navy projects,

Several exampies of the benefits of this DOD directive to both unclassified and classified
rroiects became apparent during the symposium. In these cases, raterial recently declassi-
f1ed under this directive was interpreted by a scientist of recognized authority which resulted
in a benefit to this conference and also to the military project sponsoring the work.

After scme discussion, it was agreed that participan:s in the symposium wished it to go
on record to the effect that present security restrictions are: (1} impeding the applications of
many sensory techniques to important scientific problems; (2} preventing the interpretation of
existing data by scientists of recognized ability which resul's in a loss to both military and
nonmilitary projects of scientific natur=z,

Cognizant security agencies are requested to act under existing directives to remove
these resirictions.
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CLASSIFICATION
Fred B. Phleger

Scripps Institution of Oceanograpny, University of California
San Diego, La Jolla, California

Some of us feel that there is a danger that some or much of the oceanography which
may be done by techniques discussed may be subject to classificatica. This has occurred
many iimes and prevents free exchange of information and ideas. This creates an intoler-
aple situation.

1 believe that most of the established workers in oceanography have “clearance" or
have had clearance in the past. Most or all of the senior people worked on military problems
during World War . Many of us, however, are opposed to classification in principle -
unless acceptable reasons can be demonstrated. I believe that many of the most competent
and experiznced oceanographers will refuse ¢ be associated with classified research -

:xcept under wartime conditions.
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Bervard B. Scheps

U. 8. Army Engineer Gecdesy Intelligence & Mapping
Research & Development
Fort Belvoir, Virginia

A typical payoff from declassification was my experience in having Dr. E¥mery support
what, for me, could only be speculation.

Irefer to the probabie sand waves of the York & Rappahannock Rivers in Chesapeake
Bay. This was a very useful and gratifying encounter for both Dr. Emery and myself in that
it illuminated new posasibilities for radar uti.ization - both civil and military in implications.

The information content of an image is not a function of lines/ mm resciution, or bits
per square cm ~ rather it is a function of the knowledge of the interpreters. Iuse the plural
advisedly because the information content varies with the background of the observer.

It is apparent therefore that the greatest payoff to the military capability for image
interpretation will result from making imagery available jor interpretation to the widest
range of experts in various fields.

This is the way we developed our photo-interpretation capabilily ~ unclassified.

Within reason - this is the best way to develop radar and infrared interpretation.
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CLASSIFICATION
W. V. Kielhorn

Lockhzed California Company, Burbank, California

it has become apparent during the NASA-WHOI conference that many scientists not
directly involved with modern radar and cther electromagnetic detection techniques are
suifering from inadequate information as to how these may be profitahly applied to their
specialized field.

It is implausible to expect learned opinions and accurate, quantitative forecasts from
expert people who are deliberately denied either access or use of kn-wledge of the tools
they must use now, or can expect to use in the forc eeable future.

Classification as a philosophy is defensible only when its employment is relatively
detrimental to an ¢nemy. The criteria for the several degrees of security control of
information are generally reasonable, but rarely foliowed. We believe that these criteria
s"ould be examined, and that wherever possible information not meeting them fully should
be at once releascd to those requiring it for the advincement of technology.
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COMMENTS ON CECLASSI® ‘CATION
Walter H, Bailey

Division of Earth Science, National Academy of Science, National Research Council

The major change in ground rules is that {n all decisions the classifier must weight both
the pros and cons of secrecy and determire net value to the nation.

The NAS-NRC is estal lishing a Committee on Remoie Senging of Environnient. The com-
mittee likely will establish a Panel on Declassification which will, 1n a respongible fashion,

advocate declassification by drawing together and presenting information oa the "cons" of
secrecy.

The DCM Committee and NAS-NRC Panel probably will develop a close cooperative
working relation.
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