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NOTE OF TRANSMITTAL

This report of the First SEASAT-A Industrial Users Workshop was prepared
for the National Aeronautics and Space Administration, Office of Space and
Terrestrial Applications, under Contract NASW-3047. This workshop was spon-
sored by the SEASAT-A Program Office, NASA Headquarters. Technical Officer
for this task was Mr. Donald Montgomery of the Jet Propulsion Laboratory.

The authors of this report are Mr. Kenneth W. Hicks and Mr. B. P, Miller.
The authors wish to thank the speakers and participants in this workshop for
their cooperation in providing the material contained in this report.
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INTRODUCTION

There were some 50 attendees at a SEASAT-A Industrial User's Workshop
held at Prospect Hall, Princeton University, Princeton, New Jersey, on 29
and 30 November 1977. The purpose of this workshop was to begin the pro-
cess of definition and development of the SEASAT-A Industry Demonstration
Program, leading to the implementation of a set of experiments which
would begin during the later part of 1978 following the launch of SEASAT-A
(now scheduled for May 1978). The workshop brought together various repre-
sentatives associated under NASA with the production of geophysical data and
information from SEASAT-A and representatives of industry and government
agencies who will individually and independently evaluate this geophysical
data and information, for NASA and for themselves, in cooperative experi-
ments. The representation also included a foreign participant (Canada) and
a foreign observer (ESA).

Studies of the economic potential of an operational satellite system
to provide improved forecasts of weather and ocean conditions for ocean
regions indicate that the benefits that could be derived from the use of
these data and forecasts will come about as a result of their use by indus-
tries that operate in these environments.] These studies have shown that
the major areas of expected benefit from the improved data and forecasts
are marine transportation, offshore resource exploration and development,
Arctic operations and ocean fishing. An initial step in the exploration of

the technical and economic feasibility of the use of satellite systems to

———

TSEASAT Economic Assessment, ECON, Inc., 31 August 1976.




provide improved weather and ocean condition data and forecasts for ocean
regions will be taken with the launc's of SEASAT-A. NASA, through the SEASAT-A
program, has encouraged the plar irc f cooperative experiments by industries
and government agencies that or- at. ‘n areas of ocean activity that could
benefit from improved measur=n - s an. forecasts cf weather and ocean condi-

2,3

tions. The cbjectives of these experiments are to:

. Evaiuate the significance of SEASAT-A data to commercial user or-
ganizations

° Assist in identifying those characteristics of follow-on systems
that are important to industrial users

(] Obtain experimental evidence that could be used to refine estimates
of the economic potential ¢f an operational system

. Begin the technology transfer process to the industrial users.

Since the workshop occurred subsequent to NASA approval of funding for
the cooperative experiments, it was the first meeting of the SEASAT-A indus-
trial users having an approved explicit objective of defining the require-
ments of the cooperative experiments involving SEASAT-A data. It is expected
that there will be one or two additional workshops before SEASAT-A derived
geographical data and information are ready for dissemination.

Through presentation and discussion, six major topics were addressed
throughout the workshop as follows:

1. The current status of the SEASAT-A program.

2An Evaiuation of SEASAT-A Candidate Ocean Industry tconomic Verifica-
tion Experiments, ECON, Inc., 1 April 1977,

3SEASAT-A Industry Demonstration Program (ASVT Program), Volumes I and
IT, NASA Headquarters, 1 June 1977.
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2. A detailed presentation of the SEASAT-A instrumentation; the
various physical interactions involved and the translation of
these interactions to geophysical data; the confidence deter-
mined for these translations and the data accuracies expected.

3. The involvement of Fleet Numeric Weather Central (FNWC) as a
source of oceanographic and meteorological information and the
mechanics of data and information dissemination that will be
available to the industrial users, as provided by NASA.

4. Preliminary written definitions of the requirements of the
cooperative experiments as determined by the experimenters
after consultation with resource personnel at the workshop.

5. The goals of the experiments for NASA and the users.

6. Initial comments, by the users, on a preliminary draft of
the cooperative agreement that will exist between each of
them and NASA for the accomplishment of the experiments and
the subsequent independent reporting of their results.

The workshop was clearly successful and effective in producing the initial
momentum necessary to the planning and implementation of the cooperative
experiments, a momentum that must be sustained if the experiments are to

be successfully concluded. It is the intent of this report to sustain that
momentum and the spirit of cooperation brought about by the workshop toward

a successful experiment program.



WORKSHOP STRUCTURE

The workshop wis structured under an agenda. Certain logistical and
scheduling difficulties led to deviation from the agenda during the workshop.
While in actuality some presentations were curtailed or deleted during the
workshop, the order in this report will be the more logical and complete one
of the agenda.

The workshop opened with an introduction, a statement of the workshop
objectives and an ovarview of the SEASAT system. These were followed by
technical discussion: and presentations of the major SEASAT instruments;
the SEASAT-A Scattercmeter, the Scanning Microwave Radiometer, the Radio
Altimeter and the Synthetic Aperture Radar. The remaining instrument, the
Visible and Infrared Radiometer, was not discussed in detail. Following
the discussion of the .nstruments, SEASAT-A data and information sources
availability and dissemination were presented as JPL Data Systems, FNWC Data
Processing and Products, and the Data Distribution Facility. These laid the
groundwork for the discussion of the industrial user experiments. The first
day concluded with a presentation of the proposed Canadian experiments and
the assignment of the workshop groupings, the group coordinators and the spe-
cialized resource personnel.

During the second day the conferees were divided into five working
groups. The experimenters, with the assistance of data processing, sensor
and spacecraft specialists, prapared written formulations of their experi-
ments. The entire workshop thei reconvened and the experimenters reviewed
all of the proposed experiments. The meeting adjourned with a summary of

the workshop.



THE WORKSHOP OPENING

Welcoming and introductory remarks were provided by Mr. B. P. Miller
of ECON, Inc., the workshop chairman. He stressed the new status of the
cooperative experiments as a funded element of the NASA program and the
urgent need to formalize the requirements of these experiments so that they
could be responded to within the proposed budget allocation. This theme was
expanded and elaborated by Mr. S. Walter McCandless and Mr. Donald Montgomery
of the SEASAT-A Program Office at NASA Headquarters as they outlined the
Workshop Objectives presented in the introduction. Mr. McCandless, in his
System Overview, described the SEASAT-A satellite, the instrumentation pack-
ages, their loéations and footprints and emphasized the space uniqueness of
the SEASAT-A active instruments. Although the SEASAT-A program hag been in
progress for about four years, he said, the program is within about one week
of schedule, all the subsystem tests have been completed successfully and
there is no impediment to a May 1978 launch. A critical system test remains
to be done, the RF] test. If RFI proves to be an unexpected problem, it
could necessitate a modification to the instrumentation programming, and
hence to the coverage provided. All instruments, except for the SAR, will
be operated continuously with data being recorded on board until it is read
out to a ground station. The SAR, on the other hand, is switched on and
read out only when the spacecraft is within line-of-sight of a ground sta-
tion. He illustrated that approximately full earth coverage by the instru-

mentation, except the SAR, occurs once every 36 hours.



THE SEASAT-A INSTRUMENTATION

Technical discussions of the principal SEASAT-A instrumentation were
presented either by those involved in the development and evaluation of the
instruments or by their representatives. The instruments, their presentors

and their affiliations are tabulated below.

Instrument Presentor Affiliation
Windfield Scatterometer Dr. W. Linwood Jones NASA-Langley
(SCAT or SASS) Hampton, VA

Scanning Multichannel Mr. Edwin Pounder JPL

Microwave Radiometer Pasadena, CA
(SMMR)

kadar Altimeter - Dr. Byron D. Tapley University of
(ALT) Texas -

Houston, TX

Synthetic Aperture Radar Dr. Omar H. Shemdin JPL

(SAR) Pasadena, CA

No presentation of the Visible and Infrared Radiometer (VIR) was given since
the instrument is an existing design and its operating characteristics are

well established.



THE WINDFIELD SCATTEROMETER (SCAT OR SASS)

Introduction

This instrument is an active pulsed radar whose returns from the
ocean surface contain information from which surface wind vectors can be
inferred, quantitatively, after appropriate processing of the return
signals.

The procedures for scatterometer operation and for appropriate
processing of the return signals have resulted from evaluation and verifica-
tion of considerable experimental flight data. These procedures require
corrections obtained from the Visible Infrared Radiometer and the Scanning
Microwave Radiometer, two other SEASAT instruments.

Currently three processing algorithms are under consideration for
transforming the sensor data records to the geophysical data records of
surface wind and direction and the final choice of algorithm is expected to
be made during the proving-in period of operation of SEASAT-A. Normally
the wind vectors identified are those at the saa surface, but the measure-
ments can be translated to winds at altitude using appropriate atmospheric
modeling.

The SEASAT-A instrument characteristics, its coverage and its per-
formance coincide with requirements established by a SEASAT user working
panel.

Research is continuing to define the influence on observed measurements
of fetch and nonlinear wave interactions.

The presentation actually given at the workshop by Dr. W. Linwood Jones

is not provided in this report. Instead, at Dr. Jones' suggestion, two of



his recent papers on the instrument or. “ntroduced because of their greater
completeness. These papers are provided in Appendix A. JPL provided the
SASS IGDR Flow Chart which is included in this section.
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THE SCANNING MULTICHANNEL MICROWAVE RADIOMETER (SMMR)

Introduction

This instrument operates passively at five different microwave
frequencies and is conically scanned over a cone angle of 48.8° to provide
radiometric brightness components as ten channels of data, when polarization
diversity is included as well as frequency diversity. Radiometric bright-
nesses are then converted to microwave brightness using well developed
techniques.

Subsequently, employing reasonable theoretical and experimental assump-
tions about the atmosphere and the surfa.e emissivity of the ocean, the
microwave brightness can be converted to an estimate of the sea surface
temperature.

Because microwave brightness has been experimentally demonstrated to
vary with sea surface wind, the wind speed can also be inferred from the
collected data.

Nimbus 5 ard 6 have further demonstrated the applicability of the SMMR
to sea ice coverage. Potentially, also, certain descriptive parameters of
the terrain can be extracted from SMMR data.

On SEASAT-A, the SMMR coverage overlaps that of the SAR and the
scatterometer to provide correction data to these instruments.

The presentation that follows was given by Mr. Edwin Pounder of JPL.

PRECEDING PAGE BLANK NOT FRWER
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Conceptual flow diagram for SHMR
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SMMR

ANTICIPATED RESULTS

(Simulations Tempered by Experimental Judgment)

Parameter

Sea Surface Temperature

Wind Speed

Water Vapor

Liquid Water

Path Length Correction
Rain Rate

Sea Ice

Resolution

16

150 km

90 km
60 km
60 km
60 km
60 km

60 km
30 km

Accuracy
1.5°cC

1 m/x

0.15 gm/cm?
3 mg/cm2

2 cm

Factor of 2

5%
25%
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GROUND PROCESSING WILL REDUCE DATA TO

FOUR CONSISTENT GRIDS

Grid ¢ 1l 2 3 4
Resolution 150 km 90 km 60 km 30 km
6.6 GHZ v/

10.7 GHZ 4 v/

i8 GHz 4 v/ o

21 GHZ ) v/ v/ Y

37 GHZ | v / v /
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THE RADAR ALTIMETER (ALT)

Introduction

The radar altimeter is an active microwave instrument operating in a
pulsewidth 1imited mode to accurately measure the distance between SEASAT-A
and the nadir ocean surface.

The SEASAT-A altimeter is a third generation instrument, expanding on
the experience with the Skylab and GEOS-3 experiments, and was originally
developed for geodesy.

Satellite altimeter measurements can contribute to the study of ocean
surface topography such as currents, tides, storm surges and ocean wave
height determination. Since the later satellite altimeters have the ability
to operate over land and ice as well, a capability is provided fof profiling
solid surfaces. This latter effect may provide quite significant informa-
tion in regard to determining the polar ice cap budgets and their influence
on global meteorological and climatological conditions.

The Altimeter Measurement

The altimeter transmits a square pulse toward the ocean surface. The
average return, as shown in Figure 1, exhibits a linear rise followed by a
plateau of constant pulse amplitude after which an amplitude decay occurs.
Small antenna pointing errors have lictle effect upon the measurement due
to the fact that altitude and wave height measurements are obtained by
analyzing the leading edge of the pulse. As a conséquence. most altimeter
designs represent a compromise between the desire:

1. to maximize the gain which would reduce the transmitting power and

2. to minimize the effects of antenna pointing errors on the height,
precision and bias.

23



s

ah
e
’s’}:‘#

00¢
] b

"W&t} M
ova TR

ALl
sl

¥
»

FIGURE 1

.

PULSEWIDTH LIMITED WAVE FORM CHARACTER

@

Ct,

Altiwter




The basic measurement obtained from the satellite altimeter is the height to
the mean sea surface, which is, in turn, related to the time between the
transmission of the pulse and the reception of the return pulse at the satel-
lite. The specific formula is h = Elézl-where At is the total transit time
between the pulse transmission and reception at the satellite, ¢ is the speed
of light and h is the altitude of the satellite. The time of reception is
normally identified as the point which is approximately midway up the initial
slope. Further details on this topic can be found in the referenced report.4
In addition to the height measurement, the ocean wave height will tend to
spread out the pulse so that the significant wave height can be correlated
directly with the slope of the leading edge of the return signal. By measur-
ing the initial slope, a direct correlation with the significant wave height
(h]/3) can be obtained. Through additional processing techniques,-the h]/3

5

measurement can be related to 9> the ocean back scatter coefficient.

Satellite Altimeter Design Parameters and Results

In Table 1, entitled Satellite Altimeter Parameters, the design param-
eters for each of the three successful satellite altimeters are given. Note
the significant increase in pulse repetition frequency from 100 Hz on GEQS-3
to 1,020 Hz for SEASAT-A. Note also that this leads to a reduction in the
RMS precision from just less than 50 cm for the GEQS-3 satellite altimeter
t. ss than 10 cm for the SEASAT-A satellite altimeter. Current test re-

s.. (s indicate that for sea states less than 12 meters the SEASAT-A satellite

4MacArthur, John L., "The Design of the SEASAT-A Radar Altimeter", re-

print presented at QOcean '7o Conference, September 13-15, 1976.

5Higgins, M. S. Longuet, "On the Statistical Distribution of the Height
of Sea Waves", Journal of Marine Institute, Volume II, No. 3, 1952,
pp. 245-266.
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Table 1 Satellite Altimeter Parameters
—

Sklab | (1nteneive) | SEASAT-A
Mean A;;;tude (km) 435 840 800
Antenna Beamwidth (°) 1.5 2.6 1.6
Frequency (GHz) 13.9 13.9 13.5
Peak RF Pow~r (kW) 2 2 2
Average RF Power (W) 0.05 0.24 6.5
Pulsewidth {uncompressed) 100 ns 1 us 3.2 us
Pulsewidth (ns) (compressed) - 12.5 3.125
Repetition Freguercy (Hz) 250 100 1020
Footprint Diameter (km) 8 3.6 1.7
Altitude Precision (rms) <1m < 50 cm < 10 cm
Status 2;;;:::e In Orbit ngzgh

26
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altime*2r will have a precision of 3 to 5 cm. The increase in the pulse
repetition frequency, in addition to allowing a higher precision in the
altitude measurement, also will allow a more precise determination of the
initial edge of the returned wave form. This will lead to a better deter-
mination of the h]/3. In the remaining slides (taken from referenced mate-
rial listed below),ﬁ'7 typical examples of the results obtained from the
GEOS-3 altimeter both with regerd to the sea surface topography measurements
and to the wave height measurements are given. In particular, Table 2 pre-
sents the results of a comparison of wave height measurements determined
from GEQS-3 satellite altimetry with the results obtained from a similar
aircraft altimeter as well as results obtained using ocean surface buoys.
The results givgn in this table are shown graphically in Figure 2. The re-
sults indicate a comparison of the ground truth and aircraft radar signifi-
cant wave height measurements compared with the GE0S-3 significant wave
height measurements. The conclusion from these results are that the GE0S-3
altimeter has the ability to determine the significant wave height quite
accurately. It is anticipated that even more dramatic results will be ob-
tained with the more accurate altimeter to be flown on SEASAT-A in combina-
tion with the substantially increased ocean coverage which will result from
the fact that SEASAT-A altimeter will be on continuously.

In SEASAT-A applications, the goal is to successfully resolve oceano-

graphic topography; wave heights, ocean currents, tides a' . coastal upwellings.

6Parsons, C. L. and G. S. Haynes, "An Assessment of GEOS-3 Wave Height
Measurements", unpublished preprint, NASA, Wallops Flight Center.

7Haynes, G. S., "Initial Development of a Method of Significant Wave

Height Estimation for GEQS-3", NASA Contract Report 141425, August
1977.
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Table 2 NDBO Buoy Data Summary
=
Date DR it o T TG SHH
2/15 EB35 5.5 9588 164346 5.4
2/17 EB19 4.5 9616 161157 5.1
2/20 EBO3 4.5 9659 170948 4.6
2/26 EB19 3.5 9744 172000 4.8
2/27 EB16 3.0 9753 085637 3.3
3/9 EB19 4.0 9896 112745 4.1
3/12 EB16 5.5 9738 104550 5.9
3/12 - .EBIQ 8.0 9943 185455 7.2
3/20 EB16 1.5 10057 201436 1.3
3/22 EB16 2.0 10080 113949 2.9
3/23 EB19 2.5 100935 130253 2.7
3/24 EBO3 2.5 10110 142745 3.4
3/24 EB17 2.5 10110 142928 2.6
3/26 EB19 4.5 10142 202930 4.3
3/29 EBO3 2.5 10181 145421 2.9
3/29 EB17 3.0 10181 145607 3.3
3/ EB16 2.0 10208 124746 1.2
4/2 £BO3 3.5 10238 153543 N
472 EB17 3.5 10238 153741 4.0
28
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Topographic measurements are -ltitude difference measurements from mean
sea level, which in a radar altimeter are essentially time difference meas-
urements characterized by differences in the returned pulse wave form. Pro-
cessing for optimum wave form analysis requires processing parameter selection
which is provided by closed loop adaptive tracking of the wave height of in-
terest to give highly precise measurements. Wave height precision requires
precision in the satellite location, and reasonable control of the short-term
satellite attitude dynamics.

The Radar Altimeter presentation was given by Professor Byron Tapley.

The SEASAT-A Altimeter IGDR Processing Algorithm was provided by JPL.

30
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THE SYNTHETIC APERTURE RADAR (SAR)

Introduction

ine SAR is an experimental active radar instrument which produces data
essentially characterizing the radar reflectivity imagery of the illuminated
region, in resolution cells identified by their doppler frequency shift. The
motion ¢f the antenna allows successive radar illumination of the same “point"
up to some maximum repetition defined by the system design. Adequate recogni-
tion of the successive point returns allows them to be treated as coherent and
summed arithmetically to enhance the definition and contrast of the radar image
of the.scene. Because of the large quantities of data to be evaluated, the
identified returns must be telemetered to the ground to be digitalized and re-
corded on magnefic tape, later to be processed and converted to film images or
digital tapes in concert with orbital and attitude characteristics of the
spacecraft.

It is expected that the imagery of the SAR will have pertinancy to deep
ocean waves, coastal wave patterns, polar ice characteristics and land forms.

Because of power and data storage constraints aboard the SEASAT-A space-
craft, the SAR will be operated and SAR data transmitted only when the space-
craft is in line of sight of a ground station that is equipped to receive and
record the SAR signals. As opposed to data from the scatterometer, the micro-
wave radiometer and the altimeter, the SAR data will not be relayed to FNWC
for subsequent processing. A limited quantity of the SAR data will be pro-
cessed by JPL, but not in real time. It is presently estimated that approxi-
mately 15,000 minutes per year of SAR data will be recorded at the ground
stations to be operated by NASA. Of this quantity, approximately 2,600 min-
utes will be processed to imagery by JPL. Additional processing time may be

available from JPL on a cost reimbursible basis.
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The synthetic aperture presentation was given by Dr. Omar H. Shemdin
of JPL, but his actual presentation is not included. Instead two technical
papers provided by Dr. Shemdin have been provided in Appendix B. Trese
papers provide source knowledge about the interpretation of SAR imagery for
observation of waves and current boundaries that may be of general interest

to experimenters.
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THE VISIBLC Aiv. IR RADIOMETER

The following VIRR IGDR processing flow chart was provided by JPL.
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PROCESSING OF SEASAT-A DATA

Introduction

The data received from SEASAT-A onboard sensors is available as
recorded signals from the sensors as sensor data records (SDR). To be of
application use, the SDRs must be accurately located both in time and
geospace and be transiated to geophysical data records (GDRs) by transforma-
tion algorithms or processes.

The geophysical data so determined can be then introduced, when valid
and appropriate, into descriptive, analytic and prognostic computer
prograﬁs to provide point and synoptic oceanographic and meteorological
information.

The oceanographic = -\ meteorological information, both current and
prognostic can then be processed and disseminated in a wide variety of
formats as required by the applications of the experimentors.

The complete processing of SEASAT-A data, from the sensor data records
to the requirements of the experimentors applications is viewed as a three
step process in which JPL and FNWC will participate.

Concurrent with the processing procedure is a requirement to accurately
locate the satellite center of gravity in orbit and the satellite attitude
relative to a vector through its center of gravity and to identify any
reservations concerning the data quality.

These processing steps were discussed by three presentors, by Mr. Edwin
Pounder for JPL, by Captain Harry Nicholson of FNWC, and by Mr. David Nippert

of Battelle for the user.
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The data processing provided by JPL is fundamental to the program and
has proceeded concurrently with the SEASAT-A program and is in its final
stages of development. FNWC provides oceanographic and meteorological infor-
mation necessary to the operation of the USN and accepts validated data
from all sources and modifies its computer programs as required to attain
the requirements of USN operations. The data processing and information
dissemination for the users associated with SEASAT-A has only recently been
initiated and the presentation on this subject is primarily informative for
the user; identifying products available, data capacities required and
receiving terminals for display and hardcopy that should be selected. As
a consequence of the substantive requirements documented by the users, in
this workshop, development of an information processing and dissemination

system, as appropriate as possible to the user requirements will be necessary.



1.

The data presentation of Mr. T1wi: Pounder of JPL.
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DATA TYPES

| LOW RATE TELEMETRY
ENGINEERING

® ALTIMETER

SCATTEROMETER

® SCANNING MULT RADIOMETER
® V& IR RADIOMETER

Il SYNTHETIC APERTURE RADAR

111 DATA FOR ORBIT DETERMINATION

® S-BAND
® TRANET
® LASER
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JP.| SEASAT-A
DATA DEFINITIONS
LOW-RATE TELEMETRY

e RAW TELEMETRY DATA

e DATA WORDS, AS TRANSMITTED BY THE SATELLITE
e GROUND SYSTEM (STDN) ARTIFACTS REMOVED
e TIME ORDERED, TIME TAGGED

e SENSOR DATA

DATA WORDS IN ENGINEERING UNITS

SENSOR INTERNAL CALIBRATIONS CORRECTIONS APPLIED
TIME ORDERED, TIME TAGGED

EARTH LOCATED (LAT, LONG)

e GEOPHYSICAL DATA

* SENSOR MEASURED QUANTITIES CONVERTED TO GEOPHYSICAL UNITS

* INSTRUMENT TRANSFER FUNCTION AND ENVIRONMENTAL EFFECTS REMOVED
* TIMt ORDERED, TIME TAGGED

* EARTH LOCATED (LAT, LONG)
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SEASAT-A

DATA ANALYSIS APPROACH
LOW-RATE

® PROCESS ALL OF THE LOW RATE SENSOR DATA TO ENGINEERING UNITS,
EARTH LOCATED "

® EVALUATE A SAMPLE SET OF DATA FOR GEOPHYSICAL EVALUATION
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J‘PTI , | SEASAT-A
DATA DEFINITIONS
SYNTHETIC APERTURE RADAR

e RAW SAR DATA
e TIME ORDERED STREAM OF ANALOG DATA AS RECEIVED FROM THE SATELLITE

e SIGNAL DIGITIZED AND FORMATTED ON GROUND INTO RAW DATA WORDS IN
REAL TIME

® |MAGE FILM

e CORRELATED 25 km WIDE STRIP ON 70mm FILM WITH APPROXIMATE
RADIOMETRIC AND GEOMETRIC CORRECTIONS

e DIGITAL IMAGE DATA

e IMAGE DATA RECORDED IN DIGITAL DATA WORDS ON COMPUTER COMPATIBLE
TAPE
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SEASAT-A

DATA ANALYSIS APPROACH (contd)

SAR DATA

e MAINTAIN A COMPLETE SAR SIGNAL TAPE RECORD

® PROCESS REPRESENTATIVE DATA TO IMAGE FILM

e EVALUATE FOR GEOPHYSICAL INTERPRETATION

(15,000 minutes)

(2600 minutes)

(260 minutes)



SEASAT-A
SAR DATA FLOW

ANAL G
DATA STREAM

1 R
ML ] converten T

(SHORT TERM) ~ (STORED)

fad NASA/OA
[ ] NASA/OTDA

" (ARCHIVED)




LS

SEASAT-A
SAR DATA FLOW

PROJECT LIBRARY)

[}
D

AND TAPE
' PRIVE

DISSECTOR

GDS, ULA, MILA ONLY 15000
min
HiGH DENSTTY TAPE STORAGE AT JPL FOR
oemon [~| Cony | FormaTTeD [ RECORDER! 9 FUTURE PROCESSING
REPRODUCER \ 3 =
DIGITAL
TIME
JPL-SAR DATA PROCESSING sv:lmv\ ~ IMAGE FILM
GNAL 2600 min
DA, BUFFER | pum N2 Jopmca | o~ DISTRIBUTED TO
! HDRR |={ AND OPTICAL oo
 RECORDER —\ | CORRELATOR o USERS
N 260 min
( SELECTED)
SAR ("N '
SDR \\= gJ/(FROM
" 1DPS)
[
' .
(STORED iN JPL

TIMES. SHOWN REPRESENT
MINUTFS OF REAL TIME SAR _



es

jl 3 | SEASAT-A
= 8

FNWC DATA FLOW

SEASAT-A N—
CA ,ng,fc%;gﬁm ENVIRONMENTAL
HIGH SPEED PROCESS ING
TERMINAL IR HIGH S s PROCE
' ' COMM SYS ) SYSTEM
CAT_ENWC | CYBER 175 [ TN )
EHCO : .
MASS
STORAGE -
MASS
STORAGE
] DATA BASE
JPL ADWG
SENSOR AND
GEOPHYS | CAL
ALGORITHMS
GSFC
COMM
ATTITUDE PROCESSING o
" INSTRUCTIONS
RAW DATA PROCESSING
INSTRUCTIONS
ORBITAL ELEMENTS NOAA/ FLEET

EDS  OPERATIONAL
~1CTMERS



L SEASAT-A
SEASAT-A EXPERIMENT DAVA ACTIVITY

. . - - o8
- _ L
BONDREONN

SIANDARD MIS5108
EXTENDED MISSION
EGLE SPECIAL OPS PERIODS

MISSION INITIAL 78700
ENGINEERING ASSESSMENT

CIODHYCICAL EVALUATIAN

FXPERIMENT TEAMS PLANNING AND ALGO SUPPORT
anig INITIAL ALGO DEVELOPMENT

e

INITIAL




[N

The presentation of °

1 Nicholson of FNWC.
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Mecthods of Display or Use of FNWC Data

Grid Data (Analyses or Forecasts)
Binary Form - a binary value at each grid point.

* Can generally only be used in a computer.

* Computer can use data for local calculatlons
or can format for display as desired.

* The most compact and efficient form for data
communications.

Alphanumeric Form -

* Same values as in binary form but converted
to coded decimal values.

* Can be displayed directly on a printer or CRT
device with the grid represented by columns
and lines on th¢ page.

 Graphic Form -

* Contours (isopleths) are computed at FNWC
from the grid values and formatted for a -
specific display device. :

* Inefficient form for data communications.

SEASAT-A Geophysical Data and Spectral Ocean Wave Data.

- Primary form will be alphanumeric which can be
printed as a tale of location, time value.

* A "graphic" form is possible which would allow
a value to be displayed at its corresponding
geographical location.

ORIGINAL PAGE IS
OF POOR QUALITY.
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General Data Formats at FNWC

Analyses and Tredictions (K- mispheric - North and South)

. Values are computed at points on a grid overlain
on a Polar Sterogruphic map projection.

The most commcn gvid size is 63X63, which gives
31 grid intervals between the equator and

pele. Actu.l distance between grid points
varies with latitude but is 381 km at 60°N (or S).
seme -n-lyses are made at finer resolutions.
For sca surface temperature analyses, ''ZOOM"
analyses -"re made for small areas, using a much
finer grid which is a super set of the hemisphere
grii.

Analyses (Tropical and mid latitudes)

Values are computed on a latitude longitude grid
of 5° or 2.5° spacing.

Outside of the tropics values are usually the
"same as corresponding ones on hemisphere grids.
Used primarily for wind analyses. '

Usualiy displayed on a mercator projection.

SEASAT-A Geophysical Data

. Data to be computed is listed on slide 6.
- Data will generally be in the form:

Latitude, Longitude, Time, Value, Flags

Spectral Ocean Wave Model Data

Computed at points over the Northern Hemisphere.
Data can be '"degraded" to provide Hl , principal
direction and principal period on a éémispheric
grid (see above).

Values will generally be provided at selected
points.
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INTRODUCTION

Fleet Numerical Weather Central, usually known as FNWC, is the
Navy's primary center for global meteorological and oceanographic
forecasting. We use camputers to provide forecasts of basic
parameters which meteorologists and oceanographers in the field
can use to make more specifi~ furecasts for localized operations.
We also matz direct forecasts of operationally important param-
eters for specific locations in cases where this is possible.

For instance, we provide a global forecast of the sea level
pressure pattern but we also provide acoustic propagation loss

predictions for specific sensors at specific locations.
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The first slide shows the physical configuration of FNWC. I would

like to stress three points:

1. The great amount of computer power reauired to tackle the
job we are undertaking;

2. The great amount of commumnications facilities available to
gather all the source data required, and to disseminate the
results; and

3. The large historical data base which has been built up.
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- This is the data flow which processes satellite and conventional
data at FNWC.
- Satellite data can be received on either of two domestic cammuni-
cations satellite antennae—RCA and American Satellite.
- The data is collected and written on disk storage.
- From there, it is processed into a geophysically useful form in
the Cyber 175 computer and placed in a different set of disks.
. This processing is generally done as soon as possible after
arrival of the data.
- Periodically this data is used as input to analysis and forecast
models running in the COC 6500 camputers. These models are
generally run 2 to 8 times per day at times based on the major
collection of conventional data. "
- Outputs from the models and some of the processed satellite data
are provided to users on various commmications facilities.
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- The Satellite Data Processing facility at FNWC was originally .
implemented for processing data from the Defense Meteorological
Satellite Program (DMSP). It is expected to be in full opera-
tion within a few months.

