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Abstract 

The atmosphere of Mars is mostly CO2 and other species such as O3, O, HO, HO2, H2O 

and CO are found in trace amounts but are important in the photochemistry and stability 

of the CO2 dominated atmosphere. The orbital properties of Mars and variations in 

exposure to solar influx lead to seasonal and latitudinal variations of the short lived trace 

gases, which is not well studied in the literature. Systematic global observations have 

recently become available for O3, but are lacking for the other species. We study the 

spatio-temporal variability of these species based on available observations, and a 

photochemistry coupled global general circulation model (GCM) for Mars. The GCM 

simulated seasonal distribution of temperature, N2, Ar, CO, H2O, O3 agree well with 

inferences from observations wherever available. We retrieve two years (MY 27 and MY 

28) of total columnar O3 from raw spectral data provided by the SPICAM instrument 

onboard the Mars Express, using a forward radiative transfer model. The seasonal 

variability is studied in tropical, mid and high latitudes and is compared with the GCM 

simulations. The high latitudes exhibit the largest seasonal variations in O3, with a winter 

high and a summer low and comparison with GCM results is good in general. We have 

studied the correlation of ozone with dust, retrieved simultaneously from SPICAM 

observations. In southern tropical latitudes, the columnar ozone is seen to increase during 

a global dust storm year (MY 28) compared to the ozone column values during a year 

without global dust storm (MY 27), though the water vapour column between these years 

remains unchanged. This indicates towards the radiative impact of dust on ozone and its 

retrieval. We also study the effect of transport on columnar amount of ozone through 

ozone-carbon monoxide correlation as CO is considered a tracer of dynamics. The 

dynamical contribution to the ozone column is found to be significant during winter over 

the southern polar region. In this thesis, we have also studied in detail, the important 

source and sink processes of odd oxygen (O3 and O) and their contributions in different 

locations and seasons. The odd oxygen species are short lived and hence generally taken 
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in photochemical equilibrium in model calculations. However our study shows that these 

species do not always remain in photochemical equilibrium. The equilibrium exists only 

below 30 km, which may extend to 45 km depending on the hygropause level. Thus we 

have used the effect of water vapour on the loss rates of odd oxygen (O+O3) to classify 

different photochemical regimes. 

Along with these neutral species, Martian lower atmosphere also contains positive and 

negative ions. Earlier studies using the PRL ion-dust model have shown that the lower 

ionosphere of Mars is dominated by hydrated ions such as H3O
+(H2O)2 and H3O

+(H2O)3, 

CO3
-H2O, CO3

-(H2O)2, and NO2
-H2O. Dust in the Martian ionosphere acts as a loss agent 

for the positive and negative ions, while the trace neutral species discussed above are 

sources for these ions through ion-neutral chemistry. We have investigated the structure 

of the lower ionosphere of Mars for seasons Ls = 0o – 90o, Ls = 90o – 180o, Ls = 180o – 

270o and Ls = 270o – 360o over the equatorial, mid-latitude and polar regions for MY 27. 

The study shows that over polar region the D-layer can disappear due to lack in water 

vapour even in minimum dust loading scenarios. Thus the ion densities of the major 

positive and negative ions are strongly dependent on the available water vapour. In the 

mid and low latitude regions, the ion densities depend on the competing effect of the dust 

and water vapour. 
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