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Monte Carlo Simulations

Hole in the Cloud

. The hole in the clouds is a 3-D problem requiring Monte Carlo

simulation of the atmospheric adjacency. Itdemostrates how
clouds affect downwelling irradiance at the sea surface. (FIG 1)
All calculations use Elterman's (1968) atmosphere with water
Fresnel reflectance and abouta 2% diffuse reflectance

. Esky d(550)/Fy(550) for sky hole (radius) in clouds with 4Golar

zenith angle as observer moves away from hole center. (FIG 2)

NOTE that Exy, «(550)/Fy(550)=0.28 for a "no-cloud"” scenario and
0.33 near the hole center. The clouds can increase downwelling
irradiance from the sky by 18% even when they are 5 km away.

Similiar 3-D problems must be dealt with in evaluating adjacency
effects in upwelling radiance.

D

ark target /Bright Surround

1.

The dark target/bright surround is similar to a lake of 5 km radius

surrounded by a region bright reflectivity (50%).

NOTE: The dark target calculation in Fig. 2 shows that proximity

to land does not effectdg, «(550). The 2-D dark target problem is
much simpler than the cloud problem.
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Dark Target Surrounded by Brighter Reflectance
Tongue of the Ocean TOTO

1. Shallow banks still present a uniformly dark target in the
infrared, so atmospheric correction is not compromised for
SeaWiFS.

2. Relatively high contrast is observered at blue-green wavelengths
where shallow, bright carbonate banks are adjacent to deep,
clear water that are horizontally uniform at 510nm & 550 nm.
FIGURE 3 & 4.

3. Reinersman et al. (1995) showed that atmospheric adjacency
effects of land on the adjacent water views were only significant
within about 1 to 2 km of land in the infrared. Rayleigh-
contributed adjacency effects will be greater at 510 and 550nm,
SO more is expected at TOTO.

To evaluate stray light problems on satellite sensors, dark targets like lakes

or ocean areas surrounded by bright land or shoal regions are much easier to

correct for atmospheric adjacency effects than are holes in clouds.
Reinersman et al., 1995)
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Other References

4. AVIRIS imagery and Monte Carlo simulations to evaluate
TOTO adjacency effects as in Reinersman et al. (1995).
Significant residuals in SeaWiFS will be considered to be stray
light.

Methods for correcting adjacency and stray light effects will be
explored

Figure 3. SeaWiFS False color over south Florida and the Bahamas Northwest Passage ofthe T GtheQ Bt
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Figure 5. Rrs(555) for TOTO. Pixels are about 1 km apart. Red Crosses are field values at
sites A, C, F. Stars are from SeaWiFS.
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Applications

To reach the point where we believed that SeaWiFS would provide
year-to-year consistency in data quality, we performed an
evaluation of SeaWiFS calibration and algorithm performance.

1. SeaWiFS performance in the Sargasso using bands 6&8 for
atmospheric correction (Hu et al. 1999). (FIGURE 6.) Note
that Lw(555) field is now much closer to 0.28 mW/cm2/um/ster.

1. Performance in the turbid coastal zone has been enhanced using
the aerosol type from adjacent, non-turbid waters. Note the
significant increase in non-negative pixels and reduction in chl-

a value for turbid waters. (Hu et al. 1999) FIGURE 7.

2. SeaWiFS performance in TOTO and Florida shelf water using
the Carder et al. (1999) chl-a and CDOM algorithms were
checked. Chl-a retrieved using the SEADAS and Carder
algorithms were within 5% for Case 1 waters but for CDOM-
rich waters Carder results were within 25% of measured data
while SEADAS were high by as a factor of four (included in
Carder 1998 SIMBIOS final report). FIGURE 8a&b

Evaluation of SeaWiFS sensitivity to stray light at visible

wavelengths

Ship, SeaWiFS, and AVIRIS data were collected during April-May
in the Northwest Passage of the Tongue of the Ocean, Bahamas.
FIGURE 5. where SeaWiFS Rrs(555) values progressively
increased over deep water with proximity to the head of the
Passage. FIGURE 4. Rrs(555) values in the open waters 20 km
from the Passage were close to the Gordon and Clark (1981) clear
water values of 0.0015 (nLw(554).28 mw/cm2/um/ster);

Figure 6.

Atmospheric correction of SeaWiFS imagery:

assessment of alternative bands
Chuanmin Hu, Kendall L. Carder, Frank E. Muller-Karger
submitted toAppl. Opt.July 1999

Over uniform oligotrophic waters such as the Sargasso Sea, Band 6 performs better than Band 7fin terms o
retrieving homogeneous nLw_555 and chloroplaytiencentration, especially when perturbation exists in

the total signal, possibly caused by high-altitude aerosols or thin cirrus clouds (e.g., the vicinity of the
rectangular box). The cloud-detection algorithm in the default NASA algorithms (SeaDAS) doesn't detect
thin cirrus. Digitization-caused errors are also reduced by using Band 6 in the atmospheric correction. A
sample comparison for the SeaWiFS scene over the Sargasso Sea on April 4, 1998 is shown here. For this
location nLw_555 should be constant and ~0.27 @m¥[m™Sr*. Top: default nLw_555 (using Bands 7

and 8 in the atmospheric correction); Bottom: nLw_555 by using Bands 6 and 8 in the atmospheric
correction. Note that values larger than 0.5 are clouds, and values between 0.35 and 0.5 are likely thin
cirrus or cloud-adjacency effects, which are markedly reduced in the bottom figure vs. the top figure.
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Figure 7.

Atmospheric correction of SeaWiFS imagery over turbid coastal waters: a practical

method
Chuanmin Hu, Kendall L. Carder, and Frank Muller-Karger
submitted tARemote Sensing of Enviraiune 1999

The method applies “borrowed” aerosol type over coastal waters based on “nearest neighbor”. A sample
correction result for the SeaWiFS scene over the Northeast Gulf of Mexico on April 10, 1998 is shown
here. Top: default chlorophydl- concentration; Bottom: chlorophydl-concentration after the coastal
correction. Note that chlorophydi- concentration decreases in the coastal area, and areas with the
atmospheric-correction failure mask are often successfully recovered.
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Figure 9.

AVIRIS quicklook images at 500nm
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