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Abstract. Satellites launched from various countries provide excellent pavement
to understand activities and processes taking place in the Martian environment. This
paper is brought out with detailed analyses of the atmosphere and topography of around
9 million square kilometers area on Mars near the Landing site of Viking 2 and Mars
Science Laboratory (MSL) from Martian satellite datasets which would help in providing
new opportunities for future explorations.
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1. INTRODUCTION

Mars, the red planet, has many hidden valuable sources for exploration.
Researches are developed around the world for exploring Mars for suitability to
withstand life, its physical, chemical characteristics, geological properties, atmospheric
and climatic conditions, etc. Many questions arise about all these geo-climatic
variables.
The red planet is the second smallest planet among others in the solar system.
The size of Mars is about half of that of our planet but is strikingly rich with a
complex preserved geological record. Mars could be compared with the Earth point
of view of rotation, ice caps at both poles, the yearly cycle of seasons,
paleotectonics, and the transparent atmosphere. Since the Earth’s atmosphere is
similar to that of Mars, the atmosphere of Mars is playing a significant role in
exploration for the planetary community. Researchers are investigating Mars to
find the sources of water and oxygen, climatic conditions, and geological properties
so that Mars can be made as a next Earth to live in. On the other hand, the Martian
atmosphere differs from that of Earth’s point of view of atmospheric composition
(mainly carbon dioxide with small concentrations of atmospheric water), low
temperature and pressure, and the significant role played by atmospheric dust [1].
The magnitude of Mars’ atmospheric pressure is less than 1/100th of the pressure
that impacts the Earth’s surface [1].
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Mars is having a thinner atmosphere compared to Earth and is slightly
transparent to sunlight. Mars is also having a similar rotation rate and tilt as the
Earth. Hence, the atmosphere of Mars lies in the category of a rapidly rotating,
spatially heated atmosphere with a stronger lower boundary and significant contrasts.
The atmosphere of Mars is essentially formed by CO2 with a surface pressure lower
than Earth’s, with no Earthlike water cycle [2]. A basic question regarding the
surface of Mars is whether it had or will have favorable conditions for life in terms of
the presence of water or gases. Few studies predicted the presence of a primitive
source of life represented by microbial committees that could be responsible for the
production of methane [3]. However, these are still hypotheses under investigation
concerning the atmospheric attribute of Mars.
General circulation models have their origin in the models for the meteorological
forecast. They simulate the atmosphere by a 3-D network (longitude-latitude-altitude)
explaining the governing equations by numerical techniques [4, 5]. The geomorphology
of the surface and the erosional and depositional forms that have followed up on a
surface give information on the climatic and environmental conditions that have
influenced it through time.
Numerous explorative launches including landers, orbiters, and rovers had
been to Mars and found pieces of evidence for the questions arising in researchers’
minds. They collected tremendous datasets, photographs, and information that have
cleared route to further investigations and explorations.
In September 1976, Viking 2 landed on Mars at the location situated to
47.64°N, 225.71°W to study Mars and assess signs of life. Thompson and Schultz
[6] show that the Viking 2 mission, part of the American Viking program to Mars,
had the mission to take images and investigate the Martian surface and atmosphere.
Mars Science Laboratory (MSL), launched by NASA on 26 November 2011
landed on 6 August 2012, at 4.5895°S-137.4417°E, in the Gale Crater [7]. The
MSL goals were to explore Mars habitability, studying its climate and geology, and
gathering information for a possible human mission to Mars [8].
Recently, the launching activity from various countries increased, proving the
curiosity of scientists from all over the world [9–11] to understand the origin and
history of Mars.
2. METHODOLOGY

The study area (Latitude 0°N–45°N, Longitude 60°E–120°E) is situated near
to the landing site of the Viking 2 lander and MSL (Mars Science Laboratory)
lander. The region of interest is presented in Fig. 1.
Digital Elevation Model (DEM) is commonly used to study and visualize the
land surface and topography. NASA’s Mars Global Surveyor (MGS) Spacecraft’s
instrument Mars Orbiter Laser Altimeter (MOLA) provides data for the investigation
of the topography of the study area on Mars. Data used as input in DEM was
downloaded from [12].
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Fig. 1 – a) The study area on Mars in a global view; the black box indicates the target studied region;
b) an enlarged view of the study region in the Viking data image with a pixel size of 232 m/pixel.

