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Abstract. Visible images of CBERS-2 Wide Field of View Imad®@/Fl) and CCD cameras and ASTER VNIR
sensors obtained during an oceanographic camp&iGiT®@SAT project in November 2004 show very clgarl
the presence of a relatively large oil seep everthe Campos Basin. The oil seep was observed ihede
images in the Sun glitter region of the image. Whiile oil seep appears as a darker than backgemordaly in
the ASTER image, the reverse is observed in bo@D) @nd WFI images. In the paper we analyzed thejimga
and illumination geometry for each sensor in cogjiam with the probability density function of wastopes
given by Cox and Munk (1954). Assuming®Hs the maximum inclination of reflecting facetsl @inat the slope
pdfs are different for oil free and oil contamirchi@eas we explain the different characteristicthefoil seep
observed in the glitter areas of these images.
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1. Introduction

FITOSAT project, a partnership of PETROBRAS, INRte some Brazilian universities,
had as a main goal the use&itu and remote sensing technologies to monitor, desenial
explain the environmental scenarios (natural or male) occurring at the continental shelf
and oceanic waters of the Campos Basin (RJ). Omasepbf the project consisted of an
oceanographic campaign with the concomitant adipmsof a series of satellite images in the
visible, thermal infrared and microwave regionshe electromagnetic spectrum.

A few days before the beginning of the hydrograpt@mpaign in November of 2004 a
relatively large surface oil slick was reportedhe area. A ROV sent to the bottom of the sea
in the region of the slick (1200 m) documented ttet surface film had its origin as an
intense oil seep. Although no visible images cdaddacquired at the beginning of this event
due to total cloud cover associated with the pass@@ cold front, a Radarsat-1 SAR image
obtained day 19 November, 2004 was important to thapfeature (Figure 1, left panel).
Quikscat wind data revealed that parts of darkufestobserved in that image were low wind
regions. The circular pattern of the slick was itetl by an oceanic eddy and the white
alongated feature is the Brazil Current (BC). Tinierpretation was confirmed in the next
days by Sea Surface Temperature maps. Two dayqfade 1 — right), the ENVISAT/ASAR
image gave another view of the eddy revealing thatoil film had moved NW with the
clockwise cyclonic circulation of the eddy. Eddyesestimated from these images is about 60
— 70 km.
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With the clearing of skies at day 23 of Novembewdts possible to get the first visible
images of the oil seep. Fig. 2 shows a zoom ofoiheeep in two channels of the ASTER
sensor. Due to appropriate sun illumination coond#j one can see the oil seep in the visible
channel. Different responses inside of the seep aam be visualized which seem to be
related to different thickness of the film. An evestter view of the seep was possible in the
NIR channel. Figure 3 shows the visible image aeguby the Brazil-China satellite CBERS
WFI (Wide Field of View Imager) camera about 30 utes after ASTER image shown
before. Imaging and sun illumination geometry weeey good for observing the oil seep
with the WFI camera. Distinct oil characteristioside the seep area are clearly observed in
this image. Three days later another view of thes@ep was possible with the CBERS CCD
camera (Figure 4).

Figure 1. SAR view of the oil seepage: (left) Ra@d#lExtL1 2004/11/19 08:19 GMT;
(right) ASAR 2004/11/21 01:00 GMT. LW= low wind aeBCF= Brazil Current Front;
OS=oil seep.

Figure 2. ASTER detailed view of the oil seepay 8004/11/23 12:55 GMT.
(left panel): Band 1(0.5@m); (right panel): Band 7 (2.26m)
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Figure. 3 CBERS-2 WFI view of the oil seep at 200423 13:30 GMT. Color composite
2R1G1B
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Figure 4. CCD/CBERS-2 color composition R(2)G(1)Bidr day 2004/11/26.
Time: 13:30 GMT. Qil seep is indicated at middightiedge by ellipse; Cape S&o Tomé
is the bright feature at the top right margin oage.

