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ABSTRACT

In this study, a new technique for atmospheric transmittance estimated from ALOS PRISM data is

developed. It 1s based on satellite's observing radiances of different view angles and assumes that the cause of difference

in radiances 1s the different view angles. The ALOS PRISM has three independent optical systems for viewing forward

and backward and producing a stereoscopic image along the satellite's track. This stereo pair data can be used to

estimate the transmittance according to the radiative transfer theory. This derived transmittance will be validated by the

AERONET data and compared with the MODTRAN4 simulation results. Results show that the higher the land cover

albedo, the better the derived transmittance compared to the AERONET data. Besides, this technique also shows the

transmittance retrieval will be underestimated for the low land cover albedo.
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1. INTRODUCTION

Transmittance of the atmosphere indicates the
turbidity of the sky. It changes day by day and affected
by absorption and scattering of the atmospheric
molecules and aerosols. Billions of aerosols suspend in
the sky around the world each year and evidence
suggests that these particles play a very important role in
the severity of climate change. Moreover, how these tiny
particles affect human health should be studied. (Pope
et al., 1995) . However the worldwide aerosols
monitoring from ground stations (i.e. using sun
photometer) seems important but can’t cover globally.
And the satellite data may be the best measurements to

achieve this goal (Kaufman et al., 1990) .

The Advanced Land Observing Satellite (ALOS)
satellite was launched by Japan on 24 January 2006. One

of the three sensors housed in this satellite is the

Panchromatic ( 0.52~0.77um ) Instrument for Stereo

Mapping (PRISM), which is comprised of three sets of
optical systems with resolution 2.5mx2.5m to measure
precise land elevation (JAXA, 2006) . The PRISM can
generate a stereoscopic image almost at the same time.
This observations can be the special characteristics for
remote sensing the atmospheric transmittance based on

the radiative transfer equation.
2. THEORETICAL BASIS

If the atmosphere situation can be assumed the same
within a short period of time, the radiancé difference
observed from satellite due only to the satellite's
different view angle (Figure 1) . The radiative transfer
equation including path radiance can be written in

equation (1) .
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Figure 1. Demonstration of satellite observed radiances.

F,(6 )=F,*<" +F, (1)

where A =wavelength

F,(0)=radiance at nadir

F, (6, ) =satellite radiance viewed at o,
F (6{)=satellite radiance viewed at 6,
F,, =radiance reflected by the surface

7 =transmittance

F’, =path radiance

Satellite measurements in different incidence angles can

be written as Equation (2) and (3) .

F(6,)=F,*c" +F,, (2)
F(6,)=F,*t" +F,, (3)

where m, = Sec(é’l ) m, = sec(é’z)
Solving for 7,

_ 1 F;L(g])_le
T_exp[(ml'mz) ln(F;(gz)_E ]] <4)

D2

Whenever the unknown F,, in equation (4 )is obtained

from MODTRAN4, then the transmittance 7 is

known.

3. OBSERVATIONS AND RETRIEVAL RESULTS

In this study, the transmittance is retrieved on 10 Oct.,

2006 1n Taoyuan and Hsinchu of Taiwan, respectively.

The sounding data in Banciao where locate on northern
Taiwan are ingested in MODTRAN4 simulation. The
AERONET data ( sun photometer ) measured on National
Central University ( NCU ) are applied in
Aagstrom turbidity formula (Igbal,1983 )to estimate the
transmittance for validation. The procedure is illustrated

in Fig. 2.
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Figure 2. Illustration of the of the atmospheric

transmittance retrieval procedure.

In MODTRANA4, the visibility 1s assumed 50 km for
clear day (Liang et al., 2002 ) and is validated by the sun
photometer data. The MODTRAN4 estimations for
PRISM at nadir 1.2° and forward 26.5° are 0.8246 and
0.8067, respectively. However, the transmittance of the
same incidence angle calculated by the sun photometer is
0.7476 and 0.725. These two results are not in small
difference. The sun photometer measurements are the
real time atmosphere observations, so it 1s used as a
standard to evaluate the results of this study and the
MODTRAN4 calculations. Different land covers from
low to high albedo are investigated in this study. The
derived results are shown in Fig. 3 and 4. The category
of land covers are labeled on the right of the pomnts and
no labeled means the land cover can't be identified by the

satellite image. The upper two lines in each figure are

simulated by MODTRAN4 at 1.2° and 26.5° and the
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lower two lines are calculated by the sun photometer
measurements with the same incidence angle. The

window size for each land cover is 10x10 pixels.
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Figure 3. Derived transmittance in Hsinchu
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Figure 4. Derived transmittances in Taoyuan

In Fig. 3 the transmittances derived by this study for
lower albedo land cover (e.g. paddy, bush...) isunder
estimated in comparing with those measured by the sun
photometer, but for the higher albedo land covers (e.g.
roof ) this new technique shows more stable in
estimating the transmittances. Fig. 4 shows the same
results as Fig. 3 but for Taoyuan area. The estimated
transmittance of this study for the lower albedo land
covers still underestimated and those of the higher
albedo land covers are almost close to the sun
photometer's results, especially for the roof near NCU
where the sun photometer is located. The MODTRAN4
simulations and sun photometer estimations are based on
the data observed in NCU of Taoyuan, so the
transmittance difference in Hsinchu where is 20 to 30km
away from Taoyuan may be acceptable for higher albedo
roof. According to this study the radiance of the roof is

greater than 70W/m®/sr/um and this will make sure the

derived transmittance will not be too small.
4. DISCUSSIONS

The proposed using different satellite view angles for
transmittance derivation in this study is applied from
lower albedo land covers to the higher. This new
technique shows it is not suitable for lower albedo land
covers, but good for higher albedo land covers . In
general, the roof is the best land cover sample used to
estimate the atmospheric transmittance for this algorithm.
And if the observed radiance is over 112W/m?/sr/pum for
the land cover sample, the derived transmittance will
close to the sun photometer’s measurement. But if the
land cover albedo is low, the observed radiance is very
easy contaminated by the aerosols in contrast to the high
one. This will make the difference of different view
angles’ observed radiances too small to calculate

accurate transmittance.
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