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Abstract. Current aerosol retrievals based on visible andthe results obtained provide evidence that high resolution
near infrared remote-sensing, are prone to loss of accuracybservations of Earth spectrum between 400 and 1000 nm
where the assumptions of the applied algorithm are violatedwould allow for a significant improvement of the accuracy of
This happens mostly over land and it is related to misrep-the t&, for anthropogenic/natural aerosols over land.
resentation of specific aerosol conditions or surface proper-
ties. New satellite missions, based on high spectral resolu-

tion instruments, such as PRISMA (Hyperspectral Precur-

sor of the Application Mission), represent a valuable op-1 Introduction

portunity to improve the accuracy af;, retrievable from o ) ) o

a remote-sensing system developing new atmospheric med:€erosols play a significant role in atmospheric radiative forc-
surement techniques. This paper aims to address the poteHld by scattering and absorbing radiation and by modifying
tial of these new observing systems in more accurate rePhysical and radiative properties of cloutsaCC(2007). De-
trieving =2, specifically over land in heterogeneous and/or SPite the improvements in knowledge about aerosol forcing, a
homogeneous areas composed by dark and bright targetgreat deal remains uncertain. Significant effort is being made
The study shows how the variation of the hyperspectral ob10 infer the properties of aerosol at a regional and global scale
served radiance can be addressed to recognise a variation By the use of data from passive airborne and space-borne
Atg;,=0.02. The goal has been achieved by using Simu_obs_ervmg systems. An overview of the aerosol retrlevgl al-
lated radiances by combining two aerosol models (urban an@orithms developed for passive space-borne sensors is pre-
continental) and two reflecting surfaces: dark (represented byented inKing et al. (1999. However, the implementation
water) and bright (represented by sand) for the PRISMA in-Of these strategies led to operational algorithms which pro-
strument, considering the environmental contribution of thevide a variety of results. Recent inter-comparisons of aerosol
observed radiance, i.e., the adjacency effect. Results showd@trievals obtained over land by different algorithms, pre-
that, in the continental regime, the expected instrument sensented inkokhanovsky et al(2007), have shown relatively
sitivity would allow for retrieval accuracy of the aerosol op- large discrepancies between different satellite observations.
tical thickness at 550 nm of 0.02 or better, with a dark sur-Furthermore, it was shown that the methodologies used for
face surrounded by dark areas. The study also showed thaerosol retrieval from multispectral data, are heavily depen-
for the urban regime, the surface plays a more Signiﬁcanpent on the characterisation of the a priori knowledge on
role, with a bright surface surrounded by dark areas provid-2erosol models and ground surface properties.

ing favourable conditions for the aerosol load retrievals, and FOr example, the algorithms used to determine aerosol

dark surfaces representing less suitable situations for invefProperties over land and over ocean based on EOS-MODIS
sion independently of the surroundings. However, over all,(P0th Terra and Aqua satellites) observed radiances, assumes

that surface reflectances in the visible and near infrared are
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correlated Kaufman et al. 1997h 2002. Cases for which  and urban) and on target surface reflective properties (includ-
the assumptions are violated lead to lower accuracy of théng target surroundings). Analysis was based on simulated
retrieval products. radiances at 2.5 nm resolution for the spectral region of 400—
The challenge of imaging spectroscopy, hereafter referre@500 nm.
to as hyperspectral remote-sensing, is to mitigate the depen- The second specific goal was to identify optimal con-
dency of current aerosol retrieval algorithms from these kindditions at high spatial resolution, in terms of target and
of assumptions, by providing observations at higher specsurrounding surface reflective characteristics, for anthro-
tral and spatial resolutiofquanter et a).2009 Gao et al. pogenic/natural aerosol property retrievals. For this part, sim-
2009 Goetz et al.1985. However, having a single instru- ulated data were tailored to PRISMA instrument specifica-
ment in orbit represents a limitation in data availability which tions. The goal was achieved by comparing the sensitivity
translates to a lack of opportunities for hyperspectral-baseaf the simulated radiances to incremental changes in aerosol
algorithm development and validation. optical thickness of @2, with the signal-to-noise ratio spec-
Currently, high spectral resolution data are acquired by thdfied for the PRISMA instrument, for different target areas.
Compact High-Resolution Imaging Spectrometer (CHRIS) The methodology followed in the study is described in
as part of the Project for On-Board Autonomy (PROBA) detail in Sect.2, while Sect.3 contains the general re-
platform systemBarnsley et al.(2004. In addition, two  sults obtained for an idealized hyperspectral instrument,
new hyperspectral missions namely: EnMAP (Environmen-and Sect4 focuses on the specific results obtained for a
tal Mapping and Analysis Progranjaufmann et al(2008), PRISMA-like instrument, with the conclusions dedicated to
and PRISMA (Hyperspectral Precursor and Application Mis- the closing section.
sion), Galeazzi et al(2008 2009, have started. Both mis-
sions are intended to provide new observations at approxi-
mately 30 m resolution to test and improve the algorithms2 Methodology

currently used in atmospheric studies. This section aims to introduce the scientific methodology fol-

