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Abstract— Martian storms can potentially impact the 

lower/upper atmospheres through dust aerosol radiative 

heating/cooling and atmospheric circulation. Notably, the planet-

encircling dust storm is the most dynamic phenomenon that 

substantially alters the temperatures and circulation patterns of 

the Martian atmosphere. Here we present the attempt to 

investigate how the dust impact transfers from the neutral upper 

atmosphere to the ionosphere over the Acidalia Strom Track 

(AST) passes through the largest liquid flow channel of Mars. 

Our results show that the main ionospheric layer (below ~250 km 

altitude) undergoes an overall upwelling or enhancement. Our 

analysis shows that during the dust storm season, ionosphere 

density varies from 1.8x106 cm-3 to 5x106 cm-3 at the height of 

~150 to 170 km, and during non-dust storm season, it varies from 

1.3x105 cm-3 to 9x105 cm-3 at a height of 100 to 120 km, much less 

than dust storm season. Further, the impact of regional and 

global dust storms is determined by accounting for predictable 

sources of ionospheric variability like EUV Flux, SZA, and 

neutral densities. This study suggests that significant dust activity 

can cause disturbances in ionospheric densities as well as 

upwelling of the ionospheric layer. These disturbances are tied to 

perturbations in the thermosphere caused by aerosol heating of 

atmospheric dust. The expansions of the atmosphere during the 

dust storms and the solar wind electron precipitation are 

considered plausible mechanisms for explaining the observed 

results. The effects of the lower atmospheric dust storms on the 

altitude of the Martian ionosphere are studied using a topside 

radar sounder (MARSIS) aboard the Mars Express spacecraft. 

For this purpose, we considered oblique echoes observed during 

Martian years 33 and 34. Our results consistently indicate that 

the altitude of the Martian ionosphere is higher during the dust 

storm period than before the onset of the dust storm. Also, we 

tried to investigate and verify the compositional variation of the 

Martian ionosphere during the Martian storms, using the ion 

density measurements made by the Neutral Gas and Ion Mass 

Spectrometer (NGIMS) onboard the Mars Atmosphere and 

Volatile Evolution. Also, we included the supportive evidence 

from MAVEN IUVS observed data for the mentioned events. At 

the height of 170 km, the variations of ionospheric species during 

the GDS show enhancement in CO2+, Ar+, H2O+ and depletion 

in O2+, O+, N2+/CO+ and OH+. These results will open a new 

window to study the atmosphere loss from the red planet. 

Keywords— Martian dust storm, Ionosphere, oblique echos, 

acidalia storm track. 

INTRODUCTION 

The escape of various gases from the Martian atmosphere 

from the primordial phase to date is a fascinated topic for the 

researcher. History of the presence of noble gases on Mars 

suggested that those gases could have evolved from primordial 

to present-day through two early episodes of hydrodynamic 

atmospheric escape [78]. In the first episode, escape of H2 rich 

atmosphere in contact with Solar EUV and in the second 

episode, recycling of carbon isotopes leaving behind the noble 

gases with its isotopic composition [77]. The evolution of the 

Martian Atmosphere is one of the most fascinating problems in 

the exploration of our solar system [6,7,9,11,12]. Present-day, 

Mars has a very thin 6-millibar atmosphere in equilibrium with 

polar caps and regolith [51]. Both morphological and 

mineralogical evidence suggests that Martian Climate was 

warmer and wetter more than 3 billion years ago [31]. 

According to famous scientist HG Heaven, the Main 

mechanism for gas escape is thought to be Jeans escape of a 

steady hydrogen reservoir sourced from odd-oxygen reactions 

with near-surface water vapour [47,48]. Constraints on H loss 

have historically been made using hydrogen Lyman alpha 

(121.6 nm) light scattered in the planet’s extended upper 

atmosphere or corona and for that scientists used the MAVEN-

IUVS instrument to acquire the data [17,18,19,20]. 

Paramagnetic and superoxide form of oxygen reveals many 

windows to study the Martian atmosphere since the major part 

of the ionosphere is O2+ and recombination of O2+ usually 

occurs at the Martian exosphere [66] leading to the escape rate 

of water [14,15,16].  The neutral densities in this paper were 

obtained by the Neutral Gas and Ion Mass Spectrometer 

(NGIMS) on MAVEN, a quadrupole mass spectrometer that 

measures in situ densities in every orbit. NGIMS provides a 

unique opportunity to study upper atmospheric composition, as 

it has now measured densities between the nominal altitudes of 

approximately 150-350 km for over a full Martian year. This 

provides a large dataset for analysis of the neutral densities in 

the altitude regime where the atmosphere transitions from 

collisional to ballistic and neutral escape becomes more likely. 

