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Abstract

Aerosols are the principal atmospheric constituents which the radiative field in the
atmospheric window of solar spectral domain depends on. This dependence have
to be considered when the radiative quantities of the atmosphere are simulated for
solving the radiative transfer equation written for at sensor signal. The most impor-
tant parameter for these simulations is the aerosol optical thickness at wavelength
of A = 550 nm, t,(A = 550 nm), that is an input of the atmospheric radiative
transfer codes used by the scientific community. The study carried out is based on
the estimation of 7,(A = 550 nm) starting only from the MIVIS (Multispectral
Infrared and Visible Imaging Spectrometer) remote sensing data. A minimization
algorithm is applied to a quadratic cost function of the 7, (A = 550 nm) variable.
In this paper are presented the preliminary results obtained from the MIVIS image
processing in particulary pixels that satisfy both the conditions of lambertianity
and spectral homogeneity of the surface.

Keywords: aerosol optical thickness, atmospheric radiative transfer, scattering,
remote sensing.

1 Introduction

The aerosols are significant atmospheric constituents to estimate and predict direct
component of climate forcing by scattering and absorption of solar and infrared
radiation in the atmosphere [1]. Besides, Houghton et al. [1] showed that the
aerosol mass and particle number concentrations are highly variable in space and
time representing one of the largest uncertainties in climate change studies. In the
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last decades, the passive optical remote sensing data are observational support to
estimate aerosol properties [2] since in atmospheric window the magnitude of at-
sensor signal depends on the direct radiative forcing exerted by the aerosols on
the solar radiation [3-5]. The most sensitive variable of the radiative field model
in the atmosphere is the aerosol optical thickness, 7,(2). This is the fundamental
basis of atmospheric study in optical remote sensing: the analysis of the aerosol
contribution by simulation of the atmospheric state, in scattering and absorption
terms, is achieved by atmospheric radiative transfer codes.

For istance, Kaufman et al. [6] developed a technique for the aerosol retrieval
over land from MODIS data based on the aerosol radiative effects noticeable in the
visible spectral domain and negligible in the near infrared.

In this work, the preliminary results of the aerosol optical thickness retrieved by
using remote sensing data of AA5000 MIVIS (Multispectral Infrared and Visible
Imaging Spectrometer) sensor are presented for the first time. In order to greatly
reduce the computational time, the least complicated approach described by Guan-
ter et al. [7], has been used for this study. Initially, a cost function is created that
measures the deviation between the remote sensing data observed by the sensor
and simulated by the computer code for atmospheric radiative transfer, namely 6S
(Second Simulation of the Satellite Signal in the Solar Spectrum) [8]. The cost
function is then minimized using the Powell algorithm described in [9]. The com-
puted cost is dependent on the aerosol properties, mainly on optical thickness.
Thus the minimum cost function provides the parameter set which fits the model
most closely with the observed data.

2 MIVIS data

The Daedalus AA5S000 MIVIS (Multispectral Infrared and Visible Imaging Spec-
trometer) is an airborne hyperspectral scanner [10] belonging to Italian National
Research Council (CNR).

The MIVIS system is a whisk-broom scanner in which the light is collimated by
the scan head and distributed by means of dichroic filters into four simultaneous
recorder spectrometers operating in the visible, short-wave infrared and thermal
spectral domain.

The sensor detects the downwelling radiation providing information on the earth-
atmosphere system according to the characteristics shown in table 1. MIVIS sensor
has proven to be highly suitable to perform surface detection into natural [11] and
urban [12] environments by using a carefully selected spectral bands of the instru-
ment.

3 Method

In the atmospheric window of visible spectral domain, the attenuation of electro-
magnetic wave through the atmosphere is caused by several factors, primarily the
scattering of aerosol.
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Table 1: MIVIS sensor technical details and spectrometer charasteristics.

Channels Number 102

Total Spectral Coverage 0.43 —12.7 um

Istantaneous Field Of View 2.0 mrad

Sample rate (angular step) 1.64 mrad

Total Scan Angle (FOV) 71.059°

Pixel per Scan-line 755
Spectrometer Range Channels Bandwidth
I-VIS 0.43 —0.83 um 20 20 nm
IT - NIR 1.15—1.55 um 8 50 nm
III - SWIR 2.0—-2.5um 64 8 nm
IV -TIR 8.2 —12.7 um 10 450 nm

Thus, the radiative contribution of scattering process is not negligible on the at-
sensor radiance in the optical spectral range, this means that the sensor bands in the
atmospheric window depends on the optical properties of the principal scatterers,
the aerosols. The aerosol optical properties can be investigated from the at-sensor
radiance by the inversion of the following radiative transfer equation written for
the optical remote sensing data, [8]:

Psim Oy, Oy, s — Py, 2) = Tg(esv 0y, 2) |:)0R+A(Z) + TTTi%} (D
S
In the equation 1, py;y, is the reflectance of the pixel observed by the sensor and
obtained from simulation of radiative quantities; p; is the pixel reflectance mea-
sured at ground. The other terms are spectral radiative quantities, functions of solar
zenith angle, 6;, view zenith angle, 6,, relative azimuth, ¢,.; = ¢5 — ¢y, and air-
borne altitude, z. TV = e~ "/Hs 4 14(6,) and T = e~ 7/" 4 1,(8,) are the total
transmission, direct and diffuse component sum, of the atmosphere along down-
welling, s = cos(6y), and upwelling, 1, = cos(8,), directions respectively, and
where t(z) is the aerosol optical thickness in the layer between the ground and the
z altitude. T, is the gaseous transmission; pr4 4 is the intrinsic reflectance of the
molecular and aerosol layer; and § is the spherical albedo of the atmosphere.
There are several codes to simulate the spectral radiative quantities presented
in the equation 1, providing specific atmospheric parameters. In particular, the
aerosol optical thickness at 550 nm wavelength, 7,(A = 550 nm), and the four
pure aerosol types (dust-like, water soluble, oceanic and soot) are the underlying
variable parameters to control the aerosol radiative contribution on the radiative
quantities of the equation 1 by means of the radiative transfer code.
In this study, the t,(A = 550 nm) and the aerosol types have been retrieved

by an inversion method of the at-sensor radiance from the MIVIS bands, LMVIS,
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that are inside the atmospheric window of visible spectral domain assuming that
the reflectance of the MIVIS pixel used, ps, is known. The algorithm is based
on the existing approach developed by Guanter et al. [7] specifically for aerosol
retrieval from remote sensing data of CHRIS (Compact High Resolution Imaging
Spectrometer) sensor on-board of the PROBA (Project for On-Board Autonomy)
satellite.

The inversion algorithm is performed by means of the cost function minimiza-
tion designed on the at-sensor signal of a specific pixel measured by the MIVIS
sensor and simulated by the 6S (Second Simulation of the Satellite Signal in the
Solar Spectrum) atmospheric radiative transfer code described in [8]. The 6S sat-
isfies the requirement of lower computational cost preserving the computational
accuracy for aerosol scattering effects, [8].

In order to match measured (LYVS) and simulated (0o!V) MIVIS data, the
at-sensor radiance has been expressed in terms of equivalent reflectance by the
following equation:

MIVIS
MIVIS — jTLmeas (2)

pmeas //L_y ES

where Ej is the solar flux at the top of the atmosphere.

All the above-mentioned spectral quantities presented in the equation 1, namely
0., and simulated by 6S code (spectral sampling is 2.5 nm), have been convolved
in ith MIVIS band response filter, f; (A1), by:

0/( ) 0 (x, v, 2) £ (Vda N
- (X, yY,2) =
e [ F(d ()

where (x, y, z) are pixel coordinates on which the inversion is applied. The Q{
is the effective spectral value of jth simulated quantity referred to the irth MIVIS
band. [Amin; Amax] 1S the spectral range of filter function of itkh’s MIVIS band.

Once the pixel reflectance is retrieved from MIVIS acquisition, pM/VIS and 6S
simulation, pé‘%w S the aerosol properties are retrieved by the inversion of the equa-
tion 1 performing the minimization of the cost function described in [7]:

20
§2 = Z ;_2 p%gws _ prArg{ZYlS]z 4)
ri=1 "
where A; are the central wavelengths of the selected twenty MIVIS bands inside
the atmospheric window of the visible spectral domain; the ){2 are the coefficients
in order to weigh much more the MIVIS bands at the beginning of visible range
where the aerosol scattering is higher and consequently the radiative contribution
of aerosol on the at-sensor signal is considerable, after that the scattering decreases
rapidly.

The inversion algorithm is performed by the Powell method [9] based on the
minimization of cost function along each parameter space separately. Typically,
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design parameters that drive the inversion algorithm in the visible spectral domain
and that are implemented in the 6S database, are the aerosol optical thickness and
the four aerosol types (dust-like, water soluble, oceanic and soot) presented in [13].

4 Results

The inversion algorithm, that is the minimization of the cost function expressed in
the equation 4, has been applied to MIVIS data acquired in Venice lagoon (45.4° N,
12.5° E, Italy) the August 22th, 2006 at 11:41 UTC. The MIVIS scene, shown in
the figure 1, is a flat coastal region close to urban sites.