Mowed in the study. In both cases, simulated radiances ac-
counted explicitly for the adjacency effect, i.e., the impact
of the surroundings of the target area on the observed radi-

et al, 2010. In particular,Guanter et al(2007); Gao et al. . . -
] ; ; ances. The analysis of the environmental contribution was
(2009; Bassani et al(2010 showed that with hyperspec- : .
taken into account to address whether the environment con-

tral data, minimization algorithms can be used to solve the ., ~ . - .
tributions play a significant role in the accuracy of the re-

inverse problem to infer the aerosol optical thickness for a,_ . . i
. trieved aerosol optical thickness or not.
given aerosol model.

. : . . . . This section is divided into three subsections; the first is

For this reason, the aim of this study is to investigate the , . . ) .
. g dedicated to the theoretical aspects of the simulation of ob-
influence of the aerosol model, the surface properties and the : : ) .
Served radiances for an ideal instrument, the second is fo-

adjacency effect on the accuracy of the aerosol optical thlCk'cused on the contribution of the aerosol loading and models

ness at 500 nm retrieval from hyperspectral observauon;._Th:ja)n the simulated data, and the last one is dedicated to the
whole study was done on simulated data and was divide

in two parts. The first part was based on an ideal instru_sun‘ace contribution to the simulated radiances.

ment with 2.5nm spectral resolution, and the second parb 1  opservation simulation

on PRISMA-like data obtained convolving the ideal instru-

ment data with an instrument Gaussian response functiosynthetic radiances used for this study, were generated

with Full Width at Half Maximum (FWHM<10nm) and  within the spectral domain of 400-2500nm sample at

spectral coverage between 400-1000 nm. 2.5nm, for different values of aerosol optical thickness at
Aerosol properties considered in this study were: aerosob50 nm, &, and for urban and continental models. The

loading at optical thickness of 550 nm, referred tort8s,  model used in the simulation is based on the equation for the

and aerosol model (urban or continental). The analysis wagop of the atmosphere radiance presenteférmote et al.

performed on a dark (clear-water) and a bright (sand) sur{1997, which considers the anisotropy negligible of the re-

face to evaluate the radiative impact of the reflective char-lecting surface, (assumption of Lambertian surface):

acteristics of the target on the simulated radiances, which

also accounted for the surrounding environment contribution. nsEs(A) g atm TT ()T (L) pgnd(r)

Synthetic radiances were simulated using the 6SV1.1 versioffv®) = =~ (M) | p770) + == S(1) pgnd(r) 1)

of the forward model 6SV (Second Simulation of a Satellite

Signal in the Solar Spectrum — Vectovefmote et al.2006. where Ly () is the radiance by the ideal sensor within the
The first specific goal was to provide qualitative analysis considered Field Of View (FOV)Es(A) is the solar irradi-

of how observed radiance depend on aerosol optical thickance at the Top Of Atmosphere (TOAP(A) is the trans-

nesstis,at 500 nm, on aerosol models over land (continentalmittance due to gaseous absorptipA™M(1) is the intrinsic

simulated hyperspectral datggufman et al. 1997a Ver-
mote et al. 1997 Kotchenova et al.2008 Kokhanovsky
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Table 1. The volumetric percentage of the four basic components
(oceanic, water-soluble, soot and dust-like) describing the urban and
continental aerosol modad;Almeida et al.(1997).

Water-soluble Soot Dust-like Oceanic
Urban 61% 22% 17% 0%
Continental 29% 1% 70% 0%

atmospheric reflectanc@: ™ (L) = e T®/® 4 14(uy, 1) and
TY(L) = e " W/is 4 14(us, 1) are the total upwelling and
downwelling transmittance, both with direet;”*)/#sv, and
diffuse, rq(us v, 1), cOmMponentsusy = co96sy) wherefsy
are the solar, “s”, and view, “v”, zenith angle()) is the at-
mospheric optical thicknessj()) is the atmospheric spher-
ical albedo, defined iiKokhanovsky(2008, and pgnd(A) is
the at-ground surface reflectance.