- There are two general uses for DMSP data:

- First, a global high resolution visual and IR data base will be
continuously updated as data arrives.

- Resolution of this data base will be roughly 1.5 NM and the data
will be available for extraction of "windows" of virtual imagery
to be sent to users in the field.

. = An example of this type of use is providing windows to JIWC
for the tracking of tropical cyclones over the Indian Ocean.

- The second type data is from the Vertical Temperature Profiling
Radiometer on board DMSP. This instrument will provide extremely
useful information on the 3-dimensional atmospheric structure--
a basic requirement for FNWC models.
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Defense Meteorological Satellite Program Processing at FNWC

Global IR and Visual Imogery Data Buxe
= Continously updated from 2 polar orbiting sateliites
= Rondom areo window exiraction
= L5 NM resolution

Verticol Temperature Profiling Rodiometer
- Amospheric thermel dota
- Up to 28,000 urofiles per day



The Real-Time Data Demonstration for SEASAT-A is a joint DOD-NASA
effort to demonstrate the usefulness of SEASAT data for opera-
tional purposes. Initially it was intended to provide data to
this system only from the Alaskan readout site, but now it has
been decided to bring into FNWC worldwide datal from Madrid and
Merritt Island alsc.

- Maximum delay from observation to receipt at FNWC is expected
to be 6 hours for data collected at Alaska and 12 hours for the
other stations. In practice, it is expected that delays will
be about half of these times.
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" The processing cycle for SEASAT-A at FNWC will be as shown here:

- First, the data will be processed into Sensor Data Records, and
then into "Geophysical Data Records." Both of these forms will
be stored in temporary disk files for local use.

- The Geophysical Data Records will then be assimilated along with
conventional data to provide an analysis of the 3-dimensional
mass structure of the atmosphere.

- These analyses become tiie initial state for sophisticated pre-
diction models.

- Selected data from each of the processing stages will be archived

and distributed to users.
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Assimilation '
of SEASAT-A Data into FNWC System
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- The geophysical data records planned to be provucx' from SEASAT-A
are as shown.

- Of greatest interest to FNWC initially are the vector winds
expected to ke available from the scatterometer. These are of
primary importance since they offer a major improvement in
specifying the initial state of the atmospheric mass structure,

and consequently improving performance of prediction models.
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GEOPHYSICAL DATA RECORDS TO BE PROCESSED AT FNWC

GEOPHYSICAL PARAMETER

INSTRUMENT

g

Vector wind (speed, direction)

Scaterometer (SASS)

Wind speed

Scanning Multi-frequency
Microwave Rodiometer (SMMR)

Sea Surface Temperature

Significant Wave Height (Hlla)

Altimeter




- I would ncw like to review and emphasize the importance of both
conventional and satellite data tc prediction cycle:

- First, combining SEASAT winds with conventiona! wind and pressure
data from ships, buoys and land stations will yield a greatly
improved analysis of the surface pressure pattern. I nust
emphasize that the SEASAT data and the conventional data are
very complementary:

- We have good conventional coverage over land but very poor
coverage over oceans. Over the ocean the relationship between
.wi.nds and pressure are reasonably well understood, so we hope
to be able to produce an excellent picture of the surface pressure
patternﬁycanbi:ﬁ.ngbothtypesofdata.

- At FNWC the surface pressure analysis is used as a basis for
building up a conplete 3-dimensional atmospheric mass structure.
Again, conventional data is used and also Vertical Temperature
Profile data fram DMSP and other satellites. The improvement
gained from SEASAT wind data in specifying the surface pressure
is thus expected to be felt throughout the entire atmospheric
structure.

- Using complex models, and the initial mass structure, a prediction
can be made of the mass striucture at intervals out to 3 to 5 days.
The improvement in specifying the initial state is expected to
result in improvement of the predictions throughout the cycle.

- From the predicted mass structure, the operationally important
meteorological and oceanographic parameters such as winds and
sea conditions can be computed.
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The FNWC Raw Data to Forecast Cycle

por Air
Winds ond
Temperatures

l

3-dimensional
Moss Structure

Analysis

_—.

3-dmensional
Moss Structure
Prediction

!

Verticol
Temperature
Profiles

From
Satellites




This table emphasizes the variety of observed data required for
the atmospheric/ocean models, and the variety of sources, both
satellite and conventional, required to obtain this data.
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INPUT DATA REQUIRED FOR ATMOSPHERE- OCEAN MODEL

JARAMETER MEASURED

SOURCE

VERTICAL ATMOSPHERIC TEMPERATURE PROFILE

BALLOON OR ROCKET SOUNDING METEORO-
LOGICAL SATELLITES

UPPER ATMOSPMERE WINOS

BALLOON SOUNDINGS, AIRPLANES

ATMOSPHERIC PRESSURE AT SURFACE

SHIPS, BOUYS, LAND STATIONS

SEA SURFACE WINDS

SHIPS, BOUYS, SEASAT

SEA SURFACE TEMPERATURE

SHIPS, BOUYS, SEASAT

VERTICAL OCEAN TEMPERATURE PROFILE

BATHY THERMOGRAPHS




I would like to briefly discuss one of the difficulties which
will be encountered in utilizing a cambination of conventional
and satellite data. This relates to data assimilation.

- Conventional data is based on the "synoptic" concept, where
everyone takes simultaneous observations at set times. This
‘lends itself well to providing initial state data for prediction
models.

- Satellite data is observed continuously and thus is "asynoptic."

- The simplest way of resolving this problem is just to "relable”
the satellite data to the nearest synoptic time. This slide

- attempts to illustrate this:process. It is the technique
expected to be used initially with SEASAT-A data at FNWC.
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REDUCTION OF SATELLITE DATA TO SYNOPTIC TIME

DISTANCE ALONG TRACK ———»

o CONVENTIONAL DATA

SATELLITE TRACK (ACTUAL)
=== SATELLITE TRACK (REOUCED TO SYNOPTIC TIME)



This slide illustrates the conventional way of introducing
data into the prediction cycle.

- Starting at zero hundred Greenwich time on the secord, a
prediction from a previous run is used as a "first guess" and
then all data is introduced at a single "synoptic" time and
the prediction nin is ste_ .ed.

- Twelve hours later, the 12-hour forecast from this run will be
used as the first quess for the next cycle.

- These camputer runs are now made about 3 to 5 hours after the
conventional data is observed.
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THE CONVENTIONAL PREDICTION-ANALYSIS CYCLE

0171200 CHT @ - — >
02/0000 GHT . ,

REAL ,L

Tl"f 02/1200 GMT . l
03/0000 GMT ' ' -

0171200 0270000 02/12 03/00 03712

— PREDICTION MODEL RUN
°® ANALYSIS-INTRODUCE DATA
l PREDICTION MODEL INPUT TO SUCCEEDING ANALYSIS



For improved usage of satellite data, a Four Dimensional
Data Assimilation Model must be used.

- This model will assimilate data as it integrates forward in
time, introducing the data at the point appropriate to its
actual observation time and then continuing on through the
assimilation and prediction cycie.

This is not as simple as it sounds—a piece of data will rarely
exactly fit the model. This causes "model shock" which propa-
gates ncise through the model. Considerable research is being
done on this problem right now. It is hoped that by late in

the SEASAT-A mission we will be able to use this technique
operationally.
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THE "4DDA" PREDICTION CYCLE
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Now a little philosophy:

The operator needs PLATFORM HEHAVIOR infom\atipn, with maybe
supplemsntal information on equipment performance such as sonar
or radar performance.

- Not only that, he doesn't need to be told what is happening now--
he can hear, see and feel that.

- He needs information to use as the basis for planning.

- In the purest sense, to plan his operation—set a course or plan
for on-deck operations—he needs to know the forces which are
going to work on his ship or rig. These forces are reflected in
the wave energy spectrum and wind conditions.
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WHAT THE AT SEA OPERATOR NEEDS

PLATFORM BEHAVIOR

Platform behavior depends on:
® Charocteristics of piatform
®Wavs energy spactra (diraction, frequency)



This slide speaks for itself.
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As dees thisone—-pleasenotethemndg@'ctimsasopposedto
observations. But this is not to downgrade observations, because:
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"', ANNING
REQUIRES
PREDICTIONS



-
and the point here is that the observations needed may be
thovsands of miles away from the operator's location. Yesterday's
weather off Japan will influence tomorrow's operations in the

Gulf of Alaska.
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PREDICTIONS REQUIRE OBSERVATIONS

@® FROM VARIOUS PLACES
@ FROM VARIOUS TIMES



Now let's look at the nature of the "predictions" needed to
support a wide range of missions.

- This table first shows a range of mission applications,

- then a rough description of the required validity period;

- then the scope of data required to obtain such validity

- and finally, the type of prediction model suited.
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CHARACTERISTICS OF PREDICTIONS IN SUPPORT OF TYPICAL MISSIONS

REQUIRED PERIOD SCOPE OF
MISSION OF PREDICTION INPUT_DATA

SUPPORTED VALIDITY TMe | AREA MODEL TYPE
B eINg, FLICHT MINUTES MMEDIATE | LOCAL |  EXTRAPOLATION
ST eap HOURS HOUR'S WIDE PHYSICAL MODEL
TUG WITH TOW
S DAYS MOURS WIDE PHYSICAL MODEL
VOYAGE | PHYSICAL
PLANNING WEEKS WEEKS WIDE STATISTICAL
T RaTION YEARS |msToRKCAL | LocAL | sTaATISTICAL




As an illustration, two cases:

First the airplane -

The airplane moves fast relative to storms. Hence, in many
cases an observation can be used as a prediction. But it is

really a prediction, the prediction of no change.
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Now, the other extreme—the bain of the ship routers-—-the tug
and tow which can make only a few knots. If he is to avoid
disaster, he needs to begin moving out of the path of a storm
before the storm has even formed.

- Where does all this lead us?
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It leads us to a system such as the one installed at FNWC-—one

which can:

~ receive both conventional arx! satellite observational data for
the entire globe.

- integrate all these observations and turn them into predictions
rapidly.

- communicate the predictions to the operational user rapidly
in a form which relates to his mission.

This requires a ground system with powerful corputers and powerful

commmunications.

ORIGINAL PAGE IS
OF POOR QUALITY
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As an example of the complexity of the processing problem,

let's look at the need for predicting the sea conditions for

tomorrow:

The primary model for this purpose is the Spectral Wave Model.

I would like to point out that, at this time, we don't know

how to use observations of wave conditions as inputs to such

a model. We do need as inputs:

- sea and air temperature observations and predictions to carpute
stability factors.

- surface wind and pressure observations and the whole atmospheric
mass structure.

- a sophisticated model to predict atmospheric mass structure
and thus surface winds.

Then we can compute the predicted sea conditions extremely

accurately.
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SPECTRAL OCEAN WAVE MODEL

* Predicts snergy densities for wave components
® 12 directions

* 1S frequency components
® Generates waves from winds

® Propogates wave components



My final point concerns specifically the distribution of

real-time SEASAT-A data. It is now expected that NASA will provide
a Satellite Data Distribution System at FNWC which will be
operated by the Navy.
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3. The presentation of Mr. David Nippert of BCL.
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FUNCTIONAL ELEMENTS OF THE SEASAT-A REAL TIME USER DATA DEMONSTRATION SYSTEM

SURFACE TRUTH
COLLECTION

TRANSMISSION

DATA

GEOPHYSICAL
ALGORITHMS

ReaL TimE
DATA

SysTem

SATELLITE TRACKING
SYSTEM AND
DATA SYSTEM
S

PROCESSING
FaciLiTy

ReaL TIME
SOFTWARE

PROCESSED SATELLITE
& Surrace DATA Re-

LAY SYSTEM

User DATA
DisTRIBUTION
SYSTEM

SEASAT-A
EXPERIMENT
Teams

User CoMMUNITY
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DATA PRODUCTS

SEASAT OBSERVATIONS
W1inDs (SCATTERQMETER AND MICROWAVE RADIOMETER)
Wave HeiGHTs (H 1/3) (ALTIMETER)

SEA SURFACE TEMPERATURE

FNWC ANALYSES AND FORECASTS
IARINE WINDS |
Wave HercHts (H 1/3)
PRIMARY YAVE DIRECTION
PrimarYy WAve PerioD
Sea LeveL PRESSURE
SEA SURFACE TEMPERATURES

SpecTrAL YAVE DaTta
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DATA FORMATS

GRAPHICS

CHARTS WITH CONTOURS OR ISOPLETHS FOR
SPECIFIC GEOGRAPHICAL REGIONS

TABLES

L1STS OF DATA VALUES FOR SPECIFIC LOCATIONS
(LATITUDES AND LONGITUDES) AND TIME

BINARY DATA

A FORM FOR COMPUTER-TO-COMPUTER TRANSMISSION
OF DATA PRODUCTS

MAGNETIC TAPE

ARCHIVED DATA FOR USE IN NON REAL-TIME
ANALYSES
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DATA PRODUCTS/DATA FORMATS

GRAPHICS  TABLES BINARY MAG TAPE

SEASAT OBSERVATIONS

WINDS X X X
WAVE HEIGHTS X X X
Sea SURFACE TEMPERATURE X X X

FNWC ANALYSES & FORECASTS
MariINE WINDS
WAVE HEITGHTS
PriMARY WAVE DIRECTION
PrimARY WAVE PErRiOD
SeA LEVEL PRESSURE

SeA SURFACE TEMPERATURES

> X X X)X X X
> X X X X X X

SpecTrAL WAVE Data X
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REQUIRED USER TERMINALS

GRAPHICS
TERMINALS

TEKTRONIX STORAGE TUBE TERMINALS
4006, 4010, 4012, 4013, 4014, 4015 anp 4051

OR ANY PLOTTER WHICH CAN BE DRIVEN WITH TEKTRONIX
GRAPHIC CODES

HarbDcopy Devices
TEXTRONIX

oR ELECTROSTATIC PLOTTERS

TABLES

ANy TERMINAL, CRT or HARDCOPY, WHICH CAN OPERATE
at 110-300 Baup

BINARY

A COMPUTER
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USER COMMUNICATION EQUIPMENT

TcLEPHONE
STANDARD PHONE
DATA Access ARRANGEMENT

DATA PHONE

MODEM
110-300 Baubp - Accoustic COUPLER - MANY BRANDS

1200 Baup (For GRAPHICS) VADIC
2000 - 4800 (rFor BinArY) BeLL
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TYPICAL USER EQUIPMENT SCHEMATIC

PHONE

COMMERC 1AL
TELEPHONE =
___NETWORK MODEM TERMINAL
‘_____—_--——'Z‘_—____——-——-‘
HARDCOPY
DEVICE
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COMMUNICATIONS ACCESS
T0
REAL-TIME DATA DISTRIBUTION FACILITY

PpP-11

2000 -4800 BAUD|

LOW SPEED
110-300 BAUD 1200 saup .
|

2 MONTEREY, CALIF, 3 - INTRA CALIF, WATTS

PHONE NUMBERS 4 - CONTINENTAAL U.S.
WATTS

3 - MONTEREY, CALIF,

3 MONTEREY, CALIF,
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DATA VOLUME
AND
TRANSMISSION TIMES

SEASAT OBSERVATIONS

WinDs (SCATTEROMETER) 100 Km spaciNnG
30 CELLS/SWATH 1 swaTH EVERY 3.8 seconps
24 up 1o 4 vecTtors (MaeNITUDE & DIRECTION)
6 MAGNITUDE ONLY

Winps (MICROWAVE RADIOMETER)
5 CELLS/SWATH 1 sSwATH EVERY 4 SECONDS

Sea SURFACE TEMPERATURE
D CELLS/SWATH 1 swATH EVERY U SECONDS

WAVE HEIGHT
1 MEASUREMENT EVERY 1 OR 2 SECONDS

EACH MEASUREMENT WILL BE IDENTIFIED
LATITUDE
LONGITUDE
TIME

THERE WILL ALSO BE A “QUALITY” FLAG
INDICATING LIKELIHOOD OF ICE OR LAND



DATA VOLUME
AND
TRANSMISSION TIMES

SEASAT OBSERVATIONS (cont.)

CHARTS
AN “AVERAGE” TABLE 1S 2000 CHARACTERS °
12 seconps @ 1200 BauD
48 seconns @ 300 BAuD

BinarY DaTa 6
ONE DAY'S TOTAL OBSERVATIONS Is 97 x 10Y Bivs - 337 mInuTES @ 4800 BAUD

—

~ FNWC CHARTS & FIELDS

CHARTS |
10,000 cHARACTERS/CHART X 25 cHARTS/SESSION = 250,000 c+ARACTERS/SESSION
250,000 CHARACTERS/SESSION X 2 sessions/pAy = 500,000 cHARACTERS/DAY/USER
10,000 cHARACTERS/CHART + 120 cHARACTERS/sec (1200 BAub - = 83 SEC/CHART
83 sec/cHART + 30 sec (copy TIME) + 10 sec = 120 Sec/CHART

2 MIN/CHART X 25/CHARTS/SESSION = 50 MIN/SESSION/USER

.

BiNaARY Data

GLOBAL BAND - 6 PARAMETERS/6 PERIODS 7.26 x 106 BITS
POLAR STEROGRAPHIC - 2 PARAMETERS/6 PERIoDS 1.37 x 106 BITS
Wave SpecTRAL DATA - 14 POINTS .06 x 106 BITS

9 x 105/12 HOURS == 30 MINUTES 8 4800 BAUD
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FNWC PRODUCTS TIMING

TIME ——
087

|} ) R ] ) L | 1
ANAL 12 HR 24 HR 36 HR 48 HR €0 HR 72 KR
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INDUSTRY USERS ACCESS SCHEDULE

USER CLASS USER # TIME
LocaTiION 10412 114116 |18 20122 | 24
CHARTS
CALIFORNIA 1
2
3
4
5
ConTinenTAaL U.S. )
/
8
9
10
CANADIAN 11
12
ALASKAN 13
14
15
COMPUTERS
16
17




CANADIAN EXPERIMENTS

Canada, through the Canada Centre for Remote Sensing in Ottawa, has had
an interest in the SEASAT-A program almost from its inception, since the
goals of the SEASAT-A program piralilel to a great extent those of the Canadian
Government. Until this year no agreement between the governments of the
United States and Canada existed to allow Canada's formal participation in
the program.

This presentation on Canada's activitiés was provided by Mr. Donald J.
Clough who is both a professor of engineering at the University of Waterloo,

Ontario, Canada and a consultant to the Canada Centre for Remote Sensing.
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PROPOSED CANADIAN PARTICIPATION

(CANADIAN CENTER FOR REMOTE SENSING)
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PROPOSED_CAHADIAN PARTICIPATION IN SEASAT-A PROGRAj

CANADA'S OCEAN MANAGEMENT AND REGULATORY RESPONSIBILITIES HAVE RECSNTLY INCREASED AS A
RESULT OF THE NEW 200-MILE FISHERIES LIMITS AND CONTINENTAL SHELF OIL AND GAS ACTIVITIES,
(See PraTte 1)

ConseQUENTLY CANADA’S OCEAN SURVEILLANCE AND ENVIRONMENTAL MONITORING REQUIREMENTS HAVE
INCREASED. AN INTEKDEPARTMENTAL TASK FORCE HAS RECENTLY REPORTED TO THE GOVERNMENT OF -
CANADA ON A POSSIBLE SATELLIiTE SURVEILLANCE PROGRAM FOR Canapa, (See PiLaTE 2)

Tue Canapian GovernNMENT APPROVED SEASAT-A PARTICIPATION AND A RELATED R AND D ProGram.
CANADA HAS REQUESTED THAT AN AGREEMENT BE ENTERED INTO BETWEEN CANADA AND THE U.S.A. ON
PARTICIPATION IN THE SEASAT-A EXPERIMENT, '

THE CANADIAN CONTRIBUTION TO THE OVERALL SEASAT-A SYSTEM WILL INCLUDE DATA RECEPTION FACILITY
AT SHoe Cove, NEWFOUNDLAND, MODIFICATION OF AN EXISTING OPTICAL PROCESSOR AND DEVELOPMENT OF
NEW DIGITAL PROCESSOR FOR SAR DATA/IMAGE PRODUCTICON, AIRBORNE RADAR APPLICATION STUDIES AND
SURFACE TRUTH SUPPORT FOR SEASAT-A, IONOSPHERIC AND SEA CLUTTER STUDIES., FEASIBILITY STUDIES
H4VE BEEN CARRIED OUT OVER THE PAST TWO YEARS. (SEe PLATE 3) :

THE CANADIAN CONTRIBUTION TO THE PROPOSED SEASAT-A VERIFICATION AND APPLICATIONS EXPERIMENIS
WILL INVOLVE AN INTEGRATED APPROACH IN WHICH THE DATA REQUIREMENTS OF SCIENTIFIC AND INDUSTRY
USERS WILL BE ADDRESSED SIMULTANEOUSLY. COOPERATION WILL BE SOUGHT BETWEEN U.S. AND CANADI:«
GROUPS INVOLVED IN BOTH SCIENTIFIC AND INDUSTRY EXPERIMENTS., (SEE PLATE )

THE CURRENT PLAN IS BASED ON AN APPROVED THREE-YEAR PROGRAM FUNDING LEVEL OF $8.2 MILLIOM,
SPREAD OVER FY77-78, FY78-79, FY79-80. (See PLATE 5)

A PROGRAM MANAGEMENT STRUCTURE FOR THE INTERDEPARTMENTAL SURVEILLANCE SATELLITE ProGRAM IS
NOW FUNCTIONING, CANADA'S PARTICIPATION IN THE SEASAT-A PROGRAM WILL BE MANAGED WITHIN THI
sTRUcTURE., (See PLATE B) :
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A POSSIBLE SURVEILLANCE PROGRAM
FOR CANADA

1985 ] OPERATIONAL RADAR

SATELLITES
(Share with NASA, EGA, JSA)

{11982

INTERIM RADAR SATELLITE

/

I978

4

/

1976

(Share with NASA, ESA, JSA)

SEASAT 'A' EXPERIMENT
Conadion participation in NASA
Rcdar Satellite

PREPARATION FOR SEASAT ‘A’

PLATE 2
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PROPOSED _CAWADIAN PARIICIPATION [N SEASAT-A:SYSTENS

DIRECT REAﬁCUT OF ALL SEASAT-A DATA AT SHOE COVE
OPERATIONAL AT LAUN;H, M1p-1973,

MODIFICATION OF EXISTING OPTICAL SAR PROCESSOR
' OPERATIONAL LATE 1978.

DEVELOPHENT OF DIGIiTAL SAR PROCESSOR
OperaTiONAL MID-1979.

ATRBORNE RADAR APPLICATION STUDIES
Convair 580 with ERIM SAR. OperaTionaL EarLY 1978,

[ONOSPHERIC AND SEA-CLUTTER STUDIES
OnGoiING FrROM MI1D-1377,

PLATE 3
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P HADIA; ATION IN S -A:EXPER

COUPLED SCIENTIFIC/INDUSTRIAL USER EXPERIHENTS.

OCEAH ENVIRONMENTAL MONITORING COMBINED WITH SURVEILLANCE OF SHIPS, DRILL RIGS ARD

OTHER HUifA# ACTIVITIES

LANDMASS - QueBec AND MARITIMES

SCOTIAil SHELF
GRAND BANKS
LABRADOR SHELF
BEAUFORT SEA
WEST COAST
GREAT LAKES
HIGH ARCTIC

- OPEN OCF N
- OCEAN WITH ICE

- OCEAN WITH ICE

- OCEAN WITH ICE =

- OPEN OCEAN

= INLAND WATER

- ICE, HUMAN ACTIVITY

GEOLOGY, WATER RESOURCES, FORESTRY AND AGRICULTURE

PLATE 4§
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THREE-YEAR DIRECT PROGRAI FUNDING (STHOUSARD)*

PROGRAM HANAGEFENT +\'vvvvvrnvnsves e e
SEASAT-A DATA RECEPTION (SHoE COVE STATION) ivvvvrvnesss
SEASAT-A [MAGE PROCESSING +vvvvrvvvnen, e
SAR OPTICAL DATA PROCESSOR HODS ...vuru... e
SAR DITIGAL DAIA PROCESSOR DEVELOPHENT +vvvvvvriss. e
AIRBORNE DATA ACQUISITION & PROCESSIHG ....... Cer e
RADAR RESEARCH +vvvvvevervnn, e
VERIFICATION/APPLICATIONS EXPERIMEHTS ..\uvvven., e
EVALUATION STUDIES +ovvvvrranrvnnn. e e

THOUSAND DOLLARS TOTAL .,

»
DoEs NOT INCLUDE ACTIVITIES OF FUNDING FROM INDUSTRY OR

........ ‘e 199

.......... 995
.......... 225
Cerriceree 130
.......... 2,550
.......... 2,685
Ceveraenes 230
veseriaias 1,010
.......... 175

.......... 3,199

SECONDARY USERS.



INTERDCPARTMENTAL
REVIEW BCARD

SURVEILLANCE SATELLITE

EMR (Chairman)

DFE  DOC DOT
DND DSS
TB, MOSST

Program Office
EMR (Director)

International DFE DOC DOT Surveillance Systems
Program DND DSS [0verview Committee
Planning -
Project Office
Manager - EMR
Dep. Mgr. ‘Dep. Mgr. Science
(Technology) (Applications) Procurement Mgr.
DOC DFE DSS
[ ——
| - ‘ i
Skoe Cove Cotical Radar Research
6rnd.Stn. Data Processing Studies
(EMR) (DND) (DOC)
Dé¢gital Airborne Radar
% Processing Support
JEMR) (EMR)
| Applications Experiments
wwman Activities Environmental Phenomcna
(PND) (DFE)
I I T | | f 1 1 T '
oD DrE DOT EMR  DINA DFE OND DOT CDA EMR

Plate 6 Program Management Structure
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EXPERIMENTERS WORKSHOPS

On the second day of the workshop, experimenters, having been briefed
on the current status of the SEASAT-A progran and the associated data dis-
semination approaches, were acked to document the requirements of their ex-
periments. This documentation was bndertaken under the guidance of
coordinators and with easy access to resource personnel, identified and
present at the workshop.

The experimenters identified 22 different experiments of which 19 were
actually documented. The remaining 3 were not documented, either because
the experiment details had not yet been developed or because there was no
experimenter representation at the workshop.

The association between experiments and experimenters i§ tahbulated and
the documentation of the experiments is provided.

Between the time of the workshop and the publication of this document,
Experiments 3, 4 and 6 were documented and are now included. Also Dr. George
Mourad of Battelle produced a more comprehensive description of the workshop
experiments which is included.

This section also contains summary worksheets for all of the experiments
described at the workshop. The information contained in these worksheets was

provided by the experimeters during the workshop.
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WORKSHOP IDENTIFIED EXPERIMENTS

Experiment . Experimenter
Canadian Beaufort Sea, Dome Petroleum, Gulf and/or Imperial 0il Glenn Davis
Labrador Sea or West Africa, Texaco and Gulf ' Daniel H. Macy
Labrador Sea (Canadian), EPOA ' *A. George Mourad
Gulf of Mexico, AGA/PRC *A. George Mc irad
U.S. East Coast, Conoco Frank Rose
Offshore West Africa, Getty and Texaco *A. George Mourad
North Sea, Union Mike Utt
Equatorial East Pacific Ocean Mining Bil1l1 Siapno,

Atle Steen

Ocean Thermal Energy Conversion Paul Wolff
Bering Sea Ice Task Group Fredric H. Deily
Ship Navigation Gulf of Alaska George Christoph
Ship Navigation Simulation George Christoph
Ice Monitoring Experiment for Tanker Design George Christoph
Marine Environmental Forecasting Pay Mayer
Optimum Ship Routing Ray Mayer
North American Goose Nesting Habitat Robert E. Munro
International 7-e Patrol--Northern Survey Lt. G. Ketchen, USCG
International Ice Patrol--Envirommental Data . Lt. G. Ketchen, USCG
International Ice Patrol--Repetitive Coverage Drift Amalysis Lt. G. Ketchen, USCG
Tropical Tuna Fishery Merritt Stevenson
Salmon--Albacare Fishery Fred Jurick
Alaskan Crab Fishery Sigfryed Jaeger

*Experiments identified but not documented at workshop.
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WORKSHOP EXPERIMENTS (BCL)

Experiment Title/Type

Location

Organization(s)

Principal Comtact

U.8. Coordinator

Beaufort Sea
{011 and Gas and
" Arctic Operation)

200 Miles Offshore Between
Longitudes 125° and 140°W

{1) Culf 0i1 Canada
Ltd. ’

(2) Imperial 041
(Canada)

(3) Dome Pctroleum
{Canada)

(4) AOGA/ARC (US)

B. Wright/J. Hnatiuk
G. Spedding
G, Davis

T. Hudson, Chairman
{Chevron)

A. G, Mourad (BCL)
and
R. Gedney (NASA/LeRC)

R. Ramseier (Canadian
Coordinator)

Labrador Sea
(011 & Gas and
Sea Ice)

150 Miles Offshore Batween
Latitudes 33° and 63°N

(1) EASTCAN Explora-
tion (Canada)

(2) Gulf 011 Canada
Led.

(3) Imperial 011
(Canada)

(4) Texaco (US)

P, Buemi
B. Wright/J. Hnatiuk
G. Spedding

G. P, Hote/D, Macy

A. G. Mourad (BCL)
and
R. Gedney (NASA/LeRC)

R. Ramseier (Canadian
Coordinator)

Gulf of Mexico
(011 & Gas and
Pipelines)

Northern half of the
Gulf of Mexico

(1) AGA/PRC

(2) Cetty 011
(3) Texaco

R. J. Siemons Jr.,
Chairman

(United Cas Pipeline Co.)
H. A, DeMirjien

G. E, Mott/D., Macy

A. G. Moursd (BCL)

©.3. Fast Coast

(1) Gaorges Bank

(2) Baltimore Canyon
Trough

(3) Ceorgian Esbaywent

CONOCO, et al.

