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As proposed

Coincident MISR data will be used to benefit MODIS-Terra atmospheric correction by:  

1. Improving aerosol model selection in the NIR with multi-angle observations
2. Refining reflected sun glint characterization with direct observations, and
3. identification of aerosol absorption with multi-angle glint observation. 

We will produce an improved MODIS-Terra atmospheric correction in the MISR footprint 
that is more successful, in a wider range of conditions, than the operational algorithm. 

Leveraging combined atmospheric (GSFC, JPL), instrument (GSFC MODIS, JPL MISR) and ocean color (GSFC) 
experience, and utilize the infrastructure of the GSFC OBPG.

Research algorithm for Section 2.2 of TASNPP call “Algorithms – New Data products” as part of the Ocean 
Biology and Biogeochemistry Measurements Science Team 
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1. Improving aerosol model selection in the NIR with multi-angle observations
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This is responsive to section 2.2 “Algorithms – New Data Products” of the Science of Terra, 
Aqua and Suomi NPP ROSES AO. Furthermore, this research should be part of the Ocean 
Biology and Biogeochemistry Measurements Science Team, which we would join if selected.  
 
In the next section of this proposal (Section 2), we will discuss background details of the MODIS 
and MISR instruments, followed by the heritage (operational) ocean color AC algorithm used by 
MODIS on Terra (Section 2.1), MISR retrieval algorithm (Section 2.2), and sun glint and its 
frequency of observation by MODIS and MISR (Section 2.3). After that we will make the case 
for combined MISR/MODIS AC, using an information content assessment (Section 2.4) and 
analysis of aerosol models (Section 2.5). Section 3 will cover our proposed work and technical 
approach, followed by a timeline and management plan (section 4). We will conclude by 
discussing the relevance of this proposal to NASA Earth Science Research Program (Section 5).            

 

2 Background(
The NASA Terra satellite, containing both MODIS and MISR instruments, remains operational 
following launch in 1999. While both instruments are passive, multi-spectral radiometers, they 
have different spectral characteristics, observation geometries, spatial resolutions, and swaths.  
 
Table 1 MODIS and MISR characteristics. *note listed MODIS channels are high signal-to-noise (SNR) 
“ocean color” channels only. Other channels could also be incorporated in the AC process, but their 
lower SNR must be considered.  
Instrument Channels (nm) View zenith angles (& labels) Swath width (km) 
MODIS 412, 443, 488, 531, 547, 

555, 667, 678, 748, 869* 
Nadir 2330 

MISR 447, 558, 672, 866 
 

Da: -70.5˚, Ca: -60˚, Ba: -45.6˚, 
Aa: -26.1˚, An: 0.0˚, Af: 26.1˚, Bf: 
45.6˚, Cf: 60˚, Df: 70.5˚ 

360 

 
In essence, MODIS is a wide swath instrument with spectral channels suited for ocean color 
remote sensing, while MISR has a more limited spectral range and swath width (entirely 
contained within the MODIS swath). The MISR multi-angle capability, however, is well suited 
for determining aerosol properties and resolving the nature of reflected sun glint.  
 
MODIS on Terra has been used to produce a suite of ocean color products since shortly after 
launch. While issues with the instrument calibration have limited its use as an independent ocean 
color data record for climate research (Franz et al. 2008), significant advancements utilizing 
cross calibration techniques have been developed within the MODIS Science Team and 
employed within the Ocean Science Investigation-base Processing System (SIPS) that make 
MODIS/Terra ocean color products consistent with the quality of the historical SeaWiFS and 
MODIS/Aqua record (Kwiatkowska 2008, Franz et al. 2012). We will use this operational 
MODIS/Terra calibration for our study, ensuring that MODIS data are optimized for ocean color. 
 
MISR’s multi-angle observations have been used to produce a suite of aerosol related products 
following the launch of Terra. Validation was performed soon after launch (Bruegge et al, 2002, 
2004), and have had periodic updates to calibration or other corrections (e.g. Limbacher and 
Kahn, 2014, 2015, 2017). Updated datasets are available at the NASA Langley Research Center 
Atmospheric Science Data Center (ASDC), which we will use for this research. 
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3.2  Generate(expanded(Look(Up(Table(
We will generate a new LUT, appropriate for use with MISR observations, based upon the 
aerosol models of Ahmad et al., 2010. Two versions will be created. LUTmatch will be created for 
MISR multi-angle geometries in the channel centered at 866nm. This table will be used to match 
observations to a physical state defined by the magnitude and quantity of aerosols and the sun 
glint pattern. Once a match is found, the corresponding physical state in LUTMODIS will be used 
to atmospherically correct MODIS TOA observations to determine Rrs (details in next section).   
 
The aerosol models in Ahmad et al., 2010 are largely derived based on the sun photometer 
observations of the Aerosol Robotic Network (AERONET) (Holben et al, 1998). Unlike Ahmad 
et al., 2010, which removed directly reflected sun glint from the table, we must explicitly include 
reflected sun glint. We will parametrize the glint using the azimuthally uniform mean square 
slope (MSS) of the ocean surface (see section 6.3 of Cox and Munk, 1954). Although the 
relationship between MSS and wind speed is nearly linear, we use MSS because it defines LGN 
and is unconnected from uncertainties associated with the MSS/wind speed relationship due. Of 
course, the retrieved MSS can be converted to wind speed as a validation tool. 

