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Abstract

Often the aerosol contribution is small compared to the surface covered vegetation. while,
atmospheric scattering is much more polarized than the surface reflection. In essence, the
polarized light is much more sensitive to atmospheric scattering than to reflection by
vegetative cover surface. Using polarized information could solve the inverse problem of
separating the surface and atmospheric scattering contributions. This paper presents
retrieval of aerosols properties from multi-wavelength polarized measurements. The results
suggest that it is feasible and possibility for discriminating the aerosol contribution from the
surface in the aerosol retrieval procedure using multidirectional and multi-wavelength
polarization measurements.

Keywords: Aerosol, remote sensing, polarized measurements, short wave infrared

1. Introduction

Atmospheric aerosol forcing is one of the greatest uncertainties in our understanding of the
climate system. To address this issue, many scientists are using Earth observations from
satellites because the information provided is both timely and global in coverage [2], [4].
Aerosol properties over land have mainly been retrieved using passive optical satellite
techniques, but it is well known that this is a very complex task [1]. Often the aerosol
contribution is small compared to the surface scattering, particularly over bright surfaces
[5]. On the other hand, atmospheric scattering is much more polarized than ground surface
reflection [3]. This paper presents a set of spectral and directional signature of the polarized
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316 Geoscience and Remote Sensing, New Achievements

reflectance acquired over various vegetative cover. We found that the polarization
characteristics of the surface concerned with the physical and chemical properties,
wavelength and the geometric structure factors. Moreover, we also found that under the
same observation geometric conditions, the Change of polarization characteristics caused by
the surface geometric structure could be effectively removed by computing the ratio
between the short wave infrared bands (SWIR) polarized reflectance with those in the
visible channels, especially over crop canopies surface. For this crop canopies studied, our
results suggest that using this kind of the correlation between the SWIR polarized
reflectance with those in the visible can precisely eliminate the effect of surface polarized
characteristic which caused by the vegetative surface geometric structure. The algorithm of
computing the ratio of polarization bands have been applied to satellite polarization
datasets to solve the inverse problem of separating the surface and atmospheric scattering
contributions over land surface covered vegetation. The results suggest that compared to
using a typically based on theoretical modeling to represent complex ground surface, the
method does not require the ground polarized reflectance and minimizes the effect of land
surface. This makes it possible to accurately discriminating the aerosol contribution from the
ground surface in the retrieval procedure.

2. Theory and backgrand

Polarization (Brit. polarisation) is a property of waves that describes the orientation of their
oscillations. The polarization is described by specifying the direction of the wave's electric
field. According to the Maxwell equations, the direction of the magnetic field is uniquely
determined for a specific electric field distribution and polarization. The simplest
manifestation of polarization to visualize is that of a plane wave, which is a good
approximation of most light waves. For plane waves the transverse condition requires that
the electric and magnetic field be perpendicular to the direction of propagation and to each
other. Conventionally, when considering polarization, the electric field vector is described
and the magnetic field is ignored since it is perpendicular to the electric field and
proportional to it. The electric field vector of a plane wave may be arbitrarily divided into
two perpendicular components labeled x (0°) and y (90°) (with z indicating the direction of
travel). The two components have exactly the same frequency. However, these components
have two other defining characteristics that can differ. First, the two components may not
have the same amplitude. Second, the two components may not have the same phase. That
is they may not reach their maxima and minima at the same time.

Although direct, unscattered sunlight is unpolarized, sunlight reflected by the Earth’s
atmosphere is generally polarized because of scattering by atmospheric gaseous molecules
and aerosol particles. Linearly polarized light can be described by the Stokes parameters
(The Stokes parameters are a set of values that describe the polarization state of
electromagnetic radiation (including visible light). They were defined by George Gabriel
Stokes in 1852) I, Q, and U, which are defined, relative to any reference plane, as follows:

1=10°+ 190° (1)
Q=10°-190° )
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U=145°-135° 3)

where I is the total intensity and Q and U fully represent the linear polarization. In Egs.(1)-
(3) the angles denote the direction of the transmission axis of a linear polarizer relative to the
reference plane. The degree of linear polarization P is given by

and the direction of polarization ¥ relative to the reference plane is given by

U
tan 2x = —
° ©)
For the unique definition of X, see Figure 1.
local zenith

polarization
plane

i e A

incident
sunlight

Fig. 1. Geometry of scattering by an atmospheric volume element. The volume element is
located in the origin

In Figure 1 the local zenith and the incident and scattered light rays define three points on
the unit circle. Applying the sine rule to this spherical triangle (thicker curves in the figure)
yields.

