'Analysis of Seasat-A SAR of the
Detection of 0Oil on the Ocean Surface

Final Report on NOAA Contract NA99SA(00734
NA 74 S AC 073

Principle Investigator:
Dr. John E. Estes

Authors:
MichaelrJzéWilson
Earl Hajic

Geography Remote Sensing Unit LIBRARY

N.O.AA.
U.S. Dept of Commerce

_ GEORGETOWN
October 6, 1980 ts. CENTER
| JAN 2 51381
81 0125 " N.OAA.

S. Dept. of Commerce




Abstract

1.0

2.0

3.0

TABLE OF CONTENTS

Summary

List of Symbols

Imaging Radar and 0il Slicks

2.1
2.2

Imaging Radar Geometry
The Radar Equation
surface Roughness and Backscatter

The 0il Slick Signature

Seasat-A Synthetic Aperture Radar

Data Acquisition and Reduction

Some Considerations On Radar Imaging of
0il Slick / Ocean Patterns

Irregularities in the Seasat-A SAR Data
and the Impact of Performance Variations

Trajectory Hindcasting

Introduction

Model Assumptions
Component Summation
Results

Accuracy Analysis

[l
e

Page No.

iv

10
12

12

15

24
28
28
28
37
37

43



5.0 1Image Interpretation

S¢1 Data Quality

5.2 Rev 308

5.3 Rev 552

'5.4 Image Interpretation Conclusions
6.0 Image Processing

6.1 Introduction

6.2 Spectruam Power Analysis

6.3 RAnalysis Procedure

6.4 Ring Masks (Filters)

6.5 Comparisonms of the Spectral Power in
0il Slick and Non-0il Slick SAR Images

6.6 Discrimination Criteria
7.0 Conclusions
8.0 References Cited

Appendix 1

Appendix 2

Appendix 3

iil

59
61
61
63
67

69

71
78
83
86
90
98

99



Analysis of Seasat—-A SAR Data
for the Detection of 0il on the Ocean Surface

In evaluating the capability of the Seasat-A Synthetic
Aperture Radar to detect the smoothing effects of oil slicks
on ocean surfaces, two problems were encountered. These
were: 1) lack of of concurrent surface verification data,
and 2) the appeatance of s0 called confusion tarqgets in the
imagery. To "synthesize" necessary surface truth
informatior, a linear determsinistic oil trajectcry model has
been developed which sums the effects of winds, currents,
and tides to predict hourly oil slick configuraticas within
the Santa Barbara Channel study area.

Using output oil slick trajectory predictions as a
quide, a collection of 128 ¥ 128 byte subimages was gathered
from oil affected areas. 2Zones of reduced backscatter which
could not be attributed ¢to oil/surface tension effects
(confusion tarqgets) provided a =similar set of subimages.
Taking the two-dimensional Fourier transforms of these
subimages and filtering via eight concentric ring masks
alloved comparisoa of normalized mean power distribution as
a function of spatial frequency. These coaparisons show a
nore rapid drop off in normali=ed power at higher freguency
for o0il slick images than for non-oil slick images. The
optimum discriminant, of those tested, utilized the sum of
normalized power from the six ring filters representing
highest spatial frequency. Separation in this case was
achieved at a 99 % confidence level.

iv



1.80 Ssummary

A number of o0il detection studies employing side
looking radars have been conducted in the Santa Barbara
Channel capitalizing on the pedennial natural seepage which
occurs 1in the area (Kraus et al., 1977) {(Kotlarski and
Anderson, 1377) (Mauer and Edgerton, 1975). These studies
have involved aircraft flown systems utilizing both real and
synthetic apcrture. Methodology has uniformly focused on
the comparison of radar imagery with simultaneously acguired
surface verification data consisting crrimarilv cf 1low
altitude aerial photography. This techanique provides a

useful mears of gauging actual detection success ratios.

As originally proposed, the research described herein
vas *+o ase this same sort of comparison technique to test
the ability of the Seasat-A Synthetic Aperture Radar (SAR)
to detect marine o0il slicks €from its 800 km orbiting
altitude. The study area was again to be the zone of most
prolific natural seepage which occurs offshore betwveen the
City of Santa Barbara and the Nniversity of California sone
12 1w1iles to the west (see fig 1.1). Unfortunately, the
premature failure of the satellite's electrical system on
October 10, 1978 came before any exneriment was schedualled;

hence no concurrent surface verification data was gathered.
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Fig. 1.1 shows the study area and its relative orientation
with respect to the rest of the Santa Barbara Channel.
Prime natural oil seepage zones occur from the Federal
Platforms to Coal 0Oil Point.



In subsequent evaluation concerning the feasibility of
salvaging any portion of the research project it was
established that three Scasat SAR imaginj overpasses of the
Santa Barbara Channel had been completed. These were
revnlutions (Revs) 308, 552, and 617 which occurred on Julvw
18, Augq 4, and Aug 8, 1978 respectively. Given this
information and1 the predictable nature of 0il seepage in the
study area a descision was made to pursue the project.
Accordingly, new technijgues were developed wherein oil slick
confiqgqurations and positions for the three overpass days
were calculated pased on known points of origir and the
combined influence of wind, current, and tide. Using suach
“"synthetic surface truth” data for comparison, the
indication 1is that the Seasat SAR did successfully detect
surface 0il slicks in the Santa Barbara Channel. Zones of
reduced backscatter (up to 6 dB rednctions) occur in the SAR
imagery in positions and orientations which closely resemble

predicted oil coverage.

A significant problem of confusion targets has also
been encountered however, 1in that several areas which cannot
be associated with surface o0il slicks exhibit the same
rteduced backscatter on the imaqgery. An effort ¢tc separate
these targets of similar appearance has been made which
utilizes svatial €frequency (Fourier) transfores of the

features in question. The assuaption has been that the



amplitude reducingy effect oft oil on ocean surface waves is
frequency specific and hence might produce a characteristic
signature on such transforms. Subsequent freguency
filtering of these transforms has produced a discriminant
vhich separates the tvo target types on a cumulative basis

at a 99% significance level.

As the ocran surface wave fraquencies at vhich the
amplitude dampening forces of 0il operate are well above
those detected on the transforms, the exact mechanism
causing this result is anknown. What is appareant, hcowever,
is that normalized powver drops off more severely with
increasing spatial frequency for bona fide oil slick 1images
than for similar appearing, reduced backscatter, non-oid

images.

In describhing these results, the following report
deals, by necessity, with a diverse selection of topics 1in
image interpretation, flow dvnamics, and microwvave remote
sensing. An attempt has therefore been made to G[frovide
pertinent introductory information in each sub-category of
investigation., The first such deals with the interaction of
imaging radar and ocean snrface rounghness as altered by oil

slickse.
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List 0f Syabols

radar backscatter power from a point target
transmitted power

gain of the transmitting antenna

effective aperture of the receiving antenna
the backscattering cross section of the target
slant range from radar to target

pulse lenjth in seconds

rasdlar system wavelength

incidence angle

height above a smooth datum

depression angle (90 - ¢)

antenna lenqth

speed of light 3 x 10" cm/sec



Imaging Radar and 0il Slicks

2.1 1Imaqging Radar Geometry

Inaging radars are active sensors which use the speed
of 1ligqht in one dimension and sensor velocity in the other
to define an imaqe plane. An image is created (in the range
dimension) by the variable return of incident
electro-maqnetic radiation (EMR) from points along
individual scan 1lines. These scan lines are not formed by
any mechanical motion of the radar aﬁtenna. Rather they
occur as a by product of an oblique look angle - hence the.
name side 1looking airborne radar (SLAR). Radar pulses
propaqgate outward at the speed of light. As they encounter
variably reflective surfaces they are returned or
backscattered towards the radar. Their arrival back at the
receiver 1is expanded into a brief time series where
separation 1in time represeants separation in distance. This
time series is one scan line which defines the so called
range or cross track dimension of the image. The along
track or azimnth dimension is provided a5 4 by the
incremental advaance of the sensor platform from one pulse to

the nexte.



2.2 The Radar Equation

The portion of an incident radar pulse that is returned
to the sensor 1is <called the backscatter cross section
coefficient £6-) s In this context € rerresents the
reflective characteristics of a point target. The radar

backscatter power (W.) from the same point target is

N = W Gg Ar € .
(Skolnik, 1870).
(4ov B* )
A three dimensional surface target, however, is

generally considered as a collection of point targets which
contribute independent returns of random phase. The average

of these returns from a complex scattering surface is

e = We G4 Ay 6, da
St b (Moore and Fung, 1979).
(4 &'

Here ( signifies a differential backscatter

coefficient or backscatter per unit area. The integration
is carried out over the area contributing to the return at
any moment. Due to the monochromazic nature of the signal
and the random phase of returns, however, the instantaneous

power received from any given target will fluctuoate widely.



Por sensor power the fluctuations are approximated bv an
exponential distribution or for voltage by a Rayleigh

distribution (Moore and Fung, 1979).

The backscatter cross section coefficient then 1is a
continuous measure of the physical and electro-chenmical
state of the target. The chemical and electrical properties
of a surface participate in determining the degree to which
incident microwave EMR will Dbe absdrbed, transmitted, or
reflected. The two properties can be adequately described
with one coaplex number - the complex dielectric constant.
This constant is aniformly high over the ocean surface
providing virtnally complete reflection within the 0.1 to
100 centimeter microwave spectrum (Long, 19795). Since
little variability in § is attributable to deviation 1in
dielectrics for SLAR 1imagery of an ocean surface, this

parameter will be ignored.

2.3 Surface Roughness and Backscatter

Morphology is thus the primary factor contrclling radar
Fackscatter from an ocean surface. ¥For a perfectly smooth
surface all 1incident radiation 1is specularly reflected
forwari a4and nothing returns ¢to the —receiver. At some
threshold roughness level, scattering tenis away froa purely

specnlar towards a diffuse mode and some incident FMR 1is



directed back at the sensor. This level of surface height
variability is called the Rayleigh roughness length and 1is
dependant on the specifices of radar wavelength and look
angle., The relationship is 7k/8 sin A? (sabins, 1978).
Roughness 1length for an ocean surface is closely linked to
surface stress, which is a function of wind speed, current
velocity and direction, and the air/sea temperature gradient
(Wweissman and Thompson, 1977). 1Increasing surface stress
produces more reflective facets on the sea surface vhich are
normal to the impinging microwave beam and hence a higher

received backsratter signal at the sensor.