 
Because we are utilizing multi-angle 
observations including sun glint, we expect to 
have sensitivity to absorbing aerosols 
(Kaufman et al., 2002, Ottaviani et al., 2013) 
and nonspherical aerosols (Kalashnikova and 
Kahn, 2008). Based on these and other 
publications, and considering our IC results, 
we will assess the inclusion of additional 
aerosol models, possibly including spheroids 
as calculated in Dubovik et al., 2006.     
 
LUTmatch will be generated at 866nm, where 
ocean body contribution to the observed 
signal will be minimally small for most 
global observations. However, turbid (often 
coastal) regions can have a nonzero 
reflectance, which, because of multiple 

scattering, tends to be isotropic (Hlaing et al., 2012). We will take advantage of this 
characteristic, by allowing for an isotropic water body reflectance, which will be independently 
expressed in multi-angle observations compared to aerosol and glint.  
 
Ultimately, LUTmatch (and corresponding LUTMODIS) will have a dimension for aerosol model, 
another for AOT, a third for MSS, and a fourth for ocean turbidity !!"#$%&. This will also include 
consideration of terms present in equation (2) but not discussed in detail here, including gaseous 
absorption, Rayleigh scattering, and surface foam and whitecap reflection. Figure 7 explores 
LUTmatch with some of the Ahmad et al. 2010 aerosol models. Here, the TOA reflectance 
contribution for aerosol models with various values the Ångström coefficient, α, are plotted for 
one realization of the MISR observation geometry (excluding glint). α expresses the aerosol size 
distribution (larger values indicate smaller aerosols), but is defined as spectral slope of aerosol 

Figure 5 Aerosol reflectance contribution to the 
TOA reflectance at 865 nm for solar zenith angle = 
32˚, relative azimuth angle= 40˚/140˚ for relative 
humidity=80% and 10 aerosol types. Aerosol optical 
depth (AOD) for this simulation is 0.15.  

This shows that an aerosol
model can be determined with
a single wavelength if there are
multi-angle observations
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2. Refining reflected sun glint characterization with direct observations

Simulated glint coefficient map for a day, with overlay of a single orbit for MODIS (dark grey) and MISR (purple) ground observations. 
Magenta indicates regions whose geometry and wind speed information would generate ‘glint contaminated’ flag in standard MODIS 
processing, while other colors indicate glint reflectance that must be incorporated into an atmospheric correction. These values are only as 
accurate as the underlying wind speed data, but demonstrate the spatial extent of glint within observation swaths. 
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2.4  Information(content(assessment(

MISR and MODIS have contrasting characteristics, and are adept at retrieving different aspects 
of an observed scene. MODIS has high SNR channels at wavelengths chosen for optimal 
retrieval of in-water parameters such as Chl-a (see Table 1). MISR, on the other hand, has fewer 
channels, but observes at multiple viewing angles, appropriate for determining the aerosol optical 
properties at the heart of an AC. Furthermore, MISR observes a scene at both glint and glint free 
angles, which is particularly well suited for the determination of aerosol absorption and other 
optical properties (Kaufman et al., 2002, Ottaviani et al., 2013). To validate these claims, we 
have performed a small information content assessment, described in this section.  

 
We propose to combine the AC capability of MISR with the ocean color sensitivity of MODIS 
for coincident measurements from Terra. Combined retrievals of aerosol and ocean parameters 
have been performed with MISR (Limbacher et al., 2017) but excluded cameras observing 
reflected sun glint, a limitation. Multi-angle airborne polarimetric instruments such as the 
Research Scanning Polarimeter (RSP) and the Airborne Multiangle SpectroPolarimetric Imager 
(AirMSPI) have successfully performed simultaneous ocean and atmosphere retrievals 
(Chowdhary et al., 2005, Chowdhary et al., 2012, Xu et al., 2016), but those techniques have yet 
to be applied to orbital observations (and they utilized polarization). Hasekamp et al. 2011 used 
multi-angle polarimetric observations by the Polarization and Directionality of Earth 
Reflectances (POLDER) instrument to constrain aerosol properties, wind speed and direction, 

Based) on) a) Bayesian) information) content) assessment,) we) find) that) multi7angle) MISR)
observations) contain) more) AC) relevant) information) than) that) of) MODIS,) especially) if)
reflected) sun)glint) is)used.)MODIS)and)MISR)observations)perform)even)better) together,)
evidence)that)combining)data)in)a)retrieval)algorithm)is)promising.)))
 

Simulated TOA reflectances, Chl-a = 0.3; AOT(555nm)= 0.123
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Figure 4 (above) Characteristics of the 15 scenes used in the IC 
assessment. The middle scene (Chl:0.3, AOT:0.123) is in Figure 4.  

