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Abstract

Physically based retrievals of aerosol properties from remotely sensed data usually re-
quires extensive assumptions on particulate type and vertical distribution, and ground
surface reflectivity. New satellite missions, based on high spectral resolution instru-
ments, such as PRISMA (Hyperspectral Precursor and Application Mission), represent5

a valuable opportunity to mitigate the dependency of the retrieval accuracy from the
such (a-priori) information. This paper aims to address the potential of these new ob-
serving systems in retrieving aerosol properties specifically over coastal areas. Goal
has been achieved by using simulated radiances obtained combining two aerosol mod-
els (urban and continental), and two reflecting surfaces, dark (water) and bright (sand)10

for the PRISMA instrument. Results showed that, in the continental regime, the ex-
pected instrument sensitivity would allow for retrieval accuracy of the optical thickness
at 550 nm of 0.02 or better, with a dark surface surrounded by dark areas. Study also
showed that for the urban regime, the surface plays a more significant role, with a bright
surface surrounded by dark areas providing the best conditions for the aerosol load re-15

trievals, and dark surfaces representing less suitable situations for accurate retrievals
independently of the surroundings. Moreover the results obtained, led the authors to
the conclusions that high resolution observations of Earth spectrum between 400 and
1000 nm, through the use of a physically based inversion system, would allow for a sig-
nificant improvement of the retrieval accuracy for anthropogenic/natural aerosol, over20

coastal regions.

1 Introduction

Aerosols play a significant role in atmospheric radiative forcing by scattering and ab-
sorbing radiation and by modifying physical and radiative properties of clouds (IPCC,
2001, 2007). Despite the improvements in knowledge about aerosol forcing, a great25

deal remains uncertain. Significant effort is being made to infer the properties of
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aerosol at regional and global scale by the use of data from passive airborne and
space-borne observing systems. An overview of the aerosol retrieval algorithms devel-
oped for passive space-borne sensors is presented in King et al. (1999). However the
implementation of these strategies led to operational algorithms which provide a variety
of results. Recent inter-comparisons of aerosol retrievals obtained over land by differ-5

ent algorithms, presented in Kokhanovsky et al. (2007), has shown relatively large dis-
crepancies between different satellite observations. Furthermore, it was shown that the
methodologies used for aerosol retrieval from multispectral data, were heavily depen-
dent on the characterization of the a-priori knowledge on aerosol models and ground
surface properties.10

For example, the algorithms used to determine aerosol properties over land and over
ocean based on EOS-MODIS (both Terra and Aqua satellites) observed radiances, as-
sumes that surface reflectances in the visible and near infrared are correlated (Kauf-
man et al., 1997c, 2002).

The challenge of imaging spectroscopy, hereafter referred to as hyperspectral re-15

mote sensing, is to mitigate the dependency of current aerosol retrieval algorithms from
these kind of assumptions, by providing observations at higher spectral and spatial res-
olution (Guanter et al., 2009; Gao et al., 2009; Goetz et al., 1985). However having a
single instrument in orbit represents a limitation in data availability which translates in
lack of opportunities for hyperspectral-based algorithm development and validation.20

Currently, high spectral resolution data are acquired by the Compact High-Resolution
Imaging Spectrometer (CHRIS) as part of the Project for On-Board Autonomy (PROBA)
platform system (Barnsley et al., 2004). In addition, two new hyperspectral missions
namely: EnMAP (Environmental Mapping and Analysis Program) (Kaufmann et al.,
2008), and PRISMA (Hyperspectral Precursor and Application Mission) (Galeazzi25

et al., 2008), have started. Both missions are intended to provide new observations
at approximately 30 m resolution to test and improve the algorithms currently used in
atmospheric studies.
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Extensive literature on the results obtained from simulated hyperspectral data exists
(Kaufman et al., 1997a; Vermote et al., 1997; Kotchenova et al., 2008; Kokhanovsky
et al., 2010). In particular Guanter et al. (2007); Gao et al. (2009); Bassani et al. (2010)
showed that with hyperspectral data, minimization algorithms can be used to solve
the inverse problem to infer the aerosol optical thickness for a given aerosol model.5

However also for these studies a-priori assumption on the aerosol model can yield to
inaccurate characterization of the atmospheric radiative field, which is dependent on
the phase function of the aerosol.

For this reason, the aim of this study is to investigate the influence of the aerosol
model and of the surface on hyperspectral observations, with the goal of improving the10

robustness of the inversion algorithms. Part of the investigation was based on an ideal
instrument with 2.5 nm spectral resolution and part on PRISMA-like data obtained con-
volving the ideal instrument data with an instrument response function with Full Width
at Half Maximum (FWHM≤10 nm) and spectral coverage between 400–1000 nm.