Simulated radiances were obtained using the last version
(v. 6SV1.1,Kotchenova et a).2008 of the Second Simula-
tion of a Satellite Signal in the Solar Spectrum (6S) radiative
transfer codd/ermote et al(1997). The 6SV1.1 is an open-
source code which implements E4).(It shows significant
improvements with respect to previous versions, as described
in Vermote and Kotchenov@009.

Simulation of the radiance observed by the ideal instru-
ment were obtained accounting not only for the radiative con-
tribution of the viewed target, but also for the contribution
of areas surrounding the target FOV (Field Of View), due
to scattering processes. This second contribution is generally
referred to as the adjacency effect. The equation used to cal-
culate the observed radiance which accounts for the environ-
mental contribution was presented dggrmote et al(1997)

} ()

where L () is the total observed radiance coming from the
considered FOV and its surroundings afgbgnd(1) > rep-
resents the mean of the environmental reflectance around the
viewed target. When the neighbouring targets are equal to
the viewed target< pgnd(2) >= pgnd(2)), Egs. @) and (1)
become identical.

Fi

Loy =" 00,

TY(R)e™ ™M pgnd(M) + TH(Mtd(pv) < pgnd(h) >
1-850) < Pgnd()») >

|:patm(}\) +

2.2 Aerosol contribution

Aerosol contribution to observed radiances is mostly deter-
mined by the radiation extinction due to scattering and ab-
sorption. Aerosol loading is the aerosol primary quantity in
driving radiation extinction within the atmospheric window
in the visible spectral domain, and it is generally parameter-
ized by its optical thickness at 550 nm, referred tordg,

The sensitivity study presented in this paper is based on
radiances simulated for:
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g. 1. Single scattering albedavng) of continental and urban

aerosol model, available in dry condition from the 6SV1.1 code.

— 18,€{0.00— 2.00} at intervals ofAt&,=0.02. The
incrementArg‘50 was set to M2 to allow for direct cal-

culation of the radiance gradiegts- with the same ac-

curacy level of in situ observation provided by sun sky-
radiometer, as CIMELHolben et al.(1998, generally
used for the validation of the remote aerosol retrievals. It
is worth mentioning that also aerosol retrievals provided
by MODIS have an expected error£0.05+-0.15z¢5)
over land, as described irevy et al.(2010.

Range of aerosol optical thicknesses used in the simu-
lation was the widest allowed by 6SV1.1. Furthermore,
it is the same range used to generate the main-group el-
ements forrg in the retrieval algorithm applied to hy-
perspectral remotely dat@uanter et ali2007); Bassani
etal.(2010. Values ofr,, outside of this domain must

be treated with different atmospheric radiative transfer
codes, as in the L-POM model presentedAlakian

et al. (2008, which enables the simulation of the ra-
diative field in very high aerosol loading conditions.

Both urban and continental aerosol models to verify the
role of the optical and microphysical properties of the
aerosol in the direct and diffuse components of the solar
beam during its propagation through the atmosphere in
a homogeneous and heterogeneous environment com-
posed by dark and/or bright target. The present study
focuses on the two models which are mostly used in
remote data acquired over land. Both models combine
the four basic components: oceanic, water-soluble, soot
and dust-like,d’Almeida et al.(1997). Table 1 shows

the volumetric percentage of the basic components for
the urban and continental aerosol regimes, as contained
in the source code 6SV1.1. Figuteshows the single
scattering albedo in dry condition for both the aerosol
models, like available from the 6SV1.1 code.
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g PLES Table 2. The observed radiance simulated using sand (representa-
tive for bright) and water (representative for dark) for viewed and

° adjacent targets.
e Observed radiance  Viewed target Adjacent targets
LSS() sand sand
& LSV sand clear-water
A LWS()) clear-water clear-water
g LW () clear-water sand
PN lar zenith angle obs = 33.97 and the azimuth solar angle
Eh ‘ ‘ ‘ ‘ ‘ of ¢s = 23841. The nadir viewing angle was chosen to ver-
- 000 500 2000 2500 ify the symmetry in azimuth of the environment contribu-

Wavelength (nm)

tion (adjacency effect) on the observed radiance, as shown in

Fig. 2. Surface reflectancegng(1) contained in the 6SV1.1 source Fig. 5 of Vermote et al(1997).
code: sand for bright and water for dark in the spectral domain: 400—

2500 nm sampled at 2.5 nm. 3.1 The impact of aerosol loading on the observed
radiance
2.3 Surface contribution As a first step, the analysis was conducted, not taking into

account the environmental contribution or adjacency effect,

To properly simulate observed radiances for the presentedP the observed radiances. In order to better characterise the
study, the influence of the surface contributions was explic-variation of the observed radiancg(x), as function of the
itly taken into consideration. The interaction between the ra-ncreasing oftgs, the quantitysL = (L(x) — Lo(2))/L(})
diation and the surface affects both the direct and diffusevas used to present the results obtained for each simula-
Components Coming off the viewed target and the diﬁusetion. Lo()n) is the observed radiance in the absence of aerosol,
component from adjacent targets which is, successively, scafeso = 0, and theL (1) follows the configurations expressed
tered from the atmospheric aerosols. in the first column of Table.