Since ion precipitation is correlated with the direction of the 

solar wind convective electric field, it is more likely when the 

field is directed towards the planet [27,85,93]. In our present 

work, we are mainly interested to study the process of 

atmosphere escape from the Martian atmosphere. The present 

work basically put interest on the largest liquid flow channel of 

Mars, Kasei Valles [74,76]. We tried to see the effect of a dust 

storm near extremely low land. Further, we focused on the 

atmospheric parameter which definitely has strong 

contributions towards the atmospheric anomalies. Specifically, 

we want to concentrate on the effect of solar EUV and Dust 

storms (local as well as global) on the different layers of the 
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atmosphere over Kasei valles. The extension of the dust 

activity occurs in the red planet ranges from very small scale, 

i.e., dust devils, to very large-scale or planet-encircling dust 

storms (longitudinal axis >2000 km [63,64]. Many scientists 

put their efforts to understand the origin and circulation pattern 

of these dust storms [37,38]. Regional and Global dust storms 

last for more than a single Martian day or even for weeks and 

significantly put impact the atmospheric structure and 

circulation [22, 63, 64, 82, 88, 89, 90, 13, 84]. Haberle et al. 

(1982) and Wilson (1997) suggested that equatorward 

movement of dust storms injects dust into the rising branch of 

the Hadley circulation, hence they used to enhance the dust 

mixing into the upper atmosphere, and increase the mid-level 

air temperatures, which can be an indicator of dust storm 

occurrence. Also, regional dust storms help in the generation of 

a thick haze over many areas of the red planet that can reach up 

to an altitude of 60 km and increase the normal opacity by a 

huge factor [55, 56, 13,70]. Enhancement in the Martian 

Ionosphere is created regularly by solar X‐ray and ultraviolet 

(UV) radiation and electron impact. On several occasions, 

many atmospheric parameters give inputs to the atmosphere of 

Mars and disturb its ionosphere leading to sudden 

enhancements in its density [44, 45, 60, 68]. Modelling studies 

have shown that dust storms can also cause ionization in the 

Martian atmosphere up to an altitude of ~80 km [44,45,14]. 

Moreover, dust storms may change the altitude of the 

ionospheric peak [92,68] due to the expansion of the Martian 

atmosphere as we mentioned while explaining the CBL height 

[88,61,89,90]. The Mars Advanced Radar for Subsurface and 

Ionospheric Sounding (MARSIS) regularly detects ionospheric 

bulges in the Martian ionosphere [5,28,29,40,41,86,87,71,75]. 

We reported a few cases in which peak frequencies of the 

oblique echo a greater than those of the vertical echoes and we 

further investigate causative mechanisms for the occurrence of 

such strong oblique echoes 

DATA AND METHODOLOGY: 

 

NGIMS data analysis:  

Our present study uses the publicly available NGIMS level 

2 data of October 2014, January 2016 and June 2018. NGIMS 

is a quadrupole mass spectrometer that measures in situ ion and 

neutral counts within a range of 2-150 amu. NGIMS has 1 amu 

resolution for each orbit. Both ion and neutral counts are 

measured by NGIMS in channels for mass-to-charge ratio in a 

2.6 s cadence. The counts from each mass channel are 

converted to abundances in particles per cubic centimetre. The 

abundance is counted against the altitude, time, latitude, and 

longitude of the measurement in the instrument’s level 2 data 

files. The present work estimates the changes in average 

neutral and ion density near the exobase during the dust event 

by comparing densities for species O, Ar, and CO2 in the 180-

220 km altitude range. By looking at this altitude range, we can 

examine neutrals and ion density that might be enhanced by 

enhanced due to the dust event and temperature variance due to 

accumulation of dust particles over the area. Ar was chosen by 

the present work because it is chemically inert, meaning it does 

not undergo photochemical processes, while O and CO2 were 

chosen due to their dominance at the altitudes of interest i.e. 

below 250 km. For each orbit, we average the measured 

densities for each species over altitudes 180-220 km. The level 

3 data is also analyzed to see the scale height of each 

component. Density bins are in logarithmic bins in level 3 data.  

Abundance generally referred to in the level 2 product is in 

part/cc. In the level 3 product, a resampled ‘density’ product is 

acquired in a 10km averaged bin. This is used to help smooth 

out each orbit and is useful for broader pictures of the 

atmosphere. It does smooth out wave features and is more 

useful for temperature profiles, but tends to lose the finer 

features from each orbit. The other L3 product (res-sht) 

computes the scale height and temperature using a fit to the 

log10 (abundance) vs altitude of the argon data. All positional 

information (altitude, solar zenith angle, local solar time, 

longitude, latitude, etc.) is computed using ephemeris data 

provided by spice kernels and is included in the level 2 data 

product.  