The particular aerosol properties considered in this study are aerosol loading at15

optical thickness of 550 nm, referred to as τ550, and the aerosol model used (urban or
continental). The analysis was performed on dark and bright surfaces to evaluate the
radiative impact of the reflective characteristics of the target areas and the surrounding
environment on the observed radiances. Synthetic radiances were simulated using the
forward model 6SV1 (Second Simulation of a Satellite Signal in the Solar Spectrum –20

Vector) (Vermote et al., 2006).
Specific goals of the presented study along with followed methodology are described

in detail in Sect. 2, while Sect. 3 contains the general results obtained for an idealized
hyperspectral instrument, and Sect. 4 focuses on the specific results obtained for a
PRISMA-like instrument. Final conclusions are left to the closing section.25
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2 Methodology

This section aims to introduce the goals of the presented study, and the scientific
methodology followed for their achievement.

The first goal is to provide qualitative analysis of how observed radiance depend on
optical thickness τ550 at 500 nm, on aerosol models over land (continental and urban),5

and on target surface reflective properties (including target surroundings). Analysis
was based on simulated radiances at 2.5 nm resolution for the spectral region of 400–
2500 nm. This part is mostly theoretical and therefore intentionally general (not linked
to existing and/or future instruments).

The second goal is to identify optimal conditions, in terms of target surface reflec-10

tive characteristics (including surrounding areas), for anthropogenic/natural aerosol
property retrievals over coastal regions. For this part simulated data are tailored to
PRISMA instrument specification with FWHM≤10 and spectral coverage between
400–1000 nm. The goal was achieved by comparing the sensitivity of the observed
(simulated) radiances to incremental changes in aerosol optical thickness of 0.02, with15

the signal to noise ratio specified for the PRISMA instrument, for different target areas.
In both cases the study takes explicitly in consideration the adjacency effect, i.e.

the impact of the surroundings of the target area on the observed radiances. The
remaining part of this section is divided in four subsections, the first being dedicated to
the theoretical aspects of the simulated of observed radiances for an ideal instrument;20

the second being focused to the contribution of the aerosol loading and models on
the simulated data; the third one being dedicated to the surface contribution to the
simulated radiances; and the last one describing how the simulated data for the ideal
instrument were convolved to generate PRISMA-like observations.

2.1 Observation simulation25

Synthetic radiances used for this study, were generated within the spectral domain
of 400–2500 nm sample at 2.5 nm, for different values of aerosol optical thickness at

7215

http://www.atmos-meas-tech-discuss.net
http://www.atmos-meas-tech-discuss.net/4/7211/2011/amtd-4-7211-2011-print.pdf
http://www.atmos-meas-tech-discuss.net/4/7211/2011/amtd-4-7211-2011-discussion.html
http://creativecommons.org/licenses/by/3.0/


AMTD
4, 7211–7240, 2011

Influence of aerosol
and surface

reflectance variability
on radiance

C. Bassani et al.

Title Page

Abstract Introduction

Conclusions References

Tables Figures

J I

J I

Back Close

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

D
iscussion

P
aper

|
D

iscussion
P

aper
|

D
iscussion

P
aper

|
D

iscussion
P

aper
|

550 nm, τ550, and for urban, and continental models. The approach used in the simula-
tion is based on the equation for top of the atmosphere radiance presented in Vermote
et al. (1997), which considers negligible the anisotropy of the reflecting surface, that is
it assumes a Lambertian surface:

Lv(λ)=
µsEs(λ)

π
tg(λ)

[
ρatm(λ)+

T ↑(λ)T ↓(λ)ρgnd(λ)

1−S(λ)ρgnd(λ)

]
(1)5

where Lv(λ) is the radiance by the ideal sensor within the considered Field Of View
(FOV); Es(λ) is the solar irradiance at the Top Of Atmosphere (TOA); tg(λ) is the trans-
mittance due to gaseous absorption; ρatm(λ) is the intrinsic atmospheric reflectance;

T ↑(λ) = e−τ(λ)/µv + td(µv,λ) and T ↓(λ) = e−τ(λ)/µs + td(µs,λ) are the total upwelling and

downwelling transmittance, both with direct, e−τ(λ)/µs,v , and diffuse, td(µs,v,λ), compo-10

nents; µs,v = cos(θs,v) where θs,v are the solar, “s”, and view, “v”, zenith angle; τ(λ) is
the atmospheric optical thickness; S(λ) is the atmospheric spherical albedo, defined in
Kokhanovsky (2008), and ρgnd(λ) is the at-ground surface reflectance.