Simulation of observed radiances, generated for this study, Figure3 shows the results obtained by simulating the ra-
satisfies the Lambertian condition, required by Eqs.apnd  diance for the aerosol optical thicknesg, € 0.00—2.00
(2) Therefore, thepgnd()»% in order to Satisfy the previ- with AT5a5o= 0.1. The variation in simulated radiance due
ous requirement, were selected for sand (representative of ® increasing aerosol loading was determined for both ur-
bright surface) and water (representative of a dark surface)pan and continental models. Under high surface reflectance,
Figure 2 shows the two reflectance spectra used by 6SV1.1for sand-type FOVs (top images in Fig), the attenuation
for the analysis. The two spectral signatures were used foPf radiance, which occurs with the increase in aerosol opti-
the viewed and adjacent target. TaBlprovides the naming cal thickness at 550 nm, is more evident for the urban (more
convention for the radiance generated by combining the twabsorbing) aerosol model than for the continental (less ab-

spectral signatures for the viewed and adjacent targets. ~ sorbing) model. The spectral behaviour associated with the
dark surface, water FOVs (bottom images in F3). was

the opposite of the one associated with the bright surfaces.
3 General results for idealized instrument Over dark surfaces, observed radiance tends to increase with

the increasing of the aerosol loading, especially for continen-
This section shows the results obtained by investigatingal aerosol, which are less absorbing than the urban ones, as
the dependency of the observation simulated according téeported also irseidel and Pop(2011).
Sects 2.1, 2.2 and2.3for different combinations of aerosol ~ Results obtained for an idealized hyperspectral instrument,
and surface properties. The simulation was performed in dryneglecting the adjacency effect, show that the higher sensitiv-
condition. In this way, it was possible to neglect the hy- ity of the observed radiance for bright surfaces, makes them
groscopic properties of the aerosol models that can chang@eéll suited for aerosol retrievals both in presence of anthro-
the radiative effects of both the aerosol models on the obfogenic (urban) pollution, or continental-type of aerosols.
served radiance. The geometrical conditions used in the simPark surfaces, in case of continental aerosols, still provide
ulation were chosen to maximise the upwelling solar irra-good conditions for retrievals, while in presence of urban
diance reflected by the surface. The FOV was located iraerosols the low radiance sensitivity to variation of the par-
Rome (Latitude: 4158 N, Longitude: 1240 E), Italy. The ticulate loading make this kind of target not well-suited
acquisition time was assumed midday in July with the so-for inversion.

Atmos. Meas. Tech., 5, 1193:203 2012 www.atmos-meas-tech.net/5/1193/2012/
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Fig. 3. 8L = (L(A) — Lo(A))/L(A) with f5aso€ 0.0,2.0 with Ar5a50= 0.1 using the urban (left column) and continental (right column)
aerosol model for sand (first row) and water (second row).

3.2 The impact of aerosol loading and the environment image in Fig.4). While for a bright target surrounded by a
on the observed radiance bright environment§ L shows no significant differences be-
tween radiances obtained with and without adjacency effect,
Results obtained in Se@.1were refined by introducing the for continental and urban regimes (top images of Bp.
environmental contribution (adjacency effect) in the simu- The sensitivity of§ L, benefits from the diffuse component
lated radiances. The analysis, taking into account the difwhen its contribution is low, with respect to the direct compo-
fuse component to the observed radiance coming from théent coming from the observed target. Thus, the sensitivity of
surrounding environment, addresses the impact of the adjathe observed radiance to the aerosol optical thickness, in the
cency effect on the sensitivity of the observed radiance tdoright-target case appears to increase for a dark environment
the t&,. The analysis of the effect of the 4 possible com- for both aerosol models. In particular, the dark environment
binations target-surroundings (Tal#pon the simulated ra- is weaker in an urban regime, where the absorbing aerosol
diance, L(1), was performed by numerical evaluation of decreases the observed radiance making the bright-case in a
Eq. @) where < pgnd(*) > was calculated off the two sur- heterogeneous environment the best condition for accurate
face reflectance spectra presented in EiJwo of the possi-  aerosol retrieval by using hyperspectral remote-sensing data.
ble four combinations, namel§S(x) and LW (1) represent
homogeneous situations, whilé"' (1) andL"() represent  3.2.2 Dark-target
heterogeneous conditions.