MARSIS data analysis: 

MARSIS data was analyzed by Rao et al shows that one 

may observe an enhancement of the ionosphere during or at the 

earlier stage of a dust storm. In our present work, we have three 

confirmed dust storm cases that are 2014, 2016 and 2018 for 

which we have analyzed the MARSIS data. MARSIS is a 

space‐based radar sounder that is used to collect data in the 

nadir direction to probe the subsurface and ionospheric features 

of Mars [79]. It consists of a 40‐m tip‐to‐tip dipole antenna that 

is used for transmitting high‐frequency radio waves and 

thereby receiving the reflected echoes from the ionosphere, 

surface, and subsurface of Mars. In the active‐ionospheric 

sounding mode of operation, it sweeps 160 frequencies 

between 0.1 and 5.5 MHz that are distributed 

quasi‐logarithmically. The working principle for MARSIS 

during the active‐ionospheric sounding mode of operation is 

illustrated in Kopf et al., 2008 [28,57]. When MARSIS 

transmits a frequency, reflections from ionized targets occur 

where the sounding frequency match with the local plasma 

frequency. Specular reflections occur when the iso-density 

surfaces are perpendicular to the transmitted rays. Instant 

sweeping from low frequency to high frequency, at first 

MARSIS receives reflections from higher altitudes with an 

increased frequency than from lower altitudes until the 

sounding frequency matches to the frequency of the main peak. 

When the sounding frequencies are higher than that reflected 

from the main peak, then we may say that reflections come 

from the surface of Mars. Each reflected frequency from the 

ionosphere corresponds to an electron density, which is given 

by the relation, 

 

where fp is the transmitted frequency in hertz and ne is the 

electron density in per cubic centimetre. The “delay time” 

shown in figure 11, is often converted to “apparent altitude” 

with an assumption that the transmitted and reflected rays 

travel at the speed of light [1,40,57,72,73]. The highest 

frequency that reflects from the ionosphere is considered to be 

its main peak. Vertical lines in the ionogram in the bottom 

panel shown in Figure 4 represent the harmonics of electron 

plasma oscillations from which the electron density local to the 

(1) 
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spacecraft can be obtained [29]. An ionospheric echo trace can 

also be estimated from the ionogram and with the combination 

of ionospheric echo and electron density local to the spacecraft 

can be inverted to get an electron density profile 

[1,40,57,72,73]. The presence of surface echoes and electron 

cyclotron echoes can also be noted in the ionogram. By 

measuring the separation between electron cyclotron echoes 

lines, the magnetic field information at the altitude of the 

spacecraft can be obtained which we will try for our next work 

under process [1,5,40]. It is to be mentioned that the separation 

between the vertical and oblique echoes indicates that the 

spacecraft is passing over an ionization bulge [1,40,57,72,73] 

IUVS data Analysis:  

Since the Lyman alpha line is optically thick so it is 

difficult to estimate the escape value and density from the 

intensity data of MAVEN-IUVS. So, we went back to 1970 to 

understand the forward model to calculate the intensity. 

Afterward we fitted the model intensity profile and original 

intensity profile to get the jeans escape value. In 1977 

Anderson introduced the radiative transfer model assuming the 

corona to be isothermal, planetary line profile to be doppler and 

the solar lines are independent of frequency. Before Anderson 

and Hord, Chamberlin in 1963, tried to calculate the escape 

flux with the specified chemical composition, temperature and 

incident solar radiation. He found an escape rate of 6x106 

atom/cm2 sec. Chamberlain also introduced the effect on the 

ionosphere which we have already discussed in or previous 

section with MARSIS data [21,22]. In the next year, 

Chamberlain forwarded the classic assumption of a sharply 

defined critical level (exobase), above which the atmosphere is 

completely free of collisions. Throughout, the different types of 

particle orbits are treated separately; coronal particles are either 

ballistic (meaning captive particles whose orbits intersect the 

critical level), satellite (captive particles orbiting above the 

critical level), or escaping. Liouville’s equation leads to exact 

expressions for the density distributions and escapes flux 

[21,22]. After that, as we mentioned, Anderson introduces a 

new assumption of frequency redistribution and got an escape 

flux value of 2.4x1011 atom/cm2 sec [2,3,4]. In 1999 Bishop 

tried to estimate the Lyman alpha and Lyman beta flux for 

which he got a value of 3.6x1011 atom/cm2sec. In our present 

work, we closely follow the method used by Chaufray (2008) 

and Chaffin (2018).    