Simulated radiances were obtained through the straightforward application of Eq. (1)
using the last version (v. 6SV1, Kotchenova et al., 2008) of the Second Simulation of15

a Satellite Signal in the Solar Spectrum (6S) radiative transfer code (Vermote et al.,
1997). The 6SV1 is an open-source code which shows significant improvements with
respect to previous versions as described in Vermote and Kotchenova (2009).

Simulation of the radiance observed by the ideal instrument were obtained account-
ing not only for the radiative contribution of the viewed target, but also for the contri-20

bution of areas surrounding the target FOV (Field Of View) (mainly due to scattering
processes). This second contribution is generally referred to as the adjacency effect.
The equation used to calculate the observed radiance which accounts for the environ-
mental contribution was presented by (Vermote et al., 1997):
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L(λ)=
µsEs(λ)

π
tg(λ)

ρatm(λ)+
T ↑(λ)e−τ/µvρgnd(λ)+T ↑(λ)td(µv)<ρgnd(λ)>

1−S(λ)<ρgnd(λ)>

 (2)

where L(λ) is the total observed radiance coming from the considered FOV and its
surroundings, and <ρgnd(λ) > represents the mean of the environmental reflectance
around the viewed target. When the neighboring targets are equal to the viewed target5

(<ρgnd(λ)>=ρgnd(λ)) Eqs. (2) and (1) become identical.

2.2 Aerosol contribution

Aerosol contribution to observed radiances is mostly determined by the radiation ex-
tinction due to scattering and absorption. Aerosol loading is a primary quantity in
driving radiation extinction, and it is generally parametrized by the optical thickness at10

550 nm, referred to as τ550. The sensitivity study presented in this paper is based on
radiances simulated for:

– τ550 ∈ {0.00−2.00} at intervals of ∆τ550 = 0.02. The increment ∆τ550 was set to
0.02 to allow for direct calculation of the radiance gradient ∆L

∆τ550
with the same

accuracy level of in-situ observation provided by sun sky-radiometer, as CIMEL15

(Holben et al., 1998), generally used for the validation of the remote aerosol re-
trievals. It is worth mentioning that also aerosol retrievals provided by MODIS
have a comparable accuracy of ∆τ ≈ 0.03−0.05 as described in Kaufman et al.
(1997b). Range of optical thicknesses used in the simulation was the widest
allowed by 6SV1. Furthermore, it is the same range used to generate the main-20

group elements for τ550 in the retrieval algorithm applied to hyperspectral remotely
data (Guanter et al., 2007; Bassani et al., 2010). Values of τ550 outside of this do-
main must be treated with different atmospheric radiative transfer codes, as in the
L-POM model presented in Alakian et al. (2008), which enables the simulation of
the radiative field in very high aerosol loading conditions.25
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– Both urban and continental aerosol models to verify the role of the aerosol model
in the direct and diffuse components of the solar beam during its propagation
through the atmosphere in coastal environment. The other aerosol properties
which are relevant to atmospheric radiative transfer modeling are all defined by
the aerosol model. The present study focuses on the two models which are5

mostly used in remote data acquired “over land”. Both models combine the four
basic components: sea-salt, water-soluble, soot and dust-like (Lenoble, 1985;
d’Almeida et al., 1991; Kokhanovsky, 2008; Vermote et al., 2006). Table 1 shows
the volumetric percentage of the basic components for the urban and continental
aerosol regimes, as contained in the source code 6SV1.10

2.3 Surface contribution

To properly simulate observed radiances for the presented study the influence the sur-
face contributions was explicitly taken into consideration. The interaction between the
radiation and the surface affects both the direct and diffuse components coming off the
viewed target and the diffuse component from adjacent targets which is, successively,15

scattered from the atmospheric aerosols.
Simulation of observed radiances, generated for this study, satisfies the Lambertian

condition, required by Eqs. (1) and (2), and also must be representative of coastal
regions (areas of interest). Therefore the ρgnd(λ), in order to satisfy the previous re-
quirements, were selected for sand (bright surface) and water (dark surface). Figure 120

shows the two reflectance spectra used by 6SV1 for the analysis. The two spectral
signature were used for the viewed and adjacent target. Table 2 provides the naming
convention for the radiance generated by combining the two spectral signatures for the
viewed and adjacent targets.
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2.4 PRISMA