F. Rose

A. G, Mourad (BCL)

Offshore West Africa
(011 & Gas &
Drillfng)

Western & Southern Coast
of Africa

(1) Getty 01, et sl.
(2) Texaco

H. A. DeMirjian
G. E. Mote/D. Macy

A. G, Mourad (BCL)

Equatorfal East
Pacific
(Ocean Mining)

Offshore Southern Calif.
and Central America in a
corridor 15° Wide Extend-
ing to Southeast of Hawaii

Kenstecott Explora-
tion
Deepsca Vgntures

B. Livesay/A. Steen

W. Siapno

A. G. Moursd (BCL)

Bering and Chukchi
Seas
(011 & Gas & Ice)

Of fshore Alaska to U.S.~
U.5.8.R. Border

AOGA/Bering Sea Task
Force on Ice

Fred W. Ng, Cheirman
(ARCO)

A. G. Mourad (BCL)
and
R. Cedney (MASA/LeRC)

North Sea
(011 & Gas)

United Kingdom area of
Northern North Sea (52°N-
65°N and 4°W=-3°E)

(1) CoNoCo
(2) Unton 041

F. Rose
M, Utt

A. G. Mourad (BCL)

Ocean Thermal Power
{Thermal Resources)

Many Sites Offshore
the U.S. East and West
Cosats

Ocoin Data Systems

P. Wolff

D. Montgomery (JPL)
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WORKSHOF EXPERIMENTS (BCL)

Experiment Title/Type

Location

Organization(s)

Principal Contact

U.S. Coordinatcr

North American Goose
Nesting Habitat

Four Sites in Alaska's

Coastal and Inland Marsh

Nesting Areas

USD1/F&WS

A. Marmelsteen/R. E,
Munro

. Montpomery (JPL)

and

. Gedney (NASA/LeRC)

Ice Monitoring For
Tanker Design

Beaufort Sea/Northwest
Passage

Sun Shipbuilding
and Dry Dock Co.

G, Christoph

R.

Montgomery (JPL)
and
Gedney (NASA/LeRC)

Optimum Ship Routing

Shipping Lanes Between
Tacoma, Washington and
Anchorage, Alaska

Sun Shipbuilding
and Dry Dock Co,

G. Christoph

Montgome vy (JPL)

International Ice
Patrol -~ Northern
Survey

Consts of Labrador and
Baffin Island

USCG

Lt. G. Ketchen

Gedney (NASA/LeRC)

International Ice
Patrol - Drift

Grand Banks

USCG

Lt. G, Ketchen

Gedney (NASA/LeRC)

International lce
Patrol - Environment

43°-49°N & 44°-50°W

Usce

Lt. G. Ketchen

Gedney (NASA/LeRC)

Ocean Routing &
Environmental Pre-
dictions

West Pacific & Gulf of
Alaska

Ocean Routes, Inc.

R. Mayer

Montgomery (JPL)

Gulf of Alaska
(011 Exploration)

Gulf of Alaska And
Bering Sea

Ocean Routes, Inc.

R. Mayer

Montgomery (JPL)

Alaskan Crab
Fisharies

Gulf of Alaska and
Bering Sea

Pacific Fishing
Veggel Owners Assoc.

8. Jaeger

Montgomery (JPL)

Alaskan Crab
Fisheries

Culf of Alaska and
Bering Sea

Kodiak

F. Bohannon

D.

Montgomery (JPL)

Eastern Tropical
Pacific Tuna
Fisheries

From the Coast of Chile

North to Northern Calif-
ornia and Offshore 100's

to 1000's of Miles

Inter American Tuna
Commission (IATTC)

M. Stevenson/R.
Kirkham

Montgomery (JPL)
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WORKSHOP EXPERIMENTS (BCL)

Experiment Title/Type Location Organization(s) ° _Principal Contact U.S. Coordinator
Salmon - Albacore Offshore Southeastern Oregon State University/ R. Jacobson D. Montgomery (JPL)
Alaska to Cuadalupe Marine Adv. Prog. and,
Island Humboldt State Univ- F. Jurick
ersity/Marine Adv. Ext.
Soc.,
Key
APOA: Arctic Petroleum Operators Association AOGA/ARC: Alaska 0il And Gas Association/Arctic Research
EPOA: Eastcoast Petroleum Operators Assoclation Committee
UKOOA: United Kingdom Offshore Operators Association USDI/F&WS: U.S. Department of Interior/Fish and Wild Life
AGA/PRC: American Gas Association/Pipeline Research Committee Service
DOE: U.S. Department of Ensrgy USCG: U,S8. Coast Guard
BCL: Battelle Columbus Laboratories NASA/LeRC: NASA/Lewis Research Center

JPL: Jet Propulsion Laboratory



EXPERIMNLAT 1:

Imperial 0il

-

EXPERIMENTER:

Glenn Davis

.iberta, Canada T2P 2H8

OBJECTIVE/PURPOSE: Evaluate SEASAT A sensors for operational applications in
meteorologic,oceangraphic and sea ice monitoring in the.
Canadian Beaufort Sea offshore location.

Canadian Beaufort Sea, Joint Dome Petroleum, Gulf 01l and

- Dome Petroleum/P.0. Box 200 Calgary,

LOCATION(S)

DATE (S)

FREQUENCY /DURATION

Canadian Beaufort Sea,
approximately delineated
Long: 125© - 140° W
Long: Shoreline - 720 N

May, 1978 to end of program|

As often as SEASAT A
passes plus FNWC daily
synopsis, forecasts and
GDR.

COMMUNI CATIONS

PERSONNEL

SPECIAL EQUIPMENT

Provide FNWC real time
GDR's synopsis and fore-
casts to Calgary and
Beaufort Advance Base,
Tuktoyuktuk, N.W.T.
Historicaldata on C.C.T.

Approx. 6 man months per
year.

6 digital integrator
anenometers
Tektrongx terminal

EXPERIMENTERS
CONTRIBUTION

EXPERIMENTERS
ouTPUT

ECONOMIC BENEFITS

a) hourly meteorological §
ceanographic data, offstor
location from June-Oct.each
ear.

b)ground truth for SAR pass
on ice during winter (approx.
once a month, Dec.-March.

c) Remote sensing over-
flights.

) Real time transmission
o FNWC, of meteorologic
nd oceanographic data.

) Yearly interim summary
evalvation reports until
termination

k) Final evaluation report

d) Remote sensing data

collected in a sample area
of study.

DATA CHARACTERISTICS

DATA FORMAT

DATA DELIVERY

Real time data
Scat wind(magni
SMMR "

SMMR - SST
Altimeter H-1/3
AGC &confidence level
FNWC products
winds,waves,direction
height period.

tudegdir.)

-Tables for G.D.R. synopsis
and forecasts in real time;
-CCT for historical data;

- Interpreted ice concentra-
tion on charts (Fleet
Weather Suitland) for SMMR
data

-would like wind § wave data
from scatterometer even

Telephone for real time

ORIGINAL PAGE 15

SPECIAL ORBITAL REQUIREMENTS
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Canadian Beaufort Sea

DATA CHARACTERISTICS

~-S5ea Surface pressure

~SST

-Synopsis and forecasts
Non real time data

- winds)

- SST ) SAR imagery
- H-1/3)

-Ic- Concentration) .
-Ice Types )SAR imagery

-Currents § Tides(if possible)

FNWC products, would like to have
1. Observation file - sfc

ships
upper air

other satellite

Upper air analysis

Forecasts - storm warnings
winds
wave heights
. (maximum § H-1/3)
G.D.R.s tables
Quality control
(statement with each product)
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DATA FORMAT

when flag for ice and land
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Canadian Beaufort Sea

Glenn Davis

Experiment}" centribution (cont'd. from previous page)

Dome Petroleum will have three drillships moored in locations in the
Beaufort Sea. The drillships will be located in water depths between
90 {eet and 200 feet approximately and distances from shore between 50
and 130 nautical miles.

Each drillship will have an experienced environmental observer aboard
who will coliect hourly meteorologic and oceangraphic data. Daily
water column data will also be collected.

Hourly dat: collections include:

a1t temperature, barometric pressure, wind velocities,
wind direction, humidity, cloud cover, wave heights,
wave periods and sea surface temperature. Whenever

sea ice is in the vicinity of the drilling vessel, ice
flows are monitored on radar, visually and with on board
computer-coupled, automatic, omega ice tracking trans-
mitters. Wave heights are recorded every four hours,
on charts and magnetic tape, with wave rider buoys.
Currents are continually monitored and recorded at

near surace, 5 meters and 10 meters at each drillship.
Water column data, collected once a day, includes
temperature, salinity and turbidity. Daily ice
reconaissance flights are undertaken by experienced ice
observers.

Imperial 0il Ltd. will collect similar data at their
artificial islands, which are nearer to shore than
Dome's drillships. Meteorological data are collected
at Beaufort Advance Base, Tuktogaktuk also.

This data can be made available to FNKC in near real
time or for historical analysis, while such data are
being collected (during normal operations).

All ground truth data (ice thickness, ridge heights,
ridge frequencies), that are being collected during
the winter ice research programs, will be available
to the SEASAT project.

Aerial photography, laser profiles, SLAR and Thermal
1-R will be collected during the winter months over
Sherefort ice and the Shear zone in the Beaufort Sea.
Attempts will be made to coincide their flights with
SEASAT SAR overpasses.
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Canadian Beaufort Sea -2-

RAMS -buoys will be placed on sea ice in the Shear zone of
the Beaufort Sea.

Experimenters Qutput

a) Interim summary reports:

- assess capability of Scatterometer to determine wind
velocity and direction in open water area of Beaufort
Sea (between sea ice and land).

- provide an assessment of Scatterometer capability
to determine wave heights, wind velocity and direction
in water that is at freezing temperature.

- compare “NAC forecasts, with SEASAT impact, with Canadian
A.E.S. Beaufort Advance Base forecast.

- assess whether SMMR data (sea surface temperature) will
be useful for freezeup prediction model.

- assess SAR capability for collecting sea ice data
ice type, ice concentrations, leads, ridges and
pack ice compactness (degree of pressure)

- assess capability of radar altimeter for determining
wave heights in the Beaufort Sea.

'b) Final report at project end - conclusions and recommendations.



EXPERI::"N)

¢: Labrador Sea or West Africa - Texaco, Inc. § Gulf of

(THYS SHEET 1S FOR LABRADOR ONLY)

EXPERIMENTER: 1.

.xXico

niel Macy/Texaco, Inc./P. 0. Box 60242/New Orleans, LA 70160

OBJECTIVE/PURPOSE:  OCEANOGRAPHIC VERIFICATION OF SEASAT -
FOR UTILITY OF DATA FCR OFFSHORE DRILLING & PRODUCING OPERATORS
LOCATION(S) DATE (S) FREQUENCY/DURATION

In order of priority:

1) Labrador Sea - Offshore
Newfoundland

2) Offshore Africa

(specific Pt.Loc.

?)

Drill Season (July-Oct.)

1979

1978 intermittent as
activity requires

As often as SEASAT Transits
location

COMMUNICATIONS

PERSONNEL

SPECIAL EQUIPMENT

Real time data at dri’)
vessel via fascimile.

Historical data at New
Orleans/Houston -

6 man-months for one year

To be determined

EXPERIMENTERS
TRIB

EXPERIMENTERS
OUTPUT

ECONOMIC BENEFITS

Ground truth data from our
orig. vessel either area
as available.

HReport summarizing the

verification or assessment
of instruments data and

and design

hxme and historl®' data to
ground truth for reliabilit)y] form an environmental data
and utility to our operatiorfsbase for design purposes an

Estimation of projected
benefits based on, both real

operational efficiency.

DATA CHARACTERISTICS

DATA FORMAT

DATA DELIVERY

FNWC real time data (see
back) and historical data
aircraft necessary to per-
forn Jata verification

sea ice and iceberg

Real time data on currents,
tables or graphics (see
back)

istorical data on magnetic
tape

#R § SMMR imagery

/IR imagery

Real time data to ground
base operation compatible
with weather facsimile
transmission from L
Newfoundland. Historum
data to New Orleans/Houston

I

SPECIAL ORBITAL REQUIREMENTS
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rador Se

DATA CHARACTERISTICS

1) Observation File: SFC
SHIPS
Upper Air
Other Satellites

12 8 bits day

2) Tailored Charts and Forecasts:
Storm warning
Area, any scale, any projected
Selected plotted data
3) GDR's plotted w/geograhical background

4) Quality control statement w/each product

134



OBJIECTIVE/PURPOSL :

. "7 (prepared by

~

A. C. Mourad/Batielle)

(1) to improve wind, wave, freczceup and breakup forceast

{(2) to locate icebergs

EXPLRIMINTCR: Eroa (Euétcan Exploration: P, Bupmi; Culf Oil: B. Wright/Honatiuk;

Irperial: G, Spedding; Canadian Coordinator: R. Ramscicr/Sursat'Proj.)
and Texaco/U.S.: G. Mott/D. Hacy :

(2) to asscss the utility of SLASAT data for offshore facilities desipn and operations.

LOCATION(S)

DATE (S)

FREQUENCY /DURATION

150 miles offshore west
and 339 - 63°N

Throughout the life of the
SEASAT cxperiment

As often as SEASAT-A passes
are available over the test
arca plus FNWC daily synop-
sis and forecasts.

COMMUNICATION

PERSORKEL

SPECIAL EQUIPIINT

Transmission Lines;

Phone, FAX

Receiving Lquipment:

Graphic terminal
Alpha numeric CRT

Approximately 6 man-months/

! vear

Teletyoe
ENPLRIMINTERS EXPERIFLNTLRS e N
CONTRIAT 10 ou1 T ECOH0HIC BEKEFITS

Data from drill ships,
platforms and ice surveys
on:

- waves (height,period,dir)

- wind speed/dir

- current specd/dir

~ iccberg su. e, position &
routce

-sea _jce type,leads,voushne

- Surface truth data to NASA
and/or FNWC

- Interin and Final reports
evaluating the accuracy
and utility et SEASAT data
in design and operaticus
for offshore oil and gas
purposes.

i, pressure ridges, cte.

Asscess the economic
benefits of SEASAT data
utility.

DATA CHARACTERISTICS

DATA FOR'VY

DATA DELIVERY

- GDR: (Scat wind, SHMKR
wind, SMMR SST, alt. "1/3
- FNVC Products: Marince
wi: !5, wavces ("1/3' dir.

period, spectra), SSI' &
SST 40 nowcast and fore-
cast at 12,24,48 & 72 hrs

L ol LHR's gualily

ship obser.f{les, plots
(over)

< tables for GDR synopsis
and forccasts

- tables, charts & praphs
for FNWC real time and
forccast preducts

- CCT for historical data

- SAR, SMMR & V/IR jmagery

Telephone for real time
data, and mail historical
data to Calgary, Alberta,
Canada ?

SPLCIAL OREITAL RIQUIRLNMLNTS
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Labrador Sea
Data_Characteristics (Con't.)

control statements with cach
product
- Non-real time data:
Winds, waves (M, ,.), SST
11

SAR, SMMR & V/IR imagery
Ice concentration & types
Currents and tides i{f possible

13
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(Prepared by A, G, Mourad/Batiel)e)

EXPLRILLUTER:

Ancrican Gan Ausociatfon/Pipe Line Recoo reh Committee (3. Simmons, Jr.

Chairman); Getty 0i1 ind Texaco are also interested in this area,

OBJLCTIVE/PURPOSE:

(1) to improve the desipn criterfa for pipeline and correlate the effect of surface
environmental data with subsurface and ocean hottom conditions
(2) to improve rcal-time prediction capability and the accuracy of predicting scvere

storms.
LOCATION(S) DATE (S) FREQUENCY/DURAT IO
26°N - 30°N Throughout the duration of | All available pertincnt data

80°W ~ 9735W

the experiment

Priority times during the
hurricane scason for SAR
data

and as often as pacsses are
taken over the test arca
plus FNWC daily synopsis and
forecasts

COMMUNICATIONS

PERSONKEL

SPECIAL EQUIPIEHT

Transmjission Lines:
Phone, TAX
{ Receiving Equipment:

Craphic terminal
Alpha numeric CRT

2-4 man-month/year depending,
on the accuracy and uscful=-
ness of the data

None

Teletype .
EXPERIENTERS EXPERIECNTERS COnes .
COITRI RUTION ouIPUT ECONSRIC w.RIFITS

Surface data (wave spectra,

wind speed/direction, water

temperature, air temperature
and water vapor) {rom plat-

forms and subsurface instru-
went packages

]

- Surface truth data to KASA
and/or FNWC

Verificaticn of the ac-
curacy and utility of SCA-
T data

- Write fina)l report

DAYA CRARACTERISTICS

e v o—

DATA FORIA

Assess potential econonic
benefits of SEASAT dota in
of{shorc pipeline and facti-
lities design and operations

. - 4 A e s © - o sttt S e i Pt

DATA DELIVEDY

(1) GDR: (Scat. wind, S!R
vind, SMMR SST, Alti-
meter "1/3

FAWC Products: marine
winds, vaves (H;,3. Cir-
ection, period, spectra)
SSE and SST noweast and
forccast at 12,24,48,872
hrs. (over)

(2

- Tables for GDHR synopsis
and forecasts in real time

- CCT for historical data

-~ SR V/IK and SAR inmagery

- Tables, charts and graphs
for vreal time data and
forecast

felephione for real time 4ata
in Housten, Texas. Mafl his-
terical data to __

. SPECIAL ORBITAL RLQUIRLIERTYS
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Gulf of Mexico
Data Characteristics (Con't.)

_Ship obs, files, storm
waraing plot of GLR's
with geographic coordinates
and qualiry control state-
ments of data

{3) Non-real time data:

SAR, SHMR & V/IR imagery
Currents, tides

138
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EXPERIMENT 5:

OFFSHORE OIL AND GAS

Conoco/P.0. Box 2197/Houston, TX 77001

EXPERIMENTER: Frank Rose
OBJECTIYE/PURPOSE :
LOCATION(S) DATE (S) FREQUENCY /DURATION

North Atlantic with Ground
Truth Stations in BaltimorT

From initiation or data
disimination to end of

See Attached sheet

—

Canyon and North Sea Area | project.
COMMUNICATIONS PERSONNEL SPECIAL EQUIPMENT
Bell Modem --- To be studied
EXPERIMENTERS EXPERIMENT
CONTRIBUTION BUTPIT ECONOMIC BEWEFITS
Hy/3 1. Assist in calibration of
Wind Speed § Direction Hindcast models
Sea Surf Temp 2. Mor? accurate fore?asts
Surf Current 3. !ndlcatxon of applica-
bility to Development of
long term data bases for
structural designgoperation
consideration
4.Develop Directio?gl Spect
DATA CHARACTERISTICS DATA FORMAT DATA DELIVERY
Graphics Houston/Ponca City
Tabulars

SPECIAL ORBITAL REQUIREMENTS
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Offshore 0il and Gas

FREQUENCY - DURATION

Real Time:

I. GDR Data - Need Data whenever S2tellite passes over North
Atlantic between 20°N and 80°N

11. Forecast/Predicts/0BS
Ship, Buoy, Military OBS - 4 times per day for above area
Surface Analysis Chart - 4 times ;er day.
Upper Air Charts - 2 times/day for ahove area
Sea Temp. Charts - 1 time/day (not forecast)
Hl/3 Charts - 2 times/day (not forecast)
H1/3 Point Predictions - This info. required at 12 hour intervals
for site specific points and should include the 12, 24, 36, 48 § 72

hour point forecast for each 12 hour interval.

HISTORICAL

Tide/Current Data from range info for area mentioned above for
each pass.
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EXPERIMENT 6:

A(bfcfnrvd by A. G, Nunradlna{lc)lcj

(RN R VIS

EXPLRIFLNICR: Getty 01l Co., ct al) (. DeMirjlan) and Texaco (G. Mott/D. Macy)

OBILCTIVE/PURPOSL:

To assess the utility of SFASAT hihtorical and real time data for offshore

ofl and gas and drill ship design

and operations.

LOCATION(S)

DATE (S)

FREQUEKCY/DURATION

Fxact area may not be known
until 2-3 months prior to
operations.

Approximately:

0-12°N and 18%5-35"s
up to 2000-m contour west

During the drill ship opera-
tions for real time data
and throughout the SEASAT
experiment program for
historical data.

All avajilable pertinent
data and as often as passes
are available over the test
arecas plus FRWC daily
synopsis and forecasts.

CONMUNICATION

PERSONGEL

SPECIAL EQUIPNINT

Transmission Lines:
Phone, FAX

Receiving Equipment:

Graphic terninal
Alpha numeric CRT

1 man-month prior to verifi-
cation

2 man-nonth/year after,
depending on SEASAT data
utility.

Teletype
ERRLRMIENIERS gl 11 ECORCHIC BEREFITS

Data from drill ship and wav
rider buoy such as water
temp. and salinity, waves
(height, period, dir.), wind
specd/direction, current
speed/direction, air
temperature

1y
]

Surface truth data to
ASA and/or FNuC

verification of accuracy

and utility of SEASAT

data

final report

Assess potential ecoroxic
bencfits of SEASAT data for
of fshore oil and gas opera-
tions and for drill ship
design and operatious

DATR CHARACTERISTICS

DATA FOMAT

DATA DELIVEIN

(1) GDR: (Scat.wind, SR wind
SMMR SST, altimecter "113

FNRC Proaucts:
winds,vaves (M

Marine
dir.
/3

period, spectra) SST and
SST in nuwcast, .nd fore
cast at 12,24 48,77 hrs.
Ship obs.files,storn
warning plot (over)

)

- Tables for CDOR svaopsis
and forecasts
tables,charts & prapis
for INWC real time and
forecast data

= CCT for historical data
- SMM & V/IK imagoery

Telephone for real time data,
mail) historfcal data to
ouston, Tex.

18
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DOffshore West Africa

Data Characteristics (Con't.)

of GDR's with gcopraphic
coordinates, and quality
control statements, if
possible

(3) Non-real time data: SMMR
and V/IR imapery wave:,
currents, tides, winds
and temperaturc
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EXPERIMENT 7: UNION OIL NORTH SEA

EXPERIMENTER: Mr. Mike Utt - Union Oil Researcgh/P.O. Box 76/Brea, CA 9262]

OBJECTIVE/PURPOSE: SEASAT Data Verification and Assessment of the Utility
of the Data for Analysis and Design
LOCATION(S) DATE (S) FREQUENCY/DURAT JON

[Forthern North Sea -(withinJ
100 km of Heather productio
latform)

S2°N - 65°N and 40OW - 3°E

From start of SEASAT-A
(Nov. '78) for at least
one year.

As often as SEASAT passes
are -available (estimated
less than 1 pass/day)

COMMUNI CATIONS

PERSONNEL

SPECIAL EQUIPMERT

Phone line or magnetic
tape, non-real time.

1 Research Engineer and
computer support personnel
at Union Research Center

(estimated 2 man-months)

none

EXPERIMENTERS

CONTRIBUTION

EXPERIMENTERS
OUTPUT

ECONOMIC BENEFITS

Surface data (wind, waves
and temp.) from fixed
platform

Report summarizing
statistical comparisons of
SEASAT and surface data

direct - none

indirect:

-NASA gets verification of
SEASAT data

-Union gets experience with
satellite data

DATA CHARACTERISTICS

DATA FORMAT

DATA DELIVERY

GDR's only
real time not required.

week or 10 days delivery
time okay

Wave height - tabular data

Wind and temperature -
Desirable to have estimate
at a point (platform loca-
tion) for each pass
encompassing the point.

To: Union Research Center
Brea, CA via phone

line or by mag.tape.

SPECIAL ORBITAL REQUIREMENTS
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EXPERIMENT 8:

EQUATORIAL EAST PACIFIC/OCEAN MINING

62/9212]

EXPERIMENIER: Bill Siapno - Deepsea Ventures/Gloucester Point, VA 23062 .
Atle Steen - Kennecott Exploration, Inc./3377 Carmel ngntsigggo
OBJECTIVE/PURPOSE: Receive & Assess SEASAT Data Utility for !
Ocean Mining Design and Operation
LOCATION(S) DATE (S) FREQUENCY /DURAT ION

Area included within 59N -
20°N; 110° - 150° W plus

Especially between June 1

Oct. 1978 to end of program4

As often as SEASAT passes
area plus all FNWC

Storm area of West Coast thru Oct. 1 forecasts.
of N. America 5ON - 40°
and West to 150°W.
COMMUNICATIONS PERSONNEL SPECIAL EQUIPMENT

Provide all data by
Weatherfax. Provide
historic data once/month

6 x man months/year

To be determined

EXPERIMENTERS
CONTRIBUTION

EXPERIMENTERS
OuTPUT

ECONOMIC BENEFITS (Antici

bated)

Surface Temp. Air, Sea.
Wind: Direction & Speed
Wave/Swell: Height,Period,
Direction
These data could be made
available to NASA orFNWC by
radio or whatever means
available to receive them.

Report summarizing results:
1)Verification of SEASAT
data accuracy and their
utilities in mining opera-
tions and design
2)Assessment of potential
benefits of a projected
SEASAT operational system.

Increase environmental data

Ibase, minimize

increase efficiency of
operation.

DATA CHARACTERISTICS

DATA FORMAT

DATA DELIVERY

1)Real time data (copy)
(see back)

2)FNWC forecast products

(see back)

3)Storm Advisory

4)Spectral points for

data - 3{ Jata block,SAR,
SMREV/IR,Currents, tides,etc

each experiment . Historical]V/IR facsimilies

Historical data or Computer

tape.

Real Time - Tables, Charts,
Graphs

Forecasts - Tables, Charts,
Graphs

1 - Weatherfax

2 - Kennecott, S.D.,CA
Deep Sea - Venturus, \A
INCO - Wash. State
Lockheed, CA

SPECIAL ORBITAL REQUIREMENTS
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Equatorial East Pacific/Ocean Mining

DATA CYARACTERISTICS

Quality Control Statements with each product
GDR's plotted w/grey background
Tailored charts § forecasts

Real time data from SEASAT (GDR)
Scat. wind (magnitude and direction)
SMMR wind and SST

Altimeter H)i/3

AGC on confidence level
FNKC products nowcast and forecast at 12, 24, 48, 72 hrs.

(winds, H);3, direction, period, wave spectra)
spectral date points

Historical data on -
(winds, SST, H1/3, SAR and SMR andV/IR imagery



EXPERIMENT 9: OCEAN THERMAL ENERGY CONVERSION

EXPERIMENTER:
OBJECTIVE/PURPOSE: SURVEY DATA FOR PLANT SITES, THERMAL RESOURCE EVALUATION, ENGINEERING

Mr, Paul Wolff - Ocean Data Systems/2400 Garden Rd./Monterey,CA 9340

DATA ON WINDS, WAVES AND CURRENTS

Florida East
Coast
Hawa“®i

Guam

10 other 1° Lat. Long areas
in Tropical oceans

8 "
6 "
4

LOCATION(S) DATE (S) FREQUENCY /DURATION
Gulf of Mexico 10 1° Square Continuing full period for | All available pertinent
Florida Straits 6 which data are available. observations

COMMUNICATIONS

PERSONNEL

SPECIAL EQUIPMENT

4 transmissions/day.

Direct line to FNWC computed P. Wolff + 3

Dr. Lloyd Lewis DOE

EXPERIMENTERS
CONTRIBUTION

EXPERIMENTERS
_OuTPUT .

ECONOMIC BENEFITS

Computers & Comm line
plotters - previous
engineering data specifica-
tions OTEC observations

Comparison of this data
with OTEC obs and previous
estimates of thermal re-
source, wind, wave mean
values and extremes.
Currents if discernible

Changes in engineering
design specifications.
Warnings of high seas and
winds during operations.

DATA CHARACTERISTICS

DATA FORMAT

DATA DELIVERY

SST obs

H1/3 obs

Wind obs

Spectral Sea State analyses
for each point twice a day.
MLD data or analyses

FNWC packed binary or any
other computer to computer
protocol.

Direct line from 0DSI
computer to FNWC computer.

SPECIAL ORBITAL REQUIREMENTS
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OCEAN THERMAL ENERGY CONVERSION

These plants expect to use the thermal difference between the warm upper
layer of the ocean and the cold water available at 1000 meter depths.

Test operations of components have begun off Hawaii and Puerto Rico. A
small test plant is planned for the N. Gulf of Mexico with a larger
movable plant soon thereafter.

Ocean Data Systems has been working under contract to DOE to evaluate
environmental conditions especially thermal resource availability.

Specifically the plant operation is possible only in areas with warm
surface water throughout the year. Depth of the mixed layer is needed
also.

Ir addition, the plants are affected by strong winds, wave action and
currents which influence design of hull, piping mooring, etc.

Sites are identified in 1° Lat. Long squares. All are in ocean areas where
environnental observations are sparse in both space § time.

ODS1 has prepared monthly values and limits for temperature structures
month.y. Engineering design specs define wind, waves and currents.

This experiment has the following purpose initially:

a) verify environmental design values

b) determine diurnal variations

¢) compare these new observations with specified envelopes.
Changes; .n engineering design characterictics may be possible from this
study. .ny environmental values outside current design characteristics
will have expensive engineeriang impacts.
When plants are in operation -

a) provide warnings of extreme winds, seas, currents

b) detect any change in sea surface temperature caused
by plant operation.
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EXPERIMENT 10:

EXPERIMENTER:
OBJECTIVE/PURPOSE :

BERINGSEA ICE

Fredric ll. Deily, Exxon Production ReyPO Box 2189/liouston,TX 77001

Usc Data from SEASAT-A to study ice coveragc and movement to

scc if it is fcasible to usc data for Offshorc Operations.

LOCATION(S)

DATE (S)

FREQUENCY/DURATION

54° N - 70° y
IS7° W - 175° w

To the US, USSR borders

Nov. 1978 - May 1979
Nov. 1979 - May 1980

As many SAR passcs as
possible

SMMR data once/week.

In non-ice areas

Wind, Wave and SST require-
ments to be determined.

COMMUNICATIONS

PERSONNEL

SPECIAL EQUIPMENT

Data not required in real
time

Qutside contractor funded
AOGA will perform analysis

EXPERIMENTERS
TRIBUY

EXPERIMENTERS
QUTPUT

ECONOMIC BENEFITS

Aircraft under fiight.
Stereo aerial photography.
LANDSAT and NOAA analysis
payed for by AOGA

verify SCASAT data.
Attcmpt to assess utility
Submit report

DATA CHARACTERISTICS

DATA FORMAY

DATA DELIVERY

SAR imagery
2 copies film positives
10% data as CCT's

SMMR - % of ice concentra-
tion.

Open water areas, wind,
wave height, SST

1 month after acquisition.

