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Abstract—Retrieval of the surface reflectance is important in the
remotely sensed data analysis to obtain the atmospheric reflectance or
atmospheric correction. The relationship between visible and mid
infrared reflectance over land was investigated and developed in this
study. The surface reflectances of the two visible bands were
measured using a handheld spectroradiometer collected around
Penang Island. In this study, we use the assumption that the 2.1 pm
band is not affected by aerosol and it is transparent to most aerosol
types (except dust). Therefore the satellite observed signal is the
same as the surface signal in 2.1 um band. The correlation between
the surface reflectance measured by the spectroradiometer in the blue
and red region and the 2.1 um observed by the satellite has been
established. We investigate five dates of Landsat TM scenes in this
study. The finding obtained by this study indicates that the surface
reflectance can be retrieved from the 2.1 um band.

Keywords—Surface
Spectroradiometer.

Reflectance, Landsat TM, Aerosol,

. INTRODUCTION

TMOSPHERIC aerosol particles directly affect the

Earth’s radiation balance by backscattering and absorbing

short wavelength solar radiation. However, there is
considerable uncertainty over the “‘direct effect’” of aerosols
due to their spatial and temporal heterogeneity [1].
Atmospheric pollution in cities is receiving more and more
attention [2]. Air pollution has long been a problem in the
industrialized nations of the West. The accuracy of aerosol
remote sensing techniques heavily depends on the information
of the ground reflectance [3].

The objective of this study was to establish a correlation
between the visible and mid infrared reflectance over land.
The surface reflectances of the two visible bands were
measured using a handheld spectroradiometer collected
around Penang Island. The correlation between the surface
reflectance measured by the spectroradiometer in the blue and
red region and the 2.1 um observed by the satellite has been
established.
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Il. STUDY AREA

The study area is the Penang Island, Malaysia, located
within latitudes 50 12’ N to 50 30 N and longitudes 1000 09’
E to 1000 26’ E. The corresponding satellite track for the TM
scenes is 128/56. The map of the region is shown in Figure 1.
The satellite images were acquired on 5-2-2003, 6-3-02, 15-2-
01, 19-3-04 and 17-1-02. The corresponding PM10
measurements were collected simultaneously during the
satellite overpasses.
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Fig. 1 Study area

I1l. DATA ANALYSIS AND RESULTS

The raw satellite image was used for the retrieval of surface
reflectance. In this study, we assumed that the 2.2 um
wavelength is much larger than the size of most aerosol types
(smoke, sulfates, etc.) so that these aerosols are transparent to
solar radiation at 2.2 pum. The advantage of this long
wavelength is that it is not affected by accumulation mode
aerosol, e.g., sulfates and organic particles; though it is
affected by dust [4]. Besides that, they are also less sensitive
to aerosol scattering (since their wavelength is much longer
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than the size of most aerosol particles) but still sensitive
enough to the surface characteristics. Firstly, we assume that
the surface reflectance of the visible and the middle-infra
bands are linearly relate [5] as

Rr = tR7 1)

where t is the ratio coefficient and R7 is the reflectance for
band 7 of Landsat TM5. In this study, we assume that the
wavelength of the band 7 is larger that the size of the aerosol
particles. The surface reflectance values for visible bands
(TM1 and TM3) were retrieved by using the established
relationship with the mid-infrared band (TM7) [5]. We
assumed that the surface reflectance of several selected targets
did not change with time in this study. So, we measured the
surface reflectance at 56 locations over Penang Island using a
handheld spectroradiometer. The reflectance observed by
satellite images were extracted corresponding to the in-situ
spectroradiometer reflectance measurements. We obtained a
linear relationship between the reflectance measured by
spectroradiometer and observed by satellite images for the two
visible bands and the correlations are given below

p(TM1) = p(TM7)/3.85 o)
p(TM3) = p(TM7)/1.92 3)

The remotely-sensed signals in the visible and near infrared
channels at satellite or airborne platforms are combinations of
surface and atmospheric contributions, with relative amounts
varying across the two wavelength regions, depending on the
condition of the atmosphere. We can retrieved the surface
reflectance values for the visible band (TM1 and TM3) from
the middle-infra band using the above relationship.

Over a simple black target, the atmospheric reflectance
observed, is written here as the simple sum of reflectance of
aerosols and Rayleigh contributions. This simplification,
however, is not valid at short wavelengths (less than 0.45 pm)
or large sun zenith angles [6].

We can obtain the atmospheric reflectance values by
subtracted the measured surface reflectance from the satellite
total reflectance [reflectance at the top of atmospheric,
p(TOA)] (Equation 4).

Rs — TRr = Ratm (@)
where:
Rs = reflectance recorded by satellite sensor
Rr = reflectance from surface references
Ratm = reflectance from atmospheric components
(aerosols and molecules)
T = transmittance
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Fig. 2 Correlation between visible and mid infrared surface
reflectances for Landsat TM

IV. CONCLUSION

The established correlation between the visible and mid
infrared reflectance over land in this study for retrieval the
surface reflectance can be used for air quality study.
Atmospheric reflectance can be retrieval by subtracted the
measured surface reflectance from the satellite total
reflectance. The established relationships between the visible
and mid-infrared have to be verified in future studies. This
study indicates that the surface reflectance can be retrieved
from the 2.1 um band.
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