PRISMA (PRecursore IperSpettrale della Missione Applicativa) is a medium-resolution
hyperspectral imaging instrument developed under the guidance of the Italian Space
Agency (ASI) (Galeazzi et al., 2008). Instrument specifications are listed in Table 3.
While the first part of the presented study is focused on the sensitivity of an ideal5

hyperspectral sensor, the second part aims to investigate in detail the potential use
of PRISMA for aerosolic retrievals in coastal regions and to demonstrate limits and
benefits of the adjacency effect. Radiances simulated according to Sects. 2.1, 2.2,
and 2.3, in the 400–2500 nm were convolved to the response function of the PRISMA
channels belonging to the spectral domain where the aerosol effects are relevant, that10

is 400–1000 nm. From the Table 3, all the 92 channels of the first spectrometer fall into
this spectral domain.

To assess the value of PRISMA in retrieving aerosol loadings, the ratio L(λ)
∆L(λ) |τ550

,
where ∆L(λ) is the variation of radiance due to a 0.02 increment in aerosol optical thick-
ness, was compared to the minimum Signal to Noise Ratio (SNR≈ 200) specified for15

the instrument and listed in Table 3. Cases (combinations of aerosol and surface con-
tributions) associated to L(λ)

∆L(λ) |τ550
<200 were considered invertible by PRISMA-tailored

retrieval algorithm.

3 General results for idealized intrument

This section shows the results obtained by investigating the dependency of the ob-20

servation simulated according to Sects. 2.1, 2.2, and 2.3 on different combination of
aerosol and surface properties. The geometrical conditions used in the simulation
were chosen to maximise the upwelling solar irradiance reflected by the surface. The
FOV was located in Rome (Latitude: 41◦58′ N, Longitude: 12◦40′ E), Italy. The acquisi-
tion time was assumed midday in July with the solar zenith angle of θs =33.97 and the25

azimuth solar angle of φs =238.41. The at-nadir viewing angle was chosen to simplify
7219
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the view factor calculations for the direct component of radiation reaching the sensor.

3.1 The radiative impact of aerosol loading on the observed radiance

The first analysis was conducted neglecting environmental contribution, or adjacency
effect, to the observed radiances. Figure 2 shows the results obtained by simulating
the radiance for three values of the aerosol optical thickness, τ550 = 0.00;1.00;2.00.5

The variation in simulated radiance due to increasing aerosol loading was determined
for both urban and continental models. Under high surface reflectance, for sand-type
FOVs (top images in Fig. 2), the attenuation of radiance, which occurs with the in-
crease in aerosol optical thickness at 550 nm, is more evident for urban (more ab-
sorbing) aerosol model than for the continental (less absorbing) model. The spectral10

behavior associated with the dark surface, water FOVs (bottom images in Fig. 2), was
the opposite of the one associated with the bright surfaces. Over dark surfaces ob-
served radiance tends to increase with the increasing of the aerosol loading especially
for continental aerosol which are less absorbing than the urban ones.

Results obtained for an idealized hyperspectral instrument, neglecting the adjacency15

effect, show that the higher sensitivity of the observed radiance for bright surfaces,
makes them well suited for aerosol retrievals both in presence of anthropogenic (ur-
ban) pollution, or continental-type of aerosols. Dark surfaces, in case of continental
aerosols, still provides good condition for retrievals, while in presence of urban aerosols
the low radiance sensitivity to variation of the particulate loading make this kind of tar-20

get non well-suited for inversion.

3.2 The radiative impact of aerosol loading and the environment on the ob-
served radiance

Results obtained in Sect. 3.1 were refined by including environmental contribution
(adjacency effect). The analysis of the effect of the 4 possible combinations target-25

surroundings (Table 2) on the simulated radiance, L(λ), was performed by numerical
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evaluation of Eq. (2) where <ρgnd(λ)> was calculated off the two surface reflectance
spectra presented in Fig. 1. Two of the possible four combination, namely Lss(λ) and
Lww(λ) represent homogeneous situations, while Lsw(λ) and Lws(λ) represent hetero-
geneous conditions.

3.2.1 Sand5

Figure 3 shows the simulation of the sand FOV with τ550 = 0.0,1.0,2.0 in homoge-
neous condition (top images), Lss(λ), and in the heterogeneous scene (bottom images),
Lsw(λ). The two columns represent the individual results for the urban model (left) and
the continental model (right).

Results show that the radiance decreases more rapidly with the increase in the10

aerosol loading in the urban model than in the continental model. This behavior is
more evident for bright targets surrounded by dark areas (lower left image in Fig. 3).
While for bright target surrounded by bright environment observed radiance is less
sensitive to aerosol load both for continental and urban regimes.