Since Lyman alpha photons are multiply scattered in the 

Mars corona, so, a radiative transfer model is required to 

retrieve escape rates from intensity measurements. In our 

present work, we follow a forward modelling approach, 

coupling a parametric hydrogen density model to a photon 

scattering model introduced in previous literature [10,39,25]. 

Through this model we compute the brightness for a given 

model atmosphere, after that, we compared the data with 

observations. We also estimated the chi-squared difference of 

the data and the model data for minimum value and then fit the 

atmospheric parameters. We also follow the assumptions by 

the previous literature in both the density and radiative transfer 

modelling. As we mentioned earlier, the assumptions adopted 

in H coronal retrievals at Mars do not differ from the 

assumption followed in our present work [10,39,23,24,25] and 

these assumptions helped us to estimate a proper fit for the 

model data to observed coronal profiles. The density model we 

follow is identical to Chaufray et al. (2008). The model 

assumed a spherically symmetric atmosphere and accepts two 

parameters as input i.e. the number density and temperature of 

hydrogen at the exobase of the red planet. We assumed the 

exobase temperature to be at 200km. The complete procedure 

is mentioned in appendix III.   

The second assumption is that the CO2 density at 80 km is 

fixed to be 2.67×1013 cm−3 for all presented profiles, and the 

temperature of CO2 is assumed identical to the H temperature. 

We consider the exobase at 200 km, so below exobase, we 

need to assume a density and temperature profile and for that, 

we consulted an analytic profile from Krasnopolsky (2002). 

This profile suggested a varying density profile of 9.5x105 cm-3 

to 3.5x106 cm-3 in relation to a varying temperature profile of 

100 to 150K below the exobase temperature. We also assumed 

the exosphere is assumed isothermal at the exobase 

temperature as assumed by Chaufray and Chaffin in their 

previous work. All velocity distributions are assumed to be 

Maxwellian at the temperature corresponding to the altitude for 

which the observational data are available. The CO2 is assumed 

to have a hydrostatic density profile determined from the 

temperature-dependent scale height. We assumed the H density 

profile above the exobase contains the particle following 

ballistic orbits as mentioned for the Chamberlain exosphere 

[10,39,23,24,25]. We assumed the H density to be constant 

below 120 km. Since the atmosphere is mostly opaque for 

Lyman alpha the effect of the last assumption is negligible also, 

we mentioned the low altitude characteristics for the density 

and temperature profile based on Krasnopolsky et al., 

[10,39,23,24,25]. In brief, we assumed two parameters as input 

and tried with different combination for a particular height to 

minimize the chi-squared value and confirms our findings.  

Starting from Anderson and Hord (1977) we went through 

Chamberlain (1962,1963) and ended up with Chaufray (2008), 

Bhattacharyya (2015,2016) and Chaffin (2018) to understand 

the complete assumption for the input of the forward model for 

radiative transfer. In addition, we also assume Gaussian line 

shapes and complete frequency redistribution to solve the 

radiative transfer equation. We consulted the precomputed 

atmospheric scattering on a grid of hydrogen density and 

temperature, resulting in source functions that are integrated 

along observation lines of sight for comparison with spacecraft 

measurements by Chaffin (Chaffin et al., 2018). the Jeans 

escape relationship for our calculation is given by, 

 

 

 

 

where 𝜙 is the exobase escape flux, n is the exobase 

density, T is the exobase temperature, Vmp is the most probable 

(2) 

(3) 

(4) 
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Maxwell-Boltzmann velocity, 𝜆 is the escape or Jeans 

parameter, k is the Boltzmann constant, r(exo) is the exobase 

radius, m is the mass of the hydrogen atom, M is the planetary 

mass, and G is the universal gravitational constant.  

Second this we need to know the ꭓ2-minimization technique 

to fit the data. ꭓ2 is given as,  

 

 

For each point of the refined grid defined by the two 

parameters nexo, Texo, the quality of fit to the data is quantified 

by a value of χ2. Index I refer to the ith line of sight, Io is the 

observed intensity, Im the computed intensity, σo the standard 

deviation of the observed intensity and n is the number of lines 

of sight fitted for each orbit 

RESULTS: 

The present work first analysed the NGIMS data to see the 

neutral abundance in the Martian atmosphere. First, we 

analysed the neutral density during the 2018 GDS. Figure 1 

represents the CO2 density during pre, ongoing and post dust 

storm scenarios. The present work tries to show the effect of 

the dust storm  

 

Figure 1: The figure illustrates the CO2 abundance during the 2018 GDS. We 

may see an enhancement in the neutral density during the global dust storm. 
Also, we may see the shifting of the maximum density layer during GDS. 