There is an additional consideration which must be made

in developing the backscattering criteria for an ocean

surface, As wave fields are periodic perturbtations the
opportunity exists for phase reinforced mrultiple
reflections. This reinforced reflection effect bas been
termed Bragg scattering. It 1is both wavelength and

depression angle dependent with the critical surface wave

length beinqg determined by
Bragg )k = R/ 2cos K? (Raney and lowry, 1978)
It is the general consensus that modulation of these

critical <capillary waves onto lower frequency swell slopes

accounts for ®uch of the variability observed in SAR
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imagery. The Bragqg wavelength for Seasat-A SAR system and

geometry is approximately 33.6 cnme.

2.4 The 0il Slick Signature

0il on the ocean surface alters the distribution of
water wvave frequency components and reduces their
amplitudes. It depresses capillary and ultra gravity wvaves
by 1increasing surface tension, which is the restoring force
for these short period waves, It additionally interferes
with the wind's aonility to <create longer period gravity
waves (Barger and Garett, 1970). The predictable response
of imaging radar to this reduction in surface rnughness is a
decreased return for areas within the o0il slick. This
response has been Aocumented in a number of inderendent
studies on both aircraft imagery of ocean o0il slicks
(Guinard and Purves, 1970) {Mauer and Fdgerton, 1975)
(Kot larski and Anderson, 1977) and fixed mount imagery of
small slicks in a controlled environment (vanKuilenburg,
1975) (Krishen, 1972). In the latter instance S to 10 db
reduictions in sea sarface backscatter {@sea.! have been
reported for 13.3 GHz vertically polarized radar imagerys
opbtained over depression angles ranging between 40% - 75°
(Krishen, NRII72)ES This result shoull be regarded as

something of a "best case’ however as many tfactors =militate

to reduce such a2 high contrast ratin.
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Previous work then seess to imply that given a single
frequency sensor with a set viewing angle, the ccean surface
should specularly scatter incident microwave EMR away from
the receiving antenna until some threshold «capillary wave
frequency and/or roughness amplitude appears in the wave
spectrum. With these threshold conditions met a relative
increase in backscatter would be evident on the image. By
contrast it is the mechanical reduction of such surface
rtoughness which causes marine oil slicks to be detected by
imaging radars. Lihitinq conditions on such detection then
involve both background ocean backscatter ( 63&&.) and the
SAR system noise level. These relationships are discussed

in greater detail in the following section.
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The Seasat-A Synthetic Apertnre Radar (SAR)

3.1e Data Acquesition and Reduction

The Seasa*t A SAPR systenm nsed a pulsed transmitter, an
antenna anrnd a nphase coherent receiver. A short pulse wvas
transmitted toward the surface viaea 2.16 m wide by 10.74 =
lonq antenna. This provided coverage of a 6.2° elevatione
plane with the anta2nna horesight oriented at 20° from nadire
and 908 from the Seasat velocity vector. Thusea range swath
width of 100 ks offset 290 km to the right of the

sub-satellite track was achieved from the 800 km high orbit.

Ranje resolution was determined by the effective pulse
lenqth. Specifically, high —range resolution was oktained
via wide banlvidth pulses aand phase coherent reception and
processing. The Seasat SAR nsed a linear fre:uency change
within a 33.4 ausec perind at a carrier frequency cf 1274 MHz
arnd a pulse repetition frequencv of 1645 pulses per second.
This frequency nodulated (FPM) onnlse prcvide.i for a pulse
compression ratio of 634 to 1 on received-signal frocessing.

The result was 1 range resolution ofs

S 1 3 x 10% mysece ¥ 33,40 ¥ 10° sec
—_— KR === =2 = e - 7.9 m

2 6534 1268




13

Subsequent registration amd signal averaging of 4 such
range-resolved 1images resulted 1in the finad 25 m® range

resolution and a less noisv (speckled) image (Jordar, 1978).

In the azimuth (along-track) direction, high resolution
is also a result of the coherency of the SAR. Since the
antenna coveraqde in the azimuth plane is 15 km, an extensive
azimut h-coherent phase history of each "eleamental! target
vas received (some 3000 related retarns). The echos were
nixed with the cohereat local nscillator to provide this
hisory. The echos were translateqi to S band and sent via
data 1link to be recorded on hoth film and magnetic tape and
later coherently processed to generate each azimuth
resolution element. This correlation procedure has been
discussed in great detail for both optical (Shuchman, et
aliss, 1978) and diqgital (Wu, 1980) modes, and hence will not

be discribed herein.

During the generation of the synthetic agperture in
azimuth, each resolution element t'experienced' an effect
termed range migration due to the fact that the antenna was
not pointed inm a direction exactly normal to the velocity of
the spacecraft relative to the imaged elements. This effect
caused range displacement of up to 72 range- resolution

elements. Spectral analysis of the returned signal wvas used
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to determine this effect and compensate for it.

There are two aspects in which the SAR system |is
extrenely fraqgile. The first centers arourd the phase
coherence requirement for accurately recording the Dopgler
spectrun. In order to provide the necessiry accuracy
absolute stability im the real aperture to within 1/4A
(Beal, 1979) is requirede This requirement applies as well
to the 1long synthetic aperture though not in an absolute
sense, Platform positional information <can be wused to
calibrate out flight path aberrations creating adequate
relative accuracy. Secondly, the Doppler saift of the radar
return is dependant on the relative velocity of the target
with respect to the sensor. The assumption that a sgecific
tarqjet is stationary 1is a requirement for auanambigquous
spatial positioning. Targets in amotion in the image plane
impart an additional frequency shift to their hackscattered
return which in some cases causes them to be mislccated and
in other <cases to not be detacted at all (RKaney and Lowry,

1978) <

This latter concern raises guestions as to the imaging
capabilities of the Seasat SAR system with respect to ocean
surfaces vhich are in constant amotion. This motion |is
subdivideqd into group, phase, and orbital velocity

components, any one of which could dJominate modulation of


https://respP.ct

backscattered radar sigral. The uncalibrated/unreferenced
Doppler shift that results from a target With such
independent velocity components will result in spatial
ambiguities involving both swell angle and position (Ranevy

and Lowry, 1978).,

3.2 Some Considerations oan Radar Imaging of

0il Slick / Ocean Patterns

There are some basic and mare specific considerations
of the o0il slick detection and identificaticn process that
supply a useful context for our SAR analysis. These
generally involve variations in effective values of sea
backscatter cross section under normal ( KS“L ) and oil

slick { Qg ) conditions.

1.a Slick spectral character - The contrast ratio (€g;u
taN) /( 0@ geq ¢+ N) must initially be sufficient to enable ana
o0il pattern to be discerned from a water background in SAR
imagery. Once this 'jnst noticeable' threshold is detected
there are qrounds for examining the difference in the energy
spectral distributions of the 1imaged o0il slick vs. the
imaged non-slick background. One would expect that the oil
slick regions would show decreased hiqgh frequency coaponents
as the mechanical damping effect 1is concentrated in the

capillary and ultraeravity surface wave region (see fig.
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Fig. 3.1 is an idealized representation of
reduced high frequency backscatter energy
(wave damping) due to marine surface oil slicks.
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3¢1)a As an analogy, Schuchman, Kasischke, and Klooster
(1978) noted that for both the optically amd the digitally
generated spectra maay more hiqh frequency components were
present in the Gulf Stream spectra thanm in the spectra of
the non-Gulf area. A limiting condition on the spectral
differences, however may occur when (gﬁck. aprroaches the
SAR noise 1level and its relativelv white, uniform spectral
distribution., Mitsuyasu (1978), with data for a wind speed
of B m/sec, confirmed earlier studies of Pierson and Stacy
(1973) which describe the spectral density form in the
gravity-capillary range. This form is almost independent of
the fetch and 1is unaffected by the existence of the large
dominant waves in the gravity range. Mitsuyasu divided the
high fregquencv part of the wind-wave spectrum into two
typical regions: The gravity equilibrium range of fg, < £ <
4 Hz (where fg, is the spectral peak frequency, < 1 Hz), and
the gravity-capillary range 6 Hz < f < f_  (vhere the upper
trequency limit, f,, is at least 14Hz). The range 4-6 Hz is
considered as a transition range. The spectral energy
decreases prnportional to £5 in the gravity equilibrium
range and proportional to £% in the gravity-capillary range

and is wind speed dependent.

Wright (1968) summarized pertinent conclusions of Cox
and Munk (1954) about sea surface slope statistics (from sun

glitter measurements) and found that the mean-sguared slope



13

in the presence of slicks was about 1/3 that in the absence
of slicks. 4Yater waves of 30 cm wavelength were damped by a

factom of 100.

2.0 Boundary effects - There is oresently insufficiento
information on the nature of €k / 6€sea. at the pattern
boundaries to base slick identification on 1images of
boundary conditions, hovwever some work in this area has been
completed. Pilon and Purves (1973) noted that.at 35 cm
Bragg wavelenqgths (428 MHz radar) the slick to Ssea
scattering cross sSection boundary was such that scattering
was still siqgnificant within the slick, decaying about 150 m
of the 'edge!'. In contrase, decay was about 1/10 that
distance (17 m) for 12 cm Bragg scattering (1228 MHz radar)
imagery. These observations were for vertically polarized,

graz ing incidence waves and a synthetic aperture.

3. Pattern recognition and confusion targets - The
next lesel o0f concern 1is that of o0il slick ¢fattern
recognition/identification in Aan environment of possible
similar patterns. Here a priori information of suspect oil
slick/spill regions, natural seeps, relatively unique slick
configurations and/or corrobnrating information from other
sensors, ships, oil platforms, etc., 1is important. Por a
renion of natural seepage such as the Santa Barbara Chaunel,

the possibility of obtaining ralar imagery of characteristic
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and identifiable slick configurations is certainly real.
Kraus et al. (1977) have provided a guantitative and
comparative summary of the detection performance of a real
and a synthetic aperture side-looking radar (AN APS-94D and
COR) . These X band radars had H and V polarization
respectively. Detection probabilities of the known surface
slicks (natural oil seeps and oleyl alcohol spills) vwere .29
and .66 on one date (winds 220°T at 10 kt, 3 foot swells at
270°T). our concern here, hovever, intentionally places
more stress on evaluating the Seasat-A SAR as a wmajor oil
slick identification sensor. Thus, windrow effects on the
Channel surface caused by vorticity in surface wind and/or
current fields can be a significant source of pattern noise,

as can areas of zero surface stress.