T
sin @ sin(¢—¢ ) sin(— + x)
i i 2

sin(¢ — @)
cos x = =

; sin 6 sin ®
sin ® . (6)

Therefore polarization angle X, i.e., the angle between the polarization plane and the local
meridian plane, is given by
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sin @ sin(¢ — ¢ )
i i

COS x =

sin ® (7)

6.4)

The zenith and azimuth angles of the incident sunlight are , and the zenith and

azimuth angles of the scattered light ray (the observer) are (@.9)  The solar zenith angle

1 90 =7Z._€,

is . With these definitions, scattering angle © is given by

cos® =cosfcos +sinfsind cos(p—¢) g<@<r

, ®)

3. Aerosol Polarization

From Mie calculation of the light scattered by spherical particles with dimensions
representative of terrestrial aerosols, one can guess that polarization should be very
informative about the particle size distribution and refractive index. Inversely, because
polarization is very sensitive to the particle properties, this information is nearly untractable
without a priori knowledge of the particle shape (Mishchenko and Travis, 1994). Over the
past decades, considerable effort has been devoted to the study of aerosol polarization
properties. One uses appropriate radiative transfer calculations to evaluate the contribution
of aerosol polarization scattering. The aerosol’s size distribution and refractive index are
derived simultaneously from their scattering properties.

The simulations are performed by a successive order of scattering (SOS) code. We assume a
plane-parallel atmosphere on top of a Lambertian ground surface with uniform

reflectance # = 93 and a bi-direction reflectance with BPDF model, a typical and bi-direction
reflectance value of ground reflectance at the near-infrared wavelength considered. The
aerosols are mixed uniformly with the molecules. The code accounts for multiple scattering
by molecules and aerosols and reflection on the surface. Polarization ellipticity is neglected.
The results are expressed in terms of polarized radiance Lp, defined by

Lp =40 +U’ ©)

3.1 Relationship between aerosol polarization phase function

and particle physical properties

Aerosol polarization phase function is known to be highly sensitive to aerosol optical
properties, especially aerosol absorption properties, as was shown by Vermeulen et al [6]
and Li et al [7]. Polarization phase function provided important information for aerosol
scattering properties. Figure 2(a) [Li et al]shows the calculated polarization phase function
in the principal plane as a function of the scattering angle. The calculations correspond to
those for aerosol with four types of refractive index and the size distribution given by the
bimodal log-normal model for sensitivity of polarization phase function to the aerosol real
(scattering ) and imaginary (absorption) part of refractive index. It can be seen from
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Figure 2(a) that the aerosol refractive index (including real and imaginary part) is highly
sensitive to polarized phase function. Typically, we consider that the difference among
polarized phase function curves of various aerosol refractive index at the range of scattering
angle 300--900 is quite significant, showing a characteristic of the sensitivity of aerosol
polarized phase function to refractive index. Moreover, the maximum value at the scattering
angle from 300 to 90° is more accessible in the principal-plane geometry.

For the size distribution model of aerosol particle, Figure 2(b) is the curve of polarized phase
function of three size distribution models with the same index of refractive. It can be seen
from Figure 2(b) that the aerosol size distribution models is also highly sensitive to
polarized phase function[7]. The aerosol size distribution models can significantly affect the
polarization function. That is to say, the polarization phase function of aerosol can be used
to be important information to retrieve the size distribution model of aerosol.
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Fig. 2(a) Fig. 2(b)

3.2 Polarization radiance response to aerosol optical thickness and wave lengths
Aerosol polarization radiance is sensitive to aerosol optical thickness. For remote sensing of
aerosol, polarization radiance is nearly additive with respect to the contributions of
molecules, aerosols. Figure 2(c) shows the calculated aerosol polarization radiance in the
principal plane as a function of the observation zenith angle. The curves of the aerosol
polarized radiance are calculated at 865nm, for different aerosol optical thickness with the
size distribution given by the bimodal log-normal model for the sensitivity of aerosol
polarization radiance to the aerosol optical thickness. It can be seen from Figure 2(c) that the
aerosol polarization radiance is highly sensitive to aerosol optical thickness. Aerosol optical
thickness can be derived from aerosol polarization radiance measurements. Aerosol
polarization measurements can be used to retrieve the aerosol optical properties.

