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Summary.  Thermal infrared spectra measured
of the night side of Mars have advantages over day
measurements for examining the aerosol dust
mineralogy because they contain fewer atmospheric
gas and surface features.  Despite the advantages night
spectra offer, they have rarely been utilized because
the methodology to convert them to transmission was
poorly understood.  Here we present a method for
converting night and day spectra to apparent
transmission.  We also discuss the advantage for
mineralogical studies of apparent transmission vs.
apparent emissivity.

Background.  In 1969, IRS returned high
quality spectra of Mars covering the wavelength
region 1.8 - 14.4 µm.  These spectra have recently
been recovered from the original data tapes and
calibrated from 5 - 14.4 µm with heavy involvement
from members of the original IRS team [1, 2, 3].  We
use these spectra here because IRS has the high
signal-to-noise ratio needed for night measurements.

Previous aerosol studies.  Previous studies have
used only day spectra from IRS or 1971 Mariner IRIS
to examine the composition of the aerosol dust.  These
studies presented a wide variety of results, concluding
that the aerosol dust consists mainly of an oxidized
tholeiitic basalt [4]; rock of intermediate [5] or felsic
composition [6]; montmorillonite [7]; a mixture of
basalt and clay [8]; or palagonite [9].

All those studies concluded that the aerosol
consists of particles < 10 µm in size.  Widely
separated particles this small behave in a manner
similar to a gas [10, 11, 12], so their transmission (τ)
and emission (ε) spectra have the same shape,
although bands that appear as transmission troughs
appear as emission peaks (τ = 1 - ε).

Night spectra advantages.  Night measurements
contain less contribution from atmospheric gases and
the surface, which allows a more direct examination
of the aerosol signature.  Night spectra have received
less attention mainly because it was not clear how to
convert them from radiance to transmission.

Since the atmosphere is so cold at night, night
spectra contain very little contribution from
atmospheric hot bands (which are from transitions
from an excited state rather than the ground state).
The population of higher energy states decreases
exponentially with temperature (Boltzmann
distribution), so the intensity of a hot band decreases

rapidly with decreasing temperature.
Apparent transmission.  Mineralogical studies

using thermal infrared spectra of Mars typically use
spectra converted from radiance to apparent emissivity
(εA) [10].  However, εA spectra have two undesirable
artifacts:
1. The spectral contrast depends on the background

temperature for both day and night spectra, even
though a true measure of transmission does not
have this dependence.

2. Restrahlen bands in night εA spectra have an
emissivity greater than 1, which is clearly
incorrect.

Apparent emissivity is calculated by dividing the
spectrum measured of Mars by the Planck radiance
curve at the surface temperature, taken as the
brightness temperature (TB) at 7.75 µm.  Figs. 1 and 2
show typical day and night IRS spectra, with the
surface 7.75 µm TB curve shown as a solid line.

Day measurements are dominated by
atmospheric transmission and surface emission
features, which have restrahlen bands (e.g. the 9 µm
band) that appear as troughs relative to the surface
7.75 µm TB Planck curve (fig. 1).

However, night spectra have restrahlen bands
that appear as peaks relative to the surface 7.75 µm TB

Planck curve (fig. 2).  Thus night εA spectra appear
“upside down” relative to day spectra, and have
εA > 1.  This is because single particle re-emission
features dominate night spectra, so restrahlen bands
appear as peaks rather than troughs.  An apparent
emissivity calculation fails glaringly in this case
because it does not account for the re-emission of the
dust.  Since the process involved is highly non-linear,
the problem cannot be fixed simply by inverting the
night εA spectra.

To address this problem, we use a method
similar to [13] to convert the spectra from radiance to
apparent transmission (τA):
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where τA0 = τA normalized for atmospheric path
length; Mars = radiance spectrum measured of Mars;
aerosolBB = Planck radiance curve at the temperature
of the aerosol dust; sourceBB = Planck radiance curve
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at the temperature of the surface; Θ = emission angle.
The log term in the τA0 equation accounts for

absorptions adding logametrically rather than linearly
(Beer’s Law).  The surface temperature is taken as the
brightness temperature at 7.75 µm.  The aerosol
temperature is derived iteratively, and incorporates the
brightness temperature from spectra measured at the
terminator, where the flat spectral shape indicates the
aerosol and surface temperatures are equal.

Discussion.  The conversion to τA produces a
more accurate spectral shape because it accounts for
the re-emission of the aerosol, thus allowing a more
accurate comparison to laboratory spectra for
mineralogical studies of the aerosol.  It also provides a
method to utilize night spectra for mineralogical
work.  However, it assumes the emissivity of the
surface is 1, so it does not work well where there are

strong surface emissivity features.  Nonetheless, it
works well for Mars, because transmission features
dominate over the very subtle surface features.  It is
especially suited to night measurements, which have
even less contribution from the surface.
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Fig. 1: Conversion of day spectrum
to apparent transmission.  This
shows a typical IRS spectrum
measured of Mars during the day.
To convert to apparent transmission,
the spectrum is referenced to both
the Planck blackbody curve of the
background (solid line) and the zero
reference line (dashed line).  The
background is the surface, which is
assumed to behave as a perfect
blackbody with an emissivity of 1.
The zero reference line is set at the
assumed temperature of the aerosol,
and is value that would be seen if the
transmission of the aerosol is zero.

Fig. 2: Conversion of night
spectrum to apparent
transmission.  This shows a typical
IRS spectrum measured of Mars at
night.  The spectrum is converted to
apparent transmission as described
above.  However, in night spectra,
the background (surface, solid line)
is colder than the zero reference line
(dashed).  The zero reference line
gives the value that would be seen if
the aerosol transmission is zero.