4., Noise in the contrast ratio - The fact that an o0il
slick pattern 1is established on radar imagery by the
relative lack of sea backscatter can be a significant
problem in itself. Emphasized in the context of relatively
lowv-level sea backscatter conditions which prevail in the
Santa Barbara Channel, maximum pattern contrast is
asymptotically 1limited by receiver and/or system noise
considerations. At relatively low sea states (and, hence,
relatevely low 6saa levels) receiver noise may be a
significant fraction of the @i, ¢+ noise output, in which

case the €5 / N ratio will be relatively small. Since the
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slick 1is forcing (at best) 6;‘& to zero, the contrast ratio

in the limit becomes N / ( (éq_+ N) .

5. Ocean surface backscatter models =~ #Most of the
abundant speculation which accompanies the interpretation of
ocean SAR data arises from the lack of a uniformly accepted
description of the functioning 1imaging mechanisn. The
pronlem is complex, aand made more so by the nearly random
returns associated wvith the destructive and constructive
interference which results from a naonochromatic illumination
source. Several models for radar imaging of ocean surface
waves have been developed however, and these have been
summarized by Elachi and Brown (1977). They are termed the

oa *tilt modulationa

oa roughness modulationa

na orbital velocity anda

oa parametric effects
models. Thaese moldels describe ocean vave periodic
modulatiorn of the imaged sea backscattering elements (e.g.,
the capillary wvaves). Each model gives a different
modulation ratio of §g.. depending on the angle Letween the
flight 1line and the wave and wind directions. Though +their
interest 1is primarily the contrast ratio of the ocean wvave
pattern of wavelengths A 2x SAR resolation, their studv of
the factors contributing to 6;:« within an azimuth-range

resolution cell is pertinent. Some sea states which produce
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significant variation of wave tilt or ortital velocity may
be beyond the region to be evaluated. PFor example, in the
orhital velocity roughness model, small waves are strained
by the horizontal component of the orbital motion of larger
waves. This results in the ripples being shortened and
steepened on the forward face of a larger wave and spread
out and flattened on the Ltackward face. This 1leads to
modulation of the surface ronghness by the 1large wave
(Elachi and Brown, 1977). Whether (and where) the orbital
velocity horizontal component strains the oil fila beyond
the tension limit is an important consideration in defining
the nature of the g,k / Sseq cOntrast ratic curve. Raney
and Lowry (1978) examined the models of Elachi and Brown
(1977) tn show that 1long swells modulated by capillaries
could be represented by an imaqging model based on the
orbital motion of the carpillaries along with the vertical
component of the underlying gravity wave motion. This sea
roughness model can represent conditions in the Santa
Barbara Chanmel and would be suitable as a background (6sea)
condition for a contrasting slick -- assuming significant

reduction of capillary waves.

3.3 1Irregularities in the Seasat-A SAR Data and the

Impact of Performance Variationsr

Seasat SAR performance variatioas have been reported
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that can affect image quality and oil slick
detection/identification to varying degrees. These
variations are here summarized and their impact on oil slick

detection estimated.

1. Sensitivity time constant - STC compensates for
known variations in antenna gain vs. angle in the range
direction. A linear decrease in receiver gain of 9 db from=m
near to nid-range 1is followed by a similar gain increase
from mid to far-range. & mispositioning of the gain
algorithm of 45-55 4sec, as reported, is equivaleat to a
range Vvs. gaian mispositioning of 7.5 ka, with a 9 db/50 km
gain slope. This could have resulted in up to a 1.35 db
incorrect gain setting. Data processing compensations,
however, have removed all but some 1 db variation about the
preferred function. The remaining effect is a slight decay

in density for constant backscatter at increasing range.

The 1impact of this factor to SAR «cil detection
capabilities 1is marginal under relatively high contrast
ratios of (suck 7/ Tsee » but can be significant where this
contrast between o0il and the ocean surface may have been
only -2db to -3 db, or at a high gain condition, where
receiver saturation level is below the return of normal sea

clutter (see fig 3.2).



e Aspect Ratio - Incoasistencies from the desired
unity aspect ratios have been reported for some processed
imagery. Range/azimuth ratios of 1.17, 1.08, 1.01, and, .94
were noted in 4 swaths (SAR Panel: GOASEX, April 1979).
Such variation does not affect the CEh‘k / €sea Catio and has

little to no significant effect on o0il slick pattern

recognition per se. 0il configurations are tut loosely
defined and variants due to winis, tides, currents,
tempefature, etc. create pattern uncertainties far in

excess of these aspect ratio deformations.

3. Cross track - Slant to ground range gecmetric
rectifications contain errors of about 3%. The impact of
such errors is similar to but less than the considerations

of #2 above.

4. Temperature related gain change - Temperature
changes caused a 1/2 db gain variation in the SAR sensor.
This change has essentially no {or very small) impact on the
G?hd( / S€see ratio, except for very lovw ratios near 0 to -1
db at the highest gain settings. This variation in gain can
act as an additive deleterious effect to other performance

variations.

S.e Signal leakage relatad gain change - Signal leakagee

has reportedly caused a 1 to 10 db uncompensated gain
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change. This can have a significant worsening iampact on
€utick 7 Csca ratios. The net effect is to drop the average
sea nmodel signal 1level closer to the system noise level.
Pigs. 3.2, 3.3, and 3.4 (Jordan and Rodgers, 1976) (Jordan,a
1978) shovw this progressive contrast reduction from high
thra nominal to low gain mode. If the maximum o0il slick
effect is a total masking of the average sea model return,
then the 'best' the slick can do is reduce the return to the
thermal or systee noise 1level. Thus, at nominal gain, a
Solek / Gea. contrast ratio of -10 db is reduced to -6 db
(at the mid-range of the image, ie 290 ka froa nadir). This
type of change occurs when there is relatively lowvw initial
and hence only nominal initial receiver gain decreased

to lov gain by the effects of signal leakage.

More optimistically (and less likely), the change due
to signal leakage may be similar to the change from high to
nominal gain (a 9 db change): here the &g, i /6a cCoOntrast
vill change from -11 db to -10 db.. ¥Note however, that these
are optimum ratios, whereas, most likely an oil slick will
not reduce the backscatter from the slick-image area to the
receiver noise or system noise level. Depending on wiad,
sea state, and other factors, the fﬁax / noise ratio will be

variable and generally > t (or 0 4B).

6e Linear feature offset - Due to a change in
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satellite altitude during SAR imaging, linear features may
be offset in azimuthe This possible irreqularity is not
pertinent for slick patterns not imaged exactly at the time

of sudden spacecraft altitude change.

7.a Satellite yvaw - Effects of motion such as satellitea
vav during imaging can decrease the §q|, . / €ie Catio due to
Jefocusing in processing. Although yawv amount is
unspecified, it is assamed that most,/all of the yaw effects
can bec neasured on the basis of the Doppler density funcaion
and its center frequency as determined from selected samples

of data before azimuth compression.

To summarize, the preceeding review establishes a case
for both o0il slick detection by SAR and degraded or even
inadequate contrast ratios which m®might prec lude such
detection. The mechanisa for reducing surface roughness has
been documented as has SAR detection of this roughness
teduction (for both laboratory and aircraft systeams)e. The
Seasat SAR, however, exhilkits some of 1its cwn unigue
characteristics; certainly +to be expected given its 850 knm
ranqge dimension (over 2 orders of magnitude greater than
previous sensor/target separations). Instabilities in
antenna position, signal leakage, and 1low 1initial chaa
conditions all operate to reduce what is an already low

contrast ratio. The balanxe of this report then is directed
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at establishing what the Seasat SAR's response has been to
"known" o0il slick conditions in the Santa Barbara Channel,

and how this reponse might be uniquely characteri zed.
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Trajectory Hindcasting

4.7 Introduction

As originally proposed, this research was to rtely
heavily om a large scale sea surface verification program.
The failure of Seasat-A on October 10, 1973 tefore the
initiation of regular experinental programs, however
eliminated this standard proceedure, and cast some Jdoubt on
the fate of the entire research effort. It was subsequently
learned that three imaging overpasses of the Santa Barhara
Channel were coapleted by the Seasat SAR on July 18, August
4, and August 8. With these dates and satellite crossings
times as reference the task of —ceconstructing oil slick

conditions in +he study area was begun.

4,2 Model Assumptions

The modeling of what initially would appear to be a
totally random process in this instance has been greatly
facilitated by the regular discharje of oil through the sea
floor which occurs at specific points within the study area.
The base map presented as fig. 8.1 oatlines this primary
seepage zone and its orientation with respect to the rest of

the Channel. Obhservations of nataral seepage within the
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Fig. 4.1 provides a base map of the primary study area for orientation. Land
features which are identifiable on the SAR imagery are labelled, as is the

relative position of the study area with respect to the Santa Barbara Channel.

The area covered by the map corresponds to that of subimages used in oil
detection analysis.
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arca date hack as far as 1363 (Imray, 1868).

Sandviched hetween two major fault systems, the Santa
Barbara Channel 1itself has underqgone a complex sequence of
fanlting, folding, and erosion (Vedder, dagner, and
Schoellhamer, 1969), (Pihblee, 1964) which has gjiven rise to
all the geologjgical prerequisites for such natural oil

seepage. These specifically are:

1) strike slipe faulting associated with high
earthquake incidence
2)e tight compressive folding associatede with high
earthquake incidencee
3)e thick, genochemically matiure Tertiary sediments;e
and 4)e igneous activity and prolific source rockse

(Hilson et al, 1974).e

Many highly identifiable seeps or seep groups occur in
the area between the city of Santa Barbara and Coal 0il
Point. The positinn of these 0il and gas seeps 1is static
and well Jdocumented (Kraus aand ®Bstes, 1976). Surface oil
slicks which result from their oil discharge vary theough
time froma narrow streamers of a few huadred meters at one
extreme to virtually continuous coverage of a ten to twenty
sguare kilometer area on the other. The difference 1is

largely a function of winds, carrents, and tidal
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fluctuation. A further source of variation is in the actual
0il discharge rate from individual seeps, though this

variation has not been quantified.

In order to evaluate the SAR's respoanse to these areas
of oil coverage and reduced capillary amplitude, an estimate
of their extent and configuration was first required. The
technique which has been employed yields hourly fpredictions
of slick trajectories away from the individual seeps or seep
groups based on winds, geostrophic currents, and to some
extent tidal forcing. There is some suggestion that waves
play a role as well, (Waldmamn et al, 1973) but the effect is
non-linear, highly directional, and in any case negligable
for the low energy wave spectra exhibited in the Santa

Barbara Channel.