For the spectral wavelength, Figure 2(d) shows typical results for the sensitivity of aerosol
polarized radiance to the spectral wavelength. The different curves correspond to different
aerosol polarized radiance at 865nm, 670nm and 1640nm. It can be seen from Figure 2(d)
and 3(d) that polarization will allow to retrieve aerosol key parameters concerning spectral
wavelength.
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4. Vegetation Polarization model

In the remote sensing of aerosol over land surface, a parameterization of the surface
polarized reflectance is needed for the characterization of atmospheric aerosol over land
surface. Because the aerosols properties are efficient at polarizing scattered light. Whereas
the surface reflectance is little polarized, that is the reason why the polarization
measurements can be used to estimate the atmospheric aerosol properties over land surface
[2]. Although small, the surface contribution to the top of the atmosphere (TOA) polarized
reflectance cannot be neglected and some parameterization is required. In addition, the
parameter of the surface is used as a boundary condition for solving vector radiative
transfer (VRT) in both direct and inverse problems. In general, the bidirectional polarization
distribution functions (BPDF) is used to estimate the atmospheric contribution to the TOA
signal. The function will be used as a boundary condition for the estimate of atmospheric
aerosol from polarization remote sensing measurements over land surface.

In most cases, measurements of linear polarization of solar radiation reflected by a plant
canopy just provide a simple and relatively cheap way to obtain the characterization of a
plant canopy polarized reflectance. Although it demonstrates the relationships between
polarized light scattering properties and plant canopies properties, more research is needed
if the complexity and diversity inherent in plant canopies is to be modeled, especially more
practical BPDF model as a boundary condition for the estimate of atmospheric aerosol.

For remote sensing of aerosol over land surface including polarization information, the
vector radiative transfer equation accounting for radiation polarization provides the power
simulation of a satellite signal in the solar spectrum in a mixed molecular-aerosol
atmosphere and surface polarized reflectance. In order to present the characterization of the
TOA polarized reflectance of vegetated surface, some simulation accounting for radiation
polarization in atmosphere and surface were made. In what follows, we used the method of
successive orders of scattering (SOS) approximations to compute photons scattered one,
two, three times, and etc. Rondeaux’s , Breon’s and Nadal’s BPDF models were used to
calculate the contribution of the land surface covered plant canopies polarized reflectance as
a boundary condition to solve vector radiative transfer equation. It is noticed that:
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4.1 The TOA polarized reflectance of vegetation cover depends

on zenith angle of sunlight.

Upward polarization radiation at the top of the atmosphere was computed by the successive
orders of scattering (SOS) approximations method for wavelengths ( A ) of 443 um .
Polarization radiation at the TOA varies according to the angle of incidence. As shows in
Figure 3(a) and (b).

140

Fig. 3(b)

4.2 Surface BPDF with different land cover types or model

Characterization of the polarizing properties of land surfaces raises probably a more
complicated problem than for the atmosphere, on account of the large diversity of ground
targets. Concerning the underlying polarizing mechanism, it is usually admitted that land
surfaces are partly composed of elementary specular reflectors (water facets, leaves, small
mineral surfaces) which, according to Fresnel’s law, reflect partially polarized light when
illuminated by the direct sunbeam. There is convincing evidence that it is correct in the
important case of vegetation cover [Vanderbilt and Grant, 1985; Vanderbilt et al., 1985;
Rondeaux and herman, 1991]. By assuming this hypothesis and restricting to singly reflected
light, we can anticipate that the main parameters governing the land surface bidirectional
polarization distribution function (BPDF), apart from the Fresnel coefficients for reflection,
should be the relative surface occupied by specular reflectors, the distribution function of
the orientation of these reflectors, and the shadowing effects resulting from the medium
structure [7]. Plant canopies structure is difficult to model with single BPDF.