SPECIAL ORBITAL REQUIREMENTS
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EXPERIMENT 11:

SHIP NAVIGATION IN GULF OF ALASKA

EXPERIMENTER: George Christoph - Sun Shipbuilding and Dry Dock Co./Chester,
' PA 19013
OBJECTIVE/PURPOSE :
LOCATION(S) DATE (S) FREQUENCY/DURATION

Along Great Circle Routes
1) From Puget Sound to
Mouth of Cook Inlet and

2) From Los Angeles to the
Mouth of Prince William
Sound.

As available

Continuously thioughout the
orbital life of SEASAT A.

COMMUNICATIONS

PERSONNEL

SPECIAL cQUIPMENT

Data Broker, FNWC to Sun
Shipbuilding and Dry Dock
Company

Chester, PA 19013
215-876-9121

EXPERIMENTERS
TRIBUTION

EXPERIMENTERS
QUTPUT

ECONOMIC BENEFITS

Analysis of the influence
of SEASAT A data on the
operation of two ships
sailing at regular intervalyg
in the above region of
interest.

A report on their findings.

Definition of opeational
system requirements.

Expected to result from
scheduling improvement,
fuel conservation and
damage avoidance.

DATA CHARACTERISTICS

DATA FORMAT

DATA DELIVERY

R T)Surface Wind Speed and
E I)Direction - Wave Spectr{
A M)Significant Wave Height
L E)Wave Length

)J10Meter wind velocity §

direction

Non Real time
Sea Surface Temperature

Air Temp.--Currents.

1) Jigital tables in CRT
Compatible form

a) Graphics compatible with
Tektronics CRT

FNWC Analysis and Forecasts
(6,12,18,24,72 hours)

4 times per week on demand
GDR data every 6 - 12 hours
continuous]y .

SPECIAL ORBITAL REQUIRCMENTS
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EXPERIMENT 12: SHIP NAVIGATION SIMULATION

EXPERIMENTER: George Christoph - Sun Shipbuilding and Dry Dock Co./Chester,
PA

19013
OBJECTIVE/PURPOSE :
LOCATION(S) DATE (S) FREQUENCY/DURAT 1SN
As yet undefined Ocean As available after first On demand throughout the
Trade Routes year of SEASAT A Launch. orbital life of SEASAT A.
COMMUNICATIONS PERSONNEL SPECIAL EQUIPMENT

-

Data, Broker, FNWC to Sun
Shipbuilding and Dry Dock
Company, Chester, PA 19103
215-876-9121

EXPERIMINTERS EXPERIMENTERS
N QUTPUT ECONOMIC BENEFITS
In association with Ship A report on their findings | Expected to result from

Navigation in Culf of
Alaska experiment. simulate

reduced passage time, fuel

Definition of operational .
Nobyh P conservationand damage

system requirement $

ship operations on other avoidance.
trade routes

DATA CHARACTERISTICS DATA FORMAT DATA DELIVERY
Surface wind, speed and 1) Digital tables in CRT FNWC Analysis and forecasts
direction. "~ compatible form (6,12,18,24 and 72 hours)
Wave spectra. Significant [) Graphics compatibles with on demand.
wave height. Currents. Wave Tektronics CRT GDR on demand.
length. 10 Meter Wind speed
and direction. Sea Surface
temperatures/air tempera-
tures.
{
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EXPERILENT 13:

EXPERIMEN /ER:

-PA 19013

O3JECTIVE/PURPOSE:

ICE MONITORING EXPERIMENT FOR TANKER DESIGN

George Christoph - Sur 3hipbuilding and Dry Dock Co./Chester,

LOCATION(S)

DATE (S)

FREQUENCY /DURATION

Beaufort and Chukchi Seas
beyond 10-fathom line from
coast

Experiment Pe-iod

78 - March 79
79 - March 80

Dec.
Dec.

6 SAR passes per month
during experimental period.

SMMR coverage every two
weeks

COMMUNI CATIONS

PERSONNEL

SPeCIAL EQUIPMENT

JPL to Sun Ship Building
and Dry Dock Co.,Chester,
PA 19013 (214-TR6-9121)

NASA personnel will provide
assistance for SAR image
interpretation and CCT
evaluation.

None

EXPERIMENTERS EX ERIMENTERS -
_CONTRIBUTJON ' QUTPUT ECONOMIC BENEFITS

Will interpret data made
available in terms of
economic significance to
tanker design, in simula-
tion model.

A report on their findings

Definition of operational’
system requirements

These are expected as a
consequence of more
effective ship design by
having adecuate ice
informatinn.

DAIA CHARACTERISTICS

DATA FORMAT

DATA DELIVERY

SAR data will beam:lyse
to determine 1)frequency

—

As required by experimentoq

One to two months after
acquisition

SPECTAL ORBITAL REQUIREMENTS

and distribution of ice SAR-1. Film Positive
ridges 2} ice type 3)inferrqd (2 copies)
ice thickness. SMMR data 2. CCT'S of selected
required is %ice, % 1lst yr, area
and % multiyear 3. Location Accuracy
+5 Km.
SMMR-1 Chart
151
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EXPERIMENT 14:

¢ XPERIMENTER:

MARINE “NVIRONMENTAL FORECASTING

Oceanroutes/3260 Hillview Ave./Palo Alto,CA 94034

Mr. Ray Mayer -
CBJECTIVE/PURPOSE: Sea Truth Determination - Forecast Model Improvement
LOCATION(S) DATE (S) FREQUENCY/DURATION
Gulf of Alaska or North Sea} 1 year after Algorithm. Continuously

or East Coast US

validation

CCMMUNICATIONS

PERSONNEL

SPECIAL EQUIPMENT

4800 band line to FNWC
ORJ unique

Access to DDF

4800 preferred
1200 acceptable

Link Palo Alto to Anchorage
1200 band on higher

ORI Staff

Graphics terminal in
Alaska

EXPERIMENTERS
QNTRIBUTION

EXPERIMENTERS
OUTPUT

ECONOMIC BENEFITS

Evaluation of GDR data with
ground truth

Evaluation of value of
SEASAT data as input to
Teal time forecast system.

Higher platform, semi-
submissible, and helicopter
utilization.

DATA CHARACTERISTICS

DATA FORMAT

DATA DELIVERY

GDR and FNWC pioducts.
Will utilize all available
products in forecast
system.

Selected FNWC srecial point*
SAR for evaluaivion as oper-
ational ice forecast tool

Binary

CRT graphic

Real time on 3 hourly(GDR)
basis or more if available.

SPECIAL ORBITAL REQUIREMENTS
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EXPERIMENT 15: OPTIMUM SHIP ROUTING

EXPERIMENTER:

Mr. Ray Mayer - Oceanroutes, 3260 Hillview Ave./Palto Alto, CA 94034

OBJECTIVE/PURPOSE: Determine Incremental Savings Accruing to Ship Operators through
Integration of SEASAT Data into FNWC Products

=

Evaluation of changes in
fleet efficien:zy for 1 or
more U. S. Flag operators
after integration of SEASAT
data into FNWC product.

tLCATION(S) DATE (S) FREQUENCY/DURATION
Palo Alto 1 year after Algorithm Continuously
validation

|

COMMUNICATIONS PERSONNEL SPECIAL EQUIPMENT
48(0 band line to FNWC ORI Staff Graphics Terminal in
ORI unique. Palo Alto
Access to DDF @ 4800
preferred ’

EXPERIMENTERS EXPERIMENTERS

CONTRIBUTION OUTPUT ECONOMIC BENEFITS i

Reduced time in transit

Reduced Hull and Cargo
damage

Reduced probability of

catastrophic loss

DATA CHARACTERISTICS

DATA FORMAT

DATA DELIVERY

FN»C products pre and post
SEASAT

Binary
CRT Graphic

Real time

At least twice daily

SPECIAL ORBITAL REQUIREMENTS
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EXPERIIENT 16:

EXPERIMENTER:

NORTH AMERICAN GOOSE NESTING HABITAT

Mr. Robert E. Munro USFAWS/Patuxent Wildlife Res.Center/Laurel,

MD 20811

OBJECTIVE/PURPOSE : Evaluate the Utility of SAR and Data Products from FNWC in Assessment
of Habitat Conditions on Arctic Goose Nesting Grounds.

LOCATION(S)

DATE (S)

FREQUENCY/DURATION

Clarence Rhode Mational
Wildlife Refuge

Yukon - Kuskokwim, Delta
Alaska*

*see attached figure

Mid to end May 1978
(doubtful)
Mid to end May 1979

Continuous during dates

COMMUNI CATIONS

PERSONNEL

SPECIAL EQUIPMENT

FNWC, JPL

Miaratory Bira & Habitat
Research Lab., Laurel,
MD 20811

NASA Lewis assistance in
SAR interpretation

Graphics terminal & 1200
baud coupler
NASA aircraft over-flight

EXPERIMENTERS
_CONTRIBUTION

EXPERIMENTERS
~ OUTPUT

ECONOMIC BENEFITS

USFWS personnel at
location

Comprehensive report to
NASA; ground truth such
as description of ice
conditions on selected
lakes in test areas.

Estimatable from improved
waterfowl species
management

SPECIAL ORBITAL REQUIREMENTS

Cambridge Orbit

DATA CHARACTERISTICS DATA FORMAT DATA DELIVERY
SAR 1) images———————| Images ASAP
SMMR 2) data » | Graphics, tables
VIRR  images -——t Images
1 JPL
2 Real-Time from FNWC
3 Near Real-Time from _?
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North American Goose Nesting Habitat

{70'w |60 150V  140°W

74°n
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EXPERIMENT 17: Application of SEASAT-A for International Ice Patfol (Northern Survey)

EXPERIMENTER:

Lt. Gregory Ketchen, USCG, Staff Oceanographer/International Ice

Patrol Building/110/Governor's Island/New York, NY 10004

OBJECTIVE/PURPOSE :

A Northern Survey will be performed to demonstrate the feasibility

and benefits of conducting a pre-season survey of icebergs and
sea ice along the Labrador and Baffin Island Coasts using SEASAT-A
SAR in place of aircraft reconnaissance.

LOCATION(S)

DATE (S)

FREQUENCY/DURATION

A region from the coast to
100 miles off shore along
Labrador and Scutheast
Baffim Island and across
Davis Straits.

Mid January thru late

February 1979 v

7 SAR passes Over 12 days
Min: One complete coverage

of survey area.

Desired: Two complete
coverages of the area.

COMMUNI CATIONS PERSONNEL SPECIAL EQUIPMENT
Data delivery by physical
transport.

EXPERIMENTERS EXPERIMENTERS

CONTRIBUTION QUTPUT “CONOMIC BENEFITS

4 C-130 Aircraft Sorties.

SLAR/RIP equipped

. Ground Truth - Observed
Icebergs

. Data Report and Analyses
or Results

If survey using SEASAT-A
SAR, elimination of one to
two HC-130 pre-season
deployments of approximately
12 days each.

SPECIAL ORBITAL REQUIREMENTS

DATA CHARACTERISTICS DATA FORMAT DATA DELIVERY
Full resolution SAR 1. Images
processing optimally 2 CCT's
focused for surface Within 14 days
targets.
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EXPERIMENT 18:

EXPERIMENTER:

INTERNATIONAL ICE PATROL ENVIRONMENTAL DATA

Lt. Gregory Ketchen, USCG, Staff Oceanographer/International lce

"Patrol/Bldg. 110/Governors's Island/New York, NY 10004
OBJECTIVE/PURPOSE: To assess the value of using sea surface windvelocity and sea
surface slope (i.e. current) data from SEASAT-A in an iceberg
drift model and sea surface temperature for iceberg melt pre-

diction.

LOCATION(S) DATE (S) FREQUENCY /DURATION
43° N - 499N Apr - June 1979 Daily from Mar - Jul
440 W - S0°W

COMMUNICATIONS PERSONNEL SPECIAL EQUIPMENT
Textronic CRT Terminal
for receipt of FNWC
. Prediction and Analycis
Telephone modem to computer CST and Surface Wind.
terminal )
EXPERIMENTERS EXPERIMENTERS
CONTRIBUTION OUTPUT ECONOMIC BENEFITS
1. Ship surface truth data: Iceberg drift § melt improved iceberg drift pre-
time ave.winds, sea surface predictions dictions could lead to

temperature and geostrophic
current measurements
2. Data analysis

and comparison

reduction in dist.of detour

Data report and analysespf some vessels around ice

of results

limits and thus reduce
Vessel transit time.

DATA CHARACTERISTICS

DATA FORMAT

DATA DELIVERY

1. Wind velocity
(Knots & °T)

2. Current velocity
(em/s & ©OT)

3. Temperature

(°c) _
FNWC Anal § Predict Surface
Winds for 40° . ¢20 N and
390 - 570 g

BCD

Within & hours after
Anal. end and Predict
Start time

SPECIAL ORBITAL REQUIREMENTS
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EXPERIMENT 10: Application of SEASAT-A for International Ice Patrol (Repetitive

Coverage Drift

Analysis)

EXPERIMENTER: Lt. Gregory Ketchen, USCG, Staff Oceanographer/International Ice
Patrol Building/110 Governor's Island/New York, NY 10004

OBJECTIVE/PURPOSE: Primsry - To determine how reliably icebergs could be tracked

using the

SAR

Secondary - Use repetitive iceberg drifts observed with SAR
to validate and adapt the operational Keberg Drift Model.

LOCATION(S) DATE (S) FREQUENCY /DURATION
4 SAR passes required over
a 3 day period
0
43° . 500 N Min: one survey
45° - 520 y March - June 1979 Desired: two surveys
COMMUNTI CATIONS PERSONNEL SPECIAL EQUIPHMENT
Data deliQery by physical
transport. :
EXPERIMENTERS EXPERIMENTERS
CONTRIBUTION QUTPUT ECONOMIC BENEFITS

1) Aircraft side-looking
radar and ship sirface
truth

2) Surface truth data
analysis

1) Iceberg drift model
validation
2) Analyses §& report

Improved iceberg drift
predictions could lead to
reduction in distance de-
toured around ice limits by
some vessels reducing vessel
transit time.Possible
reduction of deployed forceq

SPECIAL ORBITAL REQUIREMENTS

DATA CHARACTERISTICS DATA FORMAT DATA DELIVERY
Full resolution SAR 1) Images For one pass, would like
processing optimally ) CCT'3 fastest practical delivery
focused for surface targetsP ° to determine possible
operational application.
158



N

EXPERIMENT 20: TROPICAL TUNA FISHERY

EXPERIMENTER: Dr. Merritt Stevenson - Inter-Am. Tropical Tuna Commission/ c/o0
Scripps Institute of Ocean./ LaJolla, CA 92037
OBJECTIVE/PURPOSE: t'se of SEASAT-A Products by the Eastern Tropical Pacific
: Tuna Fishery
LOCATION(S) DATE (S) FREQUENCY/DURATI0N
80°UW - 145% Annual Fishing Season Daily (every two days
340N - 100 Jan. 1 - Dec. 31 as necessary)
COMMUNICATIONS PERSONNEL SPECIAL EQUIPMENT

Need link from FNWC to
IATTC and hence to WWD for
radio transmission to
fleet vessels

a) Tuna boat captains
b) Tune boat Assoc. (for
info purposes at least)
c) 1. IATTC Staff
2. R. Kirkham
3. M. Stevenson
4. Support Personnel

Terminal, tape recorder
and FACS machine at
IATTC (La Jolla) for
receiving & copying
charts.

EXPERIMENTERS
CONTRIBUTION

EXPERIMENTERS
ouTPUT

ECONOMIC BENEFITS

a) Plan and supervise dis-
tribution of charts

b) Liaison with boat
Captains

c) Prep. of questionnaire
d) Summarization of resultg
of questionnaire in form of
Final Findings Report
e) Vessel participation

Preparation of Final
Technical Report which
summarizes findings of
experiment

a) Reduceo trip & fuel
usage

b) Increased fishing
efficiency statistics

c) Improved safety for
vessels

DATA CHARACTERISTICS
(Charts)

DATA FORMAT

DATA DELIVERY

Sea Surface temperature
(C; inlcude °C/°F scale)

P S R T TR Sy

Surface Winds - Steamlines
(in kts) contour interval
could be 2 kt + intervals

wave heights-stream

L. “31ines (contour interval

Map Scale 1" (MAP) =4° Lat

Chart Size 18" (lLong) x
14" (For Lat.)

Mercator type projection

Daily, via data line &
terminal then FACS machine
for retransmittal to

fleet

ety

SPECIAL ORBITAL REQUIREMENTS
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Tropical Tuna Fishery

DATA CHARACTERISTICS

Thermal front - shows Axis of fronts as

line segments; Frontal gradient is given as

# °C/1o nmi; also warm/cold sides;

possibly length of front:

Thermal Front is generated from SST Field

and should show:

(a) Axis of Front

(b) Labelled Warm (w) and Cold (c) sides

(c) Scale of Front, that is, thermal
gradient and length of front
i.e., 3/150 means 3°C/,, nmi and 150
means estimated front length is 150 nmi

Ll R L TR R R o T A et et i X N e gy S g S SR

"FNWC Charts only" first for several weeks, then desire "SEASAT only"
charts for a specific period of time, then followed by SEASAT & FNWC
charts

P G W - - ey D - —— TR -

Alternative: FNWC charts only first, followed in time by FNWC &
SEASAT Charts
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EXPERIMENT 21:

Salmon - Albacore Experiment

EXPERIMENTER: FredJurick Humboldt State Uhiversity/Marine Adv.-Ext.SVC./
. Arcata, CA 95521

OBJECTIVE/PURPOSE: Fishing Environmental Data Charts

! LOCATION(S) DATE (S) FREQUENCY/DURATION

34° N - 500 N @1/2"= 1° lat|

Coast - 1350 Wide

Crab Season Dec.-March
Salmon March - Sept.
Albacore June - Nov.

Daily forecasts which are
composite of 2 days data.

COMMUN] CATIONS

PERSONNEL

SPECIAL EQUIPMENT

FAX transmission

A. Boat Captains (6-12)
E. Bob Jacobson

C. Fred Jurick

Communication receiving
equipment for vessels

EXPERIMENTERS EXPERIMENTERS

CONTRIBUTION QUTPUT ECONOMIC BENEFITS
Vessel time 1) Selected observation 1) Savings time
Manpower 2) Log 2) Savings fuel
Evaluation 3) Better weather data

DATA CHARACTERISTICS

DATA FORMAT

DATA DELIVERY

1) SST.5CO with Conversion
fable to F©

2) Wind Speed mph
3) H-1/3 ft.
4. Frontal location w/warm

& cold locations and
.radient. Same as tuna

frontal chart.

Chart

Loran A overlay

1) Surface - wind direction
& wind speed

2) H-1/3

3) SST

4) Frontal l»ncation chart

4 charts: 2 morning
2 evening-SST &
Front

SPECIAL ORBITAL REQUIREMENTS
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EXPERIMENT 22:

ALASKA CRAB FISHERY
OBJECTIVE/PURPOSE: BEGIN THE TECHNOLOGY TRANSFER PROCESS FROM NASA TO COMMERCIAL

MARINE FISHERIES & TO ACCELERATE THE RATE AT WHICH SEASAT
BENEFITS ARE OBTAINED BY THE COMMERICAL CRAB INDUSTRY

LOCATION(S)

DATE (S)

FREQUENCY/OURATION

Gulf of Alaska o
140% - 1609, S0°N -
62°N.

Preferably a period
covering 2 seasons of
King & Tanner Crah
beginning Fall 197¢

Data Product Transmission
Once per day to each
participating vessel,

Berang Sea thru Spring 1980.
1605W - 175
50°N - 65°N
COMMUNICATIONS PERSONNEL SPECIAL EQUIPMENT

Land data line or
satellite channel from
FNWC to a TBD point in
Alaska for subsequent
radio facsimile trans-
mission to each parti-
cipating vessel.

Vessel coordinators are
Sig. Jaeger for vessels
operating out of Dutch
Harbor and fFrank
Bohannon for vessels out
of Kodiak. Candidate
vessels & operators are
shown on attached pages.

Leased data terminal
(w/graphics) located at
TBD in Alaska. Some
leased Fax receivers to
be located on some
participating vessels.

EXPERIMENTERS
CONTRIBUTION

EXPERIMENTERS
QUTPUT

E7INOMIC BENEFITS

Crab vessels & crew.
Some data analysis
and surface 0BS.
reports back to
FNWC.

Final Report with
results analysis

Potential Benefits:
Improved Fuel Efficiency
Reduced Dead Lcss
Reduced Equipment Loss
Improved Vessel & Crew

DATA CHARACTERISTICS

DATA FORMAT

DATA DELIVERY

SEASAT-A Unique Products:

Winds--Waves--SST

FNWC Analysis & Forecast

Products:
Winds--Waves--S5T--
Air Temp.--1ce Info.

SEASAT-A Unique Products
Tabular, Alpha-Nuneric
Format.

FNWC Analysis & Forccast

Products:

A11 graphics w/ Loran-C

Mylar overlay

Windfield-Vector presenta

Waves - H 1/3 values

Fion

SPECIAL ORBITAL REQUIREMENTS

SST - Temp. Valuss Plus

50°F, 5571, & 60°F Isotherms

182

Air temp - Temp. Values
Ice - Boundaries
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“iaska Crab Uishery Experhm

CANDIDA L. PAR. -‘ NS —
i o . . ‘0 Board
Vess:. . Owner/ vessel Catch Principal Communication Euvironmental
Name Operator Type/Size Cupacity Catch Equipment Sensors
Viking Carl Perovich [120' steel 225,000 King
(Xing) Tanncr
Value - $1.8M Bottom Fish
:
" american Terry Buholm | 95' steel 150,000# King
Viking Tanner
Value - $900K
Ocean Mogney Nes 120' steel 225,000# King
Leader Tanner
Value - $2.0M Bottom Fish
!
| Pacitic Xaarc Ness 108' stecl 175,000# King
| viking Tanner
! value - §1.3M
Intrepid Sigmdno 120' steel 225,000# Kirg
Andreasse:, Tanney . .
(Rudy Peterson)i value - $1.8M :
. ™\
o~ 1
Table 1 ) . - -
* - L S T 7
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Alaska Crab Fishery Experiment

Vessel Owner/ Vessel Catch Principal Communication On Board
Name Operator Type/Size Capacity Catch Equipment Environmental
Sensors
Alyeska Jeff Hendicks | 120' steel 225,000# King
Tanner
Vaiue - $1.8M
Provider John Hall Kirg
Taaner
o
>
~ Table 1 ' m
] ) I v o V v F T ° Y |



COOPERATIVE AGREEMENT

A preliminary draft of a cooperative agreement was provided to each
experimenter, for his assessment and comments.

The objective is to develop an agreement whose language is satisfactory
to poth an experimenter and NASA so that the cooperative ayreement can form
the basis of a mutual exchange of services between NASA and the experimenter.

A copy of the preliminary draft of the cooperative agreement follows.



PRELIMIIIARY DRAFT

COOPERATIVE AGREEMENT
NASA AND CONTINLENTAL OIL COMPANY

Introduction

This Ajreement pertains to activitics involving a proof of
concept, oceanographic satellite called SEASAT-A; geophysical
parameters derfved from the processing of a signals acquired by
SEASAT-a sensors and the applicatior of these geophysical para-
meters to operations of various industrial users.

It is the mutual desire of the National Aeronautics and
Space Administration, subsequently referred to ss NASA, and each
one of these industrial users to mutually cusnduct experiments which
will

1) demonstrate and evaluate the operational and
. economic utility of SEASAT-A geophysical data.

11) initiate transfer of SEASAT-A technology to the

user industry, 41f it proves to be beneficial.

The characteristic geophysical parameters are specific to
sca wave heights; sc3 surface winds; sea surface temperature;
and ice which covers sea surfaces, not all of which are necessarily
pertinent to every NASA-user experiment.

It is the intent of each Agreement to establish the basis
for a cooperative experiment between NASA and a user from which
will result a suc-essful completion cf the experiment and which
will provide NASA with a complete, independent documenta.ion of

the results of the experiment.
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General Intent of Agrecment

By this Agreement, NASA and Continental 0il Company herein-
after rceferred to as CONOCO, enter into a cooperative agreement
wvhich will endure no more than three years beyond the date of the
last signature. The Agreement may, however, be terminated earlier
by mutual concurrence of both parties.

The Cooperative Agreement involves orly a mutual exchange of
services between the parties by which the parties discharge their
responsibilicies to the agreement. The Agreement does not provide
for any exchange of monetary payments either by the parties or
between the parties and it should not be construed to imply such
an exchange.

A document entitled "Project Plan, SEASAT-A Industrial
Demonstration Program", which is attached to this Agreement, describes
the details of {mplementation of this Cooperative Agreement. These
details can be expected to undergo some modification and amendment
during the course of the experiment to successfully achieve the
mutual objectives of the Agreement. Such changes will be jointly
agreed on by NASA and CONOCO.

It is understood and agreed that the respcnsibilies of

NASA to this Agreement will be discharged by;

i) Providing SEASAT-A derived geophysical parameters,
at an agreed point of use, in the formats and units
necessary to the execution of the experiment, through
an access to be agreed upon, for the duration of the
experiment.

i1i) Providing certain types of forccast products at an
agreed point of use
1ii) Providing, as necessary and required, consultation
support to configure the experiment; to interpret
the geophysical paramcter data provided and to
effectively accomplish the reporting, to NASA, of

the results of the experiment.
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It is understood and agrecd that the responsibilities of
CONOCO to this Agrecment will be discharged by;
1) Assuming total responsibility for the conduct

and cxecution of the experiment of this
cooperative agreement.

11) Assuming total responsibility for documenting
the evaluated results and the procedures of both
the experiment and the evaluation, as they pertain
to SEASAT-A data operational utility and to SEASAT-A
data economic utility, to the extent possible, of
the experiment in an approved final report to NASA
pefore the termination of this Agreement or within
ninety (90) days of the concurrent termination of
this Agreement, as appropriate.

Lisbility For Loss or Damage

NASA agrees to pay for any claims of property damage or
bodily injury to the extent required by the Federal Tort Claims
Act. The NASA's obligation includes, in addition to the Federal
Tort Claims Act, other liabilities pursuant to law, including dbut
not limited to the National Aeronautics and Space Act of 1958, as
amended. CONOCO agrees to indemnify the NASA and save it harm-
less from all claims, demands, actions, costs, and charges which
the NASA may have to pay, by reason of any injury to any person
or property or loss of life or property, suffered or sustained
during the period of this agreement when the injury, loss of life,
or property damage is caused by any act or omission of any agent
or employee of CONOCO.

Property Rights In Inventions

The terw “invention"” includes any invention, discovery,
improvement, or imnovation. Any invention conceived or first

actually reduced to practice in the performance of work under
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this agreement shall be reported promptly to the Patent Counsel
of NASA/lleadquarters, such report containing full and cowplete
technical information concerning the invention. Any invention

s0 reported shall be presumed to have becn made under the con-
ditions described in paragraphs (1) and (2) of Section 305(a) of
the National Aeronautics and Space Act of 1958, as amended. The
rights of the 'nited States to such invention shall be determined
in accordance with Section 205 of the Space Act, and CONOCO and
the NASA shall coopc :te in exccution of documents, furnishing

of further informatio ., or data otherwise appropriate to that end.

Review Of Information Releases

During the performance cf this agreement, if technical data
relating to this agreement is proposed to be used in oral or
written presentations at professional meetings, seminars and
symposia or in articles to be published in professional,
scientific, technical journals and similar media, CONOCO will
request a.review by the NASA/Headquarters of such proposed pub-
lication. Such requests should be forwarded to the NASA/Head-
quarters Public Affairs Office (Code EN) at least (4) weeks in
advance of the desired NASA/Headqu~rters response date, to pro-
vide sufficient time for review and comments to CONOCO.

Nothing herein is intended to control news releases or
advertisements which CONOCO deem appropriate. Credit for joint
support by CONOCO and NASA shall be given in all written and oral

presentations.

Officials Not To Benefit

No member of or delegate to Congress or resident commis-
sioner, shall be admitted to any share or part of this agree-

ment, or to any benefit that may arise therefrom; but, this
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provision shall not be coustrucd to extend to this agrecment if

made with o corporation for its gencral benefit.

Reduction In Satellite Capabilities

If SEASAT-A, to be launched in May 1978, fails to orbit the
responsibilities of both parties to this Agreement will be null
and void. |

1f SEASAT-A, during the duration of the Agreement, should
undergo either a failure or degradation of its expected capa-~
bilities, the responsibilities of both parties to the Agreement
will be modified or amended, as required by the satellite oper-
ating conditlons that then prevail.

This Agreement is entered into by the Administration of the
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION in accordance with
the authority set forth in Sections 202 (c) (5) and 203 (c) (6)
of the National Aeronautics and Space Administration Act of 1958,
as amended. It is executed in duplicate originals on the dates

indicated below.

FOR
Date
FOR National Aeronautics and Space
Administration
Date
170
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SUMMARY

In a sense, this two-day worksh p represented the formal kickoff meeting
for the SEASAT-A Industry Demonstration Program. The workshop provided the
first opportunity for all of the industry experimenters and the NASA program
personnel to meet at one time for a discussion of the proposed experiments
and the capabilities of the SEASAT-A system. In this workshop, the experi-
menters were assured of the continuing progress of SEASAT-A toward a success-
ful launch in May 1978 as subsystem and system testing has advanced satisfac-
torily. Experimenters, also, were able to query the developers of the
instrumentation on many points of concern to them and to receive satisfactory
answers. In addition, the experimenters were introduced to the processes
through which data and information involving the processed signals from the
instrumentation would be made available to them and to clarify their needs
for.display terminals and for associated hardcopy terminals that would be
compatible with the sources of data and information supply. _

Subsequent to their briefing on the status of the SEASAT-A program and
its proposed dissemination of information, the majority of the experimenters
were able to document their experimental objectives and requirements with
support and technical help from resource personnel present at the workshop.
In reviewing the experiments proposed, all experimenters became acquainted
with the diversity of experiments to be undertaken and, in some instances,
with the commonality of the elements of the experiments.

It was clear that some confusion existed for the experimenters about
NASA's goals and objectives from the results of the experiments, and this

matter was discussed in detail during the summation.

7



In the future, at some undefined date, what is generally described as
an operational SEASAT system may exist and become the principal provider of
synoptic.data from which oceanographic and meteorological information may
be derived. Today such a /<tem does not exist and indeed has no official
sanction. What is about to appear is SEASAT-A, a satellite whose instrumen-
tation will provide experimental data which needs experimental evaluation
to define its ‘fertiveness and acceptability to users. A positive evalu-
ation will support the concept of valid information supply by satellite. A
negative evaluation will no.. Thus an important goal of this experiment
program is the independent evaluation of the data and information mgde avail-
able through SEASAT-A and its dissemination system. Clearlv the criteria for
decision concerning an effectiveness evaluation must come from the community
of users most 1ikely to be concerned about the existence of such data.