3.2.2 Water15

Figure 4 shows the simulation for water FOV with τ550 = 0.0,1.0,2.0 in the hetero-
geneous condition (top images), Lws(λ), and in homogeneous conditions (bottom im-
ages), Lww(λ). The two columns represent the individual results for the urban model
(left) and the continental model (right).

Plots on left column highlight the spectral regions in which the absorption of the urban20

aerosol plays a crucial rule in the extinction of the radiation. In these region, mostly in
the visible, it is evident that the observed radiance for a dark target is weakly dependent
on the aerosol load increase. Therefore even from a simple qualitative analysis it is
possible to draw the conclusion that dark targets, in urban aerosolic regimes, represent
difficult conditions for aerosol retrievals independently from their surrounding.25
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Plots on the right column show that variations in the observed radiance are more
evident when the dark target is surrounded by dark areas. In this case for τ550 ∈
{0.00,2.00} the signal at the sensor increases with the increasing of the aerosol load.
For dark target in heterogeneous environment (bright surroundings) the variation of
the observed radiance is less regular over the same range of τ550 ∈ {0.00,2.00}. Ra-5

diances increase rapidly for 0<τ550 < 1, while for τ550 > 1, dependency on the aerosol
load is definitely weaker.

The results obtained from the simulation of the dark surface viewed from the space-
borne sensor, are shown in Fig. 4. The simulated observed radiance indicates the
influence of the environment on the observed radiance from water in a homoge-10

neous scene, Lww(λ), and a heterogeneous environment composed of a bright surface,
Lws(λ), as presented in Table 2.

Thus it should be expected that aerosol retrieval using hyperspectral radiance com-
ing from water surface is more sensitive for continental regimes as opposed to the
urban ones. Besides, water surface provide a better suited target for retrievals when15

the FOV is surrounded by dark environment.

4 Specific results for PRISMA-like

In order to evaluate the merits of PRISMA in retrieving aerosol loading specifically
for coastal areas composed principally by sand (bright) and dark (water) surface the
data used in Sect. 3 were convolved with the first spectrometer response function20

PRISMA instrument (Table 3) to generate the 92 channels characteristic of this fu-
ture sensor. The spectral domain was reduced, according to PRISMA specifications,
to 400–1000 nm range. While the surface properties, and the aerosol modes were
kept identical to those of Sect. 3 (only sand and water targets were considered, in ur-
ban and continental regimes), the aerosol loadings were varied at incremental steps25

of ∆τ550 =0.02 with the goal to identify, with a quantitative analysis, the conditions and
the spectral regions for which the radiance sensitivity to aerosol loading changes is
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greater than the specification for the instrument noise (i.e. L(λ)
∆L(λ) <SNR).

4.1 The radiative impact of aerosol loading on the observed radiance

Figure 5 shows the ratio L(λ)
∆L(λ) (in greyscale) for the observed radiances of a PRISMA-

like instrument, calculated for aerosol loading τ550 ∈ {0.00,2.00} with ∆τ550 = 0.02 (on
the y-axis) and λ in the range 400–1000 nm (on the x-axis). Results, obtained without5

taking into account the adjacency effect, show that radiance sensitivity is greater than
instrument noise only for urban aerosolic regimes (left column) for both bright and
dark targets. For continental regimes (left column), independently on the reflective
characteristics of the surface, L(λ)

∆L(λ) was found to be smaller than the SNR only in
narrow absorption bands.10

Thus, the quantitave analysis proved that, in urban regimes PRISMA would provide
observations well suited for optical thickness retrieval especially for λ < 600 nm inde-
pendently on the surface reflective properties. In addition retrievals, always in urban
regimes, are expected to be more accurate for values of τ550 < 1.5 where the instru-
ment sensitivity to changes in the aerosol load is the highest. Continental regimes15

represent cases where the inversion might require a pre-processing of the observation
(such as PCA analysis) to increase the SNR.

4.2 The radiative impact of aerosol and environment on the observed radiance

Results obtained in Sect. 4.1 were refined by including environmental contribution
(adjacency effect). The analysis of the effect of the 4 possible combinations target-20

surroundings (Table 2) on the simulated radiance, L(λ), was performed by numerical
evaluation of Eq. (2) where <ρgnd(λ)> was calculated off the two surface reflectance
spectra presented in Fig. 1. Two of the possible four combination, namely Lss(λ) and
Lww(λ) represent homogeneous situations, while Lsw(λ) and Lws(λ) represent hetero-
geneous conditions.25
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4.2.1 Sand

Figure 6 shows the ratio L(λ)
∆L(λ) (in greyscale) as function of aerosol loading (y-axis) and

wavelength (x-axis) for bright target and bright (top) and dark (bottom) environmental
reflectance.