During the pre-dust storm period, lower atmosphere neutral density is higher. 

 

The present work tries to see also the depletion of the ion 

during a global dust storm. We find that the hydroxyl ion gets 

depleted in the range of 10 power 2 during a global dust storm.  

That indicates the exospheric escape of water in the influence 

of EUV and UV. Also, we may see an oblique echo in 

MARSIS data due to the enhancement in the ionospheric 

density at the height of 170 to 200 Km. Also, we may see the 

upwelling of the ionospheric layer in the post dust storm 

season. The peak ionospheric layer went up to a height of 

250km in the figure. Figure 2 illustrate the ion abundance 

during a dust storm along with the post and pre-dust storm 

season. There also, we may see an upwelling of the ion layer 

which further interact with the UV and FUV and get dissociate 

to escape the Martian exosphere. 

Figure 2: OH+ abundance during 2018 GDS along with pre and post dust storm 

month. We may clearly see the depletion of OH+ ion during a GDS which lead 

us to conclude the atmospheric escape process of Mars. 

 

During 2014 RDS, accretion of dust we may see over the Kasei 

Valles. Deep convection activity is used to increase the lower 

atmosphere temperature due to which the CBL and scale height 

are used to increase for the species. It is to be mentioned that 

CBL decides the transportation of the species from the lower 

atmosphere to the upper atmosphere. For scale height data we 

consulted NGIMS level 3-res-sht publicly available product 

and matched with the previous literature based on satellite 

imagery.  Figure 3 shows the ion abundance during the 2014 

Regional Dust Storm (RDS). [49,50,51,52]. Scale height varies 

for CO2 from 8 to 10km. 

The present work also tries to evaluate the same for the local 

dust storm observed during September 2016. We found 

significant enhancement in CO2+, Ar+, H2O+ and depletion in 

O2+, O+, N2+/CO+ and OH+. In figure 3 we showed the 

depletion of OH+ during a regional dust event.  

(5) 
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Figure 3: The figure illustrates the OH+ ion depletion during s regional dust 

storm. We may clearly see the scenario of ion abundance during and post dust 

storms. 

 

Using observations of MARSIS instrument onboard the Mars 

Express spacecraft, we show the presence of unusually strong 

oblique echoes on Oct 2014 (Ls = 222°), September 2016 (Ls = 

212°), June 2018 (Ls = 185°), The “unusually strong oblique 

echoes” are characterized by their peak densities, which are 

much greater than those of the vertical echoes and their peak 

altitudes which are much lower than that of the normal 

ionosphere. For 2016 and 2018 the echoes follow both the 

condition but for 2014 we may see the oblique echoes but with 

less peak density. The peak density in the first of these cases is 

~1.98 × 105 cm−3 and was observed at an altitude of ~ 70 km 

from the mean surface of mars. In a subsequent case on 27 Oct 

2014, the peak densities decreased and altitudes increased. 

These oblique echoes were observed in a region of relatively 

weak crustal magnetic fields between 15°S to 85°S latitudes 

and 39°N and 345°W longitudes, on which we need to focus 

our attention in our future works.  There could be various 

mechanisms to enhance the ionosphere. In our present study, 

we consider only the dust events to be the only reason for 

ionospheric bulging and observed the effect accordingly. 