SEASAT-A data will be available explicitly as GDRs and images, which
will permi; direct comparison as "point" data with sea truth measurements.
Thus, in general, the GDR sea-truth eveluations can determine the relative
utility of remote sensing as a substitute for sea truth and identify remote
sensing as an economic substitute for sea truth.

When GDRs are incorporated as another data source into the operations
of FNWC, their explicit contribution is no longer readily apparent. The
analysis programs of FNWC will, as with all input data, evaluate the consis-
tency of SEASAT-A data with all other sources, but after such an evaluation
no record is kept of the data included in cubsequent processing. Consistent
GDRs, that is those consistent with FNWC techniques, will be introduced into
forecasts provided by FNWC. Because FNWC is an operational forecasting or-

ganization, its continual search to provide the best operational forecasts
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it can implies that the sources of data and methods of procesc g may change
with time. Thus it will not be possible to identify explicitly the contribu-
tion to forecasting quaiity arising from SEASAT-A data's existence, except
possibly as an improvement in forecast quality over an extended period of
time. Experiments which are concerned with forecasting efficacy will only

be able to measure or identify the effectiveness of the forecasts obtained
for their operational applicac s and to indicate or measure the economic
advantage arising from the total forecasting process.

Evaluation of the contribution of SEASAT-A data to the forecasting qual-
ity requires either an explicit determination by FNWC or a tentative deter-
mination employing historic forecasts where the experiments will allow.

The overall goals and objectives of the SEASAT-A Industry Demonstration
Program are to evaluate the effectiveness and operational and economic util-
ity of SEASAT-A data within the major categories of operations performed in
thé marine environment. The experiments are an independent means of obtain-
ing the Qoals and objectives, and require from the experimenters careful re-
porting to validate and substantiate the results.

In addition, recognizing that SEASAT-A and its data dissemination system
are experimental and not operational, NASA seeks from all experimcnters a con-
sidered opinion, judgemental or otherwise, of how these systems cculd be
improved. Thus, these experiments will provide guidance to NASA fur future
system design, as well as assisting the experimenters in gaining an under-
standing of the potential that these future systems may offer.

During the workshop several of the experimenters expressed concern that
more time should have been provided for discussion of the proposed experi-

ments. The time allocations in this workshop were a compromise between the
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objectives of educating the experimenters in the capabilities of SEASAT-A

and educating those concerned with the SEASAT-A program with the desires of
the experimenters, In subsequent workshops, it is »ianned that a greater
percentage of time will be allocated to discussion of the experiments. Be-
tween workshops it will be necessary to complete the plans for the expériments
and the data dissemination so that the final details of the implementation can
be resolved at the next workshop. As a follow-up to the workshop, individual
rieetings will be held between the experimenters and SEASAT-A program personnel

to complete the proposed experiment plans.
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LISTING OF WORKSHOP ATTENDEES

Attendees were recorded and a listing is supplied. The two day
meeting resulted in some attendance at one day or the other and as a

consequence the listing may not be complete.
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Name

8. P. Miller
Dave Nippert
R. L. Stone

J. N. Perdue

Harry Nicholson
R. L. Matthews
G. Christoph

D. Dun!ur

}" ':ul “olx‘f

yed Pounder
I.yron D. Tapley
Larrain Luckl

Charles Raquect
Robert E. Munro

A. George Mourad

Frecric H. Deily

Merritt Stevenson

ired Jurick

W. Linwood Jones

Dok Gedney

* ATTENDEES AT THE SEASAT INDUSTRIAL USERS WORKSHOP

Princeton, New Jersey
.29/30 November 1977

Company Name and Address

ECON, Inc./900 State Road/Princeton, NJ 08540
Battelle/505 King Avenue/Columbus, OH 4320}

NASA Headquarters/Code EK/Waﬁhington,DC 20540

Fleet Numerical Weather Control/Monterey,CA 93940

Flecet Numerical Weather Control/Monterey,CA 93940
Sun Shipbuilding and Dr; Dock Co./Chester,PA 19013

Sun Shipbuilding and Dry bock Co./Chester,PA 19013

NORDCO, Ltd./St. John's, Newfoundland

Ocean Data Systems/2400 Garden Rd./Monterey,CA

) 93940
JFL/Pasadena, CA

-

University of Texas/Austin, TX 78712
ECON, Inc./900 State Road/Princeton, NJ 08540

NASA-Lewis/ 21000 Brookpark/Cleveland, OH 44135

USFEWS/Patuxent Wildlife Res.Center/Laurel MD
20811

buattelle/S505 King Avenue/ CoJumbus, OhL 43201

Exxon Pfoduction Res./P.0. Box 2189/Houston, TX
77001

Inter-Am. Tropical Tunu Commission/c/o Scripps
Institute of Ocean./Lalolla, CA 92037

Humboldt Statce University/Marine Adv.-Ext.SV(C./
Arcata, CA 9552}

NASA-Langley RC, M/S-490/Hampton, VA 23665

NASA-Lewis Research Center/Cleveland,OH 44135
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Revjsed

(609)
(614)
(20
(408)

(408)
(215)
(215)
(709)

(408)

-(213)

(512)
(609)

{216)
(FTS)

(301)
(FTS)

(614)
(713)

(714)

(707

(804)
(FTS)

(216)
(FTS)

Telephone

924-8778
424-5120
755-8¢11

646-2670

646-2384
876-912]
876-9121
754-2401

373-2011

354-549¢
471-1356
924-8778

435-4000
294-6291

776-4880
937-7331

4435-8509

8§27-3051
926-363]

453-4000
295-6209

X673

X291

X331

X209



Name

Sung L. Suh.
Atle Steen

Allan Reece

S. W. Selfridge .
Bill Siapno

Daniel H. é;cy

Ur. Reggie J. Caudill

Mike Utt

Frank Rose
Doug Jones
Ray Mayer

Glenn Davis
wWalter M. Thicbaut

k. T. Eaton

Ed Langham

William C. Squillarid
Dick Hale

Donald J. Clough

Don Montgomery

-2.

Company Name and Address

Kennecott Exploration, Inc./3377 Carme! Mountain
Rvad/San Diego, CA 92121

Kennecott Exploration, Inc./3377 Carmel Mountain
Road/San Diego, CA 92121

Shell Development Co./P.0.Box 481,Houston,TX 77001
Oceanroutes/3260 Hillview Ave./Palo Alto,CA 94304
Deepsea Ventures/Gloucester Point, VA 230062
Texaco, Inc./P.0. Box 60242/New Qrleans,LA 70160

Frinceton University/Eng.Quad.E-420/Princeton,
NJ 08540

Union 0il Research/P.0. Box 76/Brea, CA 92621
Conoco/P. 0. Box 2197/Houston, TX 77001

Continental) 0il Co./R&D Dept./Ponca City,OK 94601

~Oceanroutes/ 3260 Hillview Ave./Palo Alto,CA 94034

Dome Petroleum/P.0. Box 200/Calgary, Alberts,

‘Canada T2P 2HR

European Space Agency/955 L'lLnfant Plaza, S.W.
Suite 1404/Washington, DC 20024

LMSC 0/66-01, Sunnyvalc, CA 94088

SURSAT Project Office/c/o Canada Centre fur Remote
Sensing/520 Preston St./Room 1195/0ttawa, Ontario,
Canada K1A0Y7

Exxon International Co./Tanker Research and
Development/Florham Park, NJ 07932

Technology Development Corp./155 Moffett Park
Drive/Sunnyvale, CA 94086

Professor of Engineering/University of Waterloo/
Waterloo, Ontario, Canada

Systems Engineering Associates Ltd./R.R. 2/
Braden, Ontario, Canada NOB }GO--Consultant

to Canada Centre for Remote Sensing/Ottawa,
Canada

NASA Headquarters/Codc. ESE/Washington, DC 20846
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Telcphone
(714) 453-3751

(714) 453-375)

(713) 663-2437
(415) 493-3600
(804) 642-2121
(504) 524-1511

(609) 452-4596
(714) 528-720
(713) 965-2614
(405) 762-3456
(415) 493-3600

(403)

(202) 485-3158

(201) 474-1896

(408) 734-5500

{519) 885-121}

(202) 755-1201

X4437

232-5550



Name

H. Gregory Ketchen,
Lt., USCC

Richard M. Hayes

Fred G. Rea

Ken Hicks

Piarre Hartman

S. W. McCandless, Jr.

James G. Marthaler
Omar H. Shemdin

Al Robinson

-3-

Company Name and Address

Staff Oceanographer/International lce Patrol/
Building 110/Governor's Island/New York,NY 10004

U. S. Coast Guard/Oceanographic Unit/Building 159E/
Navy Yard Annex/Washington, DC 20590

Battelle/505 King Avenue/Columbus, OH 43201
ECON, Inc./900 State Road/Princeton, NJ 08540
NASA Hcadquarters/Code GK/Washington, DC 20546
NASA Headquarters/Code ESE/Washington, DC 20546

Lieutenant, USCG Headquarters/Sensor Tech.
Branch (G-DOE-2/TP54)/Washington, DC 20590

JPL, M.S. 183-50 - 4800 Oak Grove Dr.
Pasadena, CA 91103

Battelle/505 King Ave./Cleveland,OH 43201
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Telephone

(212)

(202)
(614)
(609)
(202)
(202)

(202)

(213)

(614)

264-4798

426-4636
424-5101
924-8778
755-3161

755-1201

426-1013

354-2447

424-5097



APPENDIX A SASS

These reprints were provided by Dr. Jones as a replacement for his
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Aircraft Mgeasupements of the Microwave
Scattering Signature of the Ocean

W. LINWOOD JONES, senior MEMBER, IEEf, L) LE C. SCFROEDER, anp JOHN L. MITCHELL

Abstract —Microwave scattering signatures of the ocean have been
measured over 3 range of surface wind speeds from ° m/s to 23.6 m/s
using the AAFE RADSCAT scatterometer in an aircraft. Normalized
scattering coefficicnts are presented for ves:” 2. and horizonts! polarize-
tiors as a function of incidence angle (nadir to 55°) and radar azimuth
angle (2° to 360°) relative to surface wind direction. For a giver radar
polariration, ir idence angle, and azimuth angle relative to the wind
direction, these scattering data exhibit a power law deperiente on

Aanusa pt received December 15, 1975; revised July 0. 1976,

V/. L. Jones and L. C. Schroeder are with NASA L. «-; Research
Ceater, Har:nton, VA 23665,

J. L. Mitchell is with the Vougl.t Corgoratior, Hamptuu, VA 23666.

swface wind speed. The relation of the scatteriag coeliicient to azimuth
angle obtuined daring aircraft circles (antenma conical scans) is aniso-
tropic and suggests that microwave scattercineters can be used tv infer
both wind speed and direction. These results have been used for the design
of the Sessat-A Satellite Scatiercmeter (SASS) fo be ficwn in 1978
on this first NASA oceanographic satellite.

INTRODUCTION

INCE THE invention of radar, ihe scattering properties
of the ocean surface have been of interest to researchers.
For years the vr.oiseliks backscattered signal froin thc ccean
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JONES et al.: VICROWAVE SCATTERING SKONATURE OF THE OCEAN

called sea :uiter was a source of interference which had
to be overcome by radar system designers. Early attempts
to characterize sea clutter were coacerned with measure-
ments at near grazing incidence angles and were frequently
obtained without a good knowledge of the state of the sea
[1} [2]. During the 1960’s, the Naval Re:earch Laboratory
(NRL) conducted an extensive aircraft measurcments
program [3}-[ 5] to provide quantitative information on the
parametric behavior of the electromagnetic scattering
coefficient (ofter called normalized radar cross section) o©
of the ocean. Measurements were obtained as a function
of polarization, incidence angle, and azimuth angle using
pulse radars operating at 0.4, 1.2, 4.5, anc 8.9 GHz. Other
aircraft measurements [6), [7] were later performed by
the National Aeronautics and Space Administration,
Johnson Space Center (NASA-JSC) using a fan-beam
Doppler radar operating at 13.3 GHz The NRL and
NASA-JSC data scts were subsequently used to propose
a microwave scatterometer technique [8] for remotely
sensing surface wind speed over the ocean.

During the early 1970’s,an aircraft microwave scattercm-
cter was developed under the NASA Langley Research
Center’s Advanced Applications Flight Experiments
(AAFE) program. This instrument was subsequently used
to make ocean scatiering measurements to evaluate the
viability of radar remote sensing of surface wind vector.
The purpose of this paper is to present the results of this
ocean measurements program. Every attempt has been
made to include all significant ¢® da‘a along with the
correspondicg ocean wave and wind vector measurements.
It is our hope that these data will clarify the relationship
Yetween K -band radar backscatter coefficient and the ocean
serface wind vector.

EXPERIMENT DESCRIPTION

A combined microwave radiometer-scatterometer
(RADSCAT) operating at 13.9 GHz was developed to
measure the microwave brightness temperature and scat-
tering cosfficient of the ocean from aircraft altitud=s. A
detailed description of AAFE RADSCAT and its operation
is given in [9]; therefore, only a brief description of the
scatterometer portion is given herein. A simplified scatterom-
eter subsystemn block diagram is shown in Fig. 1. During
pormal operat.on, the passive and active measurements
are time shared through the use of a single pencil beam
anteana.

For the scaiterometer measurement, “long™ pulses are
transmitted to the surface such that the area illuminated is
defined by the antenna pattern, that is, beam limited
conditions. RADSCAT uses a dual polarized, high bea.a
efficiency, parabolic antenna with a half power beam width
of about 1.5°. While the transmitter is off, a 2-us sample
of the rxceived pulse is processed. In the scatterometer
processor, a single spectral line is selected by passing the
sampled received pulse throug* - narrow tandwidih filter.

For smooth seas and light winds, the backscatter ¥ signal
has a dynamic range of approximately 60 dR ~ “sure-
ments at the nadir to 55° incidence angle. =. w¢ useful

18
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SCATHRROMETER PROCESSOR
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Fig. 1. Simplified diagram of RADSCAT (scatterometer subsystem).

power measurement range of a square law detector is
typically 20 dB, four receiver channels are used in parallel
with staggered sensitivities to insure continuous operation
over the complete receiver dynamic range. In each channel,
the signal is square law detected and then integrated for a
selectable period ranging from 300 to 924 ms. The integrator
outputs are analog-to-digital converted and recorded in a
PCM format on an analog magnetic tape recorder.

In meking scatterometer measurements, the quantity of
interest is the scattering coefficient ¢° of the ocean. This
quantity is independent of the type of radar performing the
measurement and js defined from the radar equation to be

P, (4x)°R*
=3 G4 M
P, G*%Aq
where
received power,
transmitted power,
antenna gain,
slant range,
free-space wavelength,

Ay effective antenna footprint on ocean surface.

For the RADSCAT case of beam limited conditions

> Qoo

_ xR

A
T 4 cc- P

v

where f,, is the effective pencil-beam antenna wisith
(approximately equal to the half power antenna beam width),
and 0 is the incidence angle. The scattering coefficient thus
becomes

o= (167)*R? cos 0
GZAI ﬂ"l

P,

Referring . «he block diagram of Fig. 1, the P,/P,
ralr was measured in two steps. First, a sample of the
transmitter power, attenuated by a known value GXR,
was divertes :to the receiver. This produced a ““calibra-
tion” output voltage ¥, in each receiver channel pro-
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Fig. 2. RADSCAT installed on NASA 929 aircrafi.

portionaito P! Next, the transmitter was connected to the
antenna and an oulput voltage ¥, proportional to P, was
obtained in a parucular channel. Solving for the received
to transmitted power ratio (in terms of the voltage from a
particular channel) vields

L baten oxp

4
?r cat Tiea )

output voltage of RADSCAT integrator,

r integration time for RADSCAT integrator

z calibration atlenuator value (selected from @, to
a.).

GXR receiver calibration loop attenuation,

and subscripts are

cal duning calibration,
sea  during ocean operation.

Finally, in terms of the RADSCAT transfer function [9],
the expression for ¢%is

o = (tgrp d faf  aCHR

At Ut Gfeos 88 )

)

where A4 is the altitude of aircraft (antenna).

The measurements presented in this paper were obtained
with RADSCAT operating on a Lockheed C-130B cargo
sircraft. Fig. 2 is a photograph of RADSCAT in its opera-
tional configuralion on the TJASA-ISC C-130 aircraft,
NASA-929. The instrument v 1° mounted on rails attached
to the cargo ramp (lower door in the aft of the aircrafl).
The radar was retracted inside the aircraft and the doors
were closed for take-off and landing. For in-flight ocean
measurements, the upper carge door was raised, the ramp
was lowered, and the RADSCAT was extended o its
operational position outside the fuselage. In this configura-

| Autematic instrument calibrations are performed after every 2
min of operation to minimize the effict of long-term changes in the
instrument gamn.
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tion, the antenna had an unobstructed view of the ocean
surfgoe without the use of a radome. The antenna elevation
was mechanically scanned 1o the aft in six steps from O°
(nadir) to approximately 55° incidence angle.

ARCRAFT EXPERIMENT DESCRIPTION AND RESULTS

During the aircraft experiments, the radar backscattering
coefficients of the ocean were measured and corrslated with
the near simultaneously observed surface wind vector and
sea state. For the most part, flights were performed in the
open ocean, at distances greater than 100 km from shore,
where uniform wind and wave conditions existed. Measure-
ments were obtained under a variety of conditions from
light winds and calm seas to gale conditions.

SURFACE TRUTH MEASUREMENTS

For each flight, the local ocean surface wind speed and
wave conditions were measured by either in sir  instrumen-
tation or by onboard aircraft sensors. Typical in situ
measurements consisted of 10 min averages of wind seed
and direction, air temperature, and near-surface sea tem-
perature obtained hourly during the scatterometer ex-
periment. For the aircraft case, “surface truth” was usually
obtained at the beginning snd the end of the flight which
resulted in observations separated by 310 4 h. During these
measurements, fight lines about 30 km long were flown at
jow altitudes (100-150 m) in the upwind and downwind
directions. Wind speed and direction measurements were
obtained from the aircraft inertial navigation system
(Litton LTN-51}, and wave measurements were obtained
from a laser profilometer (Spectra-Physics Geodolite 3A).

From ~'- *~omagnetic (Bragg) scattering theory, the
RADSC s dar return for incidence angles tens of degrees
of nadir is proportional to the spectrum of waler waves a
few centimeters long. Although the open ocean measure.
ment of these short waves is currently beyond the state of
the art, researchers ysually use wind speed measurements
within the surface boundary layer for surface truth. These
wind speed measurements can be used to infer the wind
stress at the sea surface, which is the generating force of the
resulting short waves. To be consistent with previous
investigators, the “‘surface” wind measurements are
presented at 19.5 m altitude. The wind direction measured
at 100-150 m was assumed to be the same as at 195 m.
The wind speed, howeve-, was extrapolated using a
boundary-layer wind profile described by Cardene [10].
In this model, the wind speed was first extrapolated to the
ocean’s surface using the profile determined by the air-sta
tempera‘ure difference and then extrapolated back to 19.5 m
using a legarithmic profile for zero air-sea temperature
differential {neutral stability conditions).

This procedure produces a wind speed that would have
been measured at 19.5 m in 2 neutrally stratified atmo-
sphere with an adiabatic lapse rate. Moreover, this wind
speed is proportional to the surface wind stress rather than
the actual wind at 19.5 m. During the flight the required
air and sea surface lemperatures were measured using 4

Barnes PRT-5 infrared radrometer (s coporpiabue)
RIGRYAL P2
‘OF POOR QUALTY
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TABLE |
Surracs Tauth Data AND Sources
Nisst rtu';n: Mean test lorsicion  19.5 @ vind vector Wind mes Wave
dote vector vave haight
Latitude Llongitude Speed, s's Direction soutrce height, = source
Wind

230/7cy 1.5 0 170° to Modeast g 09 (5 wrve
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April 11, 1973 15.0 ] vith inerrisl 1.07 hindcast
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238/20 . . . T n® 1oartial 0.29 co
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288/6 . . . Inertisl 3.4 Lase
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‘toehu.qu described in. VUeisaman, D. £., and Johnson, J. W.: Dual Frequency Rsdar Measule-

ments of the Height Stacistice of Ocesn Naves.

and a Rosemont model 103 temperature sensor (total air
temperature).

The aircraft derived ocean wave height was computed
from the laser profilometer time series; however, a sub-
jective analysis was required to climinate entors caused by
short-term aircraft altitude variations during the laser
measurements. The procedure was to perform a Fourier
analysis and produce a wave height spectrum. Next, the
spectrum was examined to estimate the high-frequency
cutoff of altitude changes (typically 0.3 Hz) and the low-
f-equency cutoff of wave information. The laser recordings
were high-pass filtered and digitized, and then transformed
to a stationary coordinate system and Fourier analyzed.
Finally, the corrected spectrum was integrated to yield the
rms wave height.

A summary of the fiight dates and locations and the
“surface truth” measurements are given in Table 1.

RADAR SCATTERING MEASUREMENTS

During a typical flight, 6° was measured as a function of
radar incidence angle and polarization while the aircraft
flew specific patterns. Two major types of flight lines were
used and are discussed below.

A. Fixed Wind Direction Lines

These flight lines consisted of flying the aircraft “straight
and level” along a cons.ant heading with the antenna
pointing in the desired direction relative to the surface wind.
Flight lines where the antenna was pointing into the wind
were designated upwind, with the wind were designated
downwind, and 90° azimuth with respect to the wind were
designated crosswiad. It should be noted that tue winds at
the RADSCAT measurement altitudes were usually not
aligned with surface winds. The aircraft, therefore, ex-
perienced yaw and cross track drift. Although this produced
a ground track which was diagonal to the surface winds,
the antenna azimuth during the line was in the proper
direction. Generally, the flight lines were flown at 3000 m,

Paper 1n this issuve.

the maximum altitude tolera .le without aircraft pressuriza-
tion, to provide the largest w.ntenna footprint and greatest
spatial sample of ooean surface.

A study of aircraft radar sea return by Pierson and Moore
[11] was used to define the RADSCAT flight line length
requirements. They showed that for numerical weather
prediction, the desired quantity is the mean synoptic scale
wind. For a surface anemometer, this corresponds to wind
measurements that have been averaged for tens of minutes
to remove the microscale turbulence in the planetary
boundary-layer wind field. They estimated the equivalent
averaging time for an airborne radar using the Taylor’s
hypothesis. .

From this analysis, the aircraft measurement time T,
was given by

_ _Tavo
“ + v
where
T,, equivalent anemometer measurement time,

r, mean wind speed,
v aircraft velocity,
+ upwind,
downwind.

For a typical case with wind speed of 10 m/s and aircraft
velocity of 100 m/s, the required aircraft measurement time
is about one-tenth that of the anemometer

Based on typical correlation lengths in the atmorphere,
for the RADSCAT mcasurement, statistically inde-~endent
samples are defined to be those separated by 600 m. Assum-
ing an aircraft ground speed of 100 m/s and the above
sample length, the aircraft measusement time was converted
to the number of independent samples that must be averaged.
The resul's are plotted in Fig. 3 veisus mean wind speed
tor upwind and dow wind flight lines.

Typical flight lit.cs v.ere 50 km length and § min duration.
While on line, the scatterometsr polarization aiternated
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10.3 METER ANEMOMETER
(EVEL WIND =
0
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Fig. 3. Number of independent measuscanents required to sample
mean synoptic wind speed.
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Fig 4. Upwind ¢° versus incidence angle for low wind speed.

between vertical and horizontal every 3 s and *he antenpa
elevation angle was stepped every 30 s. The lizces were
generally repeated until a minimum of an equivalent 1U-min
anemometer average was obtained. For each incidence
angle and polarization, ¢° (in ratio form) from upwind,
downwind, and crosswind lines were averaged. respectively.
These mean scattering coefficients were then converted to
decibels and plotted versus incidence ang'e to produce the
tcattering signature for that wind speed and flight direction.
A typical plot for upwind observation and a fow surface
wind speed is shown in Fig. 4. The :ymbols are the ex-
perimental gata, and the curves are computer-generated
fourth-crder polynomials through the data. The values of
o® for both polarizations are nearly equal from nzdis to
about 25° incidencs angle, but at higher angles, ayy°
(transmit/receive vertical) becomes increasingly greater
than ayy® (transmit/receive horizontal). The shape of the
curves from near the nadir to about 15° agrev with those
predicted by geometric optics scattering theory. Beyond 30°,
the separation of the polarized scattering coefficients and
the general shape of the curves agree qualitatively with
first-order Bragg scattering calcalations.
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Fig. 5. Upwind, downwind, and crosswind o° versus incidence angle.
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Fig. 6. Upwind ¢° versus incidence angle for higher wind ipeed.

The effect of changing antenna azimuth relative to the
suriace wind direction is demonstrated in Fig. 5. Here,
upwind, downwind, and crosswind scattering characteristics
are presented for the same flight and nearly constant wind
conditions. As would be expected, these measurements are
approximately equal at the nadir; but in the Bragg scattering
region, the three scattering characteristics are different.
The magnitude is maximum for upwind and minimum for
crosswind. As will be shown in a later section, this sensitivity
of ¢° to radar azimuth (flight direction) enables ane to infer
wind direction from scatterometer measureinents.

The upwind scattering signature for a higker wind
speed i shown in Fig. 6. The shape of these curves is
similar to those of Figs. 4 and S; although the range of ¢°
versus angle is considerabl:’ less for this higher wind speed
case. For example, compared to Fig. 4, the scattering
coefficieat at nadir has decreased 3 dB; while at 50° botf the
horizontal and vertical val»es have increased about 14 dB.
These examples illustrate the apparent sensitivity of the
ocean scattering signature to wind speed which is the basis
for the wind speed remote-sensing technique.

" ADSCAT ocean scatiering signature measurements
have been obtaired over a wind specd range of 3 t5 24 m/s.
Data from fixed wind direction lines from five flights are
tabulated in Table II. The normalized standard deviation
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TABLE 1]
Starismics oF Scarrtjing COEFFICEENT, a9
- (8) m/s
H-POL v-POL
Antenna
3 o 3 No. [ .0 " o No.
position o c-.‘n Lo [} fnd . . - < Foa [}
- L . error, ependent ; ) wean, cror, Independent
mean std dev a8 o° Pt samcles zean  std dev a8 s ;‘" sasples
1 1.26 0.33 11.87 12.52 0.72 42 1.2% 0.39 11.51 1.3 o.72 42
B2 16.45 0.49 -5.90 25.98 0.27 3y 16.46 0.48 -6.21 2.62 .27 19
i 3 1.3 0.48 -22.264 32.65 0.38 36 31.36 0.49 -21.59 28.5¢ .0.3? 36
34 “).43 0.3 -27.20 26.28 1.23 40 4l.62 0.3 ~24.67 "2).19 1.12 38
] 51.32 0.35 -31.96 42.52 2.12 37 51.32 .34 -26.80 35.29 1.66 3
? 1 0.82 0.22 12.49 18..«  0.76 H on 0.19 12.16 18.80 0.7¢ 8
=2 16.07 0.29 ~3.66 25..:9 0.30 8 16.08 0.31 ~4.09 27.2) 0.3 8
E b ] 31.24 0.31 ~21.17 23.9- 0.37 8 31.26 0.28 -20.07 23.66 Q.36 8
3 4 41.10 0.23 -27.38 30.70 1.2 ] 41.08 0.20 -23.83 23.37 0.80 8
b 50.7% 0.40 =33.05 33 8e 1.93 6 50.69 0.4) ~26.8) 30.1v  1.45 ]
2 1 V.69 0.34 13.«6 12.0« L 13 0.9 0.0 12.86 13.1} 0.70 31
-2 16.19 0.28 4.4t 30.57 Q.27 8 16.32 0.35 -5.79 49.99 0.2 24
23 31.1c 0.28 -26.36 15.51 g.88 8 30.95 -0.31 ~22.80 45.66 0. 24
A el.41 0.18 -30.22 15.2 1.32 4 40.94 0.35 =26.30 61.40 1.23 1¢
Pl 51.60 0.24 -32.31 25.45 4.07 4 51.11 0.35 -26.96 65.85 2.49 19
(b)Y 6.5 m/s
K-POL v-POL
:::::::n .0 0% o No. .0 .0 " Lo No.
= a “mean, =— “error, independent B 3 “mean, —- “ettor, 1indeperdent
mean std dev 48 ° +~dB samples mean std dev dB -° ~dB sagples
1 1.10 0.7¢ 11.19 27.%3 N e 6% 0.89 0.53 11,17 2043 o6 49
b IS 15.61 c.87 -0.38 40.17 0.20 66 15.73 0.7 -0.92 41.50 0.29 63
3 ° 30.29 0.88 ~14.78 29.68 0.37 51 30.31 0.88 -16.19 26.<9 0.3 51
a4 40.19 0.99 -19.65 28.68 0.4) 56 40.39 0.99 -17 "0 29.85 0.2 3%
5 $0.23 0.96 -22.76 22.66 1. an 53 50.21 0.96 -18.06 29.20 1.55 54 '
]
2! 1.06 0.64 9.67 12.4¢ 0.0 135 1.05 0.60 9.39 16.02 0.9 1%
3 2 13,1} Q.54 -i.07 2.7 0. 35 7 15.43 0.47 -1.57 16.72 0.35 8
€ IN.69 0.51 -17.42 1.7 0..-6 10 3047 0.51 -16.00 20.27 0.3 ° 9
é 4 40.81 0.56 -23.22 17,21 0.45 12 4c 59 0.57 -18.89 15.03 O.38 12
S $0. 63 8.50 -ib.26 18.92 1.66 10 50.87 0.48 =20.00 20.43 1.06 10
2 1 1.3 0.23 v 7Y 26.08 0.67 3 1.37 0.22 10.77 26.48 0.64 8
3?2 1-.03 0.2% -..8) 32222 0.3 ' 16.08 0.2 -1.5%6 32.3) ".30 7
83 30.77 0.18 -18.55 16.72 [ [] 30.76 0.3« -18.52 15.15 0.3¢ 5
g4 40.75  0.26  -24.18 13.40 1.2 9 40.73  0.26  -23.57 13.59 U.e4 9
(=} $¢.31 0.41  -28.04 18.61 1.32 9 $0.29 0.4 -24.31 j4.06  1.31 9
{c) 1).47 u/s
H-POL V-POL
Antenna
position € wean 8° ) o ror indt::édem € t :cln ac® ’ B illdt::t.lden
& ~ean, - e R C : . = ervor, <
mean  3td dev 4B o° +d8 samples meuan std dev a8 4© +d8 sawples
i 0.12 0.64 9.12 10.60 .59 11 0.12 0.64 9.06 10,04 0.>9 11
1 2 10.58 .56 5.60 9.1 0.30 14 10.56 0.58 5.56 10.68 0.0 15
£ 23.35 0.48 -2.82 12.70 0.35 14 23.40 0.% -2.83 13,52 0.3 14
34 32.72 0.64 -9 "L 12.37 0.3 17 32.70 0. 66 -8.60 10.2¢ 0.)9 lé
=5 42.17 0.78 13 .7 l&10 1,50 i %2.1) 0.72 -11.03 11.84 1.49 19
6 51.69 0.58 -16.50 14.C2 2.24 20 51.70 0.53 -12.29 11.37 1.98 19
1 G.i. 0.54 9.51 8.% 0.5%9 11 Q.11 0.>8 9. .41 9.07 0.59 9
22 16.76  0.47 6.50 8.93 0.37 12 10,77 0.47 6.36 9.98 0.3 12
) 21,3 Q.64 -3.4) 11.89 0.42 14 23.34 0.4) £2.73 10.89 0.37 15
. 32.98 0.43 “11.46 14.99  9.40 19 32.93 0.46 -9.79 14.50 0.40 18
5 42.25 0.45 -17.06 19.76 9.45 20 42.30 G .52 -i3.26 18 77 0.37 15
6 51.73 €.49 -21.59 14.59  1.22 19 51.80  0.51 -16.00 12,39 0.41 16
M 1 1.0 0.27 9.26 1083 0.5 10 1.06 0.7 9346 1128 0.5 10
£ 11.51 0.27 4 706 9.00 0.29 1% 11.50 0.26 697 9.9 0.29 15
3 2% 26 0.3 -7.26 11.57  0.39 13 .26 0.3 -6.51 11.67 0.39 14
24 3¢.07  0.65  -15.08 12.82 0.42 15 .97 0.56  .13.57 10.82 0.40 17
5 40 lh 643 2005 17,46 1.9) 17 416 0.46  -17.42 13.61 1.5 18
) c2.69 0.63 -26.79 23.9%0 2.67 2c 52.70 .66 -19.65 2713 2.38 19

L)
Norea. {red standard deviation, percent.
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TABLE 11 Continued

Fig. 7. o° versus wind speed for constant

ant incidence
(c) Downwind, V-POL. (d) Downwind, H-

and wind diiection. (8) Upwind, V-POL.. (b) Upwind, H-POL.
L. (¢) Crosswind, V-POL.
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(N Crosswind

wind, H-POL.