As example of land surface canopy BPDF predicted within this context, we consider the
TOA polarized radiance contribution of the model for vegetative cover depends on canopy
structure, cellular pigments and refractive indices of vegetation, as the Figure 3(c) and (d)
shown. It can be seen in Figure 3(c) that the polarized radiance distribution in 2 77 space is
controlled by directions of both incidence and reflection, and by the main parameters
governing the vegetative structures. Comparison of Figure 3(c) and Figure 3(d) shows that
according to difference of the refractive indices, the reflective distribution of the polarized
radiance varies correspondingly.
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Fig. 3(d)

4.3 Retrieval of TOA contribution of aerosol and land surface polarization

The TOA measured polarized radiance is the sum of 3 contributions: aerosol scattering,
Rayleigh scattering, and the reflection of sun light by the land surface, attenuated by the
atmospheric transmission on the down-welling and upwelling paths. In order to find out the
influence of aerosol and land surface polarization on the TOA polarized contribution, we
choose different aerosol model and aerosol optical thickness at a certain land surface BPDF
model condition as study parameters.

In this study, the contribution of land surface was calculated by BPDF derived from ground-
based measurements for vegetative cover [Rondeaux and herman, 1991], for the
atmospheric aerosol, an externally mixed model of these aerosol components is assumed
[15]. The size distribution for each aerosol model is expressed by the log-normal function,

dn(r) 1 (nr—Inr)
= exp(— —) (10)

dnr 27 lno 2In’ o

Where rm is the median radius and In r is the standard deviation. The rm and r values are
0.3 um and 2.51 um for the OC model [5], the refractive indices at A = 443 um is 1.38+£i8.01 for
the OC model, and 1.53+i0.005 and 1.52+i0.012 for the WS model. The scattering matrices are
computed by the Mie scattering theory for radii ranging from 0.001 to 10.0 um assuming the
shape of aerosol particles to be spherical. We can see from the experiment result that the
TOA polarized radiance in 2 77 space is obvious difference, varying according to the aerosol
optical thickness Figure 3(e) and 3(f). Comparison of Figure 3(g) and 3(h) also shows that
this difference in aerosol model implies influence on polarized radiance distribution in
2 77 space. Clearly, different assumptions about the aerosol model have large difference in
the TOA polarized radiance.
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Fig. 3(g) Aerosol model is Jung model Fig. 3(h) aerosol model is WMO

4. Based on short-wave infrared band polarized model

Solar light reflected by natural surfaces is partly polarized. The degree of polarization, and
the polarization direction, may yield some information about the surface such as its
roughness, its water content, or the leaf inclination distribution. It is believed that polarized
light is generated at the surface by specular reflection on the leaf surfaces. This hypothesis
has been used to elaborate analytical models for the polarized reflectance of vegetation.
Because of this fact and because the refractive index of natural targets (e.g. leaf of
vegetation) varies little within the spectral domain of interest (visible and near IR), the
surface polarized reflectance is spectrally neutral, in contrast with the total reflectance.
Based on this polarization information and the requirement of the surface polarized
reflectance, we can choose to study space-borne polarized reflectance with multi-
wavelengths and multi-direction measurements.

The observations of the earth from space that have included polarization measurements are
those in an exploratory project aboard the space Shuttle (Coulson et at. ,1986). By the nature
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of the problem, however, solar radiation directed to space at the level of the Shuttle and
other spacecraft contains a significant component due to scattering by the atmosphere,
meanwhile that due to surface reflection. For atmospheric characterization and
discrimination, however, such surface reflection contamination of the radiation field should
be minimized or corrected for by use of radiative transfer models applicable to the
conditions of observation. For maximum information content, of course, both intensity and
state of polarization of the scattering by the atmosphere should be included.

Light would consist of components Z: and E=, normal and parallel, respectively, to the
principal plane. Fresnel’s laws of reflection give the reflected electric intensity components.

B sin(a— f) £

sin(a+f) (11)
E; :tg(a_ﬁ) E=
te(a+f) (12)

Thus from the definition of the Fresnel degree of polarization, we have

Iz sin’ (@ - f) g ig' (@~ p)

p ECE i@+ ig@rp)

E"+E” _sin’ (o — g (a—
LHE ( ﬂ)+E7'g( A

" sin’(a+ ) g (a+p) (13)

Since Fresnel’s laws of refraction, in which case Eq. (11) and Eq. (12) reduces to

E' z_\/Nz—sinza—cosa (14)
E, \/Nz—sinza + cosa
E:':Nzcosa—\/Nz—sinza (15)
E. N’cosa + /N’ —sin’a

> _Eg?