Figure 3 (below) TOA MISR reflectance 
for one of the simulations described in 
Figure 3. MISR camera angles are 
indicated by circles, where those 
unaffected by reflected sun glint are 
filled. At surface sun glint reflectance is 
indicated by the dashed line. 

2. Refining reflected sun glint characterization with direct observations

Glint affects 3+ MISR cameras for most
scenes. Rather than ingesting ancillary wind
data and screening to remove glint
‘contamination,’ we use it as part of our
retrieval process

Simulated TOA MISR reflectance. Camera angles are indicated 
by circles, those unaffected by reflected sun glint are filled. At 
surface sun glint reflectance is indicated by a dashed line. 
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speed (and direction) data (Gordon and Voss, 1999, Kay et al. 2009). Numerical weather models 
are the source of these data, which have their own uncertainties and are often at coarser spatial 
resolution than satellite observations. Figure 1 is an example of the frequency of sun glint for 
MODIS, showing the glint coefficient, LGN, based on NCEP (National Centers for Environmental 
Prediction) nowcasts and MODIS orbital geometry. LGN is a spectrally invariant normalized 
radiance, related to !!"(!) by !!" ! ≡ !! ! ! ! !!", where Fo is the extraterrestrial solar 
irradiance. In operational MODIS processing, pixels with LGN > 0.005sr-1 are masked as glint 
contaminated (indicated by magenta in Figure 1). This is a conservative masking, since LGN from 
ancillary data are inherently uncertain. In this scene, roughly 15% of ocean pixels have glint, and 
7% have LGN > 0.005sr-1. The presence of both increases at low latitudes.    
 
While the glint parameterization in Cox and 
Munk, 1954 has been shown to be robust, the 
accuracy of wind speed data used in this 
parameterization may be limited. Models have 
a coarser spatial resolution than ocean remote 
sensing measurement. Furthermore, local 
effects and ocean conditions may also impact 
the relationship between wind speed and glint 
(e.g. Ottaviani et al., 2012). 
 
In this regard, MODIS-Terra has a 
heretofore unexploited asset in coincident 
multi-angle MISR observations. MISR 
observes the sun glint in several cameras in 
nearly all portions of the world, and these 
observations can identify the sun glint 
without the need for ancillary data or wind 
speed dependent parameterization.  
 
Fox et al., 2007 demonstrated the use of MISR to observe glint and determine wind speed. When 
validating against moored ocean buoys from the National Data Buoy Center (NDBC), they found 
agreement “usually better” than 1.1 m/s. While this is encouraging, for our purposes we are 
unconcerned with the wind speed itself for anything more than as a convenient means to 
parameterize the sun glint. Our goal is to find the sun glint pattern with MISR so that !!"(!) can 
be determined for the MODIS geometry and spectral range. We performed an information 
content analysis (section 2.4) that shows even greater capability, although that assessment 
implies a simultaneous retrieval of all components of equation (2) using all MISR angles and 
channels, a different approach than that used by Fox et al., 2007. 
 
MISR observes the reflected sun glint in at least some of its cameras in most scenes. Figure 2 is 
an analysis of Cox and Munk, 1954 predicted isotropic glint reflectance for a day of MISR 
observations. Each observation number corresponds to the center swath geometry of a daytime 
MISR measurement. With a moderate wind speed of 5m/s, roughly 2-4 cameras observe glint in 
nearly all portions of the orbit. Observations without glint correspond to high latitudes. Greater 
wind speeds broaden the glint pattern, so that it more likely to be observed.    

Cox-Munk Glitter reflectance (no atmosphere) at 5.0 m/s
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Figure 2 Cox-Munk, 1954 derived surface glint 
reflectance (top) for a day of daytime MISR observation 
geometries (bottom). Colors in the top plot correspond 
to specific MISR camera angles, defined in Table 1. 
“Observation number” refers to a specific point within 
the simulated Terra orbital geometry, and there were 
roughly 120 daytime observations. 

Cox-Munk predicted surface glint reflectance for 2.5 MISR orbits. Colors 
correspond to specific MISR camera angles. “Observation number” 
refers to a specific point within the simulated Terra orbital geometry.
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2. Refining reflected sun glint characterization with direct observations

From Kaufman, Y. J., Martins, J. V., Remer, L. A., 

Schoeberl, M. R., & Yamasoe, M. A. (2002). Satellite 

retrieval of aerosol absorption over the oceans using 

sunglint. Geophysical Research Letters, 29(19).

The aerosol reflectance is defined as the difference
between the reflectance of the ocean/atmosphere system
with and without aerosols. Outside the glint, aerosol
increases the ocean brightness observed at the top of the
atmosphere. In the glint region, aerosol reduces the glint
brightness both through absorption and scattering of
reflected sunlight.
[10] The aerosol reflectance is sensitive to aerosol absorp-

tion in the glint while at off glint angles it is sensitive to
aerosol size distribution and real part of refractive index. A
change in the effective radius, !reff = 0.05 mm or a change
in the refractive index, !nr = 0.05, affects the aerosol
reflectance outside the glint, as much as a change in the
aerosol absorption optical thickness, !tabs = 0.03 (see
Figure 1). However, the aerosol reflectance inside the glint
is not sensitive to aerosol size or refractive index in this
case. This insensitivity is due to the compensation between
a change in the attenuation of the glint brightness and a
change in aerosol backscattering of sunlight to space. This
compensation may not take place for much different wind
speeds or aerosol size distributions.

