Lecture 7.
Applications of passive remote sensing using extinction and scattering:
remote sensing of aerosols in the solar spectrum
1. Principles of aerosol retrievals from passive remote sensing.
2. Examples: aerosol retrievals from MODIS and MISR.

Additional reading:
(“required reading” for students who use MODIS or MISR aerosol products in their class project)

MODIS (http://modis.gsfc.nasa.gov/)

http://modis-atmos.gsfc.nasa.gov/MOD04_L2/index.html

Levy, R. C., Mattoo, S., Munchak, L. A., Remer, L. A., Sayer, A. M., and Hsu, N. C.:
The Collection 6 MODIS aerosol products over land and ocean, Atmos. Meas. Tech.
Discuss., 6, 159-259, doi:10.5194/amtd-6-159-2013, 2013.
http://www.atmos-meas-tech-discuss.net/6/159/2013/amtd-6-159-2013.html

Remer, L. A., Mattoo, S., Levy, R. C., and Munchak, L.: MODIS 3 km aerosol product:
algorithm and global perspective, Atmos. Meas. Tech. Discuss., 6, 69-112,
doi:10.5194/amtd-6-69-2013, 2013.
http://www.atmos-meas-tech-discuss.net/6/69/2013/amtd-6-69-2013.html

MISR (http://www-misr.jpl.nasa.gov/,
http://eosweb.larc.nasa.gov/PRODOCS/misr/table_misr.html

MISR data and ATBDs:
http://eospso.gsfc.nasa.gov/eos_homepage/for_scientists/atbd/docs/MISR/atbd-misr09.pdf
http://eosweb.larc.nasa.gov/GUIDE/campaign_documents/misr_ov2.html

MISR aerosol tutorial (see class website)
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1. Principles of aerosol retrievals from space.
Recall the single scattering approximation derived in Lecture 6 for dark surfaces
(i.e., no surface reflectance) and for small optical depth (< 1)
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(Eq. 6.13)

This equation can be expressed in terms of reflectance observed by a satellite sensor
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[7.1]

where the reflectance is defined here as

R (0, µ ,ϕ ) =

πI ↑ (0, µ ,ϕ )
F0 µ 0

[7.2]

Concept of aerosol optical depth (AOD) retrievals: radiance (reflectance) measured by a
satellite is proportional to aerosol optical depth (AOD) and thus it can be retrieved from
satellite observations. However, radiance also depends on the aerosol single scattering
albedo ω0 and scattering phase function P(Θ) that must be known to retrieve aerosol
optical depth. Therefore, an AOD retrieval algorithm requires some assumptions on
aerosol properties/types that are needed to compute optical properties (ω0 and P(Θ))
(often called “look-up table” LUT). NOTE: aerosol optical characteristics are discussed
in Lecture 5.

Note that Eq.[6.13] and [7.1] are valid for non-reflecting (called “dark”) surfaces
that is Rsur is about 0. This is valid for ocean and some land surfaces in the near-IR but
not in the visible spectrum (see Fig.6.1). Thus, contribution from surface reflection
should be corrected for in satellite radiances for AOD retrievals.

How to account for surface reflectivity:
Consider an atmosphere with reflectance Ratm and transmission Tatm over surface with
reflectance Rsur.
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Rtotal= Ratm + Tatm Rsur Tatm + Tatm Rsur Ratm RsurTatm + Tatm Rsur Ratm Rsur Ratm Rsur Tatm
+…. = Ratm + Rsur Tatm2 [1+ Rsur Ratm + (Rsur Ratm)2+ …]
Recall that

1
= 1 + x + x 2 + ...
1− x
So we have

Rtotal = Ratm +

2
Rsur Tatm
1 − Rsur Ratm

[7.3]

For optically thin atmosphere (Ratm <<1 and Tatm ~ 1), Eq.[7.3] gives

Rtotal ≈ Ratm + Rsur

[7.4]

Effect of surface reflectivity:

Figure 7.1 Example of calculated top-of-the-atmosphere (TOA) reflectance at 670 nm as
a function of aerosol optical depth. An aerosol model is a mixture of 80% water-soluble
and 20% soot particles. Different surface albedo values ranging from 0.005 (lowest
curve) to 0.095 (uppermost curve) with albedo steps of 0.005. Solar elevation is 520,
observation angle 140, and the relative azimuth 1160.
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NOTE: Aerosol layer must be brighter relative to surface to be detected (i.e., aerosol
reflectivity should be higher than surface reflectivity)
 problems with passive remote sensing of aerosol over bright surfaces (e.g.,
snow/ice and bright deserts).