Figure 5 shows the simulation for water FOV with €
3.2.1 Bright-target 0.00-2.00 sampled at &, = 0.1 in the heterogeneous con-

dition (top images)sL™* (1), and in homogeneous condi-
Figure4 shows the simulation of the sand FOV witf, tions (bottom images$.L"W(1). The two columns represent
0.00—2.00 sampled an gy, = 0.1 in the homogeneous con-  the individual results for the urban model (left) and the con-
dition (top images)§ LSS(1), and in the heterogeneous scene tinental model (right).
(bottom images)j L3Y(1). The two columns representthein-  Plots in the left column highlight the spectral regions in
dividual results for the urban model (left) and the continentalwhich the absorption of the urban aerosol plays a crucial
model (right). role in the extinction of radiation. In these regions, mostly

Results show that the observed radiance is more sensitivin the visible, it is evident that the observed radiance for a

(high values of§L) to the increase of the aerosol loading dark target is weakly dependent on the aerosol load increase.
when surrounded by a dark environment in urban and conti-Therefore, theZ retrieval, in the presence of strong absorb-
nental model. This behaviour is more evident for bright tar- ing aerosols (urban) over dark targets, results in being very
gets surrounded by dark areas in urban model (lower lefichallenging due to the limited sensitivity (see Figlower

www.atmos-meas-tech.net/5/1193/2012/ Atmos. Meas. Tech., 5, 11293 2012
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URBAN aerosol model CONTINENTAL aerosol model
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aerosol models to view sand surrounded by sandS() (first row) and water§ LSW()) (second row).
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Fig. 5. §L = (L(A) — Lo(3))/L()) with rg‘soe 0.0, 2.0 with A’saso: 0.1 using the urban (first column) and continental (second column)
aerosol models to view water surrounded by sadd’S(1) (first row) and water§ LW (1) (second row).

left panel). Whereas, the plots on the right column show Thus, it should be expected that aerosol retrieval using
that variations in the observed radiance in the continentahyperspectral data over water is more sensitive in continen-
regime are more evident when the dark target is surroundethl regimes than in the urban ones. Besides, water surface
by dark areas. In this case, fof;, < {0.00,2.00} the sig-  provides a better suited target for accurate aerosol retrievals
nal at the sensor increases with the increasing of the aerosathen the FOV is surrounded by a dark environment. The
load §L is greater than 0). Radiances increase rapidly forlow values of the observed radiance coming directly from
0 < &5, < 1, while for &, > 1, dependency on the aerosol the observed dark target are crucial for the sensitivity of
load is definitely weaker. the observed radiance. In fadt. does not show any gain

Atmos. Meas. Tech., 5, 1193203 2012 www.atmos-meas-tech.net/5/1193/2012/
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from the surrounding contribution even in the case of dark SRS,
environment. Therefore, the optimal conditions for accurate
retrievals are dark targets surrounded by dark environment.- =
Analysis ofs L shows that the observed radiance are equally;f .
sensitive to aerosol load with and without the adjacency ef-!
fect, for continental and urban regimes (bottom images of -
Fig. 3).

4 Specific results for PRISMA-like i e

While the first part of the presented study is focused on thai: .
sensitivity of an ideal hyperspectral sensor to aerosol re-
trieval, this part aims to investigate, in detail, the potential
use of PRISMA (Hyperspectral Precursor of the Application
Mission) for accurate aerosolic retrievals witr. = 0.02
and to demonstrate limits and benefits of the environmen+ig. 6. The% in the PRISMA observed radiance simulated by
tal contribution on the observed radiance acquired from &ncreasing the aerosol Ioadingg‘5oe {0.00— 2.00} with Afsaso:
specific sensor for aerosol retrieval accuracy. PRISMA is a0.02, for sand (first row) and water (second row) in continental (first
medium-resolution hyperspectral imaging instrument devel-column) and urban (second column) aerosol model.

oped under the guidance of the Italian Space Agency (ASI)

Galeazzi et al(2008. Instrument specifications are listed in

Table3. Results, obtained without taking into account the adjacency

Radiances simulated according to Se2t4, 2.2and2.3, effect, show that radiance sensitivity is greater than instru-
in the 400-2500 nm were convolved to the Gaussian respons@ent SNR only for urban aerosolic regimes (left column) for
function of the PRISMA channels belonging to the spectralboth bright and dark targets. For continental regimes (left
domain where the aerosol and environment effects are relesolumn), independently on the reflective characteristics of
vant and cause different behaviours of the observed radianctne surface% was found to be smaller than the SNR only
between a dark-target and a bright-target case, that is 400 narrow absorption bands.