3. The Remote Sensing Method

[11] Aerosol reflectance in the glint is affected both by
aerosol scattering and absorption. Aerosol scattering is
determined first from off glint measurements in the same
location. The technique is illustrated in Figure 2. The figure

shows two cross track scanning multi-wavelength polar-
imeters [Mishchenko and Travis, 1997]), called here POL1

and POL2. Polarization measurements from space are
shown to provide accurate aerosol scattering optical prop-
erties when a wide range of view directions is available
[Chowdhary et al., 2002]. In the Figure 2 configuration,
POL1 points always to the center of the glint and scans
through it, POL2 scans at 40! from the glint to see the
same spot a minute apart at an off-glint direction. Aerosol
properties are derived in the following method:
1. Aerosol scattering properties: In the off-glint direc-

tion, POL2 observes aerosols against the dark ocean using
polarization measurements in a wide spectral range (0.34–
2.1 mm). This information is used to derive the aerosol
scattering optical thickness, size distribution (distinguish-
ing dust from fine aerosol) and refractive index.
2. Glint reflectance: Glint spectral measurements at 1.6

and 2.1 mm are used to derive the glint reflectance in a
spectral region where fine mode aerosols are transparent
(see Figure 3). A model, validated using satellite measure-
ments in regions with very little aerosol, can be used to
relate the glint brightness in 1.6 or 2.1 mm to the 0.44–0.66
mm range. Thus we can remove the effect of sea surface
state on the variation in glint brightness. For dust, a similar
procedure is applied using 0.86 mm since dust, does not
absorb in this wavelength.
3. Aerosol absorption: The excess attenuation of the

glint by fine aerosol in the 0.44–0.66 mm range relative to
1.65 or 2.13 mm and the aerosol scattering properties
derived from off-glint, are used to derive the aerosol

Figure 1. Solar glint in Lago Maggiore, Italy on a pristine
day (June 14, 2001) overlaid by a plot of the calculated
aerosol reflectance - top of atmosphere reflectance differ-
ence with and without aerosols at 0.55 mm. Solar zenith
angle is 30!. Blue, red and orange lines are for increasing
aerosol absorption optical thickness, tabs for the same tscat.
Black lines are for varying optical thickness, effective
radius, Reff and refractive index nr. The aerosol reflectance
in the glint is robust against such changes in most aerosol
properties but sensitive to its absorption.

Figure 2. Solar glint over Lago Maggiore, Italy, June 27,
2001. The haze is urban pollution (optical thickness !1)
plus dust from the Sahara [Gobbi et al., 2000]. A
hypothetical spaceborne mission to measure aerosol absorp-
tion over the ocean consists of two pushbroom instruments
that scan across-track as the spacecraft moves along track:
one through the glint and one 40! off-glint.
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Information content of aerosol retrievals in the sunglint region

M. Ottaviani,1,2 K. Knobelspiesse,1,3 B. Cairns,1 and M. Mishchenko1

Received 8 November 2012; revised 27 December 2012; accepted 7 January 2013; published 13 February 2013.

[1] We exploit quantitative metrics to investigate the
information content in retrievals of atmospheric aerosol
parameters (with a focus on single-scattering albedo),
contained in multi-angle and multi-spectral measurements
with sufficient dynamical range in the sunglint region. The
simulations are performed for two classes of maritime
aerosols with optical and microphysical properties compiled
from measurements of the Aerosol Robotic Network. The
information content is assessed using the inverse formalism
and is compared to that deriving from observations not
affected by sunglint. We find that there indeed is additional
information in measurements containing sunglint, not just
for single-scattering albedo, but also for aerosol optical
thickness and the complex refractive index of the fine
aerosol size mode, although the amount of additional
information varies with aerosol type. Citation: Ottaviani, M.,
K. Knobelspiesse, B. Cairns, and M. Mishchenko (2013),
Information content of aerosol retrievals in the sunglint region,
Geophys. Res. Lett., 40, 631–634, doi:10.1002/grl.50148.

1. Introduction

[2] While the radiative forcings exerted by some atmo-
spheric constituents (such as greenhouse gases) are known
with satisfactory accuracy, the role of aerosols bears uncer-
tainties so large that they prevent climate models from
running at the desirable accuracy [Hansen et al., 2011;
Penner et al., 2011; Loeb and Su, 2010]. The impact of aero-
sol particulates is indeed complex and includes both direct
and indirect effects, leading to positive and negative forcings
via a myriad of feedback mechanisms. Direct effects are
mostly determined by the microphysical properties, which
govern the ratio between absorption (leading to positive
feedback or warming) and scattering (leading to cooling
when radiation is reflected back to space) of electromagnetic
radiation. Highly reflecting sulfate aerosols can originate
from volcanic eruptions [Bates et al., 1992] and fossil fuel
combustion [Smith et al., 2001] or within the silicates which
predominantly contribute to the composition of dust raised
by sandstorms [Wagner et al., 2012]. Carbonaceous particu-
lates, originating from biomass, biofuel, and fossil fuel burn-
ing, are characterized instead by non-negligible absorption
[Moosmüller et al., 2009], and much emphasis has recently
been placed on the uncertainty associated with the efficiency
of this specific process [Andreae, 2001].