The atmospheric models are of paramount importance for Mars. Several missions
provided data that can be utilized to investigate Mars in greater details, such as, Mars
Climate Database (MCD) and wind data from the Rover Environmental Monitoring
Station (REMS) instrument on the Mars Science Laboratory (MSL) which is estimating
winds since 2012, and hence delivered wind data of more than two Mars years [13].
The MCD is a database used by General Circulation Model (GCM) numerical
simulations of meteorological fields of the Mars atmosphere and has been validated
using available observational data [4, 5, 14]. This database is currently being utilized
by the majority of the active groups in the investigation of the Martian atmosphere,
both as a source for scientific studies and as a tool in designing future missions. The
Mars Climate Database includes related post-processing of data and schemes such as
the interpolated high spatial resolution of environmental information and methods for
reproducing the variability thereof.
The GCM was used to simulate the wind speed in the study region.
Surface temperature and pressure estimations for the study region are also
presented. A comparison of the series distributions is done using the KruskalWallis [15] test. More precisely, we test the null hypothesis that the temperature
series come from the same distributions against the alternative hypothesis that they
come from different distributions. The same null hypothesis of equality is tested for
the pressure series, at the significance level of 5%. In each case, the corresponding
distribution is determined.
3. RESULTS

As shown in Fig. 2a, the elevation of the study area varies from – 6412 to
4342 meters, with a total elevation difference of 10,754 m. The cross-section
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profile of the study region is presented in Figs. 2b and 2c, whereas detailed 3D
visualization of the area in 2D can be seen in Fig. 3.

a)

b)

c)

Fig. 2 – a) Study area map of Mars Orbiter Laser Altimeter (MOLA) Digital Elevation model having
a spatial resolution of 200 m/pixel; b) cross-section profile the study area from A to D. X-axis
represents the horizontal distance (in degree) and Y-axis corresponds to vertical height (in meters);
c) cross-section profile of the study area from C to B.

The slope of the analyzed area varies from 0 to 70.33 degrees as shown in Fig. 4.
Table 1 shows the slope percentage distribution in the studied zone. The slopes are
less than 1.50 degree i.e. 63.755%, the maximum slope degree pixels covering only
0.7884% of the total area.
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Fig. 3 – 3D Visualization of the study area. In the color-coded map, the hot color e.g. red depicts the
maximum elevation which is 4342 meters, whereas the blue color indicates the minimum elevation
which is –6412 meters.

Fig. 4 – Slope map of the study area.
Table 1
Slope (Degree) area percentage distribution in the studied region
Slope (Degree)
Pixel <= 1.50
1.50 < Pixel <= 5.50
5.50 < Pixel <= 10.75
10.75 < Pixel <= 20.00
20.00 < Pixel <= 70.33