Obviously, for unpolarized light 2N , for convenience, we summarize the relations

Eq.(13) and Eq. (14) as follows:

2 sin atga\N N —sin’ a

. _ (16)
2 . 2 . 2 2 . 2 . 2 2
N —-sin «a , sin « N —sin a +sin atg a
coOs @~ +sin «
N N

2

Here N is the index of refraction of the medium, and & is the angle of incidence or
reflection. The index of refraction NV is related to the wavelength.
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This shows that the degree of polarization is related to the wavelength and the angle of
incidence or reflection Figure 4(a). Furthermore, under the same observation geometric
conditions, this important relationship also shows that the degree of polarization of the
SWIR (short wave infrared band) is related to that of the visible rang Figure 4(b).

0

) —— deg
—— 10deg gap | ¥ fomm L S
nar % BEOnm i
—— 0deg | £ “*
= A B70nm w
—30deg| 2 o P
o ———— 40deg| B - b T8
91 2045 1 % 11200m € e ]
c 0B} odeg| ‘E 1640nm T
= ——f0d = =
o= &g = . &
N el —70dey| & el * & e T |
z ; 2 —0deg | ® e & = F
= = = ot #
‘5 04t : 12 o 5 *
o i * *
z = 5 n2f TR YRS 1
g 0.3k e - DD_ e a 5 &
- \_‘_ﬁ_(_ k= 5 # & By % i
nzr / ________,~———"_' —_— " — T g il * g, 2 ® + #* |
4 g 2 ] é AN e #*
o 4 ° %éé T i *
OF 7 1 1 1 1 1 1 1 1 I 1 7 o & L 1 L 1 !
400 GO0 800 1000 1200 1400 1600 1800 2000 2200 2400 o 0.1 0z 03 0.4 05
wavelengths Degree of Polarization at long wavelengths (1640nm)
Fig. 4(a) Fig. 4(b)

Figure 4(a) shows the relationship between degree of polarization and wavelengths and the
angle of incidence or reflection and (b) between degree of polarization at long wavelengths
1640nm and that at short wavelengths

In Figure 4(b), we found that the SWIR is similar to the visible channels by polarized. That
is, the polarized reflectance in SWIR could be used similarly to quantify that in the visible
wavelength. This fact would find important applications in solving the inverse problem of
separating the surface and atmospheric scattering contributions.

With these and atmospheric conditions, we find, after some algebraic manipulation that

L R(w,A_)*e™™" R(w,A_). _._. ..
Aswir — P Swir — — 14 SWir *e (1 2)/ s (17)
L R (w,2,)*e ™ " R (®,4))

Avi

Where #-(@-4) ig given by

2 2 2 2 2
1 \/N —sin @ —Ccos @ N cos a)—\/N —sin @

RP (w, 1) = —

2 /
2 2 2 2 2
N —sin @ +cos o N cosw+\V N —-sin o

Where %+ and " are the polarized reflected radiance at long wavelengths and that at short

(18)

wavelengths, respectively, @ is the scattering angle, and 7 is atmospheric optical thickness.
The principle of the algorithm can be seen in Eq. (17). The relationship of the degree of
polarization between two wavelengths (the visible rang and short wave infrared band) from
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the radiative transfer calculation is shown as a function of the aerosol optical thickness at the
visible rang and the short wave infrared band.

5. Based on pixel-level multi-angle remote sensing of aerosol

The first space-based polarization measurements were undertaken by ADEOS/POLDER.
The POLDER has supplied the observed data not only in the multi-wavelength bands but
also at the multi-viewing angles. These directional measurements include significant
information of atmospheric aerosols. This work is a feasibility study of multi-directional
data for the retrieval of aerosols characteristics. The basic algorithm for aerosol retrieval is
based on light scattering simulations of polarization field, where the heterogeneous aerosol
model according to Maxwell-Garnett mixing rule is considered. It is shown that polarization
data observed at multi-angles is a powerful tool to retrieve aerosol characteristics.

The information provided polarization space-borne sensor permit the development of a new
approach to retrieving the aerosol loading at a global scale. The main contribution to the
TOA polarized radiance at short wavelengths is due to the aerosols and molecules of the
atmosphere, while the contribution of the surface is generally smaller than that of the
aerosols. The contribution of atmospheric molecules, although significant at short
wavelengths, is nearly invariant and can be easily modeled. That of the surface is more
variable but the Eq. (17) and Eq. (18) show that it can be modeled with the polarized
reflectance in SWIR, since the contribution of atmospheric aerosol at long wavelengths is
generally small and always possible to be negligible. The contribution of the surface at long
wavelengths could be used similarly to quantify that at short wavelength. Thus, the aerosol
contribution to the polarized radiance can in principle be extracted from the measurement
with computing the ratio between the SWIR ground polarized reflectance and those in the
visible channels.