(d) 13 m/s
H-POL v-POL
Antenna
o o® o No. o o¢* o No.
position o 8 Unean & o 1od [} f - )
. ervor, ependenc ] [} mean, errof, independent
mean std dev a8 ° pot samp'es wean otd dev a8 o° 48 seaples
1 1.3 0.5 10.41 13.30 0.2% . 13 1.28 0.51 99 15.48 0.74 18
3 2 9.39 0.55 5.78 19.97 0.38 18 9.61 0.62 5.07 10.91 0.3 15
=3 20.51 0.69 -2.82 22.84 0.2% 14 20.84 0.62 -3.41 30.85 0.28 15
[ 3 n.o? 0.51 -9 2.76 92.29 13 31.09 0.87 -7.39 22.09 0.32 i
S 42.18 0.79 ~13.18 32.00 1.04 15 «2.01 0.79 -10.91 24.1% 1.05 16
6 52.78 o.7¢ -17.65 29.91 1.88 .20 <2.67 0.49 -13.71 15.58 1.84 18
2 1 1.42 0.5 9.69 18.25 o0.27 6 1.78 0.34 9.5% 18.13 0.74 [
s 2 8.91 0.40 5.55 35.5% 0.3¢ 10 9..2 0.9 5.28 14.31 0.3 L]
33 20.29 0.81 =5.17 26.06 ©£.29 6 19.61 Q.66 -4.76 26.47 0.29 [}
HE) 30.78 0.35 -11.27 23.41  0.)6 6 30.83 0.43 -10.95 14.83 0.3 []
oS 41.80 0.16 «16.04 20.4s 0.38 [} 42.08 0.44 -16.07 18.00 9.71 ?
6 52.56 0.10 -20.35 21.06 1.02 8 52.76 0.34 -16.98 13.54 1.0% 7
(¢) 23.6 w/s
H-POL v-PL
Antenna
o o®* o No. o o* o Yo.
pasition s 8 o-"n e o"r" inde: ) o o
. . pendent 6 8 wean, error, independent
mean std dev e o° +dB samples wean etd dev a8 o P semples
3 0.41 0.75 693 1060 0.54 9 0.35 0.79 6.67 8.58 0.5) 9
1 10.50 .65 &% 3,53 0.29 10 10.55 0.64 4.76 13,85 0.3 10
b B 23.30 0.31 -1.75 1. 0. 9 23.31 0.32 -1.72 13.43 0.30 10
34 32.0 0.29 -6.07 15.16 0.51 L] 32.85% 0.30 -5.66 12.49 0.59 9
S 42.09 0.46 -8.10 2,80 2.99 8 42.42 0.44 -6.97 10.83 2.10 7
6 51.85 0.58 -10.53 12,35 L.7} 10 51.68 0.58 -8.22 196 1.22 10
1 1.0 0.86 6.58 15.16 0.54 17 1.05 0.80 6.5 14.67 0.5 16
¥ 2 n.n 0.6) .78 11.719 0.32 17 11.66 0.65 4.802 2063 0.32 18
33 26.34 0.1 -2.38 22,88 0.3v 15 26.35 0.71 -1.90 22.69 0.28 LY
E 4 34.08 0.61 -7.8 12.49 V.46 19 34.18 0.53% -6.52 12,70 0.50 18
S 42.94 0.86 ~11.41 14,62 0.36 21 42.94 0.86 -9.37 12.48 0.38 21
6 52.56 0.89 -15.25 le.48 0.37 23 5:.55 0.86 «12.31 11.91 0.3 23
3 1 0.30 0.14 6.38 ‘2% 0.5 16 0.27 0.14 6.38 10.16 0.9 17
-2 11.17 0.79 3.50 12.01 o.M 14 11.19 0.77 3.6 1213 0.3 13
13 23.92 0.68 «5.16 143 0.3% 12 23.88 0.69 -6.52 12.31  0.36 14
P 33.29  0.66 -10.73 13.51 0.4 17 31.3% 0.68 -9.67 12.78 0.4 3
&8s 42.62 0.58 .16.66 1804 ©.36 17 42.6) 0.5 -12.45 14.2) 0.36 17
6 52.36 0.77 -18.07 14.79 0.43 1€ 52.29 0.76 .14.66 13.21 0.3 )%
.Nomlhad standard deviastion, percent.
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Fig. 7. Continued.

of the ¢® measurements is the result of two random processes.
The first is the **Rayleigh fading™ of the radar return which
for the number of radar measurements averaged and for the
scatterometer integration times is typically 5 to 15 percent.
The remaining scatter is produced by the natural fluctuation
of the ocean surface 0 with wind turbulence. Also included
in Table 1I are the number of independent radar samples
used to produce the mean and the rms relative error in the
mean ¢° due to RADSCAT and aircraft attitude/altitude
measurement inaccuracies [12]. In addition, all cross
sections include a bias which was determined in absolute
calibrations of the RADSCAT using precision spheres and

discussed in [13]. The level of this bias is —2.40 db, ith
an rms uncertainty of +0.72 dB. Furthermore, for mission
288 flights 5 and 6, the data have been decresxd by an
additiona; 0.33 dB bias, required because the absolute
calibration fector of [13] was for a difierent instrument
configuration. The bias level is the amount required to
match a° at 10° incidence for these flights to that for pre-
vious flights.

To show the wind speed derendence, the data of Table 11
are also presented in a modified form in Fig. 7. Here,
upwind, downwind, and crosswind 0 values are displayed
versus the aeutial stability 19.5 m wind speed for constant
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TABLE 111

WinD Seeep

Power COEFFITIENTS

.

e r

facidence angle, &

fFrequancy Direction Polarizacion Exp: t -
[/ 10° 20° 30°* 40* 50°
13.9 CHz Upwind w v -0.4¢ [} 1.05 1.68 1.1 1.66
Dovawind ~0.46 o .99 1.5 1.62 1.3%
Crosswind -0.46 ] .98 1.49 1.52 1.51
13.9 GHz Upwind MR . v -0.36 0 1.00 1.6% 1.98 1.93
Dowvew ind -0.36 [} .94 1.68 1.9 1.9
Crosswind =0.36 0 .75 1.45° l.46 1.48
incidence angles. Note that these data are plotted in log-lng sr 000A0H0 o
> _— . ) = 0005, 00" 00g vsec
form (scattering coefficient in decibels versus wind speed on - od? g oo ag,
a logarithmic scale). The data in Fig. 7 are interpolated 1w0f° o .00 “oooise
values from the respective scattering signatures. -
30 1 f's TS 000p
These data conform :o a power law wind speed response . ] OODDCIO a o Pooeong,
such that -8 O o %5 a5
0 . . ngoﬂoc
g = AU 181 DU QQ% coﬂm QUUQE
whm » BB Dumn D%Gr; 20
o scattering coefficient in ratio form, - """“”r c"’“"‘"“’t “"“’"’"“"T
- 1 A i1 1 i S | l 1 A i
A4 a constant, B © 120 ] 20 - W K]
U wind speed, AZIMUTH RELATIVE TO WIND VECTOR, deg
v wind speed power coefficient. )
The wind speed power coefficients derived from analyses + 0o
of these data in Fig. 7 are presented in Table II1. It is noted pg®™ O ooy
that the present coefficients were obtained using more data, ‘10 oo %D% s
and, hence, are better than those of [14]. However, these Opog0 0150

differences are not significant as far as the satellite in-
strument design is concerned.

B. Wind Circle Lines

These flight lines were conducted to measure :he aniso-
tropic scattering characteristic of the ocean. During these
measurements, the RADSCAT antenna was pointed to the
nadir (perpendicular to the aircraft pitch and longitudinal
axes) and then the aircraft was flown in a series of high
banked 360° turns. This resulted in the antenna being
conicaliy scanned over the ocean’s surface at an incidence
angle equal to the aircraft bank (roll) angle (nominally
30°-40°). Scattering data from these lines were averaged
in azimuth over 10° sectors, and typically five or more
circles were flown to obtain a statistically representative
sample. Aerodynamic disturbances during the 360° turns

. caused the aircraft bank angle and, hence, the radar
incidence angle to vary by several degrees. The scattering
data were corrected for these incidence angle changes by
computing the instantaneous incidence angle and then
adjusting the value of ¢° (using the interpolated correction
factor from the upwind, downwiud, and crosswind scetter-
ing characteristics) to correspond to that value for the
desired incidence angle. In general, these a° corrections were
sinusoidal in azimuth and were iess than 1 dB in magnitude.

Anisotropic scattering characteristics for three flights
are shown in Fig. §. The abscissa is the radar azimuth
relative 0 the crosswind direction. Again, the larger ¢°
values are associated with the higher wind speed. The

o . Uﬁ%q)cbm ‘

- o 0520 R00000039000g 4.5
i SN

7 o000 Baotngyg 4

- X
F umupT CROSSWIND nommmf

.m 1 ~L i i —d A 1 ) I S . | <
0 ) 120 ) 20 w 30
AZIMUTH RELATIVE TO WIND VECTOR, deg

)]

Fig. 8. Anisotropic scattering characteristics for 30° incidence
measurements during flights at (arec different wind speeds. (a)
Vertica! polarization. (b) Horizontal polarization.

anisotropic scattering characteristic is a quasi-sine of twice
the azimuth angle curve with the psaks in the upwind and
downwind directions and the minima in the crosswind.
Additionally, the upwind peak is slightly greater than the
downwind peak. These data illustrate the potential of
obtaining both wind speed and wind direction from muiti-
look (azimuth) radar measurements of the ocean’s surface.

CONCLUDING REMARKS

Microwave backscatter signatures cf the ocean have
been measured from a C-130 aircraft using the RADSCAT
scatterometer. The ¢° measurements were obtained for
both vertical and horizontal polarizations as a function of
incidence angle an? azimuth angle relative to surface winds
over a range of surface wind specds from 3 to 23.6 m/s.
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The ocean scattering coefficient for a given polarization
and incidence angle exhibits a power-law dependence cn
wind speed. For these data, the effects of fetch and non-
linear wave interactions have not been investigated. These
effects must be considered in a complete model and are the
subject of continuing research. The aizcraft data reported
here suggest that to the first order, microwave scatterom-
eters can be used to infer surface wind vector over the ocean.
In fact, these results have been used for the design [14] of a
saiciiite nstrument to be flown in 1978 on the first NASA
oceanographic satellite—SeaSat-A.
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The SeaSat-A Satellite Scatterometer

WILLIAM L. GRANTHAM, MEMBER. IEEE, EMEDIO M. BRACALENTE,
W. LINWOOD JONES, SENIOR MEMBER, IEEE, AND JAMES W. JOHNSON

Abstract~This paper describes the methods used to develop per-
formance requirements and design characteristics (or the microwave
scatterometer (SASS)! ocean-surface wind sensos on the NASA SeaSai-
A satellite. Wind vector meas. iment requitements from the SeaSat
user community such as wind speed and direction accuracy. resolution
vell size, grid spacing, and swath width formed the basis for defining
instrument characteristics. The resulting scatterometer is designed for
14.6 GHz using four fan beam antennas to measure wind speed and di-
rection over a 1000-km swath width with a resolution cell size 50 x
50 km. Results presented show scatterometer accuracy satisfies user
requirements for wind speed from 4 m/s to grester than 24 m/s for
the nominal SeaSat-A orbit of 790 km altitude, 108° inclination, and
0.001 eccentricity.

1. INTRODUCTION

LOBAL MEASUREMENT of ocean winds has been estab-

lished by the SeaSat-A user panel as one requirement of
the oceanographic satellite program [1]. Surface winds are
required as inputs ta ocean wave forecast models and can also
be helpful in weather forecasting. The lack of sufficient wind
and pressure data over the oceans has thus far preciuded better
long-range weather forecasting for continental areas.

“ticrowave scatterometers have been shown to be sensitive
to surface winds in previous aircraft programs and the Skylab
S-193 experiment [2]-[6]. The scatterometer wind sensor!
will be used on the SeaSat-A satellite along with the following
remote sensors (Fig. 1): a radar altimeter, an imaging radar,
and microwave and infrared/optical radiometers Together,
this complement of instruments will provide the SeaSat-A

Manuscript received October 8, 1976 ; revised December 16, 1976

The authors are with the NASA Langley Research Center, Hampton,
VA

! SeaSat-A Satellite Scatterometer, SASS.

INDICATOR
SOLAR ARRAY (21
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SYNTHETIC APERTURE » UNDEPLOYED

RADAR ANTENNA -

MULTI-CHANNEL
MICROWAVE RADIOMETER
VIR RADIOMETER

LASER RETROREFLECTOR =/ \ SAR DATA LINK ANTEMNA
aLnmenR 7

Fig. i. SeaSat-A satellite configuration.

user community with scientific and operational-type data in
the areas of oceanography, meteorology, and geodesy. Several
configurations of the scatterometer were considered so that
tradeoffs couid be made in designing the overall payload.
The scatterometer options? included fan beam antenna
systems, scanning pencil beams, and mixtures of the two.
Decisions have now been made to use a fixed fan beam
antenna design combined with electronic Doppler filtering to
achieve the swath width and resolution cell size required by
the user panel.

Special atteation was alsn given to instrument require-

' The reader is referred to | 7. ch. 28] for a description of mixrowave
scatterometry lechmque.
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ments s1 th-t data would be available to improve future
scattere avie  Jesigns a... provide a broad data base to
improve unJerstanding of microwave backscatter from the scu.
A compiehensive description - of ocean backscatteriny
mechanisms has been compiled by Ruck er al. [8] and will not
be discussed here.

I1. INSTRUMENT DESCRIPTION

A. General

A block diagram of the SeaSat scatterometer is shown in
Flg . This system uses a frequency synthesizer to generate
the RF signals needed by the transmitter, mixers, and scat-
terometer processor, thus assuring coherency throughout the
sensor. Tne iuw-level microwave output of the synthesizer is
amplitude gated to insure high isolation (typically > 60 dB)
between the ON and OFF states. The pulsed RF is then
amplified in. the final output stage by a traveling-wave tube
amplifier. The 100-W peak power output pulse is directed to
the antennas through a series of waveguide components, cir-
culators, and a 1 X 8 waveguide switching matrix. Fach
antenna has two ports, one for each polarization, which are
switched in a preset fashion by the timing and control
electronics.

Received RF energy from the proper antenna is directed
through the eight-way switch, the T/R circulator, and receiver
protection circulator to the low-noise preamplifier, bandpass
filter, and first conversion mixer (Fig. 2). A local oscillutor
signal is added to the return signal in the mixer to produce a
coherent IF signal which is then fed to the scatterometer
processor. The scatterometer processor contains an IF
amplifier, 3 second IF conversion mixer, and 15 processing
channels. Each processing channel consists of a range gate.
bandpass Doppler filter, square-law detector, and gated signal
integrator. Fifteen Doppler filters and range gates are used to
electronically subdivide the fan beam into separate resolution
cells and to exclude interfering signals from the side labes.
The timing and control far the processor are provided by a
digital controller (not shown).

The function of the digitiai controller is to accept space-
craft commands and power, to generate the precise timing and
control logic needed by the scatterometer to form RF pulses,
and operate the processor. In addition, it accepts the scatterom-
eter science data and instrument housekeeping parameters
and formats them so they are compatible with the spacecraft
data system.

The scatternmeter design incorporates four dual polarized
artennas which produce a starlike pattern of illumination on
the earth (Fig. 3). The peak of the antenna beam is centered at
47" incidence angle to favor the outer swath section w™ere the
reccived signals are weaker due to increased range and lower
ocean scatte.ing coefficient ¢°. Three Doppler cells provide
measurements at earth incidence angles of 0, 4, and 8° to form
the 140-km measurement swath centered about the satellite
subirack. Twelve additional Doppler cells will provide o°
values from about 25-65% earth incidence on each side of the
subtrack. The effect of earth rotation does cause incidence
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Fig. 3. SeaSat scatterometer characteristics.

angles 1o change typically 4° during each orbit. but the pri-
mary swath width is affected only in a minor way.

The 14.6-GHz signal is switched sequentially through four .
antenna-polarization combinations taking 1.89 s each for a
totaj 7.56 s to complete one switching sequence. A switching
local oscillator is used to allow both positive and negative
returning frequencies from the forward and aft footprints to
be received by the same bank of 15 Doppler filters. The nine
operating modes for the instrument are listed in the table below.

Meusurement
Time Polarization® Antenna

Mode (Seconds) Sequence Sequence

| 1.89 Vv 123

2 1.89 HH 1.2.3.

3 1.89 VV, HH 3.4

4 1.89 VV, HH 1.2

s 1.RG VV, VYV 3.4

6 1.89 VYV VY 1.2

1 1.89 HH. HH R}

8 .89 HH. riH 1.2

9

Calibrate mode - not polarization or antenna related

The antenna numbering convention is defined 1in Fie. 3
Modes 1 and 2 are single polanzation measurements over the

VV O Tranvmit serncal polanizations and receve vernval polanza
tions. NH = Transmit horizontal polarnizations and recewve honzontal
polanzations,
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full swath, modes 3 and 4 are dual polarization measurements
over one-half swath, and modes 5-8 are single polarization
measurements over one-half swath which allows doubled
integration time (through ground computer processing) for
improved accuracy without significantly increasing the resol-
ution cell size. The fundamenta! cycle is through the antenpa
positions such that in modes 3 and 4, both vertical and
horizontal polarization measusements are made before
switching antenna positions. A summary of instrument
characteristics is given in Fig. 3.

B. Ocean Scattering Coefficient Measurement

The received RF pulses backscattered from the ocean sur-
face will be processed for each Doppler channel using a
method described by Grantham et al. [9) and Fisher [10] to
yield the mean ocean scattering coefficient (6°) and the error
in 0° due to communication noise. In this technique, the
instantaneous voltage output of the squarelaw detector is
proportional to the amplitude of the return signal, the receiver
noise, and the antenna noise. A galed integrator is used to
average the detector output over 3 numbes of return pulses
(61 pulses) yielding a measurement Pg, , where the subscript
S + N refers to both signal and system noise contributing to
the measured power. Following this signal-plur.ucise meas-
urement, a noise-only measurement Py is made by integrating
the detector output in the absence of radar return pulses. The
average power in the received pulses Pg is

Pr=Pson —Px. m

The scatte -ing coefficient is computed using the standard
radar range equation which for the present satellite/fan beam
Doppler scatierometer becomes

3R 8
g e OTPRIPS @
A2¢G,? <— ) LPrLg
Go
where
R, slant range to center of Doppler cell;
Pr received power ;
A free.space wavelength;
¢ narrow 3-dB antenna beamwidth;
Go peak antenna gain,
(G/Go) relative antenna gain to center of Duppler cell;
L length of Doppler cell along broad antenna
beamwidth;
Py peak transmitted power,
Lg atmospheric and system losses.

The standard deviation of the ¢° measurement divided by the
mean value is called the normalized standard deviation K, , and
from {9] and [10] is

2
K, = [a (1+2N/s +(N/S)F(l +—)j” 3)

v
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{maximum latitude £72°).

where

B, Doppler bandwidth;

Tsn  integration time for radar return signal plus noise;

Tn  integration time for noise;

N/S  KT,B./Pg noise-to-signal ratio at mput to the
square-law detector;

K Boltzmann's constant ;

T system noise temperature.

For each measurement period (1.89 s), 61 R™ pulses (~$
ms long) are processed which resalts in 75y % 300 ms. The
noise integration period is S00 ms. Because of these long
integration times and large Doppler bandwidths (~20 kHz),
the scatterometer provides useful measurements for A/S §
+10 dB.

An analysis of expected K, for *).e nominal Seasat-A orbit
and a range of wind speeds (o v.sues) has been performed.
The results are presented in Fig. 4 for two assumed wind
speeds (corresponding scattering coefficients) and incidence
angles as a function of satellite subtrack latitude. In addition
to communiration noise errors, there are also static and
dynamic uncertainties in the scatterometer from a number
of sources. Fixed bjases in the instrument will be removed by
aircraft underflight calibration measurements with an accuracy
goal of $0.5 dB (12 percent). Dynamic system errors will be
held to less than £0.3 dB (7 percent) by sensor design. Space-
craft attitude determination capability is limited to +0.2°
in pitch and roll and $0.5° in yaw (three sigma), which con.
verts to a dynamic worst case one sigma error of 3 percent.

VRS
ORIGINAL PAG
OF POOR QUALITY
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Errors antenna boresight uncertainty (caused by
thermal expansion) will contribute 6 percent maximum over
the one-year mission. The total error (root sum square) due to
these other sources will be 18 percent which makes them the
primary error source for high wind speeds. For low wind
speeds the dominant error is due to communication noise.
The SASS cesign satisfies user established wind speed ac.uri-
cies (discussed in Section IllI). A minor exception should
be noted for the outer portion (55° incidence) of the primary
measurement zone (Fig. 4). The cross-hatch curve shows
where wind speed error exceeds £2 in/s for winds €4 m.s.
This will have the effect of reducing the primary swatl. width
by 10 percent or less during a portion of the orbit. Howeser,
measurement accuracy for wind speeds above 5 m/s is suffi-
cient, even considering instrument pointing errors, to avoid
swath width reduction.

‘ne v

111. DEVELOPMENT OF INSTRUMENT REGUIREMENTS

A. Wind Measurements (25-65° Incidence Angle Range)

The scatterometer performance requirements have been
developed from user requirements of wind vector measure-
ment range and accuracy, swath width, resoluiion cell size,
and measurement grid spacing (Fig. 5). Since the scatter-
ometer is sensitive to both wind direction and wind speed.
special techniques are developed to determine both parameters
as will be discussed beiow.

The manner of transforming wind speed accuracy require-
ments to scattering cross-section (o°) accuracy is shown in
Fig. 6. Using 0° data from the AAFE RADSCAT aircraft
instrument [6]. vertical polarization and crosswind radar
viewing are used in this example. The allowable user wind
speed error bar of 22 m/s or 10 percent (whichever is greater)
is projected on the 0° curves for different incidence angles.
By trarstating this error bar to the ¢° axis, as shown, the
corresponding 6° error (one sigma) is determined for each
incidence angle and wind speed (Fig. 7).

At small inci¢:nce angles (less than 25°) the dependence
of 0° on wind speed diminishes and the 0° measurement
requirements exceed the state-of-the-art measurement accuracy
(~0.5 dB). In addition, for the lower incidence angle,, 0° is
influenced by sea state. For these reasons, earth incidence
angles below about 25° are excluded for wind vector measure-
ments. The outer edge of the primary wind vector swath is
set at about 55° earth incidence which 1s approximately the
outer angle of present aircratt and S-193 scatteromater data.
The swath width thus defined is 500 km wide on -ach side of
the satellite subtrack. giving a total swath of 1000 km for
wind vector measurements.

An additional high wind speed measurement zone between
about 55 and 65° is specified since returned signals should be
large enough to measure for high winds and ¢° will remain
wind sensitive. The total swath width for high wind measure-
menis is 750 km on each side of the satellite subtrack, giving
a totai swath width of ! 500 km.

As previously stated, radar measurements from aircraft
[2}. [4]. (6] have shown the cattering ccefficient to be a
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of +2m/s or ¢+ 10 percent.

function of both ind speed and wind direction. An ani-
sotropic behavior with wind di:ection is exhibited by ¢°
having maxima in the upwind and downwind directions ard
minima in crosswind. Additionally, the upwind o° peak i>
slightly greater than the downwind peak. In concept, two
radar measurements 3t different azimuths are sufficient to
determine the ocean surface wind vector; however, the near
sinusoidal scattering characteris‘ic often yields multiple wind
vector solutions from these radar measuieisents. These mul-
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" tiple solutions are approximately equal in speed but different

in direction. Frequently. the quadrant of wind direction can

‘be determined from conventional meteorological data and/or

satellite obtained cloud mosaics, thereby pruviding a means
for selecting the correct solution. A first attempt to use
aircraft measurements to model the anisotropic scattering
coefficient has been made by Pierson er al [11]. Further
development is being pursued by several researchers using
presently unpublished AAFE RADSCAT data which cover
¢ wide range of wind speeds and sea states.

To infer wind vector from satellite radar measurements
.wquires both forvard and aft looking aatennas to obtain
data at two azimuth angles for each resolution cell. An opti-
muim ‘mplementation uses antenna beams. each oriented 45°
relative 10 the subsatellite track, to provide observations
whic’ ‘e separated in azimuth by 90° (Fig. 3). The time
betv :n illumination of a given resolution cell by the forward
and aft beams depends on the cells position along the fan
beamn ilumination. Thus the scatterometer must be designed
in order to make the fcrward and aft beam cells cross at the
same geographic site. Each 50-km resolution cell must have
two footprints in it, (not required at the same time, however)
giving 0° data at azimuth angles 90° apart.

The Doppler cells along the fan beam are adjacent so that
the cross-track grid spacing (center-to-center) can be kept
to 50 km ard the along-track grid spacing is set at 50 km by
the scatterometer digital controller. In modes 5-8, the Doppler
cells give near contiguous coverage for either side of the
subtrack 1o improve coverage in areas where strong wind
gradients are expected.

The resolution cell size is larger than the Doppler cell size
due 10 the smearing of the cell caused by satellite motion
during the measurement period (¢,). The Doppler cell size is
determined by the antenna beamwidth (1/2°) and Doppler
bandwidth of the filters (Fig. 8). From antenna size consider-
ations. antenna beamwidths smaller than 0.5° would be im-
practical.

Resolution cell size is also controlled by the orientation
of the Doppler lines within the beam illumination which varies
along the beam (Fig. 3). For the inner cells (low incidence

angles) the Doppler line is oriented approximately 45° to the

central beam axis. For the outer cells (high incidence angles),
the orientation is about 13° with respect to the beam central
axis. The Doppler bandwidths are designed so that the 50 X
50-km resolution cell size requirement is satisfied over the
primary measurement zone (~25-~55°). At angles beyond
55°, Doppler bandwidths are held constant so the resolution
cell size does increase slightly beyond the 50-km limit.

B. Improve Knowledge for Future Scatterometer
Designs (0-65° Incidence Angle Range)

In addition to the 12 Doppler cells needed for wind deter-
mination, three more will be used for 6° measurements near
nadir (0. 4. and 8° incidence angle). This completes the
complemient of angles required to develop a data library of
¢° as a function of incidence angle (0-65°) for the full range
of ocean surface conditions. From these data. one can deter-
mine whether geophysical parameters other than local winds
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affect the sgalterometer measurements and as a result estab-
lish ‘more definitive design boundaries (by optimizing inci-
dence angle, polarization, wind speed measurement range, etc.)
for future scatterometers. )

During the early development phases of SeaSat, a fifth
antenna was planned oriented parallel to the satellite sub-
track so that these 0-65° data could be taken at the same
geographic site. In this way, the surface conditions for any
set of 0° versus angle data would be the same and thus reduce
the possibility of data scatter caused by unknown geophysical
effects. Although the fifth antenna is no longer part of the
SeaSat scatterometer, 3 mode of operation is presently being
considered which would allow the same sort of data to be
taken. This would be accomplished by rotating the satellite
45° in azimuth so that two of the antenna footprints align
with the satellite subtrack. The present scatterometer design
would allow 0° measurements from O to 37° in small angular
increments (15) and with higher resolutions (12 X 20 km).

IV.SENSOR VALIDATION AND DIAGNOSTICS

A. Hardware

One of the more important questions concerning every
remote sensor is whether or nct it is operating properly.
Extensive in-flight housekeeping data are being provided
routinely by the scatterometer in addition to planned sub-
system: level and system level performance validation and
diagnostic activities.