2. Examples: aerosol retrievals from MODIS and MISR.
MODIS ((Moderate Resolution Imaging Spectroradiometer)
MODIS on Terra was launched Dec. 1999, data are available from Feb. 2000
MODIS on Aqua was launched May 2002, data are available from July 2002

Some features:
 MODIS observes spectral radiance in 36 wavelength bands, ranging from 0.412 to
41.2 μm, with spatial resolutions of 250–1 km, depending on channel. Recall
Table 1.1 (Lecture 1) gives MODIS channels and their characteristics. From polar
orbit (700 km), MODIS views a 2300 km wide swath, providing near daily
coverage of Earth’s surface and atmosphere.
 The MODIS orbit is separated into 5-minute chunks called ‘granules’. Each
granule is about 2030 km (about 203 scans of 10 km) along the orbital path. Each
scan line has a swath about 2330 km, and at nominal (nadir) 1 km resolution, is
covered by 1354 pixels. Note, that due to spherical geometry, the size of each
pixel increases from 1km at nadir to nearly 2 km at the swath edges. Each granule
is 1354 by 2030 pixels in this ‘1 km’ resolution. Only data from MODIS daytime
orbits are considered for aerosol retrieval.
 Aerosol retrieval cannot be performed from MODIS pixel containing clouds,
snow and ice (both over land and ocean), bright surfaces, and ocean sun glint.
 MODIS aerosol retrievals have two different algorithms: one over land and
another over ocean (see below).
 The Deep Blue algorithm was developed to retrieve aerosols over drylands (desert
and semi-desert regions). The algorithm uses the blue MODIS channels to correct
for the surface reflectivity.
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Figure 7.2. Flow diagram for MODIS retrievals of aerosols (and other atmospheric
parameters).
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Collection 5-over water algorithm:
The algorithm is based on a look-up table (LUT) approach, i.e., radiative transfer
calculations are pre-computed for a set of aerosol and surface parameters and compared
with the observed radiation field. The algorithm assumes that one fine and one coarse
lognormal aerosol modes can be combined with proper weightings to represent the
ambient aerosol properties over the target. Spectral reflectance from the LUT is
compared with MODIS-measured spectral reflectance to find the ‘best’ (least-squares) fit.

Aerosol models (modes) included in the look-up table consist of four fine modes and five
coarse modes (see Table 7.2)

Table 7.2 Refractive indices and parameters of lognormal size distribution (median
radius, standard deviation and effective radius) for the aerosol modes used in the MODIS
look-up table for the ocean algorithm. Models 1-4 are fine modes and models 5-9 are
coarse modes.
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Collection 5-over land algorithm:
Uses independent observations of spectral reflectance (0.47, 0.66 and 2.1 μm) to retrieve
three (nearly) independent pieces of information: total AOD at 0.55 μm (τ0.55), Fine
(model) Weighting at 0.55 μm (FW or η0.55 ), and surface reflectance at 2.1μm (ρs,2.12).
 The algorithm assumes that one fine-dominated aerosol model and one coarsedominated aerosol model (each may be comprised of multiple lognormal modes)
can be combined with proper weightings to represent the ambient aerosol
properties over the target. Spectral reflectance from the LUT is compared with
MODIS-measured spectral reflectance to find the best match. This best fit is the
solution to the inversion. The main problem is to account for surface reflectance.
 The land algorithm makes use of new climatology of aerosol optical properties
(based on AERONET retrievals).
Table 7.3 Aerosol properties used in the land algorithm look-up table.
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Figure 7.3 Example of retrieved MODIS product over land and ocean: a case of urban
pollution over the Eastern U.S. on May 4, 2001. Panel A) is a ‘true-color’ composite
image of three visible channels, showing haze over the mid-Atlantic. Panels B) and C)
show retrieved AOT and FW (fine mode weighting), showing that the heavy aerosol (τ ~
1.0) is dominated by fine particles. The transport of the aerosol into the Atlantic is well
represented with good agreement between land and ocean. Note that over-land FW is not
reported when τ < 0.2. Panel D) shows the retrieved surface reflectance during the
retrieval. Note that there are no retrievals over pixels with sun glint.
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MISR: (Multi-angle Imaging Spectro-Radiometer Spectrometer) onboard the Terra
satellite (http://www-misr.jpl.nasa.gov/)

Figure 7.4 Figure shows the Terra satellite with the MISR instrument on board. The
actual locations imaged by the 9 cameras, each with 4 color bands, along Earth's surface
are illustrated here with translucent surfaces.

Figure 7.5 MISR path and coverage: MISR repeats the same path (360km wide) every
16 days
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Figure 7.6 MISR retrievals strategy (see MISR ATBD)
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Example of extinction and scattering phase function of aerosol models used in MISR
retrievals

NOTE: extinction is normalized to that at 558 nm

Scattering phase function at 558 nm
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Figure 7.6 Example of MISR Level 2 aerosol optical depth for 1 April, 2002.

Figure 7.7 Example of MISR aerosol data products. MISR views of Alaskan wildfires in
July 2004 show multiple fire front locations, and the height, extent and amount (optical
depth) of smoke.
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