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The thermal emission spectra have provided many useful insights about the Martian atmosphere and surface. The 
interpretation of the thermal emission spectra can give us information about atmospheric temperature, pressure, mineralogy 
and presence of atmospheric constituents including their isotopes. In the present work, we have analysed the thermal 
emission data for dust storm season on Mars. The signature of dust in the thermal emission spectra for Martian Year (MY) 
28 confirm the presence (Ls=280o and 300o) and the absence (Ls=240o and 320o) of the dust storm at latitude range 0o-10oS, 
10o-20oS and 20o-30oS. We have compared our results with earlier mission data with thermal emission measurements made 
by Planetary Fourier Spectrometer (PFS) on-board Mars Express (MEX) between wave numbers 250-1400 cm-1. We have 
observed features at wave numbers 600-750 cm-1 and 900-1200 cm-1 due to absorptions by CO2 and dust respectively. We 
have obtained brightness temperatures from thermal emission spectra by inverting the Planck function. The maximum 
brightness temperature ~280o K was measured at Ls=240o when Mars received a large amount of solar radiation at 
perihelion. The minimum brightness temperature ~ 220o K was observed at Ls=320o in the absence of dust storm. In 
presence of dust storm, thermal emission spectra and brightness temperatures were reduced by factors of ~ 3.0 and ~1.3, 
respectively, between wave numbers 900-1200 cm-1 in comparison to that observed in absence of dust storm.  

Keywords: Mars atmosphere, Dust Storm 

1 Introduction 
The infrared spectroscopy is an important remote 

sensing technique to study the planetary atmospheres 
and surfaces. Over several decades this technique has 
been used on Mars to study the composition of the 
surface, minerals, dust, water ice clouds, temperature 
and atmospheric gases1-3. The atmosphere of Mars 
consists of several CO2 bands, weak water vapour 
lines, radiatively active water ice clouds, and signatures 
of dust periodically stirred up by strong surface winds. 
The surface of Mars can be observed in certain spectral 
windows: 780-1000 cm-1, 1080-1240 cm-1 and 2500-
2800 cm-1. The Mariner 9, Viking, Mars Global 
Surveyor (MGS), Mars Odyssey and Mars Express 
(MEX) have observed the presence of water and dust 
on the surface of Mars from infrared thermal emission 
spectrometer1-3. These missions have also observed 
surface minerals, rocks and temperatures on Mars.  

The dust storms can develop in few hours and 
spread over the entire planet within few days4. It 

affects the densities, temperatures, and winds of the 
Mars’ atmosphere. It has been found that large dust 
storms on Mars grow in the tropics of southern 
hemisphere during spring/summer5. The modeling 
studies have suggested that the Martian dust storms 
are capable of generating a significant amount of 
electricity which split CO2 and H2O into CO, OH, O 
and H. These elements recombine into H2O2 and can 
fall on the ground as a snow that would destroy 
organic molecules associated with life6. The dust is an 
effective absorber of solar radiation, which provides  
a major source of heating, thus generating vertical  
and horizontal winds. There have been reported  
many dust storms4-6. We have studied the response  
of a dust storm on the thermal emission spectra  
and brightness temperature that were observed7 by 
Planetary Fourier Spectrometer (PFS) onboard MEX 
in MY28. These measurements were carried out at 
low latitude region (0-30oS) for Ls=240o, 280o, 300o 
and 320o corresponding to orbits # 4338, 4552, 4670 
and 4808 respectively. It is found that the thermal 
emission spectra and brightness temperature are 
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decreased by a factor of ~ 3 due to absorption of dust 
between wave numbers 900-1200 cm-1.  
 
2 Planetary Fourier Spectrometer 

Recently MEX carried out PFS instrument for the 
measurement of thermal emission spectra emitted by 
the surface/atmosphere of Mars. This instrument has a 
short-wavelength (SW) channel covering the spectral 
range 1700-8200 cm-1 (1.2-5.5 μm) and long 
wavelength (LW) channel covering 250-1700 cm-1 
(5.5-45μm)8-10. In SW channel of PFS spectra, 
methane was first discovered by Formisano et al.11 at 
wave number 3018 cm-1. They have reported global 
average of methane mixing ratio to be 10 ± 5 ppbv. 
Later Geminale et al.12,13 studied the seasonal, diurnal 
and spatial variations of methane in the atmosphere  
of Mars. Recently Sindoni et al.14 have observed 
mixing ratios of water vapour and carbon monoxide  
at wave numbers 3845 cm-1 (2.6 µm) and 4235 cm-1 

(2.36 µm) respectively. They have found anti-correlation 
between the concentrations of water vapour and CO. 
This is due to sublimation of the carbon dioxide and 
water vapour from north polar ice cap, which 
decreases concentration of non-condensable species 
CO. Similar process also occurs in south polar cap but 
in this case the condensation of carbon dioxide and 
water vapour increases the concentration of non-
condensable species CO.  