Slick perimeters are defined by enclosing end points of
hourly wind and current drift vectors. These 1individual
vectors are produced by a deterministic summation of forces
algorithm which adds the Cartesian components of wind and
current input vectors while scaling current magnitude by the
derivative of the tidal curve. This o0il movement algorithm
is based on one developed for oil spill risk assessment by
the United States Geological Survey (Samuels and Lanfears
1978) . Modifications have been incorporated which, for the

purposes of this report will only be summarized. Details



are available in an unpublished Master's thesis by Wilson

(1980) .

wind is innut to the Samuels and Lanfear model on a
statistically derived transitioan matrix basis. For the
purpose of predicting oil configurations for a specific davy
and time, rather than overall averaqgnes, observed wind data
has been interpnlated from six points surrounding the study
area, Three of these were lncated on the mainland (Santa
Barbhara Harbor, Oxnard Airport, andi Santa Barbara Airport),
two on the ocean (oil platform Hope and the drill ship
Glomar Coral Sea), and one. on Santa Cruz Island. The
inverse square of the distance from the study area was used

to scale the contribution from each site to resultant wind

predictions. These predictions vere generated hourly for
the twenty four hour period preceeding each Seasat
overflighte.

The component‘of predicted surface drift attributable
to wind has heen rcalculated using linear assumpticns arrived
at empirically by several independent researchers
(Schwartzberg, 1971) (Waldman et al., 1973) (¥eu, 1970) and
(Lange and Huhnerfuss, 1978). Wwind drift magnitude is
figured at 3.7 perceat of observed wind speed vwhile drift
dirrction is shifted 20° to the right of observed wind

direction to compensate for Coriolis acceleration.
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Current information for the study area was obtained
from the Bureau of Land Management's Outer Continental Shelf
Study Group. The data consists of monthly average surface
flow fields presented in pclygon format (see figqg. 4,.2)
Although nineteen separate sources were utilized ia
producing this data by far the dominant influence 1in
determining flow regimes in the Santa Barbara Channel has
been the drift card release and recovery work of Dr. Ronalid

Kolpack of the Universityv of Southern California.

In its original format this current Jjata was difficult
to utilize for oil trajectory simulation on the relatively
small scale required. A single polygon covers nearly the
entire study area (boldfaced polygon imn fig. 4.2) and
sharp discontinuities exist in the flow field from one
polygon to another. In additiom, sigrificant components of
the flow 1in several areas 1lie orthogomal to the 1land
boundary. Tn correct these problems an interpolation
algorithm was developed which solved LaPlace's eguadion
{V®v = 0) 1in two dimensions vielding smooth discretized
current fields with well bhehaved flow along the 1land
boundaries (see fig. 4.3). In addition, a continuity
constraint wvas 1included in this algorithm such that flow

across the free (non land) Loundaries was normalized.


https://corrP.ct

Fig. 4.2 depicts surface current flow fields for the month of July in
the Santa Barbara Channel. Source of this data is the Bureau of Land
Management, Los Angeles, Outer Continental Shelf Study Group. Boldfaced
polygon represents roughly the same area as the base map (fig. 4.1).
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Fig. 4.3 shows the July surface current field for the Santa Barbara

Channel after interpolation using a LaPlacean operator.

Continuity

is maintained in the flow field, and zero flow through land boundaries
is specified.

5
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Finally, in considering tidal effects a series of
nineteen observations of current velocity vere taken via
drift board release and recovery and actual point
measurement. Results Aare presented in Appendix 1. These
observations were compared on a rejression basis with the
absolute value of tne tidal derivative (derivative of tidal
curve). Drift direction was uncorrelated with tide (B =
« 20}, however, dri f¢t ragnitude showed a significant
relationship (R = .75). (Statistical results alsc aprear in
Appendix 1). Arcordiinglv, current velocity values output
from the 1interpolation algorithm are further rodified by
consideration of the tidal cycle. This modification (to

current magnitude only) is of the form:

current magnitude = (1.58 * C) + (.24e* Ade
where A = the absolute value of the tidal curve
derivative
C = the current magnitude output by interpolation

and .24 = the slope of the regression line.

As in the case nf input wind information currents have been
calculated on +his tasis for appropriate pcints throughout
the studv area, on the hour, for the twenty four hour period

preceeding the Seasat overpass tinmes.
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4.3 Component Summation

The calculation of a resultant drift vector for each
time step is a simple vector addition process which overlays
these calculated component effects. Hourly output vectors
are then linked head to tail away from zones of consistent
seepage which have been identified via repeated aerial
survey. Pig. #4.4 shows the position and areal extent of
the 0il seep features so emfployed. This trajectory modeling
technique is termed "weathercocking®"., It is hiqghly accurate
in the vicinity of the point of origin givem reliable input
information., TFErrors multiply over time however such that
older output flow vectors should be discarded. As much oil
evaporates in the first few hours at the surface and since
accuracy tails off ;ith time, vectors older than 8 hours are

dropped in the output predictions.
4.4 Results

Pigs. 4.5 through 4.6 represent output predicted
trajectories away from previously identified seepage zones
for Seasat-A SAR overpass dates and times. As mentioned,
these predictions are only for seepage originating within
the most recent eight hours. This provides an initial cause

to suspect underestimation. The trade off is a reasomnable
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| = Coal Oil Point Seep Group

2= Platform Holly Seep

3= Gas Bubble

4 = Offshore Intermittant Seep Group
5= La Goleta Seep

6= La Mesa Seep

7= Federal Platform Seep

a 7
..’
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Fig. 4.4 identifies and locates the seven promary oil seeps and seep

groups which have been utilized as points of origin for pnlotting

npredicted o0il slick trajectories
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Fig 4.5 depicts predicted oil slick configurations in the Coal 0il
Point vicinity for 0615 Pacific Daylight Time, on July 18, 1978.
Predictions for the La Mesa and Federal Platform seeps have been

deleted. Lighter toned slicks represent output from the Intermittant
Offshore seen group.
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REVOLUTION NUMBER 552
AUG. 4, 1978
0730 PDT
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Fig. 4.6 depicts nredicted oil slick configurations throughout the
study area for 0730 Pacific Daylight Time, on August 4, 1978.
Predictions in this instance involve all seven major seep and seep

groups.
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confidence that errors of comission have been minimized, a

fact which will prove vital in image processing.

An attempt has been made in the display of these o1l
coverage predictions ¢to reduce the effects of a further
cause of underestimation at the Coal 0il Point site. Though
seven primary seep groups have been used as points of
oriqin, as manv as 1400 individual seeps are known to exist
in the area (Reitz, 1980). Many of these occur 1in an arc
which covers the area to the south and east of the gas
buhble and Platform Holly. Flow from these 1individual
sources i3 a fraction of total output and is in most cases
highly intermittant, hence mapping their exact 1lccation 1is
difficult. Considered in total howevex, their output is
significant and if completely ignored would be cause for

substantial omissive error.

In order that this output be included, albeit at a
somewhat reduced confidence level, an estimate of the extent
and position of this perinheral collection of seeps has been
made. This positional estimate is the result of examination
of aerial photographs acquired during mnearly thirty
overfliqghts of the area made dAuring the past two years. Two
examples are incluaded as figs 4.3 and 4, ], 0il
confiqurations associated with this group have been

calculated via the same previously described modeling
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Figs. 4.7 and 4.8 are both aerial panchromatic photographs
of the Coal 0il Point area, taken towards the east and
northwest, respectively. O0il discharge from the spatially
variable Intermittant Offshore Seep Group can be seen in
the right margin of fig 4.7 and as the nearest lighter
toned (oil slick) feature in the foreground of fig.4.8.
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technijues. Por graphic disglay, howvever, these slicks have
been differentiated by a lighter tone (see figs. 4.5 and

u.6).

4.5 Accuracy Analvsis

As a test of the mechanical assumptions incorporated in

the trajectory model, five comparisons were made during the

sunmer of 1980 hetween predicted and observed drift. Test

results appedar 1n Appendix 2. Due to sampling time
limitations, comparisons are basad on measurement of
instantaneous Arift nnlyv. fNsing the modified BIM current

data (modified by tidal derivative) and wind observed
on-site, a predicted drift vector was calculated for the
Platform Holly area. Drift vas simultaneously measured at
the site via a Teledyne (urley cable suspended current

meter.

In two cases directional predictions were within two
deqrees of those observed. In two more the error was within
20 degrees, and in one case it was 48 degrees. During this
latter instance winds were uncharacteristically strong (12
knots) and dominated flow. Drift magnitude estimates were
generally within a £ 0.1 to 0.3 knot range of observed flow

which is near the advertized accuracy of the meter.



By

Given an average observed drift of .38 knots in the
study area, and an average directional error of 20
(obtained from these tests), a mispositioning of ¢trajectory
endpoints of 1p to one nautical mile would be expected at
the end of 8 hours. Tvo factors which might serve to
mitigate such error are that: 1) No spreading coefficient
is incorporated in predicted trajectonries, and 2) Narrowly
defined points of origin are emrloyed. Though these factors
may be further cause of omissive error, no reliable
quantitative means of evaluating their effect has Dbeen
devised. In any case, Jgiven the inevitable base level of
noise in model predictions and a raquirement of minimizing
misidentification of o0il (cozission), the <ccnservative

approach outlined herein is deemed most appropriate.
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Image Interpretation

5.1 DNData Quality

Nf the three Seasat-A SAR overpasses which cover the
Santa Barbara Charnel only two have proven useful within the
context of this research. Revs 308 and 552 are both
ascending mode images (platform moving south to north) of
good quality which cover the entire study area. PRev 617 is
a descending mode (north to south) overpass which exhibits
extremely low dynamic rarge {and therefore reduced potential
for ocean surface feature detection). The reduced contrast
ratio 1is the result of a very low gain setting.
Additionnally, the satellite track for this 1image is
positioned such that the SAR swath covers only the eastern
portion of the study area. EBfforts to expand (stretch) the
image's apparent grey lewel —range and thereby improve
feature differentiation in oceanir sub images have produced
concommitant incoeiases in harmonic noise. As final image
processing proceedures involve spatial frequency
transformations, this high coherent noise 1level 1in the
digital data was deemed wunacceptible. Rev 617 has

accordingly been dropped from consideration.

Figs 5.1 and 5.2 are subimaqges of the study area

extracted from revolutions 308 and 552 respectively. These



Fig. 5.1 is a rotated subimage of the study area taken from Seasat
Rev 308. Numbers on the image identify different reduced backscatter
targets which are separately described in the text.
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Fig. 5.1A shows the relative position of 128 X 128 pixel, oil affected
and non-oil affected subimages taken from Seasat Rev 308 SAR imagery.

This figure superimposes positionally on fig, 5.1.
in subseauent snectral analysis image processing.

