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Attenuation and backscattering of
natural light in the waters of the

Gerlache Strait, Antarctica

MICHEL PANOUSE

Observatoire Oceanologique de Banyuls
Banyuls-sur-Mer, France

Following the previous work of Mitchell and Holm-Hansen
(1991), 20 optical datasets were collected during the 1991-1992
Research on Antarctic Ecosystem Rates (RACER) cruise at various
locations in the Gerlache Strait. The objectives were (1) to provide
reliable in situ measurements to validate the output of the air-
1ome. Polarization and Directionality of the Earth Reflectance
Eemote-sensing system (Frouin et al. this issue) and (2) to check
whether the relationships between water body reflectance and
photosynthetic pigments reported by the aforementioned inves-
igators were applicable.

For this purpose, a MER 1010 underwater spectroradiometer
(Biospherical Instruments) was used, with 12 channels for spec-

tral irradiance (410, 441, 488, 507, 520, 540, 565, 589, 625, 656, 683,
and 694 nanometers) and a 41r scalar irradiance sensor for the
photosynthetically available radiation (PAR). The instrument
was mounted in a specially designed frame enabling the succes-
sive measurements of downwelling irradiance during the down-
cast and upwelling irradiance during the upcast. Raw data were
corrected for the change in surface PAR irradiance between
upcast and downcast and then were smoothed using a 0.5-meter
filter.

From these data, and for each of the 12 wavelengths (wl),
values were computed (see table) for Kd (Wi, z), the diffuse
attenuation coefficient at depth z; Km (wl), the mean diffuse
attenuation coefficient over the photic zone, which is the portion
of water penetrated by sunlight; K10(wl), the mean diffuse attenu-
ation coefficient over the upper 10 meters of water; and R(wi), the
reflectance EU/Ed at the sea surface. These were checked against
chlorophyll a (chl-a) values: respectively Ca(z), the chl-a concen-
tration at depth z; Cm the mean chl-a concentration between 0
and 200 meters; and C 10 , the mean chl-a concentration between 0
and 10 meters.

The results, summarized in the table, show for each parameter
the mean values over the Gerlache Strait, along with the coeffi-
cient of variation as an index of variability. For each group of
optical and pigment parameters, the best fitting model and the

Summary of diffuse attenuation coefficients and surface ref lectances at 12 wavelengths during the 1991 -1 992 RACER cruise.
(See text for explanation of the abbreviations. The letters "s" and "ns" denote significant and non-significant correlation, respectively.)
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410	441	488	507	520	540	565	589	625	656	683	694
Ca	Kd	Kd	Kd	Kd	Kd	Kd	Kd	Kd	Kd	Kd	Kd	Kd
2.62	0.159	0.160	0.121	0.120	0.118	0.118	0.133	0.166	0.327	0.385	0.372	0.377
0.90	0.55	0.65	0.64	0.56	0.47	0.40	0.33	0.25	0.26	0.31	0.52	0.56
1%	S	S	S	S	S	S	S	S	S	S	S	S
Cm	Km	Km	Km	Km	Km	Km	Km	Km	Km	Km	Km	Km
0.60	0.140	0.137	0.105	0.104	0.106	0.108	0.121	0.152	0.275	0.329	0.303	0.290
0.77	0.41	0.48	0.50	0.44	0.38	0.31	0.21	0.17	0.26	0.23	0.27	0.29
1%	S	S	S	S	S	$	S	S	S	S	'is	ns

7	7	10	10	9	9	8	7	4	3	3	3
C10	K10	Ki 0	K10	K10	K10	K10	K10	K10	K10	K10	K10	K10
3.74	0.205	0.216	0.164	0.158	0.148	0.143	0.157	0.191	0.379	0.458	0.553	0.577
0.61	0.46	0.51	0.51	0.46	0.40	0.33	0.27	0.19	0.10	0.09	0.09	0.06
1%	S	S	S	S	S	S	S	S	S	S	ns	ns
C10	A	R	R	A	A	R	R	A	A	R	R	R
3.74	1.98	1.61	2.00	1.91	2.03	2.02	1.70	1.43	0.52	0.04	0.42	0.38
0.61	0.49	0.60	0.45	0.36	0.28	0.35	0.41	0.52	0.74	0.60	0.92	1.00
1%	ns	ns	S	ns	ns	ns	ns	ns	ns	ns	S	S
5%	S	S	S	S	ns	ns	ns	ns	S	ns	S	S
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Correlation between surface reflectance at various wavelengths and
mean content of chl-a in the upper layer (10 meters) of the Gerlache
Strait waters (multiplicative model, V aXb, n = 20).

significance, at the 1 percent significance level, of the correlation
between components of the group are given. The [R, C m] group
(R representing surface reflectance and C m referring to chl-a
concentration between 0 and 200 meters) is not included in the
table since no significant correlation was found between those
parameters, even at the 10-percent level.

The high variability in the chl-a values reflects both the spatial
and temporal dispersin of the datasets in waters from a coastal
area such as the Gerlache Strait, along with the vertical chl-a
encountered. At the same time, the emergence of a marked
minimum of variability for Kd (589, z), where the absorption of

light by pigments is low, shows a relative uniformity in the
distribution of non-living materials. The variability of the attenu-
ation coefficients is always maximum between 441 and 488
nanometers, and the variability of the surface reflectance R(wl) is
minimum at 520 nanometers.

The penetration depth ZPd(wl), which is the thickness of the
upper ocean layer that can be analyzed by remote-sensing optical
sensors, is computed from the Km(wl) values in the table. (Z(wl)

1 /K(wl). It lies between 2 meters at 694 nanometers and 18
meters at 488 nanometers, with an average of 7 meters, which
explains the choice of K 10(wl) and C10 as parameters.

For all the relations involving the diffuse attenuation coeffi-
cient, except for the [K101 C101 relation, the best fitting model is
multiplicative (Y = aXb) . In all the models, the slope is positive but
it often decreases with increasing chl-a concentration, as shown
by the positive value of b in the multiplicative models. In the case
of the surface reflectance R(wI), the correlation with C 10 is poor
and depends strongly on the wavelength considered, as shown in
the fiture where only R(488) has a significant (1 percent level)
relation with C10 , together with R(683) and R(694). The correla-
tions are only slightly better at the 5 percent significance level,
with generally better [R, C10] relations in the blue and blue-green
wavelengths. At could be expected, an increase of the surface chi-
a concentration induces a decrease of the surface reflectance R at
the blue wavelengths (negative correlation) and an increase of R
in the red (positive correlation), while R(540) is invariant, which
can be useful in remote sensing studies of phytoplankton.
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