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Abstract 

 

 The present study is based on the 

local dust storms reported by Tianwen-1. In 

the year 2021 Tianwen-1 reported 6 local 

dust storms near mid-latitude (Qu et al., 

2021). The current work tries to investigate 

the atmospheric changes over the lendable 

area during the reported dust events by 

Tianwen-1. Based on the temperature 

profile acquired by Mars Climate Sounder 

(MCS), we have estimated the Convective 

Boundary Layer’s (CBL) height. The 

estimated CBL height varies from 7 to 9 km 

during dust storms. Strong mixing below 

CBL creates dustiness over the observed 

area. The observed dust storm lasted for 

more than a sol significantly affecting the 

atmospheric structure and the planetary 

circulation, suggesting that the equatorward 

dust storm injected dust into the rising 

branches of the cell of Hadley circulation. 

Hence, though headily circulation dust 

mixing enhancement occurs in the middle 

atmosphere and the mid-level air 

temperatures rise. Further, we are trying to 

estimate the properties of the dust particle. 

The effective radius of the dust particle 

varies from 300 nm to 3000 nm. During the 

dust storm, air temperature increases up to 

200 K. With the help of temperature data 

and retrieved water ice opacity data we have 

shown the formation of water ice clouds 

along the midlatitude of Mars. The 

formation of water ice clouds has been 

represented through the radiance data of 

availablelow-resolution images captured by 

the Visual Monitoring Camera (VMC). 
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I. HIGHLIGHT 

 

1. Local dust storms injected dust into the rising branches of the cell of Hadley Circulation 

2. Midlevel air temperature raised up to 200 K during the dust storm 

3. Planetary circulation helps create the dustiness through variation of CBL  

4. Air-born dust particles are of fine mode as well as coarse mode. 

 

II. INTRODUCTION 

 

 Martian dust storm ranges from microscopic scale-like local (longitudinal axis 

>100km) to planet-encircling or like large dust storms with longitudinal axis >2000 km; 

(Martin and Zurek, 1993). The scientific community tried to understand the origin of dust 

storms and the planet's circulation pattern (Golitsyn, 1973; Gierasch and Goody, 1973). 

Large-scale dust storms like regional and Global dust storms used to last for more than a sol 

or even for weeks and microscopic scale-like local dust storms used to stay for more than half 

a sol. These dust events significantly affect the atmospheric structure and planetary 

circulation (Martin and Richardson, 1993; Smith et al., 2002; Wang et al., 2003; Cantor, 

2007; Wang et al., 2007). Haberle et al. (1982); Strausberg et al., 2005;) suggested that the 

equatorward dust storm injected dust into the rising branch of the Hadley circulation. Hence, 

though Hadley circulation dust mixing enhancement occurs in the upper atmosphere, 

especially in the mesosphere, the mid-level air temperatures rise. So, accretion in the mid-

level air temperature can be an indicator of dust storm occurrence. Moreover, regional dust 

storms generate thick haze over many areas. The haze may reach up to an altitude of 60 km 

and increase the normal dust opacity over the area (Cantor, 2007; Mishra et al., 2016).  Water 

ice clouds and fog appeared in low-altitude topography on Mars without dust storms (Benson 

et al., 2010). The scientific community tried to find the dust movement initiated by dust 

storms and their impacts on the planet's circulation by opacity analysis (Heavens et al., 2011; 

Guzewich et al., 2015, 2017).  

 

 Based on the previous literature, Utopia Planitia has been considered the largest 

impact basin in the northern hemisphere of Mars. The Martian atmospheric dustactively 

influences the Martian climateand participates in the accretion ofthe albedo of the Martian 

surface due to the deposition of dust particles (Tang et al., 2021). 

 

 Previous studies already explored the combinedbehavior of thermal tides with water 

ice cloudsthat enriches the understanding furtherof the factors that involves to the formation 

of elevated temperature inversions. The previous literature adopted modeling studies to show 

thattropical effective temperature inversions may arise either dynamically from zonally 

modulated thermal tides (Wilson et al., 2003; Hinson and Wilson, 2000) or else radiatively 

from a dense water ice cloud layer (Colaprete and Toon, 2000, Haberle et al., 1999). During 

the dust storm, the planet possesses a huge temperature instability which further helps the 

formation of water ice clouds.  In our present work, first, we investigate the atmospheric 

scenario during the local dust storms. Secondly, we investigate the temperature variation and 

opacities to see unreported dust activities throughout the planet. Thirdly, we investigate the 

temperature variation in relation to the water ice cloud from opacity data. Finally, we 

reported the whole atmospheric scenario during these 6 events of dust storms.  
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III. DATA AND METHODOLOGY 