Reported density value was observed at a height of 70 to 90 

km. Since we are working with MAVEN data using a forward 

model, we will have a rough idea about the density that we use 

as a parameter in the forward model to estimate the brightness 

of the layman alpha profile. Oblique echoes were also observed 

in other dust storm years though their peak frequencies are less 

than those observed in 2016. During all these years, the strong 

oblique echoes were not observed continuously throughout the 

dust storm period but only sporadically. At this point, it is 

important to remember the limitations of the MARSIS 

observing technique, which is a topside sounder. It cannot 

observe any ionization if its density is less than that of the main 

ionospheric layer (Rao et al.,2018). This means that even if 

there is dust enhanced ionization in the lower ionosphere, 

MARSIS will not be able to observe if its density is less than 

that of the main layer. Thus, MARSIS might have missed 

several important cases of enhanced ionization in the lower 

ionosphere. Interestingly we find the oblique echoes over weak 

magnetic fields also. One possibility is that the ionization is 

locally produced. In this case, the convection in the Martian 

dust storm transports the water vapour to these altitudes, which 

subsequently becomes atomic hydrogen [23,24] and gets 

ionized. That is why we consulted MAVEN-NGIMS data to 

see the water escape through photodissociation during a dust 

storm. In the lower atmosphere. Also, solar UV ionization 

plays a significant role in the ionization of dust aerosols. The 

deep convection in the dust storm makes the atmosphere 

expand which causes the upward movement of the neutrals and 

ions. As a result, the ionization due to dust aerosols moves to 

upper atmospheric altitudes. The process of deep convection 

involves both convective and advective motions that result in 

the complex movement of plasma. We know that during the 

Martian dust storms, turbocharging and altitude distribution of 

the aerosol particle sizes lead to large‐scale electric fields 

[67,68,69]. During the early phase of the dust storm, the 

amount of ionization and electric fields created in the lower 

atmosphere may reduce because the UV radiation reaching the 

surface decreases and the mixing of dust aerosols increases. So, 

the upliftment and acceleration of aerosols from the lower 

atmosphere to the upper atmosphere happen more in the initial 

phases of the dust storm, and it decreases with an increase in 

dust activity. Such acceleration and transport of plasma in 

regions of open magnetic fields have been observed in the 

ionospheres and magnetospheres of several planetary bodies 

such as in the polar wind at Earth's high latitudes in the 

ionospheric holes at Venus and in the plasma plumes at 

Jupiter's moon Europa [8,46,26,53,54].  In situ measurements 

of neutral and ion compositions, temperatures, and electric 

fields are the most needed parameters to understand the 

acceleration processes that transport the plasma from the lower 

atmosphere to the ionospheric altitudes. From figure 11 we 

may see that the oblique echoes during 2014 and 2016 are 

much stronger than that of vertical echoes but in 2018 during 

the global dust storm the separation between the vertical and 

oblique echoes is increasing, hence the case is self-explanatory 

depending upon the above discussion.  As we may see from the 

above discussion dust storms can lift the aerosol and boundary 

layer hence now, we sift our focus to find the effect of the dust 

storm afterwards 
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Figure 4: A series of ionograms for the years 2014,2016 and 2018. We may see 

the strong oblique echoes in all the ionogram indicates the time period before 

or during a local and global dust storm 

After reaching the higher altitude, aerosols are encountered by 

high X and UV rays dissociate into its components and finally 

escaped the Martian atmosphere.  Temperature and deep 

convection process play a major role in the process of dust 

storms [30,32,33,34,35,36,37,38] and in previous literature the 

escape process was reported as jeans escape/thermal escape 

process. 

Figure 5: IUVS observed intensity for Lyman alpha line during the year 2014. 

During November and December, we may observe a high-intensity value 

indicated by the bunch of plots on the right-hand side. 

We computed the escape flux for November and December 
using the forward model and we listed the value in table 1: 

Table1: We furnished the exobase temperature, exobase 
density, and escape rate in the table. 

Date  Orbit  Ls  

Exobase 

density 

(106 

cm−3) 

Maximum 

Intensity 

(kR) 

Exobase 

temperature 

(K) 

Thermal 

flux (108 

cm−2/s) 

29.12.2014 486 261.7 1.47 13.6199 195 8.82 

12.11.2014 238 232 1.23 11.7261 187 7.72 

11.10.2014 No data but from the colour plot, simulated model data gives an 

intensity of 12.34 kR, which in turn gives an escape flux of 2.58x108 

cm−2/s 

21.10.2014 126 218.2 2.37 9.2385 205 10.21 

28.10.2014 No data but from the colour plot, simulated model data gives an 

intensity of 7.34 kR, which in turn gives an escape flux of 8.85x108 

cm−2/s 

 

Figure 6: IUVS observed intensity for Lyman alpha line during early Oct 2014. 
We may see a maximum intensity of 6kR. 

After we estimated the escape rate for 2014, we analyzed 
the 2015 data for MAVEN IUVS. Dust storm season start in 
mars from Ls=180, so we observe the intensity during a dust 
storm season for mars. Since late October, November and 
December 2014 we found the local dust storm and MARCI 
confirms the dust storm continuity through the earlier months 
of 2015 so with that deliberate intention we analyzed the data 
for 2015 also to give more rigidity to our results.  
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Figure 7: Intensity plot for the year 2015 for MAVEN-IUVS data.  We 
separately indicate the intensity plots for two different seasons along with solar 

longitude. 