Top images (compared to Fig. 5) show that the adjacency effect for homogeneous5

conditions do no improve the instrument sensitivity for the continental regime (left col-
umn) neither for the urban regime (right column). In case of heterogeneous conditions,
both for continental (bottom left) and for the urban (bottom right), the dark environ-
ment significantly improves the instrument sensitivity (by reducing the ratio L(λ)

∆L(λ) ). It
is worth mentioning that heterogeneous environment (water surroundings) for bright10

targets, could improve the accuracy of retrieved aerosol property by enabling inversion
algorithms to use more channels (as the spectral range where L(λ)

∆L(λ) <SNR is broader).
Therefore PRISMA-like data are well suited to infer aerosolic properties especially in
coastal (heterogeneous) regions, under urban conditions.

4.2.2 Water15

Figure 7 shows the ratio L(λ)
∆L(λ) (in greyscale) as function of aerosol loading (y-axis) and

wavelength (x-axis) for dark targets and bright (top) and dark (bottom) environmental
reflectance. Top images (compared to Fig. 5) show that the adjacency effect for het-
erogeneous conditions do improve the instrument sensitivity for the continental regime
(left column) neither for the urban regime (right column). In case of homogeneous20

conditions, for continental (bottom left), the dark environment improves the instrument
sensitivity (by reducing the ratio L(λ)

∆L(λ) ) over a broad spectral region. It can be con-
cluded that the sensitivity of the PRISMA-like sensor to the aerosol loading, τ550, in
the continental aerosol regime represent optimal retrieval conditions when the target
surroundings are dark. For urban aerosol model, the variation of the dependence of25

radiances on changes in aerosol optical thickness, when viewing a dark surface does
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not seem to be well suited for accurate retrievals. Therefore PRISMA observations
for continental aerosolic regimes (generally non-anthropogenic) would provide best in-
version results when observing dark target (water) in homogenous conditions (water
surroundings).

Table 4 summarizes the best viewing conditions for inversion of PRISMA-like data5

over coastal regions.

5 Conclusions

This study was based on the idea that hyperspectral visible and near infrared data can
be used to provide additional and better spectral information on atmospheric aerosol
loadings than multispectral sensors currently in orbit. The study, tailored for retrievals10

over coastal areas, was based on simulated data and was divided in two main parts:
a qualitative analysis performed on an idealized hyperspectral instrument; a quantitate
analysis performed on a PRISMA-like instrument.

The results of the simulation for idealized instrument, which was performed on sur-
faces with different reflective characteristics, proved that dark surfaces are ideal to re-15

trieve the properties of aerosols, in coastal areas, especially under continental aerosol
regimes. For urban aerosol conditions, aerosol retrieval is expected to be more accu-
rate when the target is a bright surface. These results were derived from the radiative
components of the observed radiances. For a dark surface, the fraction of solar in-
cident radiation reflected by the surface is negligible with respect to the component20

diffused by the aerosol. Under these circumstances for aerosol models characterized
by significant absorption (as the urban model), the extinction of the radiation happens
to be due to both scattering and absorption, and the individual effect of the scattering is
attenuated. Consequently, in presence of absorbing aerosols, as in the urban model,
bright surface represent better conditions to retrieve the loading than the dark surface25

which is characterized by a smaller diffuse component. Furthermore, the sensitivity of
the observed radiance to small variation of the optical thickness, for dark FOV surface
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increases when those FOVs are surrounded by bright environment heterogenous con-
ditions). On the contrary, the sensitivity is reduced if a bright surface is surrounded by
dark environment.

Regarding the PRISMA-like data, the results confirmed that in general this kind of
sensors would be well suited for retrievals of τ550. In particular results proved that, over5

coastal regions, bright surface target (sand) provides, under the urban aerosol model,
better conditions for higher retrieval accuracy compared to the continental regimes.
Whereas dark surface (water) target are less suitable for aerosol retrieval in urban
areas and are better suited with for continental aerosolic regimes. In addition, the
analysis of the environmental (surroundings) contribution revealed that for dark target10

surfaces, the sensitivity of simulated radiance to small variation of optical thickness
is enhanced by homogeneous environments as compared to heterogeneous environ-
ments. Thus, results showed that adjacency effect, if properly accounted for, improves
the sensitivity of the instrument to small variation in aerosol loads, and therefore it might
lead to improvements in the retrieval accuracy. Besides the outcome of this study, it15

is worth emphasizing that the high spatial resolution (Table 3) of PRISMA is expected
to enable users to take full advantage of the adjacency effect to improve the accu-
racy of retrieve aerosol properties, by focusing on optimal situation (homogeneous or
heterogeneous targets-surroundings) for any of the two aerosolic regimes (urban, and
continental) considered in this study.20