 

1. MCS Data: From September 24, 2006 (LS = 111°, MY 28), MCS observed the Martian 

limb, nadir, and off-nadir in nine broadband channels to detect dust, temperature, and 

condensates (McCleese et al., 2007, Kalita et al., 2021). Through limb observations with 

a moderate (5 km) vertical resolution from the surface to about 80 km altitude, we can 

extract vertical profiles of temperature (K), dust extinction (km-1; at 463 cm1 

wavenumbers), and water ice extinction (km-1; at 843 cm1 wavenumbers) using MRO 

observations (Kleinböhl et al., 2009; Kalita et al., 2021). In the current study, we used 

MCS DDR data for MY 33–34, which are available in PDS by clicking the following 

link. 

 

https://pdsatmospheres.nmsu.edu/data_and_services/atmospheres_data/Mars/Ma

rs.html Inside the MCS observational DDR data package, there is a.tab file that contains 

vertically integrated dust extinction. We might examine the overall observed dust opacity 

using the data on dust extinction. In the end, maximum atmospheric mass MCS retrievals 

in dusty conditions do not reach the surface (Guha et al., 2018, Kalita et al., 2021a, 

2021b). As a result, the lowest retired point is used to determine the vertically integrated 

dust opacity while assuming a well-mixed profile. It should be emphasized that this 

supposition results in the extrapolated data for the limb seen. In order to study the 

variation in atmospheric characteristics, we used the density-scaled opacity technique 

described in Heavens et al. (2011) since it provides a seasonally and latitudinally variable 

opacity profile that is a good approximation of what might beappropriate. Density-scaled 

opacity is readily related to the aerosol mixing ratio. Also, the profile forwarded by 

Forget et al. (1999) cannot estimate the vertical dust distribution at certain latitudes and 

seasons. Moreover, density-scaled opacity helps understand a particular dust profile's 

radiative and dynamic importance (Heavens et al., 2011,Kalita et al., 2021a,2021b). 

 

In addition, we reported CBL height based on MCS data, computed the 

approximate height of the CBL based on MCS temperature data, and helped predict the 

intensity and height of the observed dust storm using MCS data (Kalita et al., 2021a, 

2021b). The present work also focused on the dust and water ice opacity for the MCC 

observed events and the temperature profile.(dzτ in km
-1

; i.e., extinction per unit height 

due to dust or water ice) by atmospheric density ( ), i.e., dzτ /   in m
2
 kg

−1
. Through 

simulation, we estimated the necessary parameters using DDR-version 5 data (Kalita et 

al., 2021a, 2021b). To determine the particle's effective radius, we used the Mie theory. 

First, using information on water ice and dust extinction from the MCS, we compute the 

density scaled opacity. We computed the dust particle's effective radius using the data to 

estimate the dust's mixing ratio and the Mie theory. 

 

                 
               

      
                (1) 

Also, the effective radius of water ice particle as, 

                 
               

      
                (2) 

 

The Mie theory, as defined by Kleinböhl et al. (2009), where'reff' is the effective 

radius of particles, yields the value of 'Qext' as 0.78 for water ice particles and 0.350 in 

https://pdsatmospheres.nmsu.edu/data_and_services/atmospheres_data/Mars/Mars.html
https://pdsatmospheres.nmsu.edu/data_and_services/atmospheres_data/Mars/Mars.html
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the case of a dust particle. The ideal gas equation is used to calculate density from MCS 

data. The retrieved densities,  I and  D, have values of 900 kg m-3 and 3000 kg m-3, 

respectively. The particles' estimated effective radii range from 1.40 to 3.2 m. 

Additionally, we checked our effective radius calculations against the MCD GCM data 

for that specific event. In addition, we estimated the height of the CBL during the 

observation period and evaluated the static stability factor based on the temperature 

profile. The static stability value (S) is first plotted as a function of altitude. The observed 

S value should fall within the range of 1 and 2, and the matching height aids in estimating 

the CBL. 

