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Radiometric and Polarimetric data inter-comparison for the POlarimeter DEfinition EXperiment (PODEX)
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In January and February of 2013, three polarimeters were flown on the high-altitude NASA ER-2 aircraft, which was based in Palmdale, California as
part of the POlarimeter DEfinition EXperiment (PODEX).The Airborne Multi-angle SpectroPolarimeter Imager (AirMSPI), Passive Aerosol and Cloud
Suite (PACS) and Research Scanning Polarimeter (RSP) all employ different methods to determine polarization. Furthermore, they have a variety of
spectral channels, spatial scales, measurement geometries and radiometric and polarimetric accuracies. All of these factors contribute to a sensor
design's ability to determine geophysical properties of relevance to the global climate. Field deployment of airborne instruments such as AirMSPI,
PACS and RSP provide valuable information for the development of future orbital instruments, such as the Aerosols-Clouds-Ecosystems (ACE)
mission described by the National Research Council's Decadal Survey. For example, the complex algorithms that retrieve aerosol and cloud optical
properties from polarimeters rely on realistic assessments of measurement uncertainty. We therefore compare the radiometric and polarimetric fidelity
of these instruments using simultaneously observed scenes from PODEX, with the ultimate goal of improving retrieval algorithms and guiding future

instrument design.

PODEX POlarimeter DEfinition EXperiment

PODEX involved ten flights of the NASA ER-2, carrying airborne prototypes of
three types of optical polarimeters. Although they have variable design
characteristics, these instruments are intended to determine climate relevant
properties of clouds, aerosols, ocean and land surfaces. Heritage of these
instruments include POLDER (CNES) and APS-Glory (which failed during
launch). They are also prototypes for potential future orbital instruments such
as the ACE and PACE missions of the Decadal Survey.

Scene Type AirMSPI | PACS | RSP | in situ observations
No cloud and few aerosols over ocean No
No cloud and few aerosols over land No
Aerosol over land
Aerosol over urban surface
Aerosol over ocean
High aerosol loading
Broken Clouds over ocean
Tropospheric clouds
Cirrus clouds over ocean
Cirrus clouds over land
Cirrus clouds over lower clouds

Airborne Multiangle SpectroPolarimetric
Imager (AirMSPI): Pushbroom imager that
- uses a photoelastic modulator based
; technique. Principal Investigator is David J.
Diner, Jet Propulsion Laboratory. See A24E-03
and A24E-04 at 4:30 and 4:45pm today, and
Diner et al. (2013).

Limited dataset available:
eosweb.larc.nasa.gov/project/airmspi/airmspi_table

Passive Aerosol and Cloud Suite (PACS):
Imager that uses Philips prisms to split into
polarized components. Principal Investigator is
J. Vanderlei Martins, University of Maryland,
Baltimore County. See A24E-07 at 5:30pm
today.

Data not yet availale for analysis

Comparison of instrument characteristics
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PODEX was based at the NASA Dryden Aircraft Operations Facility in Palmdale,
California. In addition to the three polarimeters described below, the ER-2 also flew
the Autonomous Modular Sensor (AMS), Cloud Physics Lidar (CPL) and the Solar
Spectral Flux Radiometer (SSFR). Flight paths are shown above. Some flights were
also coordinated with aircraft from the DISCOVER-AQ field campaign. These aircraft
deployed a variety of in situ sampling equiment. A table describing observed scenes is
shown at left.

Research Scanning Polarimeter (RSP): Scanner that uses
Wollaston prisms to split into polarized components. Was the
airborne prototype for the Aerosol Polarimetry Sensor on the
NASA Glory Mission. Principal Investigator is Brian Cairns,
NASA Goddard Institute for Space Studies. See A24E-05 and
A24E-06 at 5:00 and 5:15pm today, and Cairns et al., 2003,
Chowdhary et al, 2012 and Knobelspiesse et al., 2011.

Full dataset available:
wwwe-air.larc.nasa.gov/missions/discover-ag/podex-links.html
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angles . per pixel
accuracy 2 altitude
) o
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Polarimeter teams are busy analyzing data (see posters A21F-0111,  “ o/t AirMSPI areas of the
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calibration and validate the input to parameter retrieval algorithms. 'smear’ 'smear’
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RSP reflectances and Degree of Linear Polarization (DoLP) compared to the mean value of the same for all AirMSPI observations within the same RSP
footprint (left column) or a 25m subset or the RSP footprint (right column). DoLP is the ratio of polarized to total reflectance. Zenith and azimuth observation
angles for the comparison match. AirMSPI uncertainty estimates due to random noise are reduced by 1/v(n) according to the number of averaged pixels. A,E: South to
North track of observed reflectances, individual error bars as defined above. B,F: Scatterplot comparisons. Black dashed lines are AirMSPI + RSP 2 sigma
uncertainties, 95% should be within these bounds. C,G: Same as A,E for DoLP. D,H: Same as B,F for DoLP.

Full RSP footprint reflectance comparison, Monterey Bay, Feb. 3, 2013 25m footprint reflectance comparison, Monterey Bay, Feb. 3, 2013
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Conclusions

1. This analysis does NOT indicate which instrument is 'correct'.
2. AirMSPI and RSP reflectances agree within uncertainties. Comparisons of 25m to full footprint AirMSPI averages have no difference, indicating scene homogeneity.
3. Degree of Linear Polarizations do NOT agree within uncertainties:

- There is a systematic bias between channels, although the 660,670nm comparison is nearly reasonable.

- Higher spatial resolution AirMSPI| data appears to have a random error that is uncharacterized. This is worst for 865nm. Ongoing efforts hope to identify the
source of this uncertainty, and if it is present in different scene types.
4. Results call for unified polarimetric calibration techniques and cross-calibration efforts.
5. There is urgent need for full PACS and AirMSPI data availability.