Presented findings are expected to have important implications for algorithms ded-
icated to aerosol retrieval from space-borne remote data. This type of remote data
provides a new opportunity to jointly process hyperspectral and high spatial resolution
(≈30 m) imagery to achieve improved aerosol detection. Further work is required to
establish the merits of PRISMA-like observations to derive aerosol loadings by directly25

using physically-based inversion algorithm on simulated data or, when available, on
real data.

Acknowledgements. We thank the referees for their careful reading and helpful comments that
greatly improved the manuscript.
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King, M., Kaufman, Y., Tanré, D., and Nakajima, T.: Remote sensing of tropospheric

aerosols from space: Past, present, and future, B. Am. Meteorol. Soc., 88, 2229–2259,
doi:10.1175/1520-0477(1999)080<2229:RSOTAF>2.0.CO;2, 1999. 7213

Kokhanovsky, A. A.: Aerosol optics: light absorption and scattering by particles in the atmo-30

sphere, Praxis Publishing Ltd, Chichester, UK, 2008. 7216, 7218, 7230
Kokhanovsky, A. A., Breon, F.-M., Cacciari, A., Carboni, E., Diner, D., Nicolantonio, W. D.,
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Vermote, E. F., Tanré, D., Deuzé, J. L., Herman, M., and Morcrette, J. J.: Second simulation of

the satellite signal in the solar spectrum, 6S: An overview, IEEE Transactions on Geoscience
and Remote Sensing, 35, 675–686, doi:10.1109/36.581987, 1997. 7214, 7216
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Table 1. The volumetric percentage of the four basic components (sea-salt, water-soluble, soot
and dust-like) describing the urban and continental aerosol model (Lenoble, 1985; d’Almeida
et al., 1991; Vermote et al., 2006; Kokhanovsky, 2008).

Water-soluble Soot Dust-like Oceanic

Urban 61 % 22 % 17 % 0 %
Continental 29 % 1 % 70 % 0 %
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Table 2. The observed radiance simulated using sand and water for viewed and adjacent
targets.

Observed radiance Viewed target Adiacent targets

Lss(λ) sand sand
Lsw(λ) sand clear-water
Lww(λ) clear-water clear-water
Lws(λ) clear-water sand
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Table 3. PRISMA instrument specifications.

Parameter I Spectrometer II Spectrometer
VNIR SWIR

Spectral range 400–1000 nm 920–2505
Spectral resolution (FWHM) ≤10 nm ≤12 nm

Spectral bands 92 171
Swath width (km) 30 30

Ground sample distance (m) 30 30
SNR (Signal-to-Noise Ratio) ≥200 in the range 0.4–1.0 µm ≥200 in the range 1.00–1.75 µm

600 @ 0.65 µm >400 @ 1.55 µm
≥100 in the range 1.95–2.35 µm

>200 @ 2.1 µm
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Table 4. Condition for accurate aerosol retrieval via PRISMA-like data in coastal areas.

Aerosol model Viewed target Environment

Urban Sand Water
Continental Water Water
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Fig. 1. Surface reflectance,ρgnd(λ) contained in the 6SV1 source code: sand for bright and water for
dark in the spectral domain:400−2500nm sampled at2.5nm.
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Fig. 1. Surface reflectance, ρgnd(λ) contained in the 6SV1 source code: sand for bright and
water for dark in the spectral domain: 400–2500 nm sampled at 2.5 nm.
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Fig. 2. Nadir observed radiance (At-sensor radiance in the plots) with τ550 =0.0,1.0,2.0 using the urban
(left column) and continental (right column) aerosol modelfor sand (first row) and water (second row).
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Fig. 2. Nadir observed radiance (At-sensor radiance in the plots) with τ550 =0.0,1.0,2.0 using
the urban (left column) and continental (right column) aerosol model for sand (first row) and
water (second row).
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Fig. 3. Nadir observed radiance (At-sensor radiance in the plots) with τ550 =0.0,1.0,2.0 using the urban
(first column) and continental (second column) aerosol models to view sand surrounded by sand,Lss(λ)
(first row) and water,Lsw(λ) (second row).
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Fig. 3. Nadir observed radiance (At-sensor radiance in the plots) with τ550 =0.0,1.0,2.0 using
the urban (first column) and continental (second column) aerosol models to view sand sur-
rounded by sand, Lss(λ) (first row) and water, Lsw(λ) (second row).
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Fig. 4. Nadir observed radiance (At-sensor radiance in the plots) with τ550 = 0.0,1.0,2.0 using the
continental and urban aerosol models to view water surrounded by sand,Lws(λ) and water,Lww(λ).
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Fig. 4. Nadir observed radiance (At-sensor radiance in the plots) with τ550 =0.0,1.0,2.0 using
the continental and urban aerosol models to view water surrounded by sand, Lws(λ) and water,
Lww(λ).