Zasova et al.15 reported preliminary results of 
temperature profiles, dust and water ice cloud 
opacities retrieved from thermal infrared spectrum of 
PFS. They have identified orographic ice clouds 
above Olympus and Ascraeus Mons. Giuranna et al.16 
studied the mechanisms of CO2 condensation and 
accumulation over south polar cap of Mars. They 
found that the polar cap expands symmetrically with a 
constant speed during the fall season. Mättänen et al.17 
analysed PFS data to study the response of local  
dust storm on atmospheric thermal structure near  
the equator of Mars in the late northern summer.  
They reported that the temperatures were about ~ 10 K 
colder near the surface and ~ 5 K warmer in the upper 
atmosphere during the dust storm period. Sato et al.18 
investigated tidal variations in the atmospheric 
temperature at low altitude (<45 km) during the dust-
clear period from PFS data. Montabone et al.19 
analysed the data obtained from MGS and Odyssey 
for MY24 to MY32 and studied the inter-annual  
and seasonal variability of dust optical depths.  
Aoki et al.20 have reported H2O2 in the Martian 

atmosphere at wave number 379 cm-1. They have 
derived mixing ratios 16±19 ppb at Ls = 0o-120o, 
35±32 ppb at Ls = 120o-240o and 41±28ppb at Ls = 
240o-360o. It is found that the emission intensity and 
temperature decrease by factors of ~3 and 1.3, 
respectively, during dust storm period. 

 
3 Datasets and Analysis 

In this paper we have analysed PFS data of LW 
channel for MY28 when a major dust storm occurred 
at low latitude in southern hemisphere between Ls = 
260o-300o for about a couple of weeks. The thermal 
emission spectra and brightness temperature were 
retrieved from these observations in absence and 
presence of dust storm. The observed thermal 
emission spectra were characterized by Planck 
function at the corresponding surface temperature 
under Local Thermodynamic Equilibrium condition 
(LTE)21. The Planck function was expressed as given 
below: 
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where BT is the observed thermal emission spectra at 
brightness temperature T, υ is the wave number, h is 
Planck constant, k is Boltzmann constant, and c is 
speed of light. The Planck function is varying with 
altitudes because the temperature T is altitude 
dependent. The altitude-dependent of brightness 
temperature21 were calculated by inverting equation 
(1) as follows:  
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The propagation of radiation in the planetary 

atmospheres is influenced by absorption, emission and 
scattering by molecular species. In the above Eqs (1) 
and (2) we have not considered molecular scattering 
under LTE condition. Planck function cannot produce 
spectral features of the emission spectra of PFS. The 
spectral features of the thermal emission spectra can be 
reproduced by radiative transfer equation including 
scattering by atmospheric molecules. Our aim is not to 
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reproduce the spectral features of thermal emission 
spectra by radiative transfer model. Therefore, we have 
obtained brightness temperature directly from the 
observed thermal emission spectra21 by inverting 
Planck function.  

The PFS also observed instrumental error while 
measuring thermal emission spectra. This error 
depends upon the measurement conditions and 
mechanical and non-mechanical vibration of the 
spacecraft. Comolli and Saggin22 showed that these 
uncertainties can be reduced by averaging the 
measured spectra. Giuranna et al.7 reported about less 
than 1% error in PFS observations. We have averaged 
PFS data over 10 degree latitudes between 0o to 30oS 
to decrease the instrumental noise22.  

4 Results and Discussion 
In Fig. 1 (a & b), we have shown measured optical 

depth of dusts as a function of latitude and Ls for MY 
28 (Fig.1a represents a contour plot of dust opacity of 
MY28 at different Ls between latitudes -90oS and 
+90oN. Figure.1b shows variations of dust opacity 
with Ls for MY28 at latitude range 0o-10oS, 10o-20oS 
and 20o-30oS). These observations were carried out 
from nadir direction at infrared wavelength 9.3 µm 
from Thermal Emission Imaging System (THEMIS) 
on board Mars Odyssey23. The local time of THEMIS 
observations are limited from 2:00 PM to 6:00 PM 
because Mars Odyssey is orbiting in a sun-synchronous 
orbit where Mars would be monitored for a short  
local time. These optical depths are averaged over 