An array of three land-based receivers is planned to verify
transmitter performance as well as the antenna gain and
pattern shape. This technique was used on the Skylab RAD-
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SCAT experiment [12] and it offers the only means of evalu-
ating the transmitter and antenna on a subsystem basis. For
diagnostic purposes, the SeaSat-A scatterometer can be oper-
ated in a radiometric mode (transmitter inhibited) in order tu
isolate the receiver for performance verification. Two test
conditions are possible in this mode: 1) antenna not deployed
and looking into deep space with a target brightness temper-
ature ~5 K; 2) antennas deployed and looking at the ocean
surface with.a target brightness temperature ~125-175 K.
A 5 K target offers high sensitivity for verification of antenna
and receiver losses and VSWR. Receiver losses and noise tem-
perature stability can be monitored throughout the mission,
independent of the internal calibration source, by using the
radiometric mode with the sea surface as a target. There are
certain minimum requirements that must be met in order to
certify the scatterometer as an operational instrumsnt after
it is placed in orbit. During the one-year period, aircraft
underflights are required so that direct comp:.risons can be
made between a wellcalibrated (20.5 dB) aircraft scatter-
ometer and the satellite scatterometer. Direct comparison of
aircraft and satellite ¢° data will be used as an absolute cali-
bration of the satellite scatterometer, thus remaving any fixed
biases from the data. Long-term instrument stability character-
istics will be determined from periodic comparison of
aircraft and satellite o° values.

It has been demonstrated with extensive aircraft data that
¢° measured at 8-12° incidence angle is relatively insensitive
to ocean surface roughness and wind conditions. Consequently,
long- and short-term stability information, independent of
aircraft underflights, will be gathered routinely using data
from the 8° near nadir Doppler cell.

The quality of the SeaSat-A scatterometer data can be
further evaluated using measurement results from other
sensors on the satellite. Altimeter 0° data, for exampte, can
be compared with the scatierometer nadir data to reveal
biases in either instrument and the time variation of these
biases. Secondly, scanning multifrequency microwave radio-

meter data may be useful for correlation with scatterometer
data during high wind speed measurements.

Techniques used in instrument validation and performance
monitoring can in like fashion be used for diagnostic purposes
in the event that malfunctions are indicated. The flexibility
of the scatterometer will allow the isolation of a variety of
possible component or subsystem malfunctions.

B.Computer Algorithms

The software for inverting raw scatterometer data to ¢°
and for converting 0° to wind vector must also be validated
under all measurement conditions. Fig. 9 is a flow diagram
showing the steps necessary in this process. This data proc-
essing is conveniently separable into the conversion of raw
data to scattering coefficient and the conversion of ¢° to
geophysical units (wind vector), ‘which allows eiach to be
designed and evaluated independently.

Prior to launch, the scaiterometer will be calibrated in
terms of the ratio of received power to transmitted power
Pgr/Pr, thus the first step is to convert raw data to Pg/Pr
using preflight calibration information. Satellite param:ters
such as attitude, ephemeris data, and various instrument
and physical constants are used to determine cell locations on
the earth, range, cefl length (L), incidence angle, and antenna
look angle. This information along with pertinent house-
keeping data are used to determine antenna gain and are inputs
for calculating 0° and rms error for use in the geophysical
algorithm.

The first step in converting a ¢° matrix to a wind vector
map is to use both the visible/infrared and microwave radio-
metric data from other SeaSat-A sensors to make a path loss
correction® to the values of 0°. Conversion to wind vector will
be accomplished using algorithms that have been developed

“The use of microwave radiometer mcasurements to correct the
scatterometer was furst proposed by Moore and Picsson {13} and was
successfully implemented du' ‘'ng the Skylab S-193 experiment.
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using several theoretical approaches with each algorithm being
evaluated dunng the mission. These initial values will contain
aliases caused by the multivalued relationship between 0° and
wind speed and direction. Several methods for removal of
these aliases and the generation of wind fields are being
considered.

V.CONCLUSIONS

The microwave scatterometer design for SeaSat-A has been
selected from a number . options, and detailed analyses show
the design capable of satisfying user requirements of resolution
cell size, grid spacing, swath width, and wind speed accuracy.
Other instrument design characteristics have been included fo
resolve uncertainties about the effects of sea state on wind
sensing ability and to verify instrument design boundaries
such as optimum incidence angles and wind speed measure-
ment range. With improved design boundaries, the scatter-
ometer instrument can be optimized for future fully opera-
tional oceanographic satellites.
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APPENDIX B

Since Dr. Shemdin's presentation was principally concerned with SAR
data processing and this has been included with JPL's data processing
presentation provided by Mr. Edwin Pcunder. Dr. Shemdin provided these -

two SAR papers for the generai interest of the attendees.
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Abstract

Curing the past several years, many radars have
obscrved the distinct and interesting features associ-
ated with the Gulf Stream and its boundaries. Some of
these Gulf Stream radar features have small scale,
with dizsensions comparable to and slightly greater
than long pravity waves. Uther features are larger,
with dimensions much greater than the length of long
gravity vaves. This stuly describes radar cross
section variations within the Gulf Stream and just
outside, seen with a “scatterometer™ type measurement.

The significant features of this radar ctou‘
section data were that the Gulf Stream slways had a
higher cross section per unit arvea (interpreted here
as a greater roughness) than the water on the coati-
asental shelf. Also, a steep gradient in cross scction
vas often scen at the expected location of the western
boundary. There weré also longer scale (10 to 20 kw)
gradual fluctuations within the strcam of significant
sagnitude. These roughness varfations are correlated
vith the surface shear stress that the local wind
imposes on the sea. Using the available surface truth
information regarding the wind apeed and direction, an
sssumed Gulf Stream velocity profile, and high resolu-
tion ocean surface temperature data obtained by the
Very High Resolution Radiometer onboard s i{UAA-iXSS
polar-orbiting setellite (data provided by Dr. Richard
Legeckis of I0AA-NESS), this study de.dustrates that
the computed surface stress variation bears a striking
resemblence to the measured radar cross-section
variations.

1. Introduction

The western boundary of the Gulf Stream has the
unusual property of gunerating etrong features (both
saall and large scale) in radar images. An imaging
radar detection of ‘he Gulf Stream in 1972 was reported
by Moskowitz [1). These showed large spatial scale
and small-gscale (narrow filsments) cross-seccion
variations that sre independent of the wave imaging
characteristics. Also, rader sltimetry (at 13.9 GHz)
from aircraft and observations from th. GrdS-3 and
Skylab spacecraft have revesied definite differences
in the radar cross section between the Gulf Stream and
the continental shelf. Published deta and quanticative
analysis of these observations are very limited (2].

The Marineland Test {3}, conducted during the first
of December 1975, provided new data oa these
Stream radar features. Ia particular, this test
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employed the .)PLl and Elml2 airborne synthetic aperture

imaging radars (SAR) and several surface instruments.
All five flights of the JPL L-Band cbserved significant
variations and oacillations of the aurface radar cross
section es detected by a “scatterometer” measurement
mvde. This scatterometer modz of messurement led to
some unanticipated observati.cs: the Gulf Stress often
has a significantly higher radar cross-section (per

unit area) than the water an *h- continental shelf
between shore and the continental slope. These differ~-
ences are often accompanied by large-scale (spatial)
variations near the boundary. This report will concen~
trate on these variations. The primary data for this
effect is the scrip chart record of the received power
history that was kept continuously on a selected flight
line., Comparisons will often be made between the strip
chart recording and the features observed simultaneously
in the SAR fmages. Also, infrared satellite photographs
(obtained by the very high resolution radiomecer on the
NUAA-{LSS satellite), optical photos taken from the
CV-990, and other sources of related information have
been examined whenever availsble.

Much of the interpretation of our dats is based on
the concept of a Rragp scattering, vhere radar echo
strength is determined by the nusber of ocesn waves
which have crests aligned with radar's line of sight
and have crest~to-crest spacing which is equal to
one-half of the peak-to-peak spacing of the electro-
magnetic radiation (4]). Thus, the L-band radar with 25-
cm wavelength basically observes the population of
ocean waves which have wavelengths of [12.5 ca/sin
(angle of incidence)] and have directions directly
toward or asway from the sircraft. For simplicity, the
ocean waves with these wavelehgths snd directions will
be called the “Bragg waves."

The Bragg surface vavelength is actually one value
in a continuous spectrum of the randomly rough surface.
The strength (radar cross section per unit ares) of the
signal backscattered by a small patch of the ocesn (say
a resolution cell of the SAR) will be proportional
to the local number of short gravity waves of the
proper length and directional alignuent, and their
maximum heights. The modulation of these shorter waves
by the large gravity waves is the basis for the
scattering differences observed as waves in &
vadsr image. In the scatterometer mode described
below, only the total crose section integrated across
the large illuminated area (see Fig. 2) is being
observed, at any instant. This provides an cbssrvation
of the average "density” of Bragg wavelengths and is
interpreted as the degree of roughness of the
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11luminated area. The physical quantity that controls
thase populations of Bragg vaves is the wind stress.

™ 1Cteromorer seasuremants Vere also
compared .ith the synchetic aperture radar images.
The relatiocaship betrean the effacts seen on the
astriy chart and the image is generally comwplex.
Thers are large differences between the spacial
scalas of cross-section variations observed with
these two techniques. The etrip chart mshsuremen-
method is more seasitive to changes in cross-sect.on
magnitude a9 small as a fev tenths of a dB, whereas
the radar image gives very precise location, a'ign-
ment, and finer spatial size.information. Also, the
deparate flighte will be amalysed separately bacause
of the different character of the observed effccts auu
because of the availability or lack of the {nfrared
sstellite data.

Ohaerved radar croas sections were found to be
correlated vith an estimated surface stress. Surface
sttess estimates accounted for surface winds, differ-
ential modulation of the surface wind by the Gulf
Stresa, and air-ses temperature differences. Sucface
vinds were measured by surface instruments at the
Marineland Test sites, and we assumed that thege were
unifora everywhere in the test srea. The Culf:'Stream
surface velocity was modelled, with a profile published
earlier by Von Arx [5]. Sea temperatures were estimated
from VHRR (Very High Resolution Radiometer) data
provided by Dr. Richard Legeckis of NOAA-NESS. Afr
temperaturss were given by the surface ipstruments.

The sea temperatures given by the VHRR provided
a substantial improvesent over sea temperstures
sstimated in our earlier report [6).

These estimated surface stresses were compared
with the radar beckscatter data for December & and 15,
1975 (other days weren’t studied, since the Marineland
Test area was under clouds, preventing tha acquisi-
tiom of surface temperature informstion). These
results shov that doth large scale trends (over a
vange of 250 km) and small scale features (on the
order of tens of kilometers) in the radar data cor-
relates extremely well with the squsre root of the
computed surface stress,

The results presented here imply siht e Yack-.
scattered radar cross section measured by the rader b
proportional to the surface stress which i seen to be
s function of tha local wind, the surface curvent, hnd
the surface temperature. If the distribution of two
of thess quantities can be measured or estimhted, then
the third can be inferred, using the measurement
technique and interpretation discussed in the following.
Furthar evidence thsat sea-air temperature differences
should de considered along with the vind and curtent
interaction can be found in some receat lcross-section
nsasurements (from nadir) across the GQulf Stream made
by the SKYLAB altimeter. This data shows that a
variety of effects is observable, indiceting a sensi-
tivity to the mateorological conditions. The dats
smalyzed by Parsons [2) canmot be fully explained by
just comsidering the wind vector and thcut:l ‘utrcnt
information. Thie implies that surface réRure
influences the surface roughness. ‘

2. lastruments and Flight Patterns
Jasging Reder

The vadar date prasested here was cbtsined fa
five flights of the JPL L-Band mmm\ndll onhoard

the NASA CV-990.3 The data fa basically scatteromstey,
vhere radar echo strength in terms of a backscatter
radar cross section per unit area of the surface {s
neasured. The veristions of radar echo are moniteved
along a ground track parallel to the aircraft's lise eof
flight. Alao, radar echo streangths are provided by two
different but simultaneous modes. The norsal imagiag
mode records the full eignal information on & signal
film recorder on board the aircraft. Afcer the flight,
these signal films sre coaverted to high-resoluytion
images, using an optical correlator. The “scatterometer”
mode simply records total received power returning from
an area whose spatial width is determined by the
azimuthal beamsidth of the antenna (usually 4.0 kn)

but whose range spread depends on the transmitted pulse
width (usually 0.55 km). The incidence engle can be
adjusted with the setting of a range gate, The echo

.strength recorded on 8 strip chart is real time on

board the aircrafe.

An overview of the JPL imaging radar, emphasizing
both wmodes of scatterometry, is shown in Figure 1.
Parameters are given tn Table 1. Echoes from the
surface are received and aplit into tvo nearly ideantical
receiver chaine and recorded on a signal film via the
optical vecorder. These signsl films vers developed,
and processed in an optical correlator to provide the
high-resolution images which can then be scanned by the
densitometer to provide fine-scale scatterometry.
Coarse-scale scattercastry was provided by a chain of
electronics which sampled the echo at a specified
delay, integrated the voltage, and then recorded the
result on a strip chart. Thias provided a coatimuous
record of the relative changes in the total received
power from this particular incidence amgle,

The geometry of the footpriat for strip chart
recordings is shown in Fig. 2. The JPL L-Bamd radar
has a large beamvidth anteuns (18 deg) which flluminated
an area on the right side of the aircrafc. This azi-
muthal beamwidth ie sligned perpendicular to the aircraft
fuselage. The elevation beamwidth of 90 deg is centered
45 deg above the vertical. A mch smsller portion of
this anteans footprint is observed by transmftting
short pulees and sampling their echoes at 2 fixed time
beyond nadir. Typical parameters for the scstterometer
footpriat ave given in Table 2.

Flight Linss

Radar observacions of the Gulf Stresem wers obtained
ow five flights ia December 1975, when the NASA CV-990
operated out of Patrick AFB {n support of the Marioe-
land Test. An overview of these flights is given
by Thompson [7]. The positions of some of these flight
lines with respect to the Gulf Stream afe shown in
Fig. 3.

The vestern boundary of the Culf Scream in the
viciaity of Station 111 was chsecved oftem, The ftrst
leg of the Eight-Sided Psttern, ves extemdsd out to . .
sea, started st the midpoint of tha Culf Stresa snd ran
in tovard shore. All five legs of the Five-Sided
Pattern at Station [1] were centered on a position of
29* 357'N and 80° 17°'W at a noeinal location of the
western boundary. The Gulf Stream Tramsit started eas'
of the Stream, ran across it, past Station 11I, snd
into shore near Statios I. The depth profile of the
ocean just under the flight path {a shown {a
Figure 4 [14]).

Satellite Radiometer
As weationed above, an important additice to ouf

.dats base wvas the sea-surface temperature provided by

M ae T Ve
go Galileo II, a four jet flyimg Lddorstary operated by the Nedium Altitude Mission Branch, NASA Ames Kesearth
Ceater.
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TABLE 1.

OPERATING PARAMETERS FOR JPL L-BAND,

) TWT RADAR
' " Q ‘“"3’8&.
ThANSI ] :’c‘,‘t‘,.u..:,‘,,, Paraneter Value
' Lenter fyequency 1220 Mie
- _Waveleafin. 24.6 ca
o AMPLIERS ¥ v Pulse langth 1.25 be
Bandwidth 10 s
' Time-bandvidth product 12.8
STALO Peak power 4 kH
Aatenna azisuth besswidth 18 deg
o Xy Antennatrange beamwidth 90 deg
m%,u AV#‘O“. s,:-,"wwl Anteana beanm center gain 12 d8
CHANNEL ‘1 _‘cnmmn } Nominal altitude Jewil2zk
[ T Nom{nal ground speed 400~500 knots
OPTICAL RECORDER ans
VOLIMETER Sweep time S5 us
[ [ Sweep leagth 25 am
= ——
SIGNAL FLM lNquAIOI Sweep spped 0.44 mm/us
I o _I_ " Range c¥ifs 1667
= oy Nomina) pulge repetition 800 pps at 400 knots
OPTICAL SIIP CHAY 1 frequency 1009 pps at 500 knots
CORRELATOR RECOFDER -
_j__d . —_— . cd
STRIP CHAKT
IMAGE FILM MECORDINGS
1 TAGLE 2. TYPICAL VALUES FOR THE STRIP CHART
SCATTEROMETER
PSITOMETEK
DENSITONETER f—e - TRISHS " = altitude «12 km
(40,000
({3}
Fig. 1. JPL L-band Rsder Block Diagras
8 = angle of {ncidence = 20 dog
3
L w = range ©12.8 ka
0gAM /
- 1] = agimuth beamwidth = 18 deg
/ / az
e T, e transmitter pulse length = 1.25 us
~M cl/2 " = velocity of light/2 * 330 n/us
FOOTPRINT
Rﬂu = azimuth (along-track)
——— footprint length = 4,0 kn
c rp/z sin (0) = rarge (cross-track) length = 0,33 kn
#"‘ - Nadir footprint area = 14,1 hl’
% Nadir footprint radius 2.1 &m
) Antenns gain st beam center (0 = 45 deg) e 12,0 d8
SAMPLER FOOTPRINT J
AT ANGLE 0 OFF NADIR Anienna gatn at 0 = 20 deg - 10.5 48
Fig. 2. Surface Illumination Geometry and Antenna gain at aadir =358
Parameters
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Fig. 3. Flight Paths for Eight-Sided Pattern at

Station I and Five-Sided Pattern at
Sctation III

the Very High Kesolution Radiometer (VIRR) onboard the
NOAA-4 satellite. The VHRR has an instantaneous field
of view of about 1 km, and measures radiation in the
0.6 - 0.7 um (visible) and 10.5 - 12.5 um (thermal In)
spectral bands. The NOAA-4 gpacecraft provides
complete day and aight coverage of the globe every 24
hours, since it is in a polar orbit at an altitude of
about 1500 km. Surface temperature images are cun-
structed from successive scan lines, und the VIIKR data
can be displayed as gray scale images by using scale
values appropriate to the measured radiances. The
system sensitivity is about 0.5 to 1.0° C when
© viewing the ocean suyrface, and this represents the
ninimun tempersture differential that cap be resolved
for two adfaceat 1 km areas. For larger areas,
temperature differences smaller than this can be
" resolved by suppressing some of .the random noise
effects by averaging.

The thermal data snalyzed here was digitized from
the analog transmissions and sre presented in the form
of quantired sea surface temperature l.-vels (separate:
b approximately 1.1°), each level representing the
temsperature within a 2 km square cell. This resolu-
tion i{s comparable to that of the radar cross-sectton
data from the strip chart.

3. Radar Observations During The December &4 Flight

As mentfoned previously, the flights on December
4, 1975, provided the best day for correlation of .
estimated surface r ress vith radar backscattcr from
the strip-chart scatterometer. The sea-temperature
estimates from the VHRR were acquired at 13:00 GMT, at
four and seven hours before the radar data and at
02:00 GMT on December 5, 1977, at four and seven hours
after the radar data was acquired. OUn this day,
the strip chart recorder was monitoring the signal
that arrived 5 us after the lesding edge, correspond-
ing to a 20-aeg incidence angle.

The differcnces in radar cross section between
the Culf Stream and the adjacent continental shelf
waters vere 1 to 2 dB. In addition, there were strong
oscillations in the cross section near the edge of the
strean, These oscillations can be seen in the strip
chart data record (Figs. 5a and 6a), where the power
levels are normalized such that unity is the ainimum
backscattered pover (or O dB) on the continental shelf
side of the boundary. The oscillations in the cross
section have sizes between 10 and 20 km, which gre
larger than the resolution size inherent in this
technique, These flight lines took place within

J T T 1 T T T T o v
] i
1
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)
1
2 - I 200
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| }
1
00 M~ I 4 L
wl SHELF @ | —a= GULF SIREAM w0
[ At 00y
1 NS B 1 i 1 d
Y J » ® © % ) [ o
POYTION ALONG FLIGHT PATH, b
Fig. 4. Ocean Depth Along Flight Path near Gulf

Stream fdge, Determined from a
Toposraphic Map (14])

three hours. Thus, the cross-section behavior with
position shows that these 10 to 20 km features are naot
stationary over this time fnterval, but that the overall
avurage higher cross section on the Gulf Stream i3 still
evident. A cross correlation between the radar cross
section and the computed stress (squsre root) variations
{(with means removed) shows a 0.52 correlation for the
first Gulf Stream transit and 0.71 for the second.

Thus, there 48 a close relationship between observed
radar backscatter and estimated surface stress.

The one=dimensional nature of thie strip chart data
should be compared with the two-dimensional informa-
tion In the SAR images. For example, Fig. 7 {s the
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Fig. 5. Comparison hetween Radar Cross oo tion
variatfons and Surface Stress for 1.

Gulf Stream Teans{t on December 4
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FADAR WrAGE GULF STREAM BOUNDARY 04 Dec 75

. tiona occur can also be seen in the SAR imsges.

fiight paths will show nmultiple uicurrences of thess
vlongated features,

The featuras st the Gulf Stream boundsry ars
typically ons kilometar wide ~ foc smsll to be sccu-
rately re od by the scatterometer measurssent. Thus,
the sctusl €ross-section changes in this thic filament
are most likely stronger than those racorded on tha
strip chart, This record repressnts an average over a
4.0-km beamwidth. On the other haand, ths longer scsle
undulations in cross section sesn with the scatterometer
cannot be obaerved visually from tha SAR imags, slthough
they might &e detectable with image processing.

4. Radar Observations During The December 15 Flight

This last flight of the Marineland Tast was also
examined in detail because the strip chart recording of
cross section had the largest number of osci{ilations
{zbout 3) and shoved the largsast meximum to minimum
excursion, 2.8 4B for a two-cycle fluctustion extending
over & 50-km span {Fig. 8). Once agsin, the strip chart
recorder was operated for a 20-deg incidence angle. The
waves over the continenial shelif displayed a lower
average c¢ross section than ths Gulf Streas. It was also
noted in the strip chart record that the variationa
extended much closer to asbnre than had previously bsen
the case {up to within about 50 km of shore). The
extent of the area in which thess cross-section varia-
Thase
images indicate that the incidence angle chosan for the
strip chart 4s not critical, snd the 20~deg data cited
above is a representative sample of sismilsr behavior
over a wide range of incidence sngles from about 10°* to
50° (Fig. 9).

The second Gulfl Stream transit of this day yialded
an image with a comparable drametic fssture st the sdge.
The incidence sngle used for the sccompanying sceip

RADAR CROSSSECTION DATA : ‘1.6
DEC. 15+ 1630 GMT

SHELF =— l —ae GULF STREAM

e 0.4
B = el 19°40.2
1 1 i i A i i ‘ o
80 240 00 160 120 L] 48 [
7ig. 7. Synthetic Aperture Radar Image, DISTANCE, 1o
December 4, 1975 st 17:09:00 GHT
o TOWARDS SHORE
radar image corresponding to the strip chart records z
of Fig, 5. The linear features in the SAR image . E
display nefghboring dark and bright bands of fintensity. Y‘gf:,@%ﬁ,’g&‘ﬁc %‘“&:{é&“ﬁ& ok
These features in the imege lie spproximately parallel FROM “YOR 41.2
to the current flow diraction (northerly direction) N 15
and to the edge of the Stream. Thelr positions agree 41.8
closely with pasitions where strong changes in ﬁ‘u
cross section wers seen in the strip chart record.
Horeover, later imagas of this srea show that theass 4o.4 8
linear features maintsin their thin appesrance for SiEfe } - GULF STREAM 1aa i
the seaveral hours. :
80018 79°40.2
A study of s long record of the cedar images {(the . = = 1 - { tio
sscond a1l Streawm transit) shows similar isolated 280 240 80 180 120 FT] 406 [
featuvren  + rha cer’ar of the Stream (for exampic DISTANCE , k»
8% 23" longitude, 100 km from wastern edge). This
Suggests that the phenomencn ls not exclusively asso- Fig. 8. Comparison bstwsan Rsder Croes-Section
ciated with the edge of the Stream or the continental Variations and Aspused Burface Stress
slope. Similarly, on diffsrent days, other long for December 15
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Fig. 9. Bynthetic Aperture Radar Image un

Dacanber 15, 1975 at 106:14:0¢ oMt

chart . - . R ﬁ“égg foadir). lnstead of the strong
oseillscions characteriatic of the 20° angle of lancls
dence observarions, a wuch amoocher history 1e seon.
The radar obssrvations only show & very gradual in-
cresss in cross section ne the flighr trock passca
from the Gulf Btreanm to the continental shelfl, smouni~
ing 1o & net change of about 0.5 JB over s distance of
about 75 km. Thds suggests that the seean phenotuns
witnessed ar off-nadir angles of ifocldence duriny thw
enriier pase with borh the imagery and the strip chart
record may be affecting the small-scale, #ragg waves
length gravity wveves predominantly, and not having much
of an effwct on the RMS slope {which scems to DLz g Lit
higher on the Stress} thar controls the nadir codae
return.

5. DOther Observed Radar Crosa-Section Features

Ong puszle 1n these Marineland Test observations
12 rhe nature of the thin livesr features that are
fourd ar the wdge of the Siresn, and sometines farther
sast {Fig, 9. These features prohably have stronger
cross~gpection excurzlions than those recorded on L
strip chart, The SAR Images show them to have g small
width, relsrive to the width of the area 11luminared
by the antenns, o thelr stresgth would be dilated in
the nras Integration that the sntenna performs when
tha "scatteromater’ type of crose-socrion messurcments
are wads,

Thelr persistent north-south allpoment and
axtresely narvow dimensions rule out an cxplanation

basad on purely temporat e varletion, 11 svems
uniikely that sresp granients smd Hiferencer in
temperature in such a nirvow reglon {leas thapn 1 km)
ieould Be large snough to produce the larpe roughness
differente implied by the obaerved varlations, Based
on & detallod optical scan of thia feature In a radar
imsge winmiline o Fig. 9, the temperature excnrsion
would have to be 6°L 1n order to account for this
effocy. Alpo, one would vcrpect some shatp rempersatute
gradients to be alipgned in orher divections. Ome
suggestion ix that these features sve related 1o
intsrnal waves gensrated by the thdal currents being
daflected by the continental slope fam Rave heen seen
near the Southeen California coaat), and rising clume
to the surface because the thermocline boromes more
shelliow snd often tilts upward in thin reglon (Bin, 4.
This wisw is sentioned becanse previous cxperimental
studins have dewonstrated the detectsbliliity of inter~
nal waves, due te the manner in which thele surronts
affmetr the amall-scale roughness 181, Excepr for the
Decembar 14 fiight, boundarien ceken frow the £¥-990
ware frequently obscured by cloud coverage. Rane

uf surface photographa showed any distioctive optioal
feature or forelgn materisl at this loration that
might sxplain the radsr observations. Thias negative

phutographde result would be conslatent with the
internal wavs phenomena.

Another possibility 1a the vpresence of sigaificant
amsunts of amall-sizad forefpn material or debria which
could be convected and aligned by the current. However,
this condicion might lead ro 8 redugtion in the locul
surface tenaton and roughaess, whish would then appear
4% & distinct deprossion in the vadar cross section,
Clege examination of pne image (sccompanied by quanti-
tative digital image scanning to infer a rader cruss-
sectlon profile acrons this feature} revenls an oscilw
latory behaviar, whure the cross sectiion ranged above
and bolow the awerage value on the Gulf Stream, These
fratures of the deta, along with the absence of any
vindble (photopraphie) svidence, leavs ppen the yuestion
uf what type af phenomena is helng detected hevs,

f, Inrerpretations Hased oo Sorface Streus

The variety of observed crousesectlon ellacts
BUREEALE that gpversl ooean phenomens say b responsible
for the featurcsd seey ng the strdp chart recond aml the
SAK dmages. It west be ket Do simd thar the modue
lathun ol radar velw fs contrulled srimarity by the
surface roughiness, wo thar ooly those guancities that
might influcnce thin roughmpss mt he sxamined,  For
vrample, Fhe saveeyave Intorietions between long pravity
st shore wravity Land capiltory) waves will produce
vffeets with smaller spattinl scales than are of {atoreat
in il amalveds,  The ericical control of this snrface
roushouss ix the alear Flow of winds cloge o the aure
T, fe Whideh the amall fragpevaveloosth orman waves
dre phebitdy compled This wind stress I8 known to he
Inflovnced by the seon wind several metors above the
surface, iy waler vcurrent at the surface, and the
alr=goa romperarure difforsnce foapocially ondar atable
condittunsd, dapects such as fatoh and time seale for
pruwil of wives of thig aipo are belleved 1o nlavy o
Mmivor vale In these Croassgectiun peasoreoents ddue to
the time aml spat ol sveragioy inberest ip this methad,
The diseuasion that follows will artemp? to relate theae
miantiilos 1o the ohsorved vesulity, using Raown surtace
condly fons ad plavaible oeean phenomena in thlas rvopion,

e peneral guestlon of why e Gulf Siream 1s
alwave rougher than the water of the continental ahelf
witter shoald e nddresaod o terrs ol o tus sost
stgnltlemt eharvacteristlion of (his body: (13 1y s o
shmifleant eurroar diseyibatad nver a wide ares tha
flows fn o well=sdefived divection, and {7) 1ts teaper-
ature {9 hipher than rhe water on the continental shedt
amd 19 often higher than the overlyiog stmouplore,

ihe data shows that neglecting temperaturs end
arcount o only for the cuvrent magalimde and dlirectiion
redative 1o the prevalliog wicd will not expledn the
obderend cronu-rvetion chintred, 1 the wiad had g
Hirony cumponent antiparallel Yo the curvent, the
Priction woelochty L the tonlnr coogs section) on tw
Uulf Streas would be grester than f2 la on the slatlog-
ary ghel? water, Alreraativole, for g wind component
paraliel to the correndl, the fofetion welocttey on tie
Stesnm would fe Lower than on the ahelf, Luplving that
the sl showdd bawe g tagpor vrona set b, Domilyae
Lion of the data shows that the sholf sover had o
srater creda gertion rnan the sl Sercam. Ho chanpon
1o vronn soctbom van he correlaled solely with wind
direction vhoogen fur the Flve days desortbed thov
Por expmnale, oo Devesbinr 4 tue winds were ffom the
aortheant, and ua eaabor 15 ey weree Toom the g o
vagl, but larper rrisis geetinns on the Slivam are
cleatly ovident fa the Jdats far both dags Lot 4y
e concionlon bore b thart whilde fhe oot v e H1e
may Infiucnee the relative rouehiness hetwenn the s 0t
Stream and the shelf, 1 compet he avalgned the Jhoagn
rile.
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TASLL 3, SUKFACL INFORMATIUN AND TLES OF OBSERVATION
) Sea Temperature
Time Wind Spoed, Wind Direction, ALr Temperature, in Gulf Stream,
bate (unT) Station n/s deg ‘c °c
T bec. 4 120000 1L 3 060 23.8 25.2
bec, & 20:00:00 Ll 4 080 25.) 23.2
hee. 15 17:00:00 1 5 150 - -

it seems fruitful to consfider the state of
nwlcdge of the dependence of wind stress on the
air-sea temperature difference {9). The cephasis {n
the literature on this subject £8 on the study of
thee prowth of wind waves (large gravity) over larpe
fetoiues, for lony perliodsé. The avallable evidence
points vonclusively to the importance of atswspheric
stabllity, which depends on the wertical temperature
pracieat,  Comprehensive ficld measurements indicate
that when all other quantities are equal, a gea
temperature larger than the air tcmperaturc (wmstablo
conditions) cauges the heights o! wavex generated to
be greater, due to the higher drag cocfficient of the
surface.