Subimages are used
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Fig 5.2 is a rotated subimage of the study area taken from Seasat
Rev 552. Virtually all oceanic reduced backscatter areas on this
subimage are attributed to oil/surface tension effects.
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Fig 5.2A shows the relative position of 128 X 128 pixel, oil affected
and non-o0il affected subimages taken from Seasat Rev 552 SAR imagery.
This figure superimposes positionally on fig. 5.2.
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digitally correlated scenes correspond in area tc that
depicted in the map included as figure 4.1. For
orientation, land features which Aare identifiable 1in the
imagery are 1included 1in this base map. In both subscenes
focus is gqood with up to a 6 dB dynamie range observed
across features on the ocean sarface. Of primary ccncern
from the standpoint of an analysis of Seasat SAR's ability
to detect marine 0il slicks, Aare the ©position and

configuration nf the many areas of reduced backscatter (dark

areas) which are observed away fro=m land.

5.2 Rev 308

In the western portion of £ig. 5.1 three =zones of
reduced backscatter with distinquishable characteristics are
apparent on the ocean surface, These occur in ncrth to
south order as follows. The first is a dark narrow band
which closely parallels the coastline from the western imajge
margin to Goleta Point. The second appears as two elorngated
parallel northwest tending streaks approximately 1 to 4
miles from shore. Third, in the south western portion of
the 1image a more 1irreqular <darkened area is in evidence
which exhibits a "saw tooth" northern boundary. These

features are identified bv number on figqure S.1.
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Rithioa the first feature, from i*ts western extremity to
Goleta Point several small pockets of higher backscatter
({brighter return) are interspersed , while to the east of
Goleta Point a single larger zone of higher return divides
the dark band from the coastline. The position of the dark
band in the image corresponds with the known 1location of
kelp beds {Macrocystis pyrifera) which occur in the
nearshore region of the study area. Intermixed zones of

higjher return correlate spatially with open water.

Slightly further offshore (.5 to 2.d0 miles) and
separated from the kelp beds hy a continuous band of high
return, are the parallel linear dark zones indentified as
Aarea two. The smallest of these originates at Coal 0il
Point. The eastern margin of +this smaller dark feature
extends in a line due south for approximately 1 mrile.
Cons idering this eastern margin as a point of origin, the
extension of the area of reduced backscatter is to the
northwest a+ 3008 +true. Pif 5.3 LNk WSEo¥er aerial
photograph of the nearshore regionn at Coal Cil Foint taken
towards the northwest on February 18, 1978. Clearly visible
on the photo, the 1linear regiono of o0il coverage which
corresponds to an area of known natural seepage extends from
the left (southern) marqgin of f£iq 5.3 to the tip of Coal 0il
Point. The area covered by what is interpreted to be oil in

the photo (fig 5.3) corresponds positionally with the
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Fig. 5.3 is a color aerial photo of the Coal 0il
Point area which shows clearly the linear point of
origin associated with the Coal 0il Point seep group
(number 1 in fig. 4.4). Camera heading for this
photo is northwest,
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smaller inshore dark component of area two or the radar
data. Note as well the similaritv in the manner 1in which
botk radar and visible image oil slick features narrtcw to a

ribbon like nattern in their western extremity.

Within area two an identically oriented but larger zone
exhibiting reduced backscatter is positioned slightly
further off shore. Near the northern margin of this
feature, and to the southwest of Coal 0il Point, a single
bright dot represents the return from the Atlantic Richfield
0oil platform Holly; a metal structure approximately 50
meters on a side and extendiing 35 meters above the sea
surface. As stated, this larger 2zone of low return exhibits
the same 300° true orientation however, its overall position
does not correspond as nrecisely with a single
differentiable 0il seep. Rather, it brackets an area which
contains several of the major seep groups as well as much of
the peripheral area which exhibits intermittant seepage.
This larger nortion of area two, in 1its eastern extension
expands, Jjoining with the third low return feature from the
south to form a continuous dark band from the shorelime out
nearly 12 miles, effectively masking any oil slick signature

which might be produced by the small Federal Platform seep.

For image nrocessing purposes which will be discusseqd

in section 6, subimages of features attributed to both oil
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slick effects as well as similar appearing but non-oil
related "confusinon targets"™ are required. 0il coverage
subimages 308a, 31388, 308c, 308p, 308B, and, 308F are
examples of the former taken from area two. Their relative
positions are2 noted in £fig S.1A. Again it should be
emphasized that conrfidence 1in the selection of these
subinages is enhanced by a ccmbination of: 1) documentationa
on the known position of natnral seeps within the Santa
Barbara Channel, (Kraus and &Estes, 1976) (Kraus et al.,
1977) (Wilson et al., 1379) and 2) the verified utilitv of
mechanical assumptions emploved in the o0il trajectory

prediction model.

The third zoae of low backscatter is separable only 1in
the south western portinon of the subimage, where 1its
previously mentioned saw toothed northern margin
differentiates it from area two. The nebulous nature of
this boundary, along with the feature's position well away
from known areas of natural oil seepage 1indicate that the
lov return here is more likely attributable to vagaries in
the wind field than oil/surface tension effects.
Accordingly, this area has been used in image processing oil
slick detection studies to provide subimage examples (3087,

309X, and 308Z) of non-oil attributable coafusion targets.

The trajectory model prediction of oil slick



confiqguration for this day and time is given in the previous
hindcasting section {(fig 4.5). Agreement is quite good with
an average slick heading towards 308° true predicted for the
most prolific and reliable seen gronups, near Coal Oil Point.
Predictions have not been formulated for the more easterly
seeps as backscatter in their vicinity is uniformly 1low on

the Rev 308 imagery.

Por reference, wind was liqght and variable at around 4
knots from 120° true during this overpass (July 18, 1978 -
0615 PDT). Fog covered mnuch of the Channel. Tide was
incoming and seas were nearly calm with a one foot swell
from the west/southwest. Cuzrent set in the Coal 0il Point
area 1s estimated at .7 knot towards the west/northwest

(313° true).

5.3 Rev 552

Obtained August 4, 1978, Rev 552 represents the =rost
finely focused Seasat-A SAR data available for the Santa
Barbara Channel. 3 uyniform medium hackscatter ccvers most
of thes channel study area, with the exception of a single
large zone of low return which starts S5 miles west of Coal
0il Point extending 8 miles further up the coast and nearly
15 miles offshore (see fig. 5.4). Though its origin is

unknown, the feature 1is certainly not attributable to oil



Fig, 5.4 is a rotated subimage from Seasat Rev 552 SAR imagery,
The postion of this scene is due west of the subimage presented
as fig. 5.2. An overlap of approximately 35 % can be observed

bv comparying the two images,

96
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covearaie. It is too large to have gone unreported.
Further, it is well out of the zone of prolific seepage and
does not erxhibit the abrupt boundaries and sinuous fattern
of oil/surface tension related signatures. Rather it shows
gradation in tone from high to 1low retura. We have
accordinqgly emplovyed this rTegion in obtaining confusion
target subimages (552vV, 552XX) for ccmparison with
backscatter rednction signatures which have been attributed
to 0il coveraqge (see fig 5.2A). Several of the latter such
signatures occur on this image in bnath the vicinity of Coal
Oil Point as well as further to the east (552AA, 552BB,

552cC, and 552DD) .

As can be seen in fig. 5.2 the Coal 0il Pcint
nearshore region is largely Ltlanketed bvoa single contiauous
tand of low return. Cil trajectorv predictions for this
date and time show a northwesterly Arift awvay frcm primary
seepage zones which would account for the uniform signal
reduction (see fij. #4.6). 1In this instance the suggestion
is that o0il plumes have merged wvwith the signature of
nearshore kelp beds, reducing surface rougjhness all the way
to shore. An exception appears to occur at the western
terminus of the backscatter reduction zone which originates
at Coal 0il Point, where what is interpreted as an oil slick
plume has pulled a small distance away from the pcsitdonally

stable kelp bed siqgnature.
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Purther offshore, in the area previously defined as a
zone containing a large nuaber of individual seeps of
variable productivity, several smaller streamers of reduced
surface roughness (low return) are observed. These plumes
on the the imagery show a heading of 310§ true which
comparas with a model prediction of 320° true for this

portion of the study area.

Two additional, and more prominant streamers of 1low
backscatter are preseat still further to the east with
eastern points of origin corresponding to the 1lccation of
the La Mesa seep group and the Pederal Elatform seep (see
figs 4.4 and 5.2). These features, interpreted as the
result of natural seepage, exhibit mean headings of 2908
true and 275° true respectively on the imagery. Model
predicitons for these areas are displayed in Fiqg 4.6 showing
corresponding mean headings of 302° true and 2888 true.
Subimage 5520DD is taken froam the La Mesa seep area, however,
the slick 1issuing from the PFederal Platform area is not of
sufficient dimensicn to permit creation of a representative

subimage.

Closer examination of the Pederal Platform seep on the
SAR 1imagery reveals that in the immediate vicinity of its

origin a heading of toughly 208 trmse is observed. The model



prediction does not reflect such a rapid shift in drift
direction. This particular predictive error at high
frequency (spatial) 1is 1likely attribatable tc¢ 1lack of
accurate wind data near the site (Platform Hope anemometer
was not operational during this overpass). In a broader
sense however this error is characteristic of the expected
inadequacies of coarse scale driving data when utilized in a
spatially interpolated format to predict finer scale events.
The suggestion 1is that the mean heading approach which has
been employed in these interpretations is likely the 1limit
to which the so called "surface truth" data generated herein

should be emploved.

At the tima of overpass (0730 PDT) wind was 5 to 7
knots from 2408 true. Tide was strongly incoming and seas
were calme A 1 to 2 foot swell was moving from the
west/southaest. Bstimated current set was 2878 true at the
Federal Platform seep, 303° true at the La Mesa seep, and
331° true at Coil 0il Point. Drift speed at all three sites

was approximately .5 knot.
5.4 Image Interpretation Conclusions
Thaese interpretations have, by design centered only on

oceanic features. Additionmally, analysis has dealt with

only those features within the confines of the described
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study area. The purpose is nnot to nversimplify, but rather
to focus on the central research question of Seiasat-A SAR's
sensitivity to o0il slick related surface effects in the
marine environment. A lack of concurrent field verification
data has hamperend analysis and has necessitated the use of
current, wind, and tidal information, as input to a model
which sums these driving forces, tn predict the mcvement of
surface o0il slicks away €from well documented points of
origin. Exanples of aerial fphotography have been 1included
vhich are selected from numercus flights, all of which
reinforce the interpretation that many of the observed areas
of rediced backscatter on the radar imagery are attributable
to the presence of oil., Although circumstantial, the weight

of this sort of corroborating evidence is substantial.