7237

http://www.atmos-meas-tech-discuss.net
http://www.atmos-meas-tech-discuss.net/4/7211/2011/amtd-4-7211-2011-print.pdf
http://www.atmos-meas-tech-discuss.net/4/7211/2011/amtd-4-7211-2011-discussion.html
http://creativecommons.org/licenses/by/3.0/


AMTD
4, 7211–7240, 2011

Influence of aerosol
and surface

reflectance variability
on radiance

C. Bassani et al.

Title Page

Abstract Introduction

Conclusions References

Tables Figures

J I

J I

Back Close

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

D
iscussion

P
aper

|
D

iscussion
P

aper
|

D
iscussion

P
aper

|
D

iscussion
P

aper
|

0

100

200

300

400

500

600

400 500 600 700 800 900 1000

0.0

0.5

1.0

1.5

2.0

Wavelength (nm)

A
er

os
ol

 O
pt

ic
al

 T
hi

ck
ne

ss
τ

Rad/DeltaRad − SAND 
 Continental Aerosol Model

0

100

200

300

400

400 500 600 700 800 900 1000

0.0

0.5

1.0

1.5

2.0

Wavelength (nm)

A
er

os
ol

 O
pt

ic
al

 T
hi

ck
ne

ss
τ

Rad/DeltaRad − SAND 
 Urban Aerosol Model

0

100

200

300

400

500

600

400 500 600 700 800 900 1000

0.0

0.5

1.0

1.5

2.0

Wavelength (nm)

A
er

os
ol

 O
pt

ic
al

 T
hi

ck
ne

ss
τ

Rad/DeltaRad − WATER 
 Continental Aerosol Model

0

100

200

300

400

400 500 600 700 800 900 1000

0.0

0.5

1.0

1.5

2.0

Wavelength (nm)

A
er

os
ol

 O
pt

ic
al

 T
hi

ck
ne

ss
τ

Rad/DeltaRad − WATER 
 Urban Aerosol Model

Fig. 5. The L(λ)
∆L(λ) in the PRISMA observed radiance simulated by increasing theaerosol loading,τ550 ∈

{0.00−2.00} with ∆τ550 =0.02, for sand (first row) and water (second row) in continental (first column)
and urban (second column) aerosol model.
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Fig. 5. The L(λ)
∆L(λ) in the PRISMA observed radiance simulated by increasing the aerosol load-

ing, τ550 ∈ {0.00−2.00} with ∆τ550 = 0.02, for sand (first row) and water (second row) in conti-
nental (first column) and urban (second column) aerosol model.
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Fig. 6. The L(λ)
∆L(λ) in the PRISMA observed radiance simulated by increasing theaerosol loading,τ550 ∈

{0.00−2.00} with ∆τ550 =0.02, for the sand surface given the environmental contributionof sand (first
row) and water (second row) under continental (first column)and urban (second column) aerosol model.

25

Fig. 6. The L(λ)
∆L(λ) in the PRISMA observed radiance simulated by increasing the aerosol load-

ing, τ550 ∈ {0.00−2.00} with ∆τ550 = 0.02, for the sand surface given the environmental con-
tribution of sand (first row) and water (second row) under continental (first column) and urban
(second column) aerosol model.
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Fig. 7. The L(λ)
∆L(λ) in the PRISMA observed radiance simulated by increasing theaerosol loading,τ550 ∈

{0.00−2.00} with ∆τ550 =0.02, for water surrounded by sand (first row) and water (second row) under
continental (first column) and urban (second column) aerosol model.
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Fig. 7. The L(λ)
∆L(λ) in the PRISMA observed radiance simulated by increasing the aerosol load-

ing, τ550 ∈ {0.00−2.00} with ∆τ550 = 0.02, for water surrounded by sand (first row) and water
(second row) under continental (first column) and urban (second column) aerosol model.
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