[3] The parameters of importance in aerosol retrieval are
the column optical thickness, the effective radius and vari-
ance, and the complex refractive index. The typical bimodal
nature of aerosol populations requires these parameters to be
determined for both modes. The overall situation is further
complicated by the extensive variability of aerosol distribu-
tion, deriving from regional emission sources and from the
vertical assortment linked to the dynamics of transport pro-
cesses [Seinfeld et al., 1998].
[4] A decade ago, Kaufman et al. [2002] hypothesized that

sunglint, the strong signal caused by reflection of sunlight
from water surfaces, could be exploited to improve the retrie-
vals of aerosol absorption. The strategy envisioned the exploi-
tation of off-glint regions to constrain the scattering properties
of the aerosol, especially feasible if polarimetric measurements
are available [Mishchenko and Travis, 1997], together with
direct transmittance measurements at the center of the glint,
where the higher signal-to-noise ratio would arguably benefit
the estimate of extinction. Despite the efforts to improve the
description of the sunglint phenomenon [Kay et al., 2009],
and include it in radiative transfer codes as a boundary condi-
tion [Ottaviani et al., 2008], a rigorous assessment of the fea-
sibility of improved retrievals in glint regions is still missing.
Because of this, and the lack of sufficient dynamical range, a
wealth of satellite observations is systematically discarded. A
clear example concerns the ocean color community, since each
composite image of global chlorophyll concentration exhibits
periodic, wide latitudinal swaths of missing data.
[5] Inverse methods are most general and can be applied to

the widest class of retrievals. Well-established inversion
schemes [Rodgers, 2000], to predict the uncertainty of param-
eters retrieved from an observation of given characteristics
(spectral range, radiometric uncertainty, etc.), have been used
to test the retrieval capability of multi-angle, multi- and hyper-
spectral, and polarimetric instruments [Rodgers and Connor,
2003; Lebsock et al., 2007; Hasekamp and Landgraf, 2007;
Waquet et al., 2009; Hasekamp, 2010; Knobelspiesse et al.,
2011;Coddington et al., 2012]. Adhering to the implementation
ofKnobelspiesse et al. [2012], who compared contemporary in-
strument designs for the retrieval of fine mode aerosol proper-
ties, we investigate the potential value of measurements taken
within the sunglint region.

2. Methodology

[6] The act of measurement always introduces some
noise e in the relation linking the n-dimensional state
vector of a system x to an m-dimensional measurement
vector y=F(x) + e, where F is the forward model which
describes the knowledge of the measurement process
and the physics of the problem (which may be imper-
fect). The forward model can often be locally linearized
about a reference state x0:

1NASA Goddard Institute for Space Studies, New York, New York,
USA.

2Stevens Institute of Technology, Hoboken, New Jersey, USA.
3NASA Postdoctoral Program, Oak Ridge, Tennessee, USA.
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“We find that there indeed is additional information in 

measurements containing sunglint, not just for single-

scattering albedo, but also for aerosol optical thickness 

and the complex refractive index of the fine aerosol 

size mode…”



3. identification of aerosol absorption with multi-angle glint observation. 
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and a simple model for the in-water contribution to reflected light. None of these important 
efforts, however, have created an atmospherically corrected Rrs product at wavelengths sufficient 
to address optically complex waters. In the remainder of this subsection, we will make the case 
that the information required to do so exists within the joint MISR/MODIS observations on 
Terra, and is ripe for use in a retrieval algorithm. We used a Bayesian information content (IC) 
assessment technique, described in Rodgers, (2000), and implemented for aerosol remote sensing 
by Knobelspiesse et al., (2012). This requires simulated observations, and so we are subject to 
the realism of such simulations. When designed properly, however, IC assessments can provide 
valuable input to measurement system design, especially for relative comparisons between 
instruments. IC assessment connects the measurement uncertainty of a measurement to predicted 
parameter retrieval uncertainty by the use of a forward model, from which observational 
sensitivity to parameter perturbations is calculated. Our radiative transfer model was developed 
at the NASA Goddard Institute for Space Studies (GISS) and uses the doubling and adding 
approach (Knobelspiesse et al., 2012). This model uses chl-a to define the optical properties of 
the ocean body (Chowdhary et al., 2012), an appropriate simplification if the assessment is 
restricted to AC ability. We simulated a maritime aerosol defined by Smirnov et al., (2002) at 
five optical thicknesses over an ocean with three values of chl-a concentration, for total of fifteen 
simulated scenes. Simulation details are described in Figure 3, and a sample simulation for MISR 
observations is in Figure 4. The sun-sensor relative azimuth angle in these scenes is 45˚, meaning 
observations are largely beyond the center of the sun glint geometry, and yet some influence of 
glint can be seen in three of the nine MISR view angles. Measurement uncertainty was calculated 
to be consistent with a post-vicarious calibration systematic uncertainty of 0.1% for both MODIS 
and MISR, and an SNR of 1000 for MODIS, 150 for MISR.  