A significant froblem remains, however, in that aside
from some manual and subjective qgqualitative ©pattern
recoqgqnition criteria no reliable means exists of separating
bona fide o0il slick signatures from similarly darkened areas
which are not the result of oil/surface tension effects. 1It
has been our intent to explore more qnantitative means of
separating these so called confusion targets using digital
image processing tachniques vhich capitalize oa the
frequency specific roughness-reducing action of oil.

Rfforts in this area are discussed in the following section.
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Image Processing

6.1 Introduction

0il slick identificatimn employing Seasat-A SAR imagery
focuses on the potential for discrimination of o0il slick
caused, low backscatter regions from similar appearing ocean
surface features (so called confusion targets). The concern
is thus to develop a methodology which detects any
siqgnificant differences in those portions of a SAR image
which represent low or reduced backscatter regions caused by
oil slicks, as compared to other image features which createa

similar amplitudes and spatial patteras.

The application of spectral analysis for the comrarison
of Seasat SAR imagery of normal and o0il slick affected
waters wvas considered a logical, but not entirely promising
postulate. This 1is because "although o0il is known to
suppress the capillary wvaves, gquantitative imformation on
the amount of suppression of the radar backscatter at most
freguencies 1is not available" (Moore and Fung, 1979).
Further, though it is generally accepted that SAR images of
ocean swvwell are due primarily to the presemce of capillary
waves vhose brightness on the final image is determined by
swell slope, capillary dynamics, Doppler and focus

modulations, there 1is no consensus on the Lkalance of
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mechanisms governing these effects (Raney and Llowry, 1978).

In additinan, some scebnticism concerninj the ultimate
potential of spectral analysis for oil slick discrimination
stems from the £fact that Seasat 1imagery has a spatial
resolution significiantly below the ocean wave capillary
frequencies dominantly affected by slickse Since the effect
is expected to range between subtle and non existent or to
be 1lost 1in spectral noise, a direct comparison of the
Fourier transform of slick vs. non-slick Seasat subimages
would probably bhe insufficient, Power spectrum averaging is
thus raequired to enhance subtle differences 1im the
transforms of ocean regions imaged near the system noise
level. For discrimination in areas whose signal is near
this noise level, concern would be to guard against spurious
;pectral differences forced by insnfficient sampling and
averaging, Otnes and Enochson (1973) note that difficulties
may arise if spectral power deasity estimates are performed
without proper care, and that statistically inconsistent

estimates result when no frequency smoothing is performed.
6.2 Spectrum Power Analysis
The utility of spectrum power analysis for frequency

selective, detection signatures of relatively low energy

physical phenomena has been prominent at 1least since the
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major work of Blackman and Tukey (1958). Later, computer
implementation of the Past Pourier Transfore (FPFT) expanded
the application of such aralysis. Recently, cne significant
variant of maximum entropy spectral amalysis, the semicausal
model, demonstrated improved frequency discrimination (by a
factor of about 2 1/2 along with attenuaation of the dc
spectral component) for small data sets (Schucheanm et al.,
1979). The resolution limit (Adf) of a standard Pourier
transéorm (in spatial fregquency or cycles/sample) is about

Af = 1/8t wvhere At is the 1length of the data segment

(Shuchman et al., 1979). When At = 128 samples at
25n/sample, Af = 1,128 = .0078 cycle/sample = 3.125E-4
cycée/nm.

Fourier transforms of imagjes may be one or two
dimeasional. The result of a one dimensional transform is
power as a function of spatial frequency. The directional
orientation is in either the line or sample direction in
accordance with the way the pixel grey value sequence is
specified. Two dimensional transforms provide the same
information for all radial directions on am image (relative
to image center). Fig. 6.1 (Shuchman et al., 1979) is an
idealized representation of ocean swell images and their two
dimensional Pourier transforas. Power as a function of
frequency may be determined by integrating the spectral

povwer density within a given bandwidth filter. 1In the two
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Fig. 6.1 contains diagrams of images with linear features
at regular intervals and the Fourier transforms of these
images. WNote that the distribution of structure in the
transform is governed by the frequency and orientation of
spatially revetitive pattern in the images. (Shuchman et
al., 1979). The ring superimposed on the transforms
corresoonds to a 51ngle example of the eight frequency

filters utilized in the power spectrum averaging proceedure
described herein.
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dimensional transform, an annular {concentric) ring approach
can be utilized to accomplish this frequency specific
integration. Ringwidth corresponds to bandwidth or
inteqration interval. The larger the ring radius from the
transform center (2ero frequency) the higher the filtered
frequencies. Similarly, the transform may be filtered 1in
azimuth to determine the directional nature of repetitive
features in the image by using radially shaped sections or
wedges. Hedge and ring filters may be combined tc determine

powver as a function of both frequency and azimuth.

Target or pattern recognition by the determination of
characteristic spectral signatures has been pursued with
varying degrees of success. Byran, Strombherg and Parr
(1977) used azimuthal wedges as narrow as 1° in integrating
the amplitude of the Pourier <transform to determine the
orientatior of binary ice lead images. Leachtenauer (1977)
used 58 azimuthal wedges and 32 equally divided rings for
fregquency filtering. His classification analysis of a set
of land use categories found that spatial frequency (ring)
data was preferred. The directional (wvedge) data was not

particularly useful.

Lendaris and Stanley (1970) used 9° wedges and 20
annular rings 1in their analysis of a wide variety of

cultural and artificial targets. They noted that the ring
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signature for a scan area containing no regular pattern will
fall off exponentially as a function of radius, assuaing the
width of the ring window is such that it cannot resolve the
fine frequency characteristics of a narrov scamaperture.
If the scan area does contain a regularly occuring feature,
the enerqy in the spatial frequency power spectrua 1is
redistributed and yields bright spots in certain areas of
the the spectrun (transform). The spectral power from the
ring window that coincides positionally with bright sgots omn
the transform will be higher that expected from the
exponential model. If a ring window reading is equal to or
larqger than its neighbor on the low frequency side, then the
scan area can be assumed to have some kind of feature
reqularity. Por some of their test features {€eeg.,
aircraft) Lendaris and Stanley (1970) used only ring
signatures (to effect discrimination) emphasizing that 1in
such an approach the dimensional information (in the
spectrum analysis) is -independent of the orieantation or
position of the target/object. Thev further found a high
deqgree of correlation evident between object dimensions
computed from traansform sijnatares and measured directly

from images.

In the <context of oceanographic application, Beal
{(1979) confirmed the ability of the Seasat—-A SAR to detect

longvave svell systems through spectral analysis. Hea
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detected and measured a 210m deep-water swell (11.7 sec
period) through four successive locations tc shallaow water
in a near-threshold1 Seasat 1imaging situation. Prior to
taking the transform of a 15 ¥ 15 km area, he performed a 7
X 7 element unweiqghted running average on the pixels of an
equivalent 6 m resolution image. Moore (1979) evaluated the
effects of noncoherent averaging of pixels c¢n spatial
resolution and found optimum use of a SAR aperture would
require a 3 pixel average. Shuchman and others (1978)
conpared the spectrum of non-Gulf Stream and Gulf Stream
images and found that the non-Gulf Stream image transform
had fewer high frequeacy components. They employed a 256 X
256 FFT on X-band, 5 m resolution SAR images. ®ave spectrun
data evaluated hy Hsiao (1978) showed relative azimuthal
power distributions on the transform of about a S5:1 maximumn
/ hinimum ratio. (Appendix 3 summarizes our determination
of a swell wave length via spectral analysis using Seasat

SAR imaqge Rev3NA).

6.3 Analysis Procedure

The rationale for our approach simplvy considered that
the important spectral bands for Aiscrimination were those
closest to the spectrum caused by the capillary waves and
thus probably most affected by o0il slicks. To effect

maximal smoothing, wide frequency filters and no azimuthal
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wedges were estahlished., It is significant that some of the
work previously cited derived onlv annular ring signatures,
because such sampling was independent of arientation of a
single object, or the relative orientation and lccation

among a set of similar objects.

The following sequence of spectral power evaluations

was employed:

oaCalculation of the FPFT of 128 Xa 128 pixel subimages
from both o0il affected anda non-oil affected arease.

These areas were defined in sectionaSs.

oaConversion and scaling of spectral power values froma
the transform into byte (DN = 0 to 255) representativea

values.a

o Multiplication of the scaled spectral power bty each ofa
eight registered masks which uniformly divide thea
normalized spectral frequency scale (wvhich raages froaa

0 to .5 cycles/sanmple) .a

oaDetermination of the mean spectral power in each ringa

(mask) .a
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oaNormalization of the aktove values using the centrala
ring which contains the image bias and lowest fregquencya

spectral power values.a

oaComparison of the relative mean spectral powers of oila

slick vs. non o0il slick images.a

6.4 Ring masks ( Filters)

Annular masks for spatial frequency filtering used
pixel values of DN = 1| within the ring and DN = 0 extermnal
to the ring. Registration of the ring and transfornm
'images' was followed by multiplication of the registered
transform and ring pixels to effact filtering. Rings were
set up by first generating a circular cornical spot image
with a linear brightness decrease from image center to the
edges. A subsequent 1image was generated on a DN = 0
background with pixel values of 1 occurring whenever the
registered input image pixel values fell within the disired
upper and lower grey values defining ring radii. Table 6.1
summarizes the inner and outer radii of the rings, and the
total and relative number of pixels per ring. The spatial
frequencies and the deep vater ocean wavelengths which would

give increased spectral power are also shown.
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Table 6.1

Ring Frequency Filters

Radius # Pixels Relative Spatial Deep water swell
Ring # Inner Outer in_ring r; # pixels freq. wavelength
1 1 8 2882 19.342 .0625 cycle/ 400 m
sample
2 9 16 2556 17.154 .125 200
3 17 24 2144 14.389 .1875 133
4 25 82 1776 11.919 525 100
5 38 40 1346 9.034 .3125 80
6 41 48 944 6.336 1375 67
7 49 56 560 3.758 .4375 57
8 57 64 149 1.000 B 50

note: based on a 128 x 128 data sample each ring is about 8
frequency resolution cells wide.
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6.5 Comparison of the Spectral Power ins

0il Slick and Non 0il Slick SAR Images

The spatial frequency spectral power was determined from the
transform of each subimage as subsegquently freguency
filtered by the series of eight annular rings. For each
ring a histogram of power level distribution, as well as its
mean and standard deviation, was determined. Because these
histoqrams as initially determined included DN = 0 pixels
from both inside and outside the ring, adjustment of the raw
pover values was necessary. This raw power value adjustment
was done in two steps. Since the initially computed
spectral powver had been linearly stretched (or compressed)
to fill the DN range of 0 to 255, the maximur fower value

(norm ) of each subimage which had beens adjusted to 255

™mAx
was noted. (The minimum power valae was always set to 1.0
by the Pourier transform program). Then noreme/255 as a
multiplier was used to convert the DN range back to the
original spectral power values (sme Table 6.2). Note that
the lowest norm,,, is for the subimage transfora 30BDARK, as
expected. The highest value is from 308E. There is no
significant difference in the norm,,, values for the oil

slick vs, non o0il slick subimages in the sets frcm the same

image.