We may clearly see from figure 7 that the intensity become 
higher during the earlier months of 2015 or during a dust storm 
season. he values of exobase temperature, density and escape 
rate for the year 2015. It is to be mentioned that during the 
earlier month of 2015 we got strong oblique echoes over the 
Hellas region with a strong crustal magnetic field which 
coincides with the result by Rao et al., 2018. A total of 305 
days of data is available for 2015. To evaluate the escape rate 
we considered some criteria, i.e. the atmosphere is uniformly 
distributed and the particles follows the Maxwellian 
distribution. Since thin Lyman-α lines are difficult to analyze 
so we consulted the forward modeling to compare the model 
intensity with observed intensity. Through ꭓ2 minimization 
techniques we fitted the graph and estimated the escape rate 
(jeans escape). To be more accurate we consider the escape rate 
and exobase temperature as the input parameter in the forward 
model. The figure bellow shows a ꭓ2 value of 2.7 and an escape 
rate of 3.25x108 cm-3/s with an exobase temperature of 220K 
and density is 0.6x106 cm-3.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 20: Model fit data (red curve) along with the observed intensity data 
(blue curve) where exobase is considered at 200 km. 

During a dust storm, the escape rate is so high. So, we may 
say that the atmospheric water escape [58,59] is must faster on 
the red planet. Through the whole discussion, we put forward 
the dust distribution, the effect of a dust event in the various 
layer of the atmosphere so that we may easily predict the 
atmosphere escape for the red planet [80,81,83]. To understand 
properly the local atmosphere, we consider a few more events 
which we discussed date wise later in this section.  

DISCUSSION: 

The present work consulted satellite images that confirm 1 dust 
event/dust storm near Lunae Plenum and Kasei Valles during 
Dec 2014 [42,43]. We may see the structure of the dust event 
over the eastern side of the Kasei Valles (32°N/59°E) [91]. 
Deposition of dust and suspension of a dust particle in the 
Martian atmosphere blocked the solar incident radiation and we 
used to get a moderate albedo value. The temperature value 
varies from 220 to 240 K. The NGIMS data confirms the 
enhancement in the neutral as well as ion densities. 
Enhancement of the density confirms the uplift of neutral 
species and get dissociated in presence of UV and FUV. OH+ 
ion depleted during 2014 dust storm which indicates the 
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atmospheric chemistry involved in the escape of water into the 
Martian exosphere [62,65,66]. 

Before going to the MARSIS analysis, we need to see the 
MARCI daily weather report of Mars to know the location of 
our dust event. We consulted MARCI weekly report to predict 
the track of the dust event. 

 (http://www.msss.com/msss_images/2014/11/05/). On that 
week on Mars, a local scale dust storm was observed 
originating out of western Elysium tracking southward towards 
Gale Crater. After reaching and partially obscuring Gale 
Crater, the storm quickly abated. The Curiosity rover in Gale 
Crater experienced elevated levels of atmospheric opacity 
during that time. Amazonis and Cimmeria experienced local 
dust storms in the middle of the week. Local dust lifting events 
along the seasonal south polar ice cap generated a dust cloud 
over Aonia. Afternoon diffuse water-ice clouds were observed 
over Syria, southeast of Eos Chasma in Valles Marineras, and 
Arisa Mons, the southernmost volcano of the Tharsis Montes. 
Polar hood water-ice clouds continued to dip southward over 
the mid-latitude plains of Acidalia and Utopia.  In figure 2 we 
may see the intense dust haze.  The results of the present study 
show that there was a regional dust storm before and during the 
observation of the strong oblique echoes during 29 Dec 2014 
with a peak density of 0.5x 106 cm-3. We estimated with a ꭓ2 
value of 1.4, the escape rate is ~8.8x108 cm-2/s with an 
exobase temperature of 240K and density is 1.47x106 cm-3. 
Our estimated value also coincides with MARSIS peak 
atmospheric density. 

Maven-IUVS data shows an enhancement in the laymen 
alpha intensity. The present work also concludes that the uplift 
of hydroxyl ions occurs during the late phase of the dust storm. 
GDS is usually a strong event to carry the species up to the 
exosphere but regional dust storms follow a phase delay in this 
process. In figure 5 we may see that layman alpha intensity is 
14 kr during the month of November instead of October. 