The selected study area, shown in the left of figure 2, includes pixels made up
of concrete material only. The pixel reflectance, shown in the right of figure 2,
satisfies the conditions of spectral homogeneity and reflectance isotropy. Both the
conditions assure that the reference pixel reflectance, the p; of the equation 1, is
not composed by mixed materials and it is completely independent from the view
and illumination angles (i.e., the bi-directional reflection function of the pixel is
negligible). Besides, the clear sky at the MIVIS acquisition time was a particularly
favorable radiative condition. The cloudless atmosphere implies that the radiative

Figure 1: MIVIS image (oriented to the North) acquired in Venice lagoon (45.4° N,
12.5° E, Italy) the August 22th, 2006 at 11:41 UTC. The study area is
the bright coastal region at the northwestern part of the image.
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Figure 2: The study area selected on the runway of Venice airport in the coastal
environment of the MIVIS image displayed in the figure 1. In the left
side, zoom from the MIVIS image containing the selected square area
composed by 112 pixel, being brighter than other ones; in the right side,
the spectral reflectance of the area, made up of concrete material.

Table 2: Aerosol information retrieved from MIVIS data: aerosol optical thickness
and the four aerosol types: dust-like, water soluble, oceanic and soot.

ré” (A =550nm) % dust-like % water soluble % oceanic % soot
0.142 19 32 38 11

forcing effects on the at-sensor radiance depends principally on the aerosol scat-
tering of solar radiation. Hence, the parameters space of the inversion algorithm
can be considered to be composed by aerosol optical properties only.

As concern the aerosol information retrieved by the inversion algorithm applied
to the selected area of the MIVIS scene, the values of aerosol optical thickness
and the four pure aerosol types (dust-like, water soluble, oceanic and soot) are
displayed in the table 2. Unlike the aerosol optical thickness, the final percent-
age of the four aerosol types are very close to the initialization values and to
the values expected in Venice lagoon (urban and maritime aerosol). Therefrom,
rj” (A = 550 nm) is the critical parameter to simulate the radiative effects of the
aerosol scattering on the at-sensor radiance driving the inversion algorithm to the
minimum of the cost function expressed by the equation 4.

During the MIVIS acquisition time, a sun photometer in at-ground station mea-
sured the aerosol optical thickness at the 550 nm wavelength. The station operated
in the framework of the AERONET network described by Holben et al. [14]. The
location, time of measurements and the values of aerosol optical thickness at wave-
length 550 nm for the station considered here, are given in the table 3.

The aerosol optical thickness retrieved from MIVIS data, rj” (A = 550 nm), is
compared with ground-based AERONET measurements, rf (A = 550 nm). The
correlation for rj” (A = 550 nm) against r;‘ (A = 550 nm) gives nearly a 1:1
relationship between retrieved from remote sensing and ground-based data, dis-
played in the table 2 and 3 respectively.
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Table 3: The AERONET site.

Location Position JulianDay  Time  t/'(A = 550 nm)
Venice long = 12.5, lat = 45.3 234.49 11:46:13 0.138

The method for evaluating the goodness of airborne result is the percent devia-
tion from the at-ground measurement by the following equation:

M A
a — T

A=A ®)

The low value, 3%, remarks the goodness of the results obtained from the first
application of the inversion algorithm to the MIVIS data.

5 Conclusions

The first application of the inversion algorithm to retrieve aerosol optical thickness
from MIVIS data has been presented in this work. The algorithm basically works
by minimizing the cost function, expressed by equation 4, in the space defined by
the most sensitive parameters. The retrieval relies on the knowledge of the under-
lying surface reflectance of the pixel which the algorithm has to be applied. The
algorithm uses the 6S radiative transfer code to allow for lower computational cost
maintaining the accuracy of the simulated data in the equation 1.

The preliminary results presented in this work highlight the potential of the opti-
cal MIVIS data in the assessment of aerosols optical properties related to the scat-
tering of solar radiation. The algorithm has yielded information about the aerosol
properties which helps to define, and providing understanding of, the atmospheric
state during MIVIS airborne acquisition.

There are unsolved questions that have to be investigated further. In order to
prove the robustness of the algorithm, increasing the MIVIS data where the method
has to be applied on. The future plans also include to test the method in different
aerosol content to analyse the performance of the inversion algorithm. Besides, the
improvements of the algorithm are investigating about aerosol optical thickness
without recourse to a priori information on the surface reflectance of the pixel
observed, ps of the equation 1.
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