A second multiplier adjusted the mean power of each



LA

Table 6,2

Normalization Values

0i1 Slick Images

Image norm -« nOrm. 2 x/255
308D 2844.01 11.310
3088 3801.88 14.909
308F 4168.68 16.348
308E 5495.39 21.551
308A 1047.12 4.106
55288 794.32 3515
55200 2884.01 11.310
552AA 602.55 2.363
308C 190.54 .747
552CC 131.82 557

Non 0i1 Slick Images

308X 1584.88 6892115
308V 501.18 1.965
3082 549.53 2.155
308Y 2511.88 9.851
308SW2 549.53 2.155
~ 308DARK - 83.17 .326
552YY 630.95 2.474
05277 758.57 2.975
552XX 524.8 2.058

552WW 501.18 1,965
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ring appropriately upwvard by the exclusion (from the mean
calculation) of all the DN = 0 pixels occurring outside the
ring. This fraction was simply the ratio 16384/r; (termed
the mean multiplier). It is given 1in Table 6.3. The
numerator 1is the total number of pixels in each ring
subimage. r{ is the total number of DN = 1 pjgels in each
ring (see Table 6.1). The adjustment of the mean raw power,
mu, to the proper ring mean power, mu' , is simply

4

nu X 16384 nornm p,,,
T'\u-i = Wy =

L 255 -

Finally, to compare the two categories of o0il slick vs.
non oil slick affected backscatter for subimages from Seasat
revolution numbers 308 and 552, the relative mean spectral
power as a function of ring number was computed. The
normalizing power value 1is mu'?e (vhere ring 8 1is the
central, dc and 1lowest frequency components ring). The
relative values are summarized in Table 6.4 1in 1increasing
pover and ploeted in Pigs. 6.2 and 6.3 as a function of

frequency. Note the greater drops in the o0il slick images.

Por a reference condition of uniform power density in a
transform (eg. as in the transform of an image of Gaussian

noise), the relative mean ring povwer (as a function of
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Table 6.3

Mean Power Adjustment

relative
umult umult
5.685 .052
6.410 .58
7.642 . 069
9.225 .084
12.154 N
17.356 .158
29.257 .266

109.960 1

109.96/u mult

19.342

17.154

14.389

11.919
9.047
£.336
3.758
1
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Annular Ring Normalized Mean Power
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" Table 6.4

Ring (——— increasing frequency)
1

Transform 7 6 5 4 3 2 5 1.6
308D .044 .017 .012 .009 .007 .006 .006 M .057
3088 .089 .020 .014 .012 .010 .009 .007 .161 .072
308F .087 5025 205 .0 .009 .008 .008 .163 .076
308t .093 .038 .028 .022 .020 .016 .014 .231 .138
308A .182 .049 . 040 .031 .026 .023 .019 .370 .188
552BB .163 .075 .070 .054 .048 .043 .039 .492 .329
552DD .144 .095 .oN . 061 .052 .043 .042 .508 .364
552AA .198 ] .087 .074 .07 .061 .056 .660 .462
308C .27 .144 .18 .108 .084 .079 .075 .879 .608
552CC .440 a3i12 .300 . 245 .210 .187 .161 1.855 1.415

Non-0i1 Slick Images

308X A3 .061 .045 .039 .033 .029 .027 28517 .238
308V .162 .108 .078 .063 .048 .044 .040 b4 .381
552XX #2423 11159 .138 .110 .106 .089 .080 .905 .682
308Y .260 8224 .195 - 155 .140 .12a .118 212 48572
552WW 1385 233 .217 .194 3165 153 .142 1.459 1.104
3N8SH2 .541 .414 .288 .319 .2482 o L) §20\9 21252 1.711
308DARK .614 .487 .485 .375 .289 2T .220 2.543 1.929
552YY .692 .641 .548 .451 .412 .361 3517, 3.462 2.770
55222 .709 .623 2513 .523 .425 .392 .371 3.616 2.907
note: rino 8 = 1.0 for all images; see table 6.2 for normalizina value
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Fig. 6.2 depicts
graphically, for
Rev 308 oil and
non-o0il subimages,
the drop off in
normalized mean
spectral power as
a function of
spatial frequency,
Values along the
ordinate are deter-
mined bv averaging
power in each of
eight circular
masks, or rings,
The results of
similar processing
and calculation on
two images of
Gaussian noise are
also plotted.
These show no signi-
ficant drop in
normalized power.
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increasing frequency) w#nuld remain constante. Figure 6.2
includes two such curves is determined from the transforms
of two Gaussian noise images. The image noise parameters
were meana= 127.5, standard deviation = 42.5, and mean =21,
standard deviationa= 7 respectively. Note that the relative

mean power is constant within aboutag 5% as expected.
6.6 Discrimination Criteria

Experimental evidence on the distribution of radar
clutter from large areas containing many pixels of different
constituents shovws the clutter to be aprroximately
log-normally distributed {Moore, 1979) . Accordingly,
diagnostic comparisons of oil slick vse. non 0il slick
images have been generated based on a log-normal cuprulative

probability distribution for groups consisting of:

oaThe relative mean value of thea spectral power

parametric in each ring number (frequency).a

oaThe sum of the relative mean values of the srectrala
power omitting only ring 8 (the dc coaponent) since alla

these values have been normalized to 1.a

oaThe sam of the relative mean values of the sgpectral

pover omitting that from rings 7 and 8.
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In the last case, the two groups vwerce significantly
different as indicateld by a small sample t test at a
significance level of .01. Since the total data samrle size
for the two groups was extremely low (10 o0il slick images
and 10 non oil slick images) the appropriate data from the
12 subimages of revolution 308 and the B8 sukimages of
revolution 552 were combined. This 1s a reasonable
procedure because of the power norealization. The
cumulative distributions, (Fig. 6.4) respeciively determine
the probability of discrimination, Pg4, (0of correctly
identifying oil slick images), and the probability of false
alarm, Pg, (of falsely calling a non o0il slick image "oil
slick"). In use, the a priori information 1is that the
suspect 1images have similar spatial patterns of sigilarly
reduced amplitudes such as might be due to oil slicks, wind

rows, upwellings, or zero surface stress.

The tradeoff of Py vs. D¢ is shown in figq. 6.5 for
three slightly different frequency discrimination criteria.
The preferred (left) curve uses the sum of the relative mean
spectral power im rings 1 through 6. Essentially the same
characteristic 1is separately displayed by each of the
constituent rings (only 1 and 2 are shown). With the
inclusion of the 1low spatial frequencies of ring 7 a

somewhat high false alarm rate is experienced. The reason
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Fig. 6.5 rates several potential spectral power
discriminants of oil slick vs. non oil slick SAR
subimages using the tradeoff in oprobability of
detection (P4) vs. the orobability of false identi-
fication (P;) as an indicator.



for this is shown 1in the right-most curve, the pocrer
discrimination capabilitv of <ring 7 alone. The further
inclusion of ring 8, the <central ring, would of course
considerably decrease the discrimination nature since all
ring 8 values are intentionally made equal. Alternately,
the normalizing value could include rings 7 and 8. A test
of this hypothesis, however showed no further improvement in
discrinmination. For the DUrposA of maximizing oil
discriamination by this technique, additional analysis would
serk an optimum ‘crossover' frequency that defineas the

spectral bandwidths to be ratioed.
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750 Conclusions

On the basis of the limited data set examined, results
indicate that significant discrimination of oil slick vs.
non nil slick reduced backscatter signatures (on Seasat SAR
images of similar spatial patterns with sigilar reduced
image brightness) is possible using the spectral power
analysis technique described. In one sense, this result is
something of a surprise as the highest spectral freguencies
evaluated are below the capillary and (ultra-gravity) wave
portions of the the ocean backscatter spectrurm most affected
by an o0il slick. On the other hand, reduction in normalized
backscatter in the spatial frequencies associated with
capillary waves - is certainly the expectation given the
surface temnsion altering affact of oil on a roughened sea
(surface tension being the restoring force for short period
oscillations). The 1implication 1is that a differential
damping function (amplitude reduction increasing with
frequency) is being superimposed on the ocean surface within
the slick. Purther, this differential in amgrlitude
reduction appears to extend further than expected into the
longer period spatial fregquency components of the ocean
surface with the result that a more rapid fall off in the
normalized (to image bias) backscatter spectrum is observed
for oil affected surfaces than for similar appearing non oil

influenced surfaces.
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The preferred frequency Adiscriminant for making this
oil/non-o0il determination used the sum of the relative mean
‘spatial frequency powers for the spectral region of about
«125 to .5 cvcles/sample (.N05 to .02 cvcles /meter). The
discriminant is intentionally insensitive to the effects of
image bias and contrast stretching. It is interesting to
note that in the ©process of deriving the cumulative
probability of the discriminant values, several subimages of
each category vere identified as incorrectly spatially
positioned due to their 1inordinately high (and 1low)
Aiscriminant values. Imaproved cnnfidence in this spatial
frequency discriaminant requires further data evaluation
including 1investigation 1into the nature of SAR svstem (and
coherent processor) noise and its threshold characteristics.
The integration of this discriminant with the total diverse
set of oil slick sensors further suggests that a complete

information system analysis is desirable.

The practical mandate to farther extlore the
Gzhck /i Cana: relationship for SAR s5ystems arises fronm
today's trend to produce crude oil in inhospitable climates
and to transport it in extremelv large and unwielldy vessels.
Under thése circumstances, accidental spills will inevitq@lyt
increase 1in ©nrobability, magnitude, and adverse ‘impact.

Provision of accurate spill location and extent information
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in timely fashion and independert of inclement weather would
prove a significant mitigating countermeasure to these
undesirable side effects of energy production. The o0il
slick discrimination capabilities of Seasat—A SAR suggested
by this analysis indicate that such a space borne imaging
radar system would he of considerable wutility when
integrated into a complete 0il spill detection operation.
Purther 1investigation 1is therefore sujgested in both oil
slick signature refinement and real or near real time data

processing.
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Appendix 1

Siqnificant variance away from a single monthly average
current velocity vector is observed at the Coal ©0il Point
study area. This variance can he logically partitioned into
a turbalent component which can he regarded as randoam
fluctuation, and a cvclical component which is controlled by
sub-monthly variation in current 4driving forces. The first
source of variance is illusive and cannot be quantitatively
described qgiven the limitaticns of input data. The second,

however, can be partially accounted for.