It is interesting to note that the oil signaturehe ASTER image is a dark anomaly with
respect to the neighboring region while the opgokdppens in the WFI and CCD CBERS
images, where the oil is a white anomaly agairddréer background. First, we discuss in the
paper that the conditions for observing the oilpseethe visible images is the presence of
Sun glitter. We also claim and discuss that théediht response of ASTER and CBERS
images is due to a combination of the presencenhefS3un glitter with the geometry of
imaging of each one of these sensors in the coofdke statistics of the inclinations of small
scale wave facets present in the glitter.

2. Material and Methods

Some orbital and imaging characteristics of the BBRTEOS-Terra) and CBERS-2 are
presented in Table 1.

6551



Anais XIV Simposio Brasileiro de Sensoriamento Remoto, Natal, Brasil, 25-30 abril 2009, INPE, p. 6549-6555.

Table 1. Satellite and Sensor Characteristics

CBERS ASTER
WFI CCD
Satellite Altitude (km) 778 778 737
Orbital Inclination 98.5° 98.5° 98.2
Repeat Cycle (days) 26 26 16
Swath Width (km) 900 113 60
Field of View (degrees) 60 8.3 2.4
Pixels per line 3462 5645 4000
Pixel Size (m) 260 20 15

Equatorial Pass (Desc.) 10:30 AM 10:30 AM 10:30 AM

Of importance for the glitter analysis are the swatdth and satellite altitude. One sees
that both satellites are at almost the same adtitMihat strongly differentiates the three
sensors is the swath width, with the WFI imagingeey large area as compared with the two
other sensors; ASTER camera covers a very smalammpared to CBERS cameras.

In principle, in the absence of waves, the Suneglivould be observed at a single point
of the image for which the Sun’s zenith angle wdaddequal to the angle made by a line from
the sensor to that point on the sea surface andettieal; this is called the specular point. As
discussed in the seminal papers of Cox and Munk449 1954b), in the presence of
irregularities with small reflecting facets randgnmhclined, what should be a point in the
absence of irregularities now appears as a myrfagkftections and an area of reflection
known as the Sun glitter. The farther the reflegtiacet is from the specular point, the larger
must be its inclination. What defines the size ginape of the glitter is the pdf of the slopes of
reflecting facets, which was derived by Cox and kui simplified version of the pdf is a
Gaussian with the paramet&?, the variance of the inclinations, parameterizepeshdent on
the wind speed. Figure 5 shows the pdf of the sidpetwo different wind conditions and for
a clean sea and for a situation with oil. We se¢ @is the wind increases so does the refection
cone around the specular point. The presence obitheeduces the area of the glitter by
reducing the inclination of the facets. The refiecte of the glitter will be proportional to the
product of the Fresnel reflection coefficient a¢ gpecular point and the pdf. For the wind
conditions normally observed at Campos Basin we th® as the maximum inclination
angle.

o i i f i Fungio de Densidade de Probabilidade p/ Inclinagies da Superficie do Mar
¥ de Densidade de Probabilidade p/ Incli da Superficie do M
1R B8 DT todelo: Cox & Wank (1959 Modelo: Cox & Munk (1954)

Ea Superf. sem dleo
Venta = 10 mis ik — — = Super cam dlen
121

L .
2 a0 20 -10 0 10 20 a0
Inclinagdo Superf. (yraus)

Figure 5. Probability density function for the seaface inclinations: (left) wind speed =5
ms™; (right) wind speed = 10 ritsPoint of zero inclination indicates the specuédiection.
Continuous line: clean surface; dashed line: acaikred surface.

Inclinagdo Super. (graus)
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The region of the pdf curves from the central pdiagro inclination) up to the point
where both curves (with and without oil) join capends to an area of the glitter where the
pixels affected by the oil appear brighter thangtieounding regions. For the areas where the
pdf of clear water is greater than for oil coveegdas the situation reverses and the oil areas
will appear darker than the surroundings. This ysislis valid up to the point where the oil
pixels are not too far from the specular pointhwtlf values extremely low. In this case, the
oil will be hardly visible in the image (BiegerBerry, 1999).