Studics cf experimental data carried out by
rleagle {9) lead him to conclude that the Increase in
wave height due to an air-sca temperature difference
(unstable) is at the rate of 10X of the height
per Jegree centiprade, Examination of our available
surface-temperature {nformation indicates that the
sea temperature was never less then the local air
{measured from the ship at Sration 1i1I). OUn days
such as December 4 and 6, moderate differences in
tenperature are evident (about 1 to 2 deg), consistent
with the observation of larger cross scctfuns on the
Strean. )

It should be emphasized that a nonneutral
temperature condition alone cannot explain the
cross-section variations, since a constant sea-surface
temperature would yield the same cross section
everyvhere, If wind stress is the controlling factor,
then it must be the temperature differences between .
the Culf Stream and tie shelf that account for the
cross~section differences. sSince surface temperature
variations can be inferred from the satellite obser-
vationa, some quantitative estimates of the variations
of the drag (shcar stress) coefficients, and the
tangential stress of the wind on the sca due to
thermal stratificatiun can be made. Bestdes the
temperature variations, the varfation in thc resultant
velocity between the mean wind and local Culf Stream
current will also be considered in the surface stress
calculation.” Thesc changes in wind stress can then
be compared with the radar data.

It is customary to express the surface drag
10 of the wind at the surface in terms of the mean
vind speed st & chosen reference height (10 m will be
used in the following). This, then, defines the drag

coeffictent {10}, Clo:
L (air density) x C10 x ETO (1)
C,p = (UM/T, )2 )
10 10

Ulo = mean vind speed at 10 m above the surface

Ut = friction velocity

For a fixed Uyg, any change in ths vertical wind profile
caused by temperature stratification will alter Cjq.
From these equations, it is evident that a change in
€10 will also change the surface stress. Most data on
C1o available in the litersture {s for neutrsl condi-
tious. Approximate methods to take vertical gradients
of temperature into account have been developed [11)

and supported by cxperimental results.

This approximate theoretical davelopment will be
applicd here to estimate the magnitude of the effects
that were likely to occur during these Marineland Test
flighte, Since relative changes in wind stress are of
interest (on and off the Culf Stream) only the ratio of
C1g at the measured air and sea temperatures relative
to the value for a unifors temperature profils need be
calculated, Fur the neutral condition, (C10)_ depands
Yrimarily on the dynamic roughness, 2y (10)."

2
2 ,)
n [ 10 + 2, Yo
(2
0

Yor a slightly stratified condicion, the approximate
similarity theory solution for the heat flux sdvenced
by ionin and Obukhov {10) yields

10ay
i.—-—————-]rz*u %)

[n),]

After some manipulation and {insertion of the values for
the constants a, k, and ¥ found in {10) and (11}, the
desivred ratio is expressed as:

A8
CI(/(Cm) «l1-1,24 (5)
n 52
10
where
40 = the air tempersture minus ths sea temper-
ature, °C
ﬁlo s wind speed at 10 = above the surface, in

a/s

It is readily seen that for a warmer sea A6 < 0
and Cjg > (C10),. Also, the effect becomes wesker for a
higher wind congltlon. vhere the {nstability due to
thernsl stratification becomes subordinate to the
dynamic turbulenca.

205

OCEANS '77

1487

MTS-1EEE
QOF BOOR

g 18
IGINAL PAG
OR QUALITY



A more sophisticated and critical appraisal of the
state of knowledge of tha factors that affect the
drag coefficlent can be found in a report on the
marina undary layer by Cardone (12].

1. Surface Stress lmplications for 04 Decembar, 1975

The prime data set for these surface strasc/radar
backscatter comparisons is 04 December 1976, since there
are VHRR thermal images before and after two independent
radar observations. In particular, the VHRR dota was
obtained at 1300 GMT on December &4, and 0200 GM1 un
December 5, and the radar data was obtained o "Gulf
Strean transits” at 1700 GMT and 2000 GMT on this day.

This thermal data is “n the form of quartized sea~
surface temparature levels (geparated by approximately
1.1°C), sach level representing the temperature within
a 2-km squara cell. This resolutfon is comparable to
that ot the radar crose~section data. Figure 10 shows
the two dimensional surface-temperar .. dintribution st
1300 GMT, where the lines represent ‘oundaries between
the quantised temperature areas. The surface latftude
and longitude coordinates ere superimposed on this
information to permit the construction of a tewperature
profile along the same ground path traversed by the
radar for comparison with the radar cross-seution vari-
ations, and for inclusion in & stress profile calcula-
tion, This profile ie seen in Figure 11, Three inter-
esting properties are evident:

(1) The temperature difference between the Gulf
Strean and the shelf water {s substantial,
typically 4°C, with some small areas being
5°C warmer th-a the shelf, The temperature
gradients in the shelf waters are by no
means in the same direction, although the
average behavior 1s for the temperature

to decrease as one gets closer to shore. The
substantial irregularities of the boundarics
that separaté the areas of upiform tempera-
ture are seen {n Figure 24.

81° LONG.,

2+

Isotherus Inferred from Quantized Infrared
Imagery December 4, 1975, 1300 GMT -
Vev, No. 4807

Fig. 10,
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Flight Path, December &4, 1975,
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In order to relate the radar cross section at this
microwave frequency and incicence sngle to the wind
stress at the sea surface, this temperature information
can be ut‘iired in a theoretical calculation of the
stress along the line of flight. As noted above, the
m~,ai.ude of the drag coefficlent is quite sensitive
to any thermal stratification in the air, efther stable
or unsitable, The wind speed (relative to the surface)
also influences the drag coefficient, as vell as being
the dominant quantity in the total stress. Surface
statfon instruments have recorded the wind speed and
Jdirection at the flight times of interest. The product
of this drag coefficient and thc square of the magni-
tude of the resultant vector velocity difference
between the air and water surface (including the effect
of the water current) equals the total stress. (See
Appeadix.)

This theoretical approach was followed, and a
profile of sea-surface stress vas calculated for
comparison with the radar cross-section data. This
included the temperature data of Figure 11, the known
wind speed of 4 m/sec, and direction .f 60° was com-
bined with a northward Gulf Streum current. No timely
vbservations of the Stream's structure or velocity were
availahle for use i{n computing tiis surface stresgs.

As an example of & "representativa" shape, size, and
current magnitude, the profile presented by Von Arx
(Atlantis cruise No. 165, near laticude 3)8°, longitude
70° (5] was used in all the stiess calculations pre-
sented herein, This embodizi a width of 90 km, a
maxi{mum speed of 2.2 m/sec, and & western bovder at
50° 15', where the continents) slope is steepest.
square root of the normalized srrese is plotted in
Figure 5(b), along with the radar cross-section profile
that was measured about four hours later. The square
root of the stress was plotted because previous air-
craft mcasurements of the dependence of the cross
section on the wind speed have shown it to be closer to
a unity power law form (hence, square root o¢f stress)
than a aquare lav dependence (linearly proportional to
stress) [13).

The

. (he computed square root of surface stress and
vbserved hackscatter profiles have a striking simflarity
The magnftudzs of both are higher on the Gulf Stream
relative tuo the cold shelf. Also, both levels fncrease
a4s one travels toward the wegtern edge from the cast.
In additfon, a steep decline occurs where the current
gradient {s believed to be in the greatest. Further-
more, in the region on the castern edge of the conti-
nental shelf where the current I very small, the cross
scction fe still relatively high and correlates wel!
with the higher stress resulting from the relative!ly
higher temperature in this regiou,

A secoad data set on Decembor & showed sx{m{lay
features. The second Gulf Stream transit was condurged
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o ab PO ONT, gnd o subsoquent wata!l‘te photograph measured results can be explainen with welleknown

uohours tatee (at 0200 GME, Lycea),er 5) provided phenonena that, lieretofors, have besn impossible to

2 ava tesperature proflle. Thuw: profiles are pre- witnuas vith as comprehensive and ssnsitive msasurement

sented fn Figure 6, Agala, - length of the higher as this, Prior to this axperbusst, very little sxperi-

crossg=sevtion reglon oxtunds twice as far as the #oltal.ovidence existed to demoustrate the velationship

widtlhy ot the Gulf Stream, and with a etewp derrcase and dependruce of roughness on sea-surf{ace temperature

at the location winere the current rapidly docays. . and air-remperature profiles, This fact could have

Conshdering the stx=-hour tiwc difforence betveen . twplicatiorn for the interpretation of other microwive

these observations, the degree of agreement is sensor systems, such as the radiometer and

considernd satfsfactory. Comparing the maximum and scatteromster.

w:nimum sagnitude lovels reached by the measured crosa

soction with the maximus and minissm levels of the Because of the ability of the microvave energy to

syuare root of the stress, it appesrs that this value penctrate clouds, the results described here could lead

{ the exponentfal power gives a good functional to a eystem for monitoring Culf Stream current varfa-

¢, ndemce for both dats scts8, A unity power law tions (given supporting satellite~temperature informa- .

sives a poor fit. tion) or they could be used fur the detection of

- tesperature variations (with a higher degree of spatial

2, uurface Stress laplications for 13 vecember, 1976 resolution cthan & satellite radiometar) in regions
where current and other surface dynanic features sre

Further support for the preccding intcrpretation known to be sufficiently small. )

comes {rom the analysis of the data acquired during
the €irst Culf Stresm transit on Dacesber 15 (Figure 8).

This data was puzzling because the cross section Referencas

on the weatern half of the Stream was (on the average)

lower, as compared to the continental shelf, and to 1. Moskowitsz, L.1., “The Feasibility of Ocean Cuvicent

the eastern half of the Stresm (which still hed Mapping via Syathetic Aperture Rsdar Methods,"

relatively higher roughness than the shelf), The Proceedings of the American Society of Photogram-

radar cross section can be related to sutface stress, metry, Part 11, pp. 760-771, 1973,

only {f one accounts for surface wind speed and

soa-air temperature differences. The surface wiad 2. Parsons, C.L., “An Observational Study of 0° vari-
ich was coming from the southeast produced a smaller. ations in the Vicinity of the Culf Strees,” in

rilative velocity on the faster moving arcas of the SKYLAL $-193) RADAR ALTIMETER EXPERIMENT ANALYSIS

Stieam, as compared to the slower current on the AND RESULTS, G.S. Browm, Ed., CR-2763, Fedb. 1977.

castern half, Also, the higher temperature of the

Stream increases the stress (and observed cross ). Shemdin, O.H., 8lue, J,.E., and Dunne, J.A.,

section) relative to the shelf. Uanfortunately, cloud SEASAT-A Surface Truth Program: Marineland Test

cover prevented the acquisition of satellite tem— Plan, Memo 622-6, November 197§, (JFL {aternal

perature information, but a crude wmodel (bascd on the document) .

earliec temperature feiturgs seen on December 4) was )

aseumed and combined with the Culf Stream current 4, Wright, J.W., "A New Model for Sea Clutter," 1EEEK

velocity profile along with tie measured wind informa- Trans. Antennas Prop., AP-16 (No. 2), 1968,

*ion to compute a sttess profile for comparison (Fig- pp. 217-223.

ure 8(b)). The general behavior of this taeoretical |

curve agrees vith the observed features noted above. S. Von Arx, W., Introduction to Physical Oceasography,

The strong fluctuuxtions in the radar dats near the Addison-Wealey, 1974.

continental slope may be related to atronger tempera- )

ture variations thau those seen on Deceater 4. This 6. Weiseman, D.:i. and T.W. Thompson, "Preuuurz

i3 suggested because & satellite infrared image taken Study of the Radar Cross-Section Variations at

on December 16 (24 hours later) shows a very intense, the Western Boundary of the Gulf Stream,”

small eddy activity at this side of the Gulf Stream SEASAR TN-7, August &, 1976,

that may have existed at the time the radar cbserva-

tions were wmade. 1. Thompson, T.W., JPL Radar Operations Report,
Marineland/GAS? Test Sexies, 25 Nuveaber to 16
December 1975, Technical Meworasdum €22-13, Jet

7. Conclusions and Recommendations Propulsion Laboratcry, Pasadeaa, Calif., April 1,
1978, SEASAT TN-8.

Elachi, C., snd J.R, Apei, "Internsl Wave Observa-
tions made with an Atrborne Synthetic Aperture
Imaging Radar," Geophys. Res. lLetts,, Vol. 3, Neo.

The foregoing rasults demonstrate that the 8
imaging radar measures an average radar cross section *
of the otean surface that is related to surface

stress, This relationship complements the Seasat-A 11, 1976, P. 647

SAR's primary objective of observing the . .rectional ' £ *

spectrum of ocean waves. The directional sligument of 9. Fleagle, R.S., "Note on ths Effect of Air-Ses
the radar lioe-of-sight played an important role ia Tecoarature Difference on Wave Generation,”
the {nterpretation of the radar cross-section observa- Transactions of the American Pmﬂcu Uaion,
t!-1e, Whin several different directions vere exam- Vol. 37, Ko. 3, pp. 275-277, June 1956.

ined. the radar barkscezt2:z properties showed that the 10. Roll, H.U., Physics of the Herine Atmosphers,

wind-driven, small gravity waves were aligned with the

average wind direction. The observations of the Gulf Acadeaic Press, Nev York, 1963.

Strean in this experiment provided an excellent 11. Deacon, E.L., "Asrodyaamic Roughnass of the Sas,"
opportunity to study the combined effects of wind Journal of Gco»‘;-tcn Resesrch, Vol, €7, Xo. 8,
magnitude snd direction, of surface-current and of pp. 2167-3172, 1962,
sca-air '~sperature differences on the surfece rough-
n-ss. The analyeis carried out in this report, along 1.. Cardone, V.J., “Specification of the Wipd Dietri-
with the radar and sur{ace asta presentsd, is in close l;gjmﬂwl_h;m_!omdag Layer for Mave
quaiitative agreement. While additionsl surface Yorecasting,” Report TR-69-1, Bew York University
and related supporting i~formation sould be utilized "$chool of Ingineering and Science, March 1970
(and would be welcome), the genersl behavior of the (Available as DIC no. AD702).
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13. D2ley, J.C., An Pupirical Sea Clutter Model,
Memorandum faport 2668, Mavsl Research Labd.,
Washington, D.C., October 1973, .

14. Uchupt, E., Map Showing Relation of Land and
Submarine Topography, De Soto Canyon to Great
Bahama Bank, Department of Interjor, United
States Geological Survey, Miscellaneoua Geologic
Investigations Map 1-475, 1966.

Appendix - Surface Stress Cslculation
Surface Stress = (Air Density) x (Drag Coeffictient)

x {(Magnitude of Relative Velocity
at 10 Meters Above Surface)?2

2
% P Y0
1.2 (1, - 1)Y
o =G 2= T
» 10
€0 = Drag coefficient under peutral (uniform)
n temperature conditions

T = Air Temperature - °C

T = Surface Temperature - °C

s

ﬁm - ]ﬁu - ﬁc' = Magnitude of vector difference
between wind and surface current

U, =-¥ind Velocity Vector

ﬁc ® Surface Current Velocity (Assused to be in

northerly direction at all points)

Square .

Bcot of —_——

Normalized 12

Stress "(Cxo)“ ]U",

[ 1.26 (T_ - T )] Uio
= f1-= LT
"10 L")

-
-luhcnuc-OandTa-I'
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COMPARISON OF IN SITU AND REMOTELY SENSED
OCEAN WAVES OFF MARINELAND, FLORIDA

O. H. SHEMDIN, W. E. BROWN, JR.. and F. G. STAUDHAMMER

et Propulsion Laboratory, Californio Instituie of Technology, Pasadena, California, U.S.A.

R. SHUCHMAN, R. RAWSON, and }. ZELENKA'
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and
D. B. KOSS, W. McLEISH and R. A. BERLES
Sea- Air ltcraction Laboratory - NOAA. Miami, Florida. USA. -

(Received 23 August, 1977)

Abstract. Some early results from an occanographic experiment staged off Marineland. Florida, in
December 1975 are presented. viz . intercomparisons between the X-band and b-band imagery
obtaincd by the Enviroament:! Rosearch institute of Michigan's (ERIM) dual-wavzlength, dual-
polatization muluplexed radar. This radar allows dircet comparison since the images are produced
simultancously. The wave data obtained from the radar imagery are compared with surface measure-
ments of waves abtined with a p:ich-and-roll buoy. The conclusions are only applicable to medium and
low wind and wave conditions cncountered during the Marineland tese. The results indicate that X-band
images provide superior quality wave imagery and maore useful Fourier Transforms c.mpared to U.-band
under equivalent signal-to-noise ratios and resolution. Opimum wave imagery is scen when waves
propagate in the range direction. Comparisons between in st measurements and X-band imagesy of
the samce arca indicate that the domirant wave direction: can be obtained fram imagery to within a few
degrees. A onc-dimensional spectium obtained from X-band imagery compares savorably with an
equivalent wave frequency spectrum obtatncd from the pitch-and-roll buoy after suitable trans.
formation using linear wave theory.

1. Introduc. »n

A major .ollaborative oceanographic exper ment was siaged offshore of
Marineland. Florida, in December 1975, The objectives anu details of measurc-
ment systems werc described by Shemdin e al. (1975). Bricfly, the important
objectives of the experiment are:

1. Determine the nature of synthetic-aperture-radar {3.AR) image formation
mechanisms by measuring the slope spectrum of short gravity and capillary
waves and simultancously imaging the same surface arca with the ERIM X-
and L-band SAR system.

2. Measure the modulation of short gravity and capillary waves by long ocean
waves.

3. Dctermine the wave spectral transformation in shallow v-ater.

4. Obrain SAR imagery in the vicinity and across the Gu!f Stream to test SAR
imaging capability of current boundaries.

5. Mcasure waves and currents in the surf zone.

' Now at Science Applications, Inc.. Tucson. Anzona.

Boundary -Laver Meieorology 13 (1977) 225-233. All Righis Reserved
Copynght T 1977 by D. Reidel Publishing Company. Dordrechi- Holland
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Threc surface stations were instrumented in 10, 20, and 60'm depths along o line
normal to shore. An attending ship was pravided for cach station. Three aircran
equipped with X and L. and K, band radars were flown in patterns over the surface
sitcs and across the Guif Stream. The site was sclected because there win o
rcasonable probability of encountering waves with lengths longer than 80 m and
heights of the order of 2m, and bicause of the availability of sueface suppornt
facilitics operated by the University of Florida. The locations of the instrumented
surface-truth sites and the basic flight patterns are shown in Figure !

Much of the data analysis remains in proggess and will be fecthcoming in sarious
techaica’ papers. The results reported here ar~ confined 10 inter-comparisons
between the ERIM X- and L-band high reso'ation imagery and respective
comparisons with in situ mcasurements obtained w.ii the pitzh-and-roli buoy.

Fig. 1. Location of instrumented sites and flight paths for the Marineland Test. An cighi-sided pancen
is shown at station 1, and a five-sided pattern is shown a1 station 3.

2. The ERIM X-L band rader system

The ERIM X-L system described by Rawson er al. (1975) consists of a dual-
wavelength and dual-polarization Synthetic-Aperture Radar that simultancously
images at X-band (3.2 cm) and L-band (23.5 cm). Alternate X- and L-bar.d pulscs
(chosen to be either horizontally or vertically polarized) are transmitted. and
reflections of both polarizations received: thus four channels of radar imagery are
simultaneously obtained. Both polarizations of X-band are recorded on onc film.
both polarizations of 1.-band on the other. The Marincland data presented in this
paper were obtained from the horizontal-transmit horizontal-receive channct (HH)
of both the X and L-band receivers. Polarization ¢ffects have not been analyzed.
The polarization of the electromagnetic radiation‘éclincd by the direction of the
electric field intensity, E, vector. For example, a horizontally polarized wave will
have its E vector paralic] to the local horizon.
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SN SITU AND RE-MOTELY SENSED OCEAN WAVES 227

The along-track or azimuth resolution on the ERIM system is obtained from the
Synthetic-Aperture technigques given by Brown and Porcello (1969) and the cross-
-track or range resolution from the frequency-modulated pulse compression. During
fight, the radar signals are recorded in their frequency-dispersed form and are later
optically compressed in a ground-basced processor. The latter has been extensively
described by Kozma er al. (1972).

The SAR data were processed on the ERIM optical processor. The raw images
were further processed at the Image Processing Laboratory of Jet Propulsion
Laboratory to remove geometrical distortions and to enhance contrast. The Fourier
transforms were obtained for segments of the enhanced images.

3. Surface Measurements—Pitch-and-Roll Buoy

A pitch-and-roll buoy developed by the National Institute of Oceanography (now
called the Institute for Oceanographic Services), England, was operated by the
Sea-Air Interaction Laboratory of NOAA during the Marineland Test. The
characteristics of the system were described by Ewing (1969) and Tyler er al.
(1974). The directional wave spectra are presented as one-dimensional {i.quency
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Fig. 2. A wave directional spectrum for December 14 1975, obtained with pitch-and-roll buoy: (a)
centroid of wave directions as function of frequency, (b) frequency spectrum of wave energy.
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228 O. H. SHEMDIN ET AL.

spectra with dircctional characteristics at each frequency expressed in terms of the
exponent of a cosine distribution centercd on the mean wave direction. A 1y pical
spectrum measured on 14 December, 1975, is shown in the lower graph of Figure
2. The significant wave height was 1.56 m. The top graph in the same figure pives
mean wave directions (centroid of the cosine distribution) as a function of
frequency. On this day, the waves appear to be propagating uniformly towards 270°
with respect to true north. The pitch-and-roll buoy was located at Station | (we
Figure 1). The wind speed at the sitc was 3.0 mg, from the east, a direction of 90
with respect to true north. The wave system shoWn in Figure 2 is considered to be
swell. The spectrum will be compared to a one-dimensional spectrum derived from
radar imagery in section 4C2,

4. Results

A. X-BAND VS. L-BAND SAR WAVE IMAGERY

The Marineland test indicates that better wave images can be generated from the
X-band radar with parallel polarization than from the L-band radar. Simul-
taneously-obtained, identical-resolution X-band (HH) ocean-wave images are
compared with L-band (HH) images of the same area in Figure 3. Both X- and
L-bands have approximately the same signal-to-noise ratio (SNR). Scans of image
density in the direction perpendicular to the dominant crest direction indicate a
higher crest-to-trough modulation for X-band than for L-band. Consequently.
better definition is seen in wave-spectral peaks derived from X-band images than
from L-band.

A possible explanation for the higher quality of X-band imagery was given by
Shuchman and Zelenka (1978). They suggested that X-band data have a larger
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Fig. 3. Comparison of X-band and L-band images, 3 x S m resolution, at station 1 for 15 Decembet
1975, with radar looking away from shore.
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depth of focus than L-band, and therefore tH¢ 82imuthally moviilg Waves are not
appreciably defocused as commonly occurs on L-band images of comparable
resolution. The X-band also incorporates a shorter synthetic-aperture length or
integration time than L-band. By using a shorter integration time. there are fewer
motion crrors which dircctly affect the azimuth or Doppler resolution.
The theoretical Rayleigh resolition of SAR is
A H
“2Lcosé’ - M
where A =radar wavelength,
L = VT =synthetic-aperture length,
V = velocity of aircraft,
T = flight time required to collect synthetic-aperture data,
H = altitude of radar, and
8 = angle from nadir.
For an estimated aircraft altitude of H =4.1km, a velocity of V=75mg' and

off-nadir angle @ = 20° (depression angle = 7¢°), Equation (1) yields A
p=2917. | . @)

For p =5 m, the required time for the wave to be within the aperture for X-band is
1= 2002 g 495, ®)

and for the L-band, the wave must be in the aperture for
T._=29°h;o'235=1.37s. @

Thus for the same resolution, the angular beamwidth must be 7-8 times larger for
L-band than for X-band.

Acceleration inherent in wave motion during these times causes degradation of
resolution. In contrast, a constant horizontal velocity merely displaces the apparent
position rather than degrading the resolution. The maximum allowable ac-
celeration, A, as a function of H, V, and T can be found as follows. The apparent
range, R, while generating a synthetic aperture is

R =Ry+ L‘of+%aolz. (5)

where R, is range to a typical cell at time zero. v, and a, are components of target
velocity and acceleration in the range direction; v, is a constant which only
displaces the wave in the image.

The error, ex. in the range which degrades resolution is

ER =.lzan’1 . (6)

. 213



ha ) ©. 1. SHEMDIN LT AL

The corresponding phase crror is given by

2

-

S =epg—=—FT—S—au

A A A )

4n 2mau’ 27 (T)2
where the upperbound is realized at both ends of the synthetic aperture. The phase
error should be kept within 7/2 in order to achieve a properly focused image and to
prevent sesolution degradation, so that

d.<u/2. ' (%)
The time, T, within the apcrturc is therefore restricted to

re(2).
Using Equations (1) and (9). it follows that

A<[4Vicos? Gp*/HA). (10)
Using known values of H, V, and 9, it can be shown that

A=118x10"p%/a. an

Figure 4 graphs the maximum tolerable acceleration, A, in ms™ vs. radar
wavelength, A. in cm; and is plotted for various resolutions, p. in meters. Thus onc
reason the X-band yields superior wave spectra is because it is less subject to wave
velocity and acceleration effects than L-band.

0.00 i PO | " il
] "0 100 1000
RADAP /AVELENGTH, - m

Fig. 4. Maximum wave acceleration tolerated by SAR as a function of radar wavelength
. and resolution p.
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8. WAVE IMAGES AS A BUNCHION OF RADAR LOOK DIRECTION

Analysis of Marineland data also indicates that optimum wave images result when
the radar is looking essentially up-wave or when waves propagate towards the
aireraft in the ranoe d;mm%m as shown in Fipure 3. Shuchman and Zelenka (1978
indicate that waves traveling in the range direction yield images that are insensitive
to defocusing efiects. The luck of defocusing sensitivity in range becomes apparent
when one considers that SAR employs in the range dimension a pulse train of very

SADAE mpnwm«@um;ﬁ bt .
FLIGHT : i e RADAR
Lt . - ﬂ . }ia%m}m
s =

BADAR L Uiy 10, L owdvt . wavlh Ladntially TRAVHLING

10 RARIGE DI C I

e s e e
o e L . s wmom
BLIGHT : - 8 5
LIkt BIRECHON

5 .

BADAR LR NG OB e aoiE L meavES BRSENTIALLY
TRAMELING 18 AZIMUTH DIREC DN

Fig. 3 Identical ocean aren viewed with a different ook direction, Xoband 3x % m resolution, on 14
- December 1875 station |
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Fig. 6. Bchematic reprecentation of defocusing of waves o5 a fusction of propagation angle with respect
o radur ook direction
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short pulses or a coded pulse. Thus to the SAR the waves traveling in the ranpe
appear stativanry over the short sampling tme, Furtbermore, When waves cane a
displacement or defocusing, the displaceiaent s in the along-track dinwnvon
{along wave crests) and therefore is not visible in the imagery. Figure 6 graphicali
demonstrates the displacement or defocusing of waves as a function of niotum in
the resulting imuge. From the figure it bicomes apparent that range resohtion
controls only the quality of the wave imagery when waves travel in the ranee
direction.

€. COMPARISON WITH SUREACE UEASLIRLMENTS
1. Wape Direction .

The directional propertivs of waves from the pitchi-and-roll buoy are piven in the
top graph in Figure 2. The results suggest that the waves are predominuntly
unidirectional propagating towards 270° The pilch-and-roll buoy location with
respect to shore is shown in Figuee 7, the X band radar image of the srea. The
shoreline alignment with respect (o true north is 340° ar this location. The pitch.
and-roll spectra then suggest that the waves are approaching the shore at a
angle.

An examination of the radar image in Figure 7 for wave-crest direction in the
vicinity of the pitch-and-roil buoy yields 20° alignment of wave crest with respect to
the shoreline. Alternatively, the diréction of the peak energy in the Fourier trans
form of the image at Colummn 1, frame 4, also yields 20°. This comparison suggests

Fig. 7. Mearshore X-band image, 3 xS m resolution, on 14 December 1978,

216



IN SITU AND REMOTED Y SENSED OCEAN WAVES 23

that radar images, at least X-band images, provide mform.mon on wave dnrccnon
to within a fcw degrees.

2. Wave Specrral Shape

"~ A comparison between a surface wave spectrum obtained by a buoy with one
derived from a radar image rcquires transformation of the spectrum from
frequency to wave-number space. The one-dimensional wave-number spectrum
derived from the two-dimensional Fourier transform of the image in the vicinity of
the pitch-and-roll buoy was normalized in both coordinates using its peak energy
valuc and the dominant wave number from the pitch-and-roll buoy spectrum. A
comparison with the similarly normalized pitch-and-roll buoy spectrum is shown in
Figure 8. The comparison is surprisingly good considering that little is known about
wave imaging mechanisms for the SAR. The comparison provides encouragement
for using imaging radars for wave studies. Certainly, more research is dcserved and
is in progress.

G | l 1
¢ 0% 1.0 15 20 25 0 S 40

klkm

e PITCH AND ROLL BUOY
= o= == X-BAND RADAR 3 » I m RESOLUTION

Fig. 8. Comparison of one-dimensional spectra derived from X-band radar image with that mcasured

by the pitch-ang-roll buoy at the same location on 14 December 1975. Both spectra are normalizea by

wave number/k.)at peak of buoy spectrum, and by value of spectral encrgy density at peak of each
spectrum. L, = Zw/lﬂ\

8. Conclusion

The conclusions derived from carly results of the Marineland Test are summarized
below:
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ORIGINAL PAGE
e OF POOR QU



234 O. H. SHEMDIN ET AL

1. Under cquivalent signal-to-noise ratio and synthetic-aperture resolution.,
supcrior wave imagery and more uscful Fourier transforms are obtained w uh
the X-band SAR compared to L-band.

2. Optimum wave imagery is obtaincd when waves propagate in the range
dircction under otherwise identical conditions.

3. A comparison between X-band wave images and in site measuremoents with i
pitch-and-roll buoy shows agreement in the dominant wave direction 10
within a fcw degrees. The normalized spectra show a surprising resemblance
in the spectral shape. A better understanding of radar image-formation
mechanisms is required to develop a sound basis for comparing radar-derived
spectra with surface-truth spectra.
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