1000 nm. From the Tabl8, all the 92 channels of the first Thus, the quantitative analysis proved that, in urban
spectrometer fall into this spectral domain. regimes, PRISMA would provide observations well suited

To assess the value of PRISMA in retrieving aerosol load-for aerosol optical thickness retrieval especially fox
ings, the ratio%hgso, where AL(2) is the variation of 600 nm independently on the surface reflective properties. In
radiance due to a.02 increment in aerosol optical thick- addition, retrievals, always in urban regimes, are expected
ness, was compared to the minimum Signal-to-Noise Rato be more accurate for values ¢, < 1.5, where the in-
tio (SNR~ 200) specified for the instrument and listed in strument sensitivity to changes in the aerosol load is high-
Table 3. Cases (combinations of aerosol and surface conest. Continental regimes represent cases where the inversion
tributions) associated t%%hs%o < 200 were considered might require a pre-processing of the observation (such as
invertible by PRISMA-tailored retrieval algorithm. PCA analysis) to increase the SNR.

While the surface properties and the aerosol modes were Figure6 and the following figures, show the surface of the
kept identical to those of Sec3.(only sand and water tar- dependence of the observed radiance to the aerosol loading
gets were considered in urban and continental regimes), thike function of ALL(% The wiggly structures of the figures
aerosol loadings were varied at incremental stepswgf , = are caused by the interpolation of the simulated values and
0.02 with the goal to identify, with a quantitative analysis, they have not a physical origin.
the conditions and the spectral regions for which the radi-
ance sensitivity to aerosol loading changes is greater than thé.2 The impact of aerosol and environment on the

specification for the instrument SNR (i.e2; < SNR). PRISMA radiance
4.1 The impact of aerosol loading on the PRISMA Results obtained in Sect.1 were refined by including en-
radiance vironmental contribution (adjacency effect). The analysis of

the effect of the 4 possible combinations target-surroundings
Figure 6 shows the ratio% (in greyscale) for the ob- (Table 2) on the simulated radiancé,(r), was performed
served radiances of a PRISMA-like instrument, calculatedby numerical evaluation of Eq2), where< pgng(1) > was
for aerosol loadingZ;, € {0.00, 2.00} with A&, =0.02 (on  calculated off the two surface reflectance spectra presented in
the y-axis) and. in the range 400-1000 nm (on the x-axis). Fig.2. Two of the possible four combinations, naméR?(1)
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Table 3. PRISMA instrument specifications, available from the websitg://www.asi.it/files/The%20PRISMA%20mission.pdf

Parameter | Spectrometer Il Spectrometer
VNIR SWIR
Spectral range 400-1010 nm 920-2505
Spectral resolution (FWHM) <10nm <12nm
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 um >200 in the range 1.00-1.75 pm
600 at 0.65 pm >400 at 1.55 um

>100 in the range 1.95-2.35um
>200at2.1pm

andL""W()) represent homogeneous situations, whité(x)
andL'S()) represent heterogeneous conditions.

Figure 7 shows the ratioALL(—?A)) (in greyscale) as a func-
tion of aerosol loading (y-axis) and wavelength (x-axis) for :
bright target and bright (top) and dark (bottom) environmen- |
tal reflectance. Top images (compared to Bjgshow that the
adjacency effect for homogeneous 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 environment signif- . h
icantly improves the instrument sensitivity (by reducing the ;
ratio z775)- It is worth mentioning that the heterogeneous *
environment (water surroundings) for bright targets, could
improve the accuracy of retrieve@50 by enabling inversion
algorithms to use more channels (as the spectral range where

VVVVVVVVVVVV

% < SNR is broader). Therefore, PRISMA-like data are Fig. 7. The ALL(’(\;) in the PRISMA observed radiance simulated by

well suited to infer aerosolic properties, especially in hetero-jncreasing the aerosol loadings , € (0.00— 2.00} with Ard,=

geneous regions, under urban conditions. 0.02, for the sand surface given the environmental contribution of
Figure 8 shows the ratioALL(—z‘;) (in greyscale) as a func- sand (first row) and water (second row) under continental (first col-

tion of aerosol loading (y-axis) and wavelength (x-axis) for umn) and urban (second column) aerosol model.