The measured polarized radiance Ly is modeled as

Lpol = Laer + Lmol + L (19)

surf

that is, the sum of 3 contributions : La@", generated by aerosol single scattering, Lo, by

Rayleigh scattering, and Louy , due to the reflection of sun light by the surface, attenuated by
the atmospheric transmission on the down-welling and upwelling paths. These terms are
expressed as:

A) E
La”(ﬁ,ﬁy,ﬁv,gﬁ):L—“Qa(i,a),n) (20)
cosd =«
A) E
L1009 =20 (40 1)
‘ dcosb =«
E
L, (2,60,0,4)=cosd —R (@,1)*exp(z, (A1) + )) (22)
‘ ! cosd  cosf
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Where % and »® are the optical thickness of the aerosols and of the molecules,

respectively. £ is the TOA solar irradiance. 2~ (@) and 2.(#-@ ) are pre-calculated

functions, which depend on the geometric angles 0,,0,,9 only through the scattering

angle @ . By performing some algebraic manipulation from Eq. (17)-(22), it is seen that the
contribution of the surface at short wavelengths could be quantified with that at long
wavelengths.

Inversions were performed with this important relationship. The TOA Polarized reflectance
measurements were screened for cloud contamination and corrected for gas absorption.
Based on lookup tables composed of optical contributions from mono-modal lognormal
aerosol size distributions with fixed standard deviations, but with several values of the
modal radius and refractive index, we made use of one week of space-borne POLDER
acquisition on from November 7 to 12 , 2007 Beijing China, (latitude 39958’37”, longitude
116022'51"). The retrieval method described above for AOD from POLDER yields the AOD
composite images of Figure 5a.

[ o~ AERONET ACD Nov 2007
: : | © POLDER AOD NovB 2007
Oty Pexinitieg fiyers vt )| 4 AERONET ADD Now 32007 |+ 1
; ; | 3k POLDER AOD Nov3 2007
o o || —#— AERONET AOD Nov 10 2007
nz _.a.l.D.;j.o.,? ._..D......o...‘; .0... EC; .F‘OLDER AQD Nav 10 2007 4
B § T : : Y
8 015 o 00 |
i i
! T : ****
S i :
I i i i i I |
W0 049 0189 0269 (59 0428 0615
Tirme (GMT)
Fig. 6a the composite images of aerosol Fig. 6b compared AOD derived
optical thickness from POLDER and AERONET

In order to analyze the accuracy of aerosol inversion, we interpolated the AERONET AOD
corresponding to time of the satellite overpass. We used the data provided by Beijing
AERONET stations to analyze the accuracy of aerosol inversion from POLDER. Figure 5b
shows the results. The validation shown in Figure 5b compares the AOD at 865nm derived
from POLDER and AERONET instruments. As the result shows (Figure 5b), the retrieval
method for the AOD from POLDER yields a nearly closer values compared with that from
AERONET.

6. Summary

In this paper, the accuracy of AOD retrieved from the POLDER multi-wavelengths-based
inversion scheme for the sample studied over Beijing remain relatively closer compared to
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ground-based sun-photometer measurements. The comparisons between the AERONET
AOD and the POLDER-derived AOD using the relations between the polarized reflectance
of the surface at long wavelengths and that at short wavelengths show an agreement in
most cases. The agreement is much better than when using the physical functions which
were derived for bare soils and vegetation. Some effect caused by the surface geometric
structure can precisely eliminate for dense vegetation cover or for bare soils at least.

The results suggest that the algorithm, the contribution of the surface at short wavelengths
could be quantified with that at long wavelengths in pixel level, can be used as an
alternative method in the aerosol retrieval procedure from Multi-wavelength polarization
space-borne sensors.

The POLDER results also provide convincing evidence that remote sensing of the terrestrial
aerosols over land surfaces by way of polarization measurements is feasible and possibility
for discriminating the aerosol contribution from the surface and show the potential of
measurements of polarized light scattered by aerosols to retrieve optical depth.