 

It is challenging to determine CBL height with accuracy. To calculate the CBL 

height, we take the S value of 1.5 into account. CBL height is determined using the 

occultation method by,  

 

  
  

  
 

 

  
                    (3)

          

Where g is the acceleration due to gravity  
  

  
  is the temperature gradient, and 

the Cp is the specific heat at constant pressure. Further, we subtracted the elevation of the 

area from occultation height to get the actual value of CBL (D) as, 

 

                             (4) 

 

2. Mars Climate Database (MCD) Web Interface: To estimate the effective radius of the 

dust particle we use MCD-based mixing ratio values. The web interface is as follows, 

http://www-mars.lmd.jussieu.fr/mcd_python/ 

 

We put lat/long and altitude as input in the web interface and extracted the 

mixing ratio for the particular event. Further, we used the modeled value to calculate the 

effective radius of the particles. Also, based on the comparison between the detection 

wavelength and the radius of the particle we cautiously reported the mode of the particles.    

 

3. Visual Monitoring Camera Images: To monitor the release of the Beagle-2 lander, the 

Visual Monitoring Camera (VMC) was included on Mars Express originally. The VMC 

was switched on again on 2007 and effectively used for almost a decade purely for 

outreach purposes. In 2016, collaboration with scientists from the University of the 

Basque Country UPV/EHU in Bilbao proved the scientific value of the data through 

studies of plumes (SANCHEZ-LAVEGAETAL et al., 2015). The Visual Monitoring 

Camera is aComplementary metal-oxide-semiconductor(CMOS) sensor that takes images 

by default in grayscale. Further, VMC is fitted with a Bayer Pattern filter so that color 

information may be extracted in post-processing (archives.esac.esa.int) The VMC low 

resolution images are processed to extract the luminosity value as follows,  

 

luminosity(a,b)=image(a,b,1)*0.299+0.587*image(a,b,2)+0.114*image(a,b,3)             (5) 

 

After that we converted those DN number to radiance value to detect the cloud. 

 

http://www-mars.lmd.jussieu.fr/mcd_python/
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IV. RESULT AND DISCUSSION 

 

 The six local dust storms reported by Tiawnwen-1, in the year 2021 Tiwanwen-1 near 

midlatitude are as follows (Qu et al., 2021). 

 

Table 1: Location and Solar Longitude Information for the Observed Events 

 

Serial 

Number  

Dust Storm 

Type 

Solar Longitude 

(Degree) 

Center Location 

(lat/long) 

1 Local  13.1 47.0◦N, 101.2◦E 

2 Local 13.8 52.0◦N, 107.2◦E 

3 Local 21.3 61.3◦N, 130.1◦E 

4 Local 21.8 64.3◦N, 121.1◦E 

5 Local 27.1 54.6◦N, 104.9◦E 

6 Local 27.4 53.4◦N, 107.2◦E 

 

 From the table we have the solar longitude and center location for the dust storms. 

The spreading area is reported >700,000 km
2
. The area corresponds to ± 20 lat/long from the 

central coordinate represented in the table 1. We processed the Mars Climate Sounder (MCS) 

observed opacity data and found a satisfactory results. In figure 1 we may see the dust 

opacity for the corresponding events. 

 

 
 

Figure 1: The figure illustrates the MCS observed latitudinally and longitudinally 

distributed dust and water ice opacity data as a function of altitude on 06/03/2021. In the 

longitudinal distribution, we can clearly see the two branches of temperature with a high 

value (~200 K) corresponds to dust opacity. That indicates the rise in temperature during 
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the dust storm. Also, a sudden increase in temperature below 20 km along -100 to -150 E 

results in the formation of a water ice cloud. Water ice opacity is 5x10
-4

 km
-1

 at the 

corresponding latitude. 

 

 The corresponding lat/long value is also verified with the represented opacity plot. On 

06/03/2021 a high dust deposition is recorded over 52.0◦N, 130.2◦E. The mid-level air 

temperature also reaches up to 200K. Dust is injected up to a height of ~25 km. CBL is 

recorded as 8 km. Due to the rise in the height of CBL a strong mixing occurs between air 

and air-born dust. This redistribution creates dustiness over the Utopia Planitia. This largest 

basin of Mars possesses high albedo also due to the deposition of dust. 