 
 

Fig. 1 — (a) Contour plot of dust optical depths (under the colour bar) for MY28 as observed by THEMIS experiment onboard
Mars Odyssey at different Ls between –90o S and +90oN and (b) Line plot of dust optical depth variations with Ls for MY28 at latitude
range 0o-10oS, 10o-20oS and 20o-30oS.  
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longitudes. The Ls and latitude values refer to the 
centre of the 5o x 5o bins. The uncertainties in the 
optical depths were calculated to be ± 0.03. A major 
dust storm was observed in MY28 at low latitude in 
southern hemisphere of Mars. This dust storm occurred 
during southern summer (Ls = 260o-300o) at perihelion 
when Mars received about 40% more sunlight than 
the aphelion. In the summer, surface temperature 
increases which produce high wind velocity to raise 
the dust above the surface of Mars24. When dust is 
raised into the atmosphere it forms a thick layer which 
reduces 9.3 μm temperatures that are cooler than the 
surface temperature. During the dust storm period the 
value of τ increased to about 1.2 at Ls=280o. The τ is 
the optical depth of the atmosphere during peak dust 
storm period. There was a little spatial variation in the 
opacity as the storm decayed (Ls=300o). During the 
decay period of dust storm the optical depths did not 
change significantly with latitude. Before and after  
a couple of weeks at Ls = 240o and 320o, the intensity 
of this dust storm was reduced and τ decreased 
significantly to 0.1, which we consider background 
aerosol loading in a clean atmosphere when dust 
storm is absent.  

The Fig. 2 shows the track coverage of PFS 
measurements in MY28 along four MEX orbits at  
Ls = 240o, 280o, 300o and 320o. We have selected 
these orbits where MEX passed through southern low 
latitude region (0 -30oS) at fixed longitude of Mars. 
During these orbits the effects of global dust storm 
were highest. The Fig. 3 (a-c) represents thermal 
emission spectra measured by PFS instrument 
between wave numbers 250-1400 cm-1 at latitude 
range 0o-10oS, 10o-20oS and 20o-30oS respectively. 
These spectrum were observed in MY28 at Ls=240o, 
280o, 300o and 320o corresponding to orbit # 4338, 
4552, 4670 and 4808 respectively (The emission 
spectra is not observed at Ls=320o between latitude 

range 0-10oS). In Table 1 we have summarized the 
number of PFS spectra used for averaging over 
latitude range 0o-10oS, 10o-20oS and 20o-30oS at  
Ls= 240o, 280o, 300o and 320o corresponding to orbit 
# 4338, 4552, 4670 and 4808 respectively.  

In these spectra, prominent dip at about 667 cm-1 
was observed due to absorption of CO2. The broad 
peak at about 300-400 cm-1 is observed due to 
absorption of H2O. The emission intensity decreased 
by factor of ~3 due to absorption of dust between 
wave number 900-1200 cm-1 in presence of dust 
storm. The absorption of dust was maximum during 
the peak dust storm period at latitude range 10o-20oS. 
Several Q-branches16 have been observed in the 
emission spectra at wave numbers 545, 596, 618, 667, 
720, 742 and 792 cm-1 due to CO2 isotopic molecules 
O16C12O16. The wave numbers in these spectra  
are chosen at interval 1.5 cm-1. It was found that 
thermal infrared emission intensities are decreasing 
with increasing Ls at 240o, 280o and 320o during spring, 
summer onset and late summer respectively. There was 
no significant change in the thermal intensities at 
Ls=280o and 300o because the season was almost same. 
In summer, the polar caps experienced sublimation 
due to increase in temperature. The H2O and CO2 are 
condensable gases. The abundances of these gases 
were large during summer due to sublimation process 
in comparison to that in spring. The thick atmosphere 
produced less infrared thermal radiations from the 
surface of Mars. The thermal emission spectra are not 
changing significantly with latitudes 0o-10oS, 10o-
20oS and 20o-30oS. It produced a flat dip at around 
900-1200 cm-1 due to absorption of dust during storm 
period at Ls=280o and Ls=300o. The effect of dust 
storm in the emission spectra was not seen in the late 
spring at Ls=320o.  