Acknowledgment

The paper is supported by Project supported by the Chinese Defence Advance Research
Program of Science and Technology, China (DPC, KJSX0601)

7. References

[1] A.A.Kokhanovsky, F.-M. Breon, A.Cacciari, et al, “ Aerosol Remote Sensing over Land: A
Comparison of Satellite Retrievals using Different Algorithms and Instruments.”,
Atmospheric Research. 85, 372-394, 2007.

[2] F.Vachon, A. Royer, M. Aube, B.Toubbe, et al, “Remote Sensing of aerosols over North
American Land surfaces from POLDER and MODIS measurements”, Atmospheric
Environment Vol. 38, 3501-3515, 2004.

[3] K. Arai, Y. Iisasa, X. Liang, “Aerosol Parameter estimation with changing Observation
angle of ground based Polarization Radiometer”, Advances in Space Research. 39,
28-31, 2007.

[4] Florence Nadal and Francois-Marie Breon, “Parameterization of surface Polarized
Reflectance Derived from POLDER Space-borne measurements”, IEEE Transactions
On Geoscience and Remote Sensing. Vol. 37.NO. 3. MAY 1999.

[5] Von Hoyningen-Huene, W. Freitag, M. Burrows, ].B., et al, “Retrieval of Aerosol Optical
Thickness over Land Surface from top-of-atmosphere Radiance”, J. Geophys. Res.
108, 4260.d0oi:10, 1029/2001JD002018, 2003.

[6] Deuze, ].L, Breon, F.M, Devaux, C., et al, “Remote Sensing of Aerosols over Land Surface
from POLDER-ADEOS-1 Polarized Measurements”, J. Geophys. Res. 106, 4913-
4926, 2001.

[7] Li et al, “Retrieval of aerosol optical and physical properties from ground-based spectral,
multi-angular, and polarized sun-photometer measurements”, remote sensing of
environment , 101 (2006) 519-533.

www.intechopen.com



Geoscience and Remote Sensing New Achievements
Geoscience and Remote i . ..
Sensing, New Achievements Edited by Pasquale Imperatore and Daniele Riccio

S Y -

ISBN 978-953-7619-97-8

Hard cover, 508 pages

Publisher InTech

Published online 01, February, 2010

B2 Published in print edition February, 2010

Our planet is nowadays continuously monitored by powerful remote sensors operating in wide portions of the
electromagnetic spectrum. Our capability of acquiring detailed information on the environment has been
revolutionized by revealing its inner structure, morphology and dynamical changes. The way we now observe
and study the evolution of the Earth’s status has even radically influenced our perception and conception of
the world we live in. The aim of this book is to bring together contributions from experts to present new
research results and prospects of the future developments in the area of geosciences and remote sensing;
emerging research directions are discussed. The volume consists of twenty-six chapters, encompassing both
theoretical aspects and application-oriented studies. An unfolding perspective on various current trends in this
extremely rich area is offered. The book chapters can be categorized along different perspectives, among
others, use of active or passive sensors, employed technologies and configurations, considered scenario on
the Earth, scientific research area involved in the studies.

How to reference
In order to correctly reference this scholarly work, feel free to copy and paste the following:

Xinli Hu, Xingfa Gu and Tao Yu (2010). Remote Sensing of Aerosol Over Vegetation Cover Based on Pixel
Level Multi-Wavelength Polarized Measurements, Geoscience and Remote Sensing New Achievements,
Pasquale Imperatore and Daniele Riccio (Ed.), ISBN: 978-953-7619-97-8, InTech, Available from:
http://www.intechopen.com/books/geoscience-and-remote-sensing-new-achievements/remote-sensing-of-
aerosol-over-vegetation-cover-based-on-pixel-level-multi-wavelength-polarized-meas

INTECH

open science | open minds

InTech Europe InTech China

University Campus STeP Ri Unit 405, Office Block, Hotel Equatorial Shanghai

Slavka Krautzeka 83/A No.65, Yan An Road (West), Shanghai, 200040, China

51000 Rijeka, Croatia FE EBHIERFEK6SS iEEPrRE ARG DA E4058TT
Phone: +385 (51) 770 447 Phone: +86-21-62489820

Fax: +385 (51) 686 166 Fax: +86-21-62489821

www.intechopen.com



© 2010 The Author(s). Licensee IntechOpen. This chapter is distributed
under the terms of the Creative Commons Attribution-NonCommercial-
ShareAlike-3.0 License, which permits use, distribution and reproduction for
non-commercial purposes, provided the original is properly cited and

derivative works building on this content are distributed under the same
license.