dark targets and bright (top) and dark (bottom) environmen-

tal reflectance. Top images (compared to Bjgshow that the

adjacency effect for heterogeneous conditions do improve , . )
theJ instru¥nent sensitivity forg"[he continental regime (Ieftpcol- ing dark surface in homogeneous conditions than the bright
umn) neither for the urban regime (right column). In case Ofsurface. i o . ,
homogeneous conditions, for continental (bottom left), the _Table4 summarizes the best viewing conditions for inver-

dark environment improves the instrument sensitivity (by re-Sio" of PRISMA-like data over homogeneous or heteroge-
ducing the ratio LV ) over a broad spectral region. It can be neous regions. For bright targets, the heterogeneous environ-
ALG ment enhances the sensitivity of the radiances to the aerosol

concluded that the sensitivity of the PRISMA-like sensor to : i - o
load, while for dark targets the environmental contribution

the aerosol loadingiZ,, in the continental aerosol regime h , h vty for h d
represent optimal retrieval conditions when the target sur-'2S @1 Impact on the sensitivity for homogeneous surround-

roundings are dark. For urban aerosol model, the variatiod"9%: an(;j negatlve_ |mpﬁct(1;or he'ijerogenefours]; COI’ldItIIOHSf.
of the dependence of radiances on changes in aerosol optical " Order to verify t eh epeln len_ce Odt e resur;[s rom
thickness, when viewing a dark surface does not seem to b&1€ VIewing geometry, the calculations done for the max-

well suited for accurate retrievals. Therefore, PRISMA ob- Imalhsolar Irratldlange intensityod = 3_3.97°h)_ VﬁereI repea;ehd

servations over land for continental aerosolic regimes (gen-bly choosing a ow'lrradla;cilgase ('r']e" gt EO ar zenith an-

erally non-anthropogenic) would provide more sensitivity 9!€:s = 66.26°). Figure9 highlights that a bright-target sur-
rounded by a dark environment in urban aerosol regime and a

to the aerosol loading of observed radiance when observ- i ) )
dark-target surrounded by a dark environment in continental
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Fig. 8. The% in the PRISMA observed radiance simulated by Fig. 9. The% in the PRISMA observed radiance simulated by
increasing the aerosol loadingf;,  {0.00— 2.00} with At = increasing the aerosol loadingf;, € {0.00— 2.00} with A& =

0.02, for water surrounded by sand (first row) and water (second0.02 for solar zenith anglés = 33.97° (first row) andds = 66.26°

row) under continental (first column) and urban (second column)(second column). The terrestrial surface conditions are dark-target

aerosol model. with dark environment in continental regime (first column) and
bright-target with dark environment in urban regime (second col-

Table 4. Condition for accurate aerosol retrieval via PRISMA-like Umn).

data.
Aerosol model  Viewed target ~ Environment tions, aerosol retrieval is expected to be more accurate when
Urban Sand Water the target is a bright surface. These results were derived from
Continental Water Water the radiative components of the observed radiances. For a

dark surface, the fraction of solar incident radiation reflected
by the surface is negligible with respect to the component dif-
regime remain the ideal configurations for aerosol opticalfuste;ldlby ;he aero_sol(.j L;”d?r tf;_ese cwgumstgnces for: aergsol
thickness retrieval withazd,=0.02 when available data MCU€'S characterised by significant absorption (as the urban
model), the extinction of the radiation happens to be due to

are from a PRISMA-like sensor. The results confirm that the ; . N
bright-target in an urban regime and a dark-target in a contiPoth scattering and absorption, and the individual effect of

nental regime, benefiting both by a dark environment, are théhe scattering is attenuated. Consequently, in the presence of

best configurations for an accuratd,, retrieval (Atd, = absorbing aerosols, as in the urban model, bright surface rep-
0.02) when data of a PRISMA-like oasor are available.  Tesents better conditions to retrieve the loading than the dark

surface, which is characterised by a smaller diffuse compo-

nent. Furthermore, the sensitivity of the observed radiance
5 Conclusions to small variation of the aerosol optical thickness, for bright

FOV surface increases when those FOVs are surrounded by
This study was based on the idea that hyperspectral visidark environment heterogeneous conditions. On the contrary,
ble and near infrared data can be used to provide additionahe sensitivity is reduced if a dark surface is surrounded by
and better spectral information on atmospheric aerosol loadbright a environment.
ings than multispectral sensors currently in orbit. The study, Regarding the PRISMA-like data, the results confirmed
tailored for retrievals over different surfaces, was based orthat, in general, these kind of sensors would be well suited
simulated data and was divided in two main parts: a qualitafor retrievals oftZ,, with an accuracy comparable to the at-
tive analysis performed on an idealized hyperspectral instruground measurementa ¢Z.,= 0.02). In particular, results
ment, and a quantitative analysis performed on a PRISMA-proved that, over heterogeneous regions, bright surface tar-
like instrument. get provides, under the urban aerosol model, better condi-

