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Reduction of skylight reflection effects in the above-water measurement of diffuse marine reflectance: comment
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Raytheon ITSS Co., 4500 Forbes Blvd., Lanham MD 20706

Abstract

Using a vertical polarizer has been suggested to reduce the effects of surface reflection in the above-water measurements of marine reflectance1. We suggest using the similar technique for airborne or spaceborne sensors, when the atmospheric scattering adds its own polarization signature to the upwelling radiance. The theoretical sensitivity study supports the recommendation of Fougnie et al.1  (40o -50o vertical angle and azimuth angle near 135o, polarizer parallel to the viewing plane) for the case of above-water measurements. However, the optimal viewing directions (and the optimal orientation of the polarizer) change with altitude above sea surface, solar angle and atmospheric vertical optical structure. The polarization efficiency function is introduced, which shows the maximal possible polarization discrimination of the background radiation for an arbitrary altitude above the sea surface and solar angle. Our comment is aimed to encourage broader application of airborne and spaceborne polarization sensors in remote sensing of water and sea surface properties.

We enjoyed reading the recent paper by Fougnie et al.1 and comparing their findings with our own experience in this area. We agree with the conclusion on p. 3855 that  “reflected skylight in the field of view of a radiometer viewing an ocean surface from above can be reduced substantially by using a vertical polarizer ..”.  However, the study was restricted to the case of a vertical polarizer because the authors limited their interests to the above water measurements (typically from a ship or pier), where only sea surface reflected photons contribute to background radiation. When similar measurements are conducted from airborne platforms (even at ~100 meters above the ocean surface) the atmospheric scattering adds its own signature to the polarization of the upward radiance2. Therefore, the advantage of vertical polarization is quickly reduced with increasing observational altitude. 

The polarization reduction of background radiation can be also recommended for airborne and spaceborne sensors by allowing arbitrary direction of the polarizer3. Let us define the water leaving radiance as a useful signal while all other components of the upward radiance (including atmospheric contribution) as a background. We wish to determine the viewing direction and polarizer orientation that provide the maximal improvement in signal-to-background ratio (S/B) for a given sensor altitude. To solve this problem we introduce the polarization efficiency function3, ((n):
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where (  and (0 are the S/B ratios with and without polarizer at altitude H, n is the unit vector, which depends on the vertical (() and azimuth (() viewing angles n=n((,(),  (m(n) is the optimal direction of the polarizer (( is the angle between polarizer’s transmittance plane and the vertical viewing plane and (m(n) is the angle which provides the greatest S/B ratio for a specific viewing direction), and n0m is the optimal viewing direction without  polarizer (i.e. the direction for which unpolarized S/B ratio is the greatest:(0(n0m)=max((0(n)) ). The value of ( explicitly shows the maximal improvement in S/B ratio for any viewing direction and altitude. The viewing directions, nm, with maximal ( values can be considered for conducting polarization measurements. The final directions should be refined by requiring low variability of ( with respect to measurement uncertainties (errors in viewing direction, uncertainty in atmospheric parameters, etc.).  


The polarization efficiency function was theoretically studied with a low-parametric computational model describing propagation of visible polarized radiation in the atmosphere-ocean system2-4. The radiation field in the Earth’s atmosphere is described by the Stokes vector Si (i=1-3), which satisfies the vector radiative transfer equation (RTE) for the plane-parallel atmosphere. The boundary condition at the bottom of the atmosphere includes parameterizations for the rough sea surface reflection5 and polarized diffuse scattering by seawater.  The numerical solution for RTE is obtained using Gauss-Seidel iteration method6,2. An important feature of our model is the ability to account for linear polarization of radiance backscattered by the water body. The model was verified by comparison with the ship measurements of the angular dependence of the degree of polarization4. The input parameters of the model are: (1) aerosol optical thickness, (a, and vertical distribution; (2) surface wind speed V, (3) diffuse marine reflectance, (, (4) maximal value of degree of polarization of the radiance diffusely scattered by seawater, P(90o) and the angular dependence of the Muller matrix element D21 for seawater, (5) solar zenith angle, (0 , (6) wavelength, (.

Figure 1 shows the calculated angular distribution of ((n) just above the ocean surface3, when only photons reflected from the sea surface contribute to background radiance.  The maximal values of ((n) for vertical polarization ((m(n) =0o) over the region of Brewster angle (40o-50o) and solar azimuth angles >900 are reached in agreement with the statement (Ref. 1, p.3847): “Using a polarizer and measuring at a 45o viewing zenith angle, however, one reduces the skylight reflection and glitter effects by factors of 3-4, depending on solar zenith angle”.  Figure 2 shows a similar angular distribution of ((n) at the top of the atmosphere, when the largest contribution to the background comes from the atmospheric backscattering. Here, too, using a polarizer one can increase the S/B ratio, but its orientation should be parallel to the primary scattering plane (including solar and viewing directions). The optimal viewing directions depend on the solar zenith angle and differ from those just above the ocean surface (Fig. 1). Comparison of figures 1 and 2 makes it clear that the ((nm) should change with height of the observation: not only the maximum value of ( but also the optimal viewing direction and polarizer’s orientation. Our previous calculations3 have shown that ( decreases with height in the boundary layer due to contribution of weakly polarized atmospheric haze ((~ 1.2 - 1.3 for H~0.2-1km), but increases again at larger altitudes due to increased contribution of molecular scattering. Thus, the optimal viewing directions depend on the solar zenith angle and atmospheric vertical optical structure.

Measurements of the polarization characteristics of the radiation (degree and direction of polarization) clearly adds more information in remote sensing of water and surface properties3,7-10. We would like to encourage further studies in this field. This new area of research has become practically important with the development of new sensors such as POLDER9 capable of measuring polarization characteristics of the radiation10. 
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Figure captions

Fig. 1. The angular distribution of the polarization efficiency function (1) (((,() just above the ocean surface for solar zenith angle (o =60o (left) and (o =25o (right), (=450nm, P(90o)=0.2,  wind speed 5m/s, aerosol optical thickness 0.25 at 450nm. Solar azimuth (=0o corresponds to the forward reflection and azimuth (=180o corresponds to backward reflection. 

Fig. 2. Same as Fig. 1 but for observations at the top of the atmosphere.
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