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Introduction

Abstract:

The National Polar-orbiting Operational Environmental Satellite
System [NPOESS] is being developed to replace the current
NOAA Polar Orbiting Environmental Satellite (POES) and the
DoD Defense Meteorological Satellite Program (DMSP)
systems. The instruments generally will represent significant
improvements over the current operational sensors. For
example the Visible-IR Imager Radiometer Suite [VIIRS] with
22 channels will be replacing the 6-channel Advanced Very
High Resolution [AVHRR] on the POES system and the 2-
channel Operational Linescan System [OLS] on the DMSP
system. Measurements of the atmospheric aerosols from
NPOESS, will come from the VIIRS instrument. VIIRS has 22
spectral bands including 16 radiometric bands plus 5 imaging
bands and a day-night band. The aerosol related
Environmental Data Records (EDRs) will be derived primarily
from the radiometric channels covering the visible through the
short-wave infrared spectral regions (412 to 2250 nm). The
primary aerosol products will be the aerosol optical thickness,
the aerosol particle size parameter, and the identification of
suspended matter. These aerosol products and their derivation
will be described including recent updates to the retrieval
algorithms due to changes in the NPOESS System
Specification. Pre-launch estimations of on orbit performance
have been derived using MODIS measurements to simulate
the radiances measured by VIIRS, comparing the retrieved
aerosol properties with AERONET match-up data. Results
over both land and ocean will be included.

AOT Requirements:

Aerosol optical thickness (AOT), for this EDR, is defined as the
extinction (scattering + absorption) optical thickness of the
vertical column above the geolocation of the horizontal cell in a
narrow band about the specified wavelength. Optical thickness
(tau) is related to transmission by t = exp (-tau).

Overview of the AOT Algorithm

Core Ocean AOT Inversion:

Following the MODIS approach, TOA reflectance is modeled
as the sum of the TOA reflectances from the fine mode and
coarse mode aerosols:

Data Screening:

The following conditions are screened out using information
provided by the VIIRS Cloud Mask and internal tests in the
AOT code.

Land: Clouds, cloud edges, cloud shadows, snow / ice, arid
surfaces and sub-pixel water

Ocean: Clouds, cloud edges, cloud shadows, sea ice and
shallow / turbid water

Core Land AOT Inversion:

Following the MODIS approach for retrieval of aerosol over
Land, the surface reflectance in the red (672 nm) and blue
(488 nm) bands is estimated from the TOA reflectance in the
2.25 pm band, enabling simultaneous retrieval of the AOT and
aerosol model. First, solve the Lambertian surface reflectance
equation for AOT using TOA reflectance in 488 nm band:

Then, solve the bi-directional surface reflectance equation for
AOT (6S approximation) using the TOA reflectance in the 12.4
pm band

For each ocean model combination solve for the TOA
reflectances in the .672, .865, 1.61 and 2.25 pm bands using
the AOT derived from the 1.24 pm band and compute the
residual:
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Then, for each aerosol model, solve for TOA reflectance at
672 nm using AOT derived from 488 nm band. Select the
model with best match to observe TOA 672 nm reflectance.

Select ocean model combination with the lowest residual.

Testing with AERONET Match-up Data

MODIS / AERONET match-up data and analysis
methodology provided by the MODIS Aerosol Validation
website. High quality MODIS data is aggregated in a 5x5
cell centered on the AERONET site 5 out of 25 valid
retrievals are required for a valid match-up. Quality
controlled (L1.5) AERONET retrievals are averaged from
+/-30 minutes from the MODIS overpass. AERONET
retrievals at 440 nm and 870 nm are interpolated linearly in
log space to the MODIS AOT retrieval wavelengths (470
nm, 550 nm and 660 nm over land and 470 nm, 550 nm,
660 and 870 nm over ocean). High quality VIIRS AOT
EDR retrievals are aggregated to the same 5x5 cell. 5 out
of 25 valid retrievals are required for a valid match-up. 55
granules of MODIS data processed through the VIIRS
Aerosol algorithm producing 311 valid match-ups over land
and 87 valid match-up over ocean.

Recent Enhancements to the AOT Algorithm

Incorporated MODIS turbid water test over ocean

Using VIIRS Cloud Mask Heavy Aerosol flag to process heavy
aerosols previously identified as clouds

Using VIIRS Cloud Mask Volcanic Ash flag to correctly identified
volcanic ash for the Suspended Matter EDR

Horizontal Cell Size changed to 6 km (nadir)
>8x8 moderate resolution pixel aggregation
>Same HCS over both land and ocean
»Improved spatial resolution compared to MODIS
Screen outliers prior to aggregation of EDR
All quality flags have been updated to reflect the new logic

Performance Results from AERONET Match-up Data
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performance of the MODIS Aerosol Product. Since the NPOESS
System Specification requirements are based on MODIS
demonstrated performance, it is expected that the VIIRS AOT
product has a reasonable probability of achieving requirements.
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Testing with Selected MODIS Granules

The VIIRS AOT EDR was compared to the MODIS Collection 5
Aerosol Product for a set of five granules. The aggregate
statistics were used to generate the following scatter plots and
APU plots.
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Conclusions

Comparison of the VIIRS AOT retrievals with AERONET match-up
data and the MODIS Collection 5 Aerosol product shows significant
agreement. The match is not good enough to conclude with
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