Pixel Count
151,217,921
63,691,108
13,955,076
6,449,470
1,870,179

Area Distribution (%)
63.755
26.8530
5.8836
2.7191
0.7884
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Fig. 5 – Simulations from the MCD of the Horizontal wind speed, South-North wind speed,
and West-East wind speed maps for the local Mars time 15:00 at Ls 90°, Ls 135°, and Ls 180°.
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Mapping of Mars surface wind speed as a component of season, day, and time
at a particular location can increase our knowledge about the Mars surface conditions
[16] and can be of great importance in planning for future manned and unmanned
missions. The wind is currently the prevailing geological agent acting on Mars.
Figure 5 shows the Horizontal wind speed, West-East wind speed, and SouthNorth Wind speed maps for the local Mars time 15:00 at Ls 90°, Ls 135°, and Ls 180°
for the study region, where Ls 90° represents the start of northern summer, Ls 135°
for the middle of northern summer, and Ls 180° for the end of northern summer.
The wind direction and its speed are most commonly affected by the regional
and local topography. Further, they also rely on the surface solar radiation budget
and big-scale differences in atmospheric opacity, via their impact on the global
overturning circulation, baroclinic/barotropic waves, and atmospheric tides, among
other processes.
In our situation, there are significant differences between the horizontal wind
speed at Ls 90° and Ls 135°, on one hand, and Ls 180° on the other hand. The same
is available for the S-W and W-E wind components.
Surface temperature and pressure estimations help to accomplish a deep
understanding of the major dynamical features occurring in the atmosphere of the
studied planet [17]. Changes in surface pressure depend on many processes like
temporal scale, variations caused by the condensation and sublimation of the polar
caps in the bulk atmospheric mass, which cause large pressure variation across the
planet [18, 19]. Whereas, the qualities and variability of surface temperature are
mainly represented by the solar radiation budget from the surface and variables
which rely on the location, atmospheric opacity, time of year, and the thermal and
physical properties of the terrain.
Figures 6 and 7 show the surface temperature and pressure of the study area
at local Mars time 15:00 for Ls 90°, Ls 135°, and Ls 180°, along with hourly
variation rate of location 23°N, 90°E. The maximum temperature variation in the
studied area region is noticed at the beginning and end of northern summer (Ls 90°
and Ls 180°), whereas the maximum pressure difference is observed at the
beginning of the northern summer.
At the Martian time 15:00, the temperature rises to 234K at Ls 90°, while the
lowest temperature recorded is 194K. The pressure varies from 900 Pa at Ls 90° to
380 Pa at Ls 135°.
The results of the Kruskal-Wallis test for the series of temperatures recorded
for 24 hours for Ls 90°, Ls 135°, and Ls 180° didn’t reject the null hypothesis that all
the series have the same distribution. This distribution is of the Wakeby type [20]
with the parameters  = 48.605,  = 0.79441,  = 0,  = 0,  = 188.83, and was
validated by the Kolmogorov-Smirnov, Anderson-Darling, and the Chi-Squared
goodness-of-fit tests [21].
The same test rejected the hypothesis that the pressure series recorded for
24 hours at Ls 90°, Ls 135°, and Ls 180° didn’t reject the null hypothesis that all the
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series have the same distribution. The post-hoc Conover test [22] emphasizes the
differences between the pairs of series since all the p-values associated with the tests
are less than 0.05 (the significance level).

Fig. 6 – Surface temperature the study area at local Mars time 15:00 for Ls 90°, Ls 135°,
and Ls 180°, along with hourly variation rate of location 23°N, 90°E

The distribution of the pressure series for 24 hours for Ls 90°, Ls 135°, and
Ls 180° from Fig. 7 are respectively of the following types:
 Burr, with the parameters k = 39.566,  = 136.31,  = 781.39
 Wakeby, with the parameters  = 11.46,  = 0.31749,  = 0,  = 0,  = 658.18
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Wakeby, with the parameters  = 88.155,  = 4.5596,  = 1.6031,  = 0.39725,
and  = 675.36.

Fig. 7 – The surface pressure of the study area at local Mars time 15:00 for Ls 90°, Ls 135°,
and Ls 180°, along with hourly variation rate of location 23°N, 90°E.

Figure 8 contains the QQ-plots that show the fit quality. Since the recorded
values (represented by dots) are aligned along the line representing the theoretical
distribution, it results that the mode is correctly chosen. Given that the shapes of
the last two charts on the right hand side of Fig. 7 look similar, it was expected that
the last two series come from distributions of the same type.
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Fig. 8 – The distribution of the surface pressure series collected at the study site.

4. CONCLUSION

Studying, visualizing, and understanding the climate of Mars is essential to
encourage investigations and to see whether Mars could have favorable conditions
to support life. Elevation differences in the study area are enormous and, subsequently,
there are huge variances in the surface pressure. As a result of the atmosphere
thinness, the temperature has huge variations from day to night. Given the strong
coupling between the Martian lower and upper environment, it is essential to
contemplate this intricate framework with a ground-to-exosphere model, ready to
consider the coupling between atmospheric layers and physical processes.
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