 

 As we mentioned in figure 1 the water ice cloud formed over -100E to -150 E during 

the dust storm event due to an anomaly in temperature. Further, VMC images are represented 

to show the clouds. If we consider the tropical extension of Hadley circulation, we may 

indicate the branches with high-temperaturevalues where dust is injected from the lower 

atmosphere.  

 

 
Figure 2: VMC low-resolution images with clouds. We took two transects (red line) to 

extract the radiance data. The radiance data confirms the presence of a water ice cloud. 

 

 We may see cloud structure over -100E to -150 E due to temperature anomaly as 

shown in figure 1. The red boxes illustrate the cloud portion of the low-resolution images. 

Further, the events have been processed through MCD to see the mixing ratio, wind pattern, 

and temperature. Temperature is further verified with the observed data.  

 

 We tried to consult MARCI’s daily weather report to verify our events. Unfortunately, 

MARCI daily weather report is not available for that time period. Also, it is worth 

mentioning that we did not extract the reflectance value at the top of the atmosphere as we 

did in our previous paper (Kalita et al., 2021), because for that we need a deeper knowledge 

of VMC. In our present work, we presented low-resolution images to show the water ice 

cloud formed over other location during the events and we constrained ourselves up to the 

calculation of radiance value. We mainly focus on the temperature anomaly throughout the 

planet and their contribution for the formation of water ice clouds.    
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Figure 3 (a): MCD-based temperature, wind process, and mixing ratio plots. High westerlies 

drive the dust and are used to inject the dust into the rising branch of the Hadley circulation. 

 

 
 

Figure 3 (b): The mixing ratio plot has been shown separately to illustrate how we used the 

mixing ratio data to extract the effective radius of the particles. 

 

 Similarly, on 08/03/2021 we analyzed the MCD and VMC data. High dust deposition 

is recorded over 52.0◦N, and 150.2◦E. The mid-level air temperature also reaches up to 200K. 

Dust is injected up to a height of ~20 km. CBL is recorded as 7.8 km. Due to the rise in the 

height of CBL a strong mixing occurs between air and air-born dust. This redistribution 

creates dustiness over the Utopia Planitia. High wind speed along W-E helps in the 

redistribution process. W-E wind varies from -35 to 35 m/s. Negative sign indicates the E-W 

wind flow over the observed area.  Whereas, the S-N wind varies from -21 to 21 m/s. Both 

the events caries the evidence of coarse mode as well as fine mode particles.  
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Figure 4: The figure illustrates the MCS observed latitudinally and longitudinally 

distributed dust and water ice opacity data as a function of altitude on 08/03/2021. In the 

longitudinal distribution, we can clearly see the two branches of temperature with a high 

value (~200 K) corresponds to dust opacity. That indicates the rise in temperature during 

the dust storm. Also, a sudden increase in temperature below 20 km along -100 to -150 E 

results in the formation of a water ice cloud. Water ice opacity is 7x10
-4

 km
-1

 at the 

corresponding latitude. 

 

 We concluded the mode based on the observed wavelength and effective radius of the 

particles. The effective radius during 06/03/2021 varies from 400 nm to 2100 nm whereas on 

08/03/2021 the effective radius varies from 350 nm to 3000 nm. We already mentioned that 

we may extract the dust extinction (km-1) at 463 cm
−1

 wavenumbers, and water ice extinction 

(km-1) at 843 cm
-1

wavenumbers. For the other four events, we have mentioned the details in 

table 2 

 

Table 2: Illustrate the CBL Height,Wind Speed, and Temperature Data for the Local 

Dust Storm 

 

Solar 

Longitude  

CBL Height  Windspeed Maximum 

(M/S) 

Maximum 

Temperature 

(K)  

21.3 8.1 25 200 

21.8 8.0 22 210 

27.1 7.9 30 220 

27.4 8.2 32 210 
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V. CONCLUDING REMARKS 

 

1. During the local dust storms, the temperature used to rise over the observed area. 

2. Rise in temperature and wind speed, convection as well as Variation in CBL helps the dust 

to be redistributed over the observed location. 

3. Strong Dust mixing and injection of dust into the rising branch of Hadley circulation leave 

the area dusty after the local dust storm.  

4. Throughout the planet temperature anomalies helps the formation of water ice cloud. 

5. Bellow 15 km a sudden change in the temperature helps the formation of the clouds. 

6. Effective radius of the particles varies from 300 nm to 3000 nm, further, helping the 

accretion of the Albedo value through strong mixing and redistribution of dust.   
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