To avoid the arbitrary limitations of an algorithm design, our IC presumes a simultaneous 
retrieval of all scene parameters. We chose 12 free parameters: AOT and complex refractive 
index for two aerosol size modes, Chl-a concentration, and wind speed. Our IC can produce 
three types of metrics: individual uncertainty estimates for each parameter, uncertainty estimates 
for parameters derived from some combination of the free parameters, and the Degrees of 
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2.4  Information(content(assessment(

MISR and MODIS have contrasting characteristics, and are adept at retrieving different aspects 
of an observed scene. MODIS has high SNR channels at wavelengths chosen for optimal 
retrieval of in-water parameters such as Chl-a (see Table 1). MISR, on the other hand, has fewer 
channels, but observes at multiple viewing angles, appropriate for determining the aerosol optical 
properties at the heart of an AC. Furthermore, MISR observes a scene at both glint and glint free 
angles, which is particularly well suited for the determination of aerosol absorption and other 
optical properties (Kaufman et al., 2002, Ottaviani et al., 2013). To validate these claims, we 
have performed a small information content assessment, described in this section.  

 
We propose to combine the AC capability of MISR with the ocean color sensitivity of MODIS 
for coincident measurements from Terra. Combined retrievals of aerosol and ocean parameters 
have been performed with MISR (Limbacher et al., 2017) but excluded cameras observing 
reflected sun glint, a limitation. Multi-angle airborne polarimetric instruments such as the 
Research Scanning Polarimeter (RSP) and the Airborne Multiangle SpectroPolarimetric Imager 
(AirMSPI) have successfully performed simultaneous ocean and atmosphere retrievals 
(Chowdhary et al., 2005, Chowdhary et al., 2012, Xu et al., 2016), but those techniques have yet 
to be applied to orbital observations (and they utilized polarization). Hasekamp et al. 2011 used 
multi-angle polarimetric observations by the Polarization and Directionality of Earth 
Reflectances (POLDER) instrument to constrain aerosol properties, wind speed and direction, 

Based) on) a) Bayesian) information) content) assessment,) we) find) that) multi7angle) MISR)
observations) contain) more) AC) relevant) information) than) that) of) MODIS,) especially) if)
reflected) sun)glint) is)used.)MODIS)and)MISR)observations)perform)even)better) together,)
evidence)that)combining)data)in)a)retrieval)algorithm)is)promising.)))
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Figure 4 (above) Characteristics of the 15 scenes used in the IC 
assessment. The middle scene (Chl:0.3, AOT:0.123) is in Figure 4.  

Figure 3 (below) TOA MISR reflectance 
for one of the simulations described in 
Figure 3. MISR camera angles are 
indicated by circles, where those 
unaffected by reflected sun glint are 
filled. At surface sun glint reflectance is 
indicated by the dashed line. 
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4 Timeline(and(management(plan(
We have assembled a team with ample experience to accomplish our objectives. Kirk 
Knobelspiesse, the PI, has extensive experience with radiative transfer, information content 
assessment, and algorithm development, in particular for multi-angle remote sensing of aerosols. 
He is the polarimeter lead for the PACE Project Science Team, coordinator of the ACE 
(Aerosol/Cloud/Ecosystems) Polarimeter Working Group, and has worked at both NASA GISS 
and NASA Ames Research Center before returning to NASA Ocean Ecology Laboratory (OEL) 
at GSFC, where he started his scientific career deploying instruments that validate AC. He will 
provide oversight of the project and will lead the completion of many key research components. 
Amir Ibrahim, a co-I, will play a significant role in many tasks. He is also a member of the 
OEL, and has significant radiative transfer experience with oceanic hydrosols and AC. Ziauddin 
Ahmad has decades of radiative transfer and remote sensing experience, and currently has the 
role of generating and maintaining LUT’s for the OBPG. He will have the same role in this 
effort. Sean W. Bailey has two decades of experience in the OEL, and currently serves as the 
Deputy Manager of the Ocean Biology Distributed Active Archive Center (OB.DAAC) among 
other roles. He is also the co-creator of ocean color algorithms that account for sun glint, NIR 
water body reflectance, and protocols for data product validation. Bryan A. Franz has more than 
two decades of experience in the OEL, currently serving as assistant chief of the laboratory. He 
is the Ocean Discipline Lead for the MODIS Science Team, and leads the development of the 
Science Data Segment for the PACE Mission. He leads the ocean calibration and validation 
efforts for MODIS (and other instruments), and develops AC and bio-optical inversion 
algorithms. Michael J. Garay is a member of the MISR Science Team at the Jet Propulsion 
Laboratory (JPL), dealing with algorithm development, testing and validation for MISR aerosol 
and cloud retrievals. He also has expertise with multi-instrument data fusion. He will guide the 
team in proper use of MISR data, and its fusion with MODIS observations. Robert C. Levy is a 
member of the Climate and Radiation Laboratory at NASA GSFC, and is the ‘dark target’ 
MODIS aerosol algorithm lead. He will manage the use of MODIS data and provide insight from 
the aerosol remote sensing community. Finally, we will be supported by a programmer within 
the OEL who will help with software development, testing and large scale implementation for 
our research project. All work (excluding activities by M. Garay) will be performed at NASA 
GSFC. Olga Kalashnikova, an unfunded collaborator, will offer support and review in her role 
as MISR scientist at JPL. Table 2 describes the schedule for accomplishing proposed research. 
Regular teleconferences and meetings will be held to ensure timely completion.  
 