Figure 4 (a-c) represents the brightness temperature 
profiles between wave numbers 250-1400 cm-1 at 
latitude range 0o-10oS, 10o-20oS and 20o-30oS 
respectively. The brightness temperatures were 
obtained from the thermal emission spectra shown in 
Fig. 3 (a-c) by inverting Planck function. In the invert 
calculation, the non-linearity of Planck function will 
be eliminated. Therefore, the brightness temperature 
was nearly same at wave number ≤ 600 cm-1.  
There was a decrease in brightness temperature due  
to absorption of dust between wave numbers 900 - 
1200 cm-1. When the dust was raised into the 
atmosphere the day-time temperature decreased 
because atmospheric layers are cooler than the surface 
of Mars16. The major dip in the brightness temperature 

 
 

Fig. 2 — Geographical distribution of PFS measurements carried
out from MEX for Ls=240o, 280o, 300o and 320o during orbit
# 4338, 4552, 4670 and 4808 respectively. 
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due to absorption by CO2 was observed at wave  
 

number 667 cm-1. The Q branches of CO2 isotopic 
molecules were also seen in the temperature spectra as 
observed in the infrared thermal emission spectra. The 
temperature was decreasing with the increasing Ls 
between wave numbers 250-1400 cm-1. The maximum 

temperature ~260-280 K was observed at Ls=240o 
when Mars reached at perihelion and it received a large 
amount of solar radiation. The dust storm was observed 
between summer onset and mid-summer at Ls=280o 
and 300o, respectively, when Mars was moving away 
from perihelion. The temperature decreased to ~220 K 
during the late summer at Ls=320o. In this season a 
small dip was noticed in the temperature at wave 
number 1300 cm-1, which was produced due to low 
emissivity in presence of larger particles of mineral 
dust near Christiansen frequency24. The PFS instrument 
observed instrumental noise in the brightness 
temperature and thermal emission spectra. The noise in 
the PFS spectrum was produced due to mechanical and 
non-mechanical vibration of the spacecraft22. Other 

 
 

Fig. 3 — The thermal emission spectra observed by PFS instrument during orbit # 4338, 4552, 4670 and 4808 at Ls=240o, 280o, 300o and 
320o respectively. These emission spectra are averaged over 10o latitude: (a) 0o-10oS, (b) 10o-20oS and (c) 20o-30oS. 
 
 

Table 1 — Number of spectra used in the averaging of PFS data 

Solar longitude 
Ls 

Number of spectra for averaging 
(Latitude range) 

0-10ºS 10-20ºS 20-30ºS 
240 23 19 19 
280 17 25 20 
300 24 23 26 
320 - 18 15 
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sources of errors depend upon the measurement 
conditions. These errors are less than 1% in the 
measurements20. The uncertainties produced by various 
disturbances can be reduced by the averaging of the 
spectra22. We have averaged PFS spectra at 10o latitude 
to reduce the random noise. A noise equivalent radiance 
of 0.2-0.4 erg/cm2/s/sr/cm-1 was deduced from the 
repeatability of the calibration spectra taken periodically 
from deep space and from a built-in blackbody22.  
 
5 Summary and Conclusions 

We report an analysis of PFS spectra at low 
latitude of Mars in presence and absence of dust 

storm. The brightness temperature was obtained from 
thermal emission spectra by inverting the Planck 
function. The present work reports the effects of dust 
absorption into the Martian atmosphere and how 
much it can affect the thermal emissions qualitatively. 
Four major dust storms4 were observed on Mars 
during MY10, MY13, MY25 and MY28 from 
Mariner 9, Viking, MGS and MEX respectively. The 
brightness temperatures were measured during these 
dust storm periods. In comparing brightness 
temperatures of MEX observations with the earlier 
measurements made by Mariner 9, Viking and  
MGS, we have found substantial increment of about 

 
 

Fig. 4 — The brightness temperature inverted from radiances observed by PFS instrument during orbit # 4338, 4552, 4670 and 4808  
at Ls=240o, 280o, 300o and 320o respectively. These temperature spectra were averaged over 10o latitude: (a) 0o-10oS, (b) 10o-20oS and 
(c) 20o-30oS.  
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15o-20oK in the latest measurement. The infrared 
spectrometers onboard Mariner 9, Viking and MGS 
have observed maximum brightness temperatures  
~ 250o K, ~ 255o K and ~ 265o K in presence of dust 
storms corresponding to MY10, MY13 and MY25 
respectively25-27. The PFS onboard MEX has observed 
maximum and minimum brightness temperatures  
~ 280oK and ~ 220oK at Ls = 240o and Ls = 320o 
respectively in MY28 during the dust storm period. 
We have found that thermal emission spectrum  
and temperature were reduced by factors of ~ 3 and  
~ 1.3, respectively, during the dust storm period  
due to absorption of dust between wave numbers  
900-1200 cm-1.  
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