0f all current driving forces, only tidal ebtk and flow
can bhe gquantified adequatelv on an ex post facto basis.
This fact has heen used to here test the assumpticn that a
certain portion of ohserved variation around a mean current
velocity in the study area 1is directly related to tidal
flux, In an attempt to m@measure this relatedness a
reqression analysis has been performed comparing observed
current Adrift velocities with the phase of the tidal cycle.
Individual surface drift observations are 1listed in table
9.1 along with pertinent meteorolngical information. {Note,
all drift data 1is 1in dejrees true and maqgnitudes are in
knots. Direction is uniformlv that towards which flow 1is

moving.) The following notes serve tc qualify the



OBSERVED WIND AND SURFACE DRIFT

Table 9.

1

AT COAL OIL POINT , 1979-1980

OBSERVED || CORRECTED BA’ggglgé)EUDND TIDAL TIME(PST) /
DATE WIND DRIFT %2 DRIFT FROM
DRIFT DRIFT BLM DATA DERIVATIVE TIDE CYCLE
MAR.6,'79 305° ; .28 ol 305° ; .28 278°; .19 o*? 1100/ SLACK LOW
MAR. 7,'79 37°; .22 274°, .14 58° ; .32 278°; .19 LI 1500 / INCOMING
AUG.3I,'79 330°; .50 239°; .14 346°; .52 331° ; .19 0 1100 / SLACK LOW
SEPT.7,'79 287°; .87 99°; .14 286° ; 1.0 278°; .29 2.1 1000 / INCOMING
SEPT.25,'79 295° ; .43 ) 295° ; .43 278°; .29 0 1200/ SLACK HIGH
SEPT. 28,'79 | 138° ; .37 130° ; .52 18 278°, .29 0 1600 / SLACK HIGH
JULY 8,'80 305°; "6 0 305°; 313° ;.29 0 0900 / SLACK
JuLY 15,'80 290°; . 47 135°; .14 296°; .60 313° ; .29 .75 1200 / INCOMING
Note: all drift data is indicated by direction (degrees true),

and magnitude (knots).

16



Table 9.1

(continued)
OBSERVED WIND AND SURFACE DRIFT
AT COAL OIL POINT , 1979 - 1980

OBSERVED «| | CORRECTED BA'?:?([();;ICE&[J)ND TIDAL TIME(PST) /
DATE WIND DRIFT *2 DRIFT FROM
DRIFT DRIFT BLM DATA DERIVATIVE TIDE CYCLE
JULY 18, '80 295°; .35 ) 295° ; .35 313° ;.29 .21 1500 / NEAR SLACK
JULY 25,'80 335° , .62 ) 335°; .62 33° ; .29 1.20 1100 / INCOMING
JULY 29,'80 355°, .44 ) 10° ; .44 313° , .29 16 1200/ NEAR SLACK
AUG. I, '80 20°; .51 90°; .2l 356° ; .482 331° , .19 27 1400 / NEAR SLACK
AUG. 4, '80 310° ; .65 ) 310° ; .65 331° ; .19 -.al 0900 / OUTGOING
AUG. 12, '80 340°; .70 285°; .14 350°; .63 331° ;.19 1.0 0900/ INCOMING
AUG.I5, '80 1noe, .30 100° ; .42 < 331°; .19 -.30 1600 / OUTGOING
AUG. 22,'80 318°, .33 ) 318° ; .33 331° , .19 -.43 1200 / OUTGOING
AUG. 25, '80 352°; .54 nae; .17 339°; .646 | 331°; .19 -.86 1400 / OUTGOING
AUG. 29,'80 347°, .77 0 347°, .77 331° , .19 119 1000 / INCOMING

OBSERVED DRIFT, WIND DRIFT, CORRECTED DRIFT, AND MODIFIED BACKGROUND DRIFT FROM BLM DATA ARE
INDICATED BY DIRECTION (DEGREES TRUE) ; MAGNITUDE (KNOTS). et

6
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acquisition and interpretation of this drift data. They are

refar@d to in table 9.1.

*1 wind drifta= direction towards which wind is blowinga
plus 20° for Corriolis accelerationr, ard adjusted in
magnitude by a factor of 0.037 as per chapter &

discussion.

*) Corracted drifta= observed Arift minus ¥ind drift.
This yiedds drift attributable to background flow plus

tidal forcinge.

*3 When recorded winds dropa below 4 knots, no wind

drift affect is calculated.

%4 Tidal Aerivatives less than .1 dare set to zero.a

*5 In actuality, wind drift is a function of the squarea
of wind speed. As such, for winds over 10 knots, wind
drift beqgins to dominate flow (see Sept 28, 1979 and
Aug 15, 1980 in tabhle 9.1). The empirical constant
0.037 1is only adequate for a narrov range of wind
speeds. Since this exercise seeks to establish forcing
parameters other than wind, days on which winds exceed
this range are dropped from the curve fitting

procedure.
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*6 On some davs no current speed measurements coulda he

obhtained.

Subject to these assuaptinns and qualifications, this
drift data was +*then run throagh a reyression test which
compared correctred irift (minus winAd associated drift) with
the absnlute valge of the tidal curve derivative (deterained
bv sampling A carve splein fit throungh daily ¢iial highs and
lows. The absnlute value nt the Jderivative was
incorporated, as hnth large negative and large positive
values 1imply <=ignificant tidal flux, whereas derivatives

near zero ‘lenote temporacy ainimams of Xinetic enerqgv.

The results of comparing »nth current direction anAd
current naqnitiude with the tidal derivative apnear in tables
3.2 and 9.3 respectively. In the case of direction,
essentially no correlation is nbserved. Current magnitude,
however, shows a significant level of correlation (R = .79)
with the absolntae valua of the tidal derivative. 1A plot of

the scatter Jdiagraa and reygression line apgears in fig 9. 1.
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Table 9.2

LINEAR REGRESSION OF CURRPNT DIRECTION
AT COAL OIL POINT
ON TIDAL DERIVATIVE

Basic Descriptive Statistics

Standard
Hean Deviationi Correlation
Tidal Derivative 0.32 0.83
0. 201
currcent Direction 331. 35.53
Model Paramater Influences
Lover Inper
Point St.andard Conf idence Confidence
Estimate Error Limit Linit
Regression Coefficient 95167 11.561 -16.1 33.i641
Intercept 32180 10.102i 3](}1s725 350.1

Analysis of variance

Source of

Degrees of Sams of Mean Prob ("xceeiing F
Yaciation Ereedon Sjgares  sguares F-Value  fader H )
Reqression 1.00 732, 732.1 0.561 0. 471
Residual 13.00 16943, 1303.i
Total 14.00 17676.
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Table 9.3

LINEAR RPGRESSION OF CURR®NT VELOCITY
AT COAL CIL POINT
ON ABSOLUTE VALOE OF' TIDAL DRRIVATIVE

Basic Descriptive Statistics

Standard
fdean Deviation Correlation
Tidal Derivative .65 0.60
0.75
Current Magnitude 0.54 0., 19
Moiel Paramater Influences
Lower Upper
Point St.andard Confilence Confidence
Estimate ZLLOL Limit Limit
Reqrassion Coefficient 0.24 N.06 0., 12 Q37
Intercept .33 W 8% U.27 0.49
Analysis of Vari.ance
Source of Dejrees of Sums ot dean ?rob (Rxceeding F
Yaciation freedon Sgiuares Squares °-value In:def s §=)
Reqression 1.00 0.30 0. 3N 16. 36 0.30

Residual 13.00 0.23 0.02
Total 14.00 0.53
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DRIFT IN KNOTS

LINEAR REGRESSION OF
TIDAL DERIVATIVE (ABSOLUTE VALUE)
ON OBSERVED DRIFT AT COAL OlL POINT

15 1.0 1.5 2.0

ABSOLUTE VALUE OF TIDAL DERIVATIVE

245

[

Fig 9.1 1linear regression plot
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Appendix 2

ERROR ANALYSIS CALCULATIONS FOR SURFACE
DRIFT PREDICTIONS AT COAL OIL POINT

OBSERVED BLM INPUT PREDICTED OBSERVED
DATE WIND i DRiFT = DRIFT vs DRIFT

(direction ; magnitude) | (direction ; magnitude) | (direction ; magnitude)| | (direction; mognitude)

135° , .14 3l3°- .56 312°,; .4I19
JULY 1[5, 1980 290° , .47
.099x,-.099y | -.409x, .382y ik, 283y
JULY 18,1980 0 3° ; 35 313° , .41 295° ; .35
SUP 124 3@ 26 20°, .24
AUG. |, 1980 gO° ; !5l
.2lx, Oy -.126x , .227y .084x, .227y
100° ; .42 331° ,; .26 62° , .327
AUG. 15, 1980 Ho*+ 330
.4l4x ,-.073y | -.126x,.227y | .288x, .154y
4e, .17 331°, .40 354°, .420
AUG. 25,1980 352° , .54
.155x, .069y -.194x, .350y | -.039x, .419y

* DIRECTION INDICATED IN DEGREES TRUE ; MAGNITUDE INDICATED IN KNOTS
e

In conducting error analysis, five predictions of surface

drift for a point in the study area were generated using
all the driving assumptions outlined in chapter 4. Wind was

observed at the site, while current and tidal influences
were input as described. At the same time, actual surface
drift measurements were taken using a Teledyne Gurley cable
suspended current meter. The results of these comparative
exercises anpear below.
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Appendix 3

The Determination of a Swell Wavelength

Near the region of image 308SW2 at least two swells are evident. One, pro-
pagating from the south-southeast is more readily scaled somewhat southeast of the
subimage lTocation. About 7 swells/cm are evident. The image scale is about 1:145,000,
thus the swell wavelength is about 207 m. On the transform display of FFTSW2, spec-

tral peaks are located as shown in the following Table.

Location of Spectral Peaks

Spectral peaks Transform center A pixels
FFTSW2 line  sample line  sample line sample

71 81 65 66 6 15

72 83 7 17

These Fourier transform radii (s pixels) are respectively 16.2 and 18.4 pixels from
the center. For an average 17.3 pixels the spatial freauency is 17.3/64 x .5 cycles/
sample or .135 cycles/sample. Thus the swell wavelength is 25 m/.135 or 185 m (@ 112°

from image vertical).
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