Table 2 Timeline and management plan. Boldface initials indicate primary responsibility, unmodified team 
membership, and italics consulting/review. Initials are: KK- Kirk Knobelspiesse; AI: Amir Ibrahim; ZA: Ziauddin 
Ahmad; SB: Sean Bailey; BF: Bryan Franz; MG: Michael Garay; RL: Robert Levy; P: programmer, t: entire team 
OK: Olga Kalashnikova (note collaborator status, no responsibilities other than consulting/review). 

 Year 1 Year 2 Year 3 
Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 

3.1 Expand IC assessment             
3.1.a expand geometries, wind speeds KK, t           
3.1.b expand simulation aerosol models KK, t          
3.1.c merge into global assessment tool  KK, AI, t         
3.2 Generate expanded LUT             
3.2.a Incorporate sun glint into LUT  AI, ZA, KK, SB, BF        
3.2.b Incorporate absorbing and non-   KK, AI, ZA, SB, BF       
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spherical aerosol models into LUT 
3.2.c Incorporate NIR water body 
reflectance into LUT   AI, KK, ZA, SB, BF       

3.2.d generate LUTmatch    ZA, AI, KK, P, t      
3.2.e generate LUTMODIS    ZA, AI, KK, P, t      
3.3 Create AC algorithm             
3.3.a make MISR extraction, screening and 
correction routines to generate !!(!)c    MG, SB, P, KK, 

AI       

3.3.b create routine that identifies best 
LUTmatch to MISR(866nm)     AI, KK, P, t, OK     

3.3.c make MODIS extraction, screening 
and correction routines to generate !!(!)c    RL, BF, P, KK, 

AI       

3.3.d make routine for MODIS atmospheric 
correction      KK, AI, P, t, OK     

3.3.e investigate use of MISR VIS channels 
for iterative AC improvement       KK, AI, t, OK    

3.3.f generate uncertainty metrics      KK, AI, t    
3.4 Spatial integration       RL, MG, P, t    
3.5 Validation             
3.5.a Matchups SeaBASS, AERONET OC       AI, KK, SB, BF, t   
3.5.b Comparison to IC assessment       KK, AI, SB, BF, t   
3.5.c Update LUT, AC based on findings       KK, AI, SB, BF, t   
3.6 Assessment, publication and data 
dissemination             

3.6.a publication, presentation    KK, AI, t    KK, AI, t 
3.6.b archival, posting of results online         SB, KK, AI, BF, t 
 

5 Relevance(to(ROSES(A.37(and(NASA(Earth(Science((
This proposal is in response to NASA’s 2017 Research Opportunities in Space and Earth 
Sciences (ROSES) solicitation, Appendix A.37 (The Science of TERRA, AQUA and SUOMI 
NPP, TASNPP), specifically to section 2.2 “Algorithms – New Data Products” (although this 
could also be responsive to 2.1.1 “Multi-Platform and Sensor Data Fusion”. We have designed 
this research to address multiple science questions and the requirements contained in the 
solicitation. We propose to use MISR to atmospherically correct MODIS ocean color 
observations, creating a research evaluation product with the potential to improve the following 
EOS ocean data products: Remote Sensing Reflectance, Aerosol Optical Thickness, Aerosol 
Angstrom Exponent, and indirectly improving (via more accurate Remote Sensing Reflectance) 
Chlorophyll a concentration, Diffuse attenuation, Phytosynthetically Available Radiation, etc. 
 
These improved data products will lead to enhanced ability to meet NASA’s Earth science goals, 
including knowledge of Earth as a system undergoing environmental change. We will do so by 
merging MISR and MODIS data from Terra, launched nearly 17 years ago. This data merger, 
which has not been attempted in this manner for Ocean Color purposes, can also serve as a 
foundation for future missions such as the Plankton, Aerosol, Cloud, ocean Ecosystem (PACE) 
mission. PACE is planned to have a high SNR spectrometer for Ocean Color observations, and 
possibly a secondary multi-angle polarimeter. Our AC technique could ultimately serve as a 
model for how multi-angle polarimeter observations could be used to atmospherically correct 
observations by other onboard instruments.   