The results of the simulation for idealized instrument, tions for higher retrieval accuracy compared to the continen-

which was performed on surfaces with different reflective tal regimes. Whereas dark surface targets are less suitable for
characteristics, proved that dark surfaces are ideal to retrievaerosol retrieval in urban areas and are better suited with for
the properties of aerosols, in homogeneous areas, especialgpntinental aerosolic regimes. In addition, the analysis of the
under continental aerosol regimes. For urban aerosol condienvironmental (surroundings) contribution revealed that for
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dark target surfaces, the sensitivity of simulated radiance tdzaleazzi, C., Ananasso, C., and Loizzo, R.: The PRISMA Program,
small variation of aerosol optical thickness is enhanced by in: 6th EARSEL: European Association of Remote Sensing Lab-
homogeneous environments as compared to heterogeneousoratories, Tel Aviv — Israel, 16-18 March 2009, 1-6, 2009.
environments. Thus, results showed that the adjacency effecEa0, B.-C., Montes, M. J., Davis, C. O., and Goetz, A. F. H.: Atmo-

if properly accounted for, improves the sensitivity of the in- spheric correction algorithms for hyperspec_tral remote-sensing
strument to small variation in aerosol loads and, therefore, it ga_ti(c))fllgilgl_and ggg?nl,zRgmogeQSens. Environ., 113, S17-524,
might lead to imp_rovements ir_1 the retrieval accuracy of theGoe(:'z" AFE H_J,'(f:r']e’ G Sélc%ﬁn,.\]. E.. and Rock, B. N.: Imag-
f”‘?mso' optical thlc_kness. BeS|de§ the outpome of thls study, ing spectroscopy for Earth remote-sensing, Science, 228, 1147—
it is worth emphasizing that the high spatial resolution (Ta- 1153, 1985,

ble 3) of PRISMA is expected to enable users to take full Guanter, L., Estels, V., and Moreno, J.: Spectral calibration and
advantage of the adjacency effect to improve the accuracy of atmospheric correction of ultra-fine spectral and spatial resolu-
retrieve aerosol optical thickness at 550 nm, by focusing on tion remote sensing data, Application to CASI-1500 data, Re-
an optimal situation (homogeneous or heterogeneous targets- mote Sens. Environ., 109, 54-6i:10.1016/j.rse.2006.12.005
surroundings) for any of the two aerosolic regimes (urban 2007.

and continental) considered in this study. In particular, the re-Guanter, L., Segl, K., and Kaufmann, H.: Simulation of Optical
sults show the significant role of the environmental contripu- Remote-Sensing Scenes With Application to the EnMAP Hyper-
tion on the observed radiance. Both in the case of dark-target Zz?it(;all 1'\35?(&”'?’ éEon%; .Z(g-ffg]%ggmote Se., 47, 2340-2351,
in continental regime and bright-target in urban regime, the, S ' ' '

fth | ical thick Ha 5 Holben, B., Eck, T., Slutsker, I., Tagy D., Buis, J., Setzer, A.,
accuracy of the aerosol optical thickness unt 550 — 0.0 Vermote, E., Reagan, J., Kaufman, Y., Nakajima, T., Lavenu,

benefits from a dark-environment. F., Jankowiak, 1., and Smirnov, A.. AERONET — A feder-
Presented findings are expected to have important impli- ated instrument network and data archive for aerosol character-
cations for algorithms dedicated to aerosol retrieval from isation, Remote Sens. Environ., 66, 1-16j:10.1016/S0034-
space-borne remote data. This type of remote data pro- 4257(98)00031-51998.
vides a new opportunity to jointly process hyperspectral andPCC: The Physical Science Basis, IPCC Fourth Assessment Re-
high spatial resolutiors¢30 m) imagery to achieve improved  port: Climate Change 2007 (AR4), Tech. Rep., Intergovernmen-
aerosol detection. Further work is required to establish the t@l Panel on Climate Change, edited by: Solomon, S., Qin, D.,
merits of PRISMA-like observations to derive aerosol load- Manning, M., Chen, Z., Marquis, M., Averyt, K. B., Tignor, M.,
ings by directly using physically-based inversion algorithm _2nd Miller, H. L., 2007.

on simulated data or, when available, on real data Kaufman, . J., Targ, D., Gordon, H. R, Nakajima, T., Lenoble,
' ! ' J., Frouin, R., Grassl, H., Herman, B. M., King, M., and Teillet,

P. M.: Operational remote-sensing of tropospheric aerosol over

) ) land from EOS moderate resolution imaging spectroradiometer,
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