3. Results and Discussion

The following analysis can be made for the CBER®B/I image of 23/11/2004: as
observed by QuikScat, the mean wind speed in thiemevas about 5 nis Solar elevation
angle was 68 giving and zenith angle of 22 As indicated in Figure 6 (mid panel), the
specular reflection point (point G) is located d&oat 3/4 from the image center. The
beginning of the glitter (point C) is located outtbe image and about 995 km from the
satellite nadir. The westernmost point of the gti{fpoint D) is at left of point G at about 110
km of satellite nadir.

As indicated in Figure 5, points with oil displaciedm the specular reflection point with
inclinations up to 8will appear brighter than surroundings. Figureh@vgs that the observed
oil seep was close to the specular reflection panat is brighter than surrounds as predicted
by the theory (See also Figure 3).

If one does not include the high frequency varisicaused by scattered clouds and the
oil, the oceanic gray level values (8 bits) of trensect of Figure 7 (left), shown at Figure 7
(right) show a good similarity to the pdf shape-gjure 5 (left) without oil. Maximum of this
inverted parabola shape profile corresponds tepleeular point G.

We see by Figure 6 (upper panel) that the oceamiaraged by ASTER sensor is still in
the glitter area, however it is very far from thmesular point. As indicated in Figure 5 in this
condition we should expect that the area affectethb oil seep be darker than surrounding
pixels without oil (See also Figure 2).

Figure 6 (lower panel) shows that geometrical attarsstics of the glitter for the CCD
CBERS-2 camera and for the day 26/11/2004. As pteden Figure 4, note that the oil seep
appears brighter than its surroundings in the C@Rge. Therefore, it is possible that the
seep is located in a region where the pdf foro8till greater than for non oil areas. As seen
in Figure 4, the oil seep is located near the eastdge of the image, therefore the nearest
position possible to the especular point. It iogessible that the stronger winds observed
during day 26/11, between 8 and 10 ms-1 have @utéd for the widening of the glitter cone
that resulted in the illumination configuration ebged in this scene.
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ASTER VNIR : 2004/11/23

E=Sg & -

30
737
o 15°
> 22 370\/"(
- T
Pa-Nys © ¢
60
AB = Region of image

Solar elevation: 68° (Zenith angle: 22°) NC =943 km; C = Begining of Glitter; D= End
Wind: 5 ms™* of Glitter )
Maximum slope of facets :+ 15" G = Specular Point
Width of glint: + 30° N = Satélite Nadir

CBERS-2 WFI : 2004/11/23

o E-

30
778
15
) 22° 37& o
- T
D G L
(] Iu
- 900 km !
NC = 995 km
CBERS-2 CCD : 2004/11/23
T 30
778
15
5 22° 30& K
- T
g ¢ ¢
113 km

NC =995 km

Figure 6. Imaging and glint geometry for ASTER (appanel), CBERS-2 WFI (mid panel)

and CBERS-2 CCD (low panel) assuming a 5'mind speed and a reflection cone of about
3.
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Figure 7. (Left) CBERS-2 WFI Band 1 image of 232004. Dark Arrow indicates position
of the oil seep. Black line indicates position afaige transect shown at right. (Right)
Transect of digital numbers (8 bits) of WFI imaddack arrow indicates position in the

image where ocean begins.
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4. Conclusions

The analysis presented confirms that the use optlief the slopes of reflecting ocean
facets derived by Cox and Munk (1954) together whign information of imaging and solar
illumination conditions can be used to explain thigerent patterns of brightness anomalies
for the oil seep areas observed during the oceapbgr FITOSAT campaign. A more
detailed analysis which integrates quantitatively teflectivity of the sea surface to the solar
radiation to the statistical model of wave slope Gdx and Munk and an atmospheric
correction procedure as presented by should b&nakobjective of a more precise study of
the phenomenon observed in these images.

An ocean glitter model can also be very useful dvaluating the best and worst
illumination conditions for observing oil seeps ait spills in the glitter region of visible
images. One must realize that the solar elevatigheacan have an appreciable change during
the course of the year depending on the latitudbefmage and, therefore, the glitter pattern
should change accordingly.
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