KK: Kirk Knobelspiesse, PI, NASA GSFC Ocean 
Ecology Laboratory
AI: Amir Ibrahim, co-I, NASA GSFC Ocean Ecology 
Laboratory
ZA: Ziauddin Ahmad, co-I, NASA GSFC Ocean 
Ecology Laboratory
SB: Sean Bailey, co-I, NASA GSFC Ocean Ecology 
Laboratory
BF: Bryan Franz, co-I, NASA GSFC Ocean Ecology 
Laboratory
MG: Michael Garay, co-I, JPL
RL: Robert Levy, co-I, NASA GSFC Climate and 
Radiation Laboratory
P: programmer Joel Gales, NASA GSFC Ocean 
Ecology Laboratory
t: entire team
OK: Olga Kalashnikova collaborator, JPL



Progress so far…

Information content assessment using ’Rodgers’ formalism, e.g.
Knobelspiesse, K., Cairns, B., Mishchenko, M., Chowdhary, J., Tsigaridis, K., van 
Diedenhoven, B., Martin, W., Ottaviani, M. and Alexandrov, M., 2012. Analysis of 
fine-mode aerosol retrieval capabilities by different passive remote sensing 
instrument designs. Optics express, 20(19), pp.21457-21484. 
https://doi.org/10.1364/OE.20.021457

Need to expand to wider range of aerosol types (including dust, 
absorbing aerosols), turbid oceans and more realistic MISR 
geometries. 

Also considering GEneralized Nonlinear Retrieval Analysis 
(GENRA) technique, e.g.
Coddington, O., Pilewskie, P. and Vukicevic, T., 2012. The Shannon information 
content of hyperspectral shortwave cloud albedo measurements: Quantification 
and practical applications. Journal of Geophysical Research: 
Atmospheres, 117(D4).
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and a simple model for the in-water contribution to reflected light. None of these important 
efforts, however, have created an atmospherically corrected Rrs product at wavelengths sufficient 
to address optically complex waters. In the remainder of this subsection, we will make the case 
that the information required to do so exists within the joint MISR/MODIS observations on 
Terra, and is ripe for use in a retrieval algorithm. We used a Bayesian information content (IC) 
assessment technique, described in Rodgers, (2000), and implemented for aerosol remote sensing 
by Knobelspiesse et al., (2012). This requires simulated observations, and so we are subject to 
the realism of such simulations. When designed properly, however, IC assessments can provide 
valuable input to measurement system design, especially for relative comparisons between 
instruments. IC assessment connects the measurement uncertainty of a measurement to predicted 
parameter retrieval uncertainty by the use of a forward model, from which observational 
sensitivity to parameter perturbations is calculated. Our radiative transfer model was developed 
at the NASA Goddard Institute for Space Studies (GISS) and uses the doubling and adding 
approach (Knobelspiesse et al., 2012). This model uses chl-a to define the optical properties of 
the ocean body (Chowdhary et al., 2012), an appropriate simplification if the assessment is 
restricted to AC ability. We simulated a maritime aerosol defined by Smirnov et al., (2002) at 
five optical thicknesses over an ocean with three values of chl-a concentration, for total of fifteen 
simulated scenes. Simulation details are described in Figure 3, and a sample simulation for MISR 
observations is in Figure 4. The sun-sensor relative azimuth angle in these scenes is 45˚, meaning 
observations are largely beyond the center of the sun glint geometry, and yet some influence of 
glint can be seen in three of the nine MISR view angles. Measurement uncertainty was calculated 
to be consistent with a post-vicarious calibration systematic uncertainty of 0.1% for both MODIS 
and MISR, and an SNR of 1000 for MODIS, 150 for MISR.  

To avoid the arbitrary limitations of an algorithm design, our IC presumes a simultaneous 
retrieval of all scene parameters. We chose 12 free parameters: AOT and complex refractive 
index for two aerosol size modes, Chl-a concentration, and wind speed. Our IC can produce 
three types of metrics: individual uncertainty estimates for each parameter, uncertainty estimates 
for parameters derived from some combination of the free parameters, and the Degrees of 

Rrs uncertainty, Chl-a = 0.3; AOT(555nm)= 0.123
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Figure 5 Rrs uncertainty estimate after atmospheric 
correction for MODIS (black), MISR not including glint 
(blue), all MISR angles (green) and all MISR and MODIS 
data together (red). 

Figure 6 DFS as a function of simulated AOT for 
the same simulated instruments as Figure 5. 
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What geometric grid in LUT is needed to fully 
capture glint patterns?

What parameter spacing in LUT is required?

How to best manage potential MISR calibration 
and other sources of uncertainty (such as 
ghosting)

Is MISR polarization sensitivity an issue for 
bright, polarized glint?

Are we sensitive to change in glint shape due 
to aerosol size and magnitude?

How useful is the glint to the overall retrieval?

Things to investigate

Direct 
Sun 
Glint, 
Camera: 
DA



We’ve given ourselves a name: 
MODIS Ocean Color with MISR Atmospheric Correction MOCMAC

Thanks!