2016 local and 2018 global dust storm:  

MAVEN coronal scan data during the 2018 global dust 
storm is not available hence we only analyzed the NGIMS and 
MARSIS data for the present work. We may see the structure 
of the cloud/dust haze over the eastern side of the Kasei Valles 
(32°N/59°E) for 2016. We tried to find the reason for the 
occurrence of the dust haze and found a local dust storm over 
the Acidalia region (40° N). Further, we estimate the albedo 
value depending on the reactance value and found it to be 
varying from 0.8 to 0.9. Deposition of dust and suspension of a 
dust particle in the Martian atmosphere blocked the solar 
incident radiation and we used to get a high albedo value. 
Using albedo values, we calculated the approximate 
temperature. The temperature value varies from 200 to 240 K. 
The estimated temperature value indicates a favourable 
condition for the deep convection process. The upwelling of 
the ionospheric layer is confirmed by both NGIMS and 
MARSIS.   

MARSIS data during and before the dust storm gave a peak 
density of 5x106cm-3. The most prominent two large regional 
dust storms were observed by MARCI over the northern 
hemisphere of Mars. The large arcuate-shaped dust storm, 
reported by MARCI, propagated eastward over the northern 
mid-latitudes of Utopia Planitia before abating. By midweek 
(30 September to 1 November 2015), a new dust storm had 

formed over the Ares III landing site. The dust storm moved 
southward along the Acidalia storm track into Xanthe Terra. 
By the end of the week, the storm covered an area from eastern 
Valles Marineris to north-central Arabia Terra, equivalent to 
the combined area of the entire United States and Mexico. 
More typical weather features were also spotted over the red 
planet. A number of local-scale dust storms occurred over 
northern Amazonis, Argyre, and Noachis Terra. Each 
afternoon, diffuse water-ice clouds were present over Tyrrhena 
Terra and the major shield volcanoes of Tharsis. In figure 4 we 
may observe the storm indicated by the red circle. A major 
regional-scale dust storm continued across Mars during 
November 2015. At the start of the week, the dust storm 
expanded along the northern hemisphere from eastern Tharsis 
to Elysium. Dust over Arabia was transported north of Syrtis 
along with the polar vortex, where it continued to spread 
eastward. During that time, the storm proliferated over the 
southern hemisphere, extending past the edge of the seasonal 
south polar ice cap, as far as the Mountains of Mitchel. By the 
end of the week, the storm stretched from Solis in the west to 
Cimmeria in the east, encompassing an area greater than 30 
million square kilometres. Condensate water-ice clouds, 
typically observed above the major shield volcanoes of Tharsis, 
were absent during the second half of the week due to warmer 
atmospheric conditions caused by the storm. We analyzed the 
IUVS disk scan data and echelle mode data to see the intensity 
over the red planet during 2018. Estimated intensity values 
vary from 5.6 to 8 at the initial phase of the dust storm and 
during a dust storm and further, the intensity values increase up 
to 8.7 kR. But as far as the model and MCS temperature are 
concerned, we modelled the intensity to be >20kR. From this 
intensity value, we estimated the jeans escape flux value came 
out to be 2.865x109 cm-2/s with a temperature value that 
varies from 250 to 270K. So, we are waiting for the processed 
corona data to be available publicly to verify our findings. A 
huge amount of water was lost from the red planet during the 
global dust storm. NGIMS data confirm the enhancement and 
the depletion of the species during the global dust storm. We 
analyzed data for all the available species and found that GDS 
contribute in the enhancement in CO2+, Ar+, H2O+ and 
depletion in O2+, O+, N2+/CO+ and OH+. These results will 
open a new window to study the atmosphere loss from the red 
planet. 

CONCLUDING REMARKS: 

1. The observed dust storms occur in the Acidalia 
region. This dust storm track put influences the largest liquid 
flow channel of Mars. During 2014 both regional storms 
contribute to the dustiness over Kasei Valls. CBL and Scale 
height were used to increase during the dust storm near Kasei 
Valles.   

2. Before and during the dust storm we find a strong 
oblique echo derived from MARSIS data indicates the presence 
of a deep convection process.  

3. We estimated the maximum atmospheric density from 
MARSIS data to be 5x106 cm-3 at a height of ~80 km which 
also support further predicting the input parameter for MAVEN 
data analysis which helps us to know about the lower 
atmospheric scenario. 

4. NGIMS data confirms the enhancement of the ion 
abundance and neutral species at the height of the ionosphere. 
Also, it shows enhancement of the ion abundance in the 
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exosphere which further support the escape of the planet 
atmosphere.  

5. We analyzed the MAVEN-IUVS (all mode) data for 
2014 to 2018 and found the escape rate varies from 6x107 cm-
2/s to 2.4x109cm-2/s.  

6. GDS influences instantly in the enhancement of the 
neutral and ion density and local/regional storm used to follow 
a phase delay. Also, we may see an upwelling of the 
ionospheric layer during and post dust storm period.  
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