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Abstract 

It has been fascinating science to understand water signatures on any planet to determine its potential for 

supporting human life and the resources required for human survival. Mars has a rich history of water, as 

indicated by the abundant evidence of a past aqueous environment. To comprehend the impact water on the 

development of the Martian landscape, the Martian hydrology must be studied. In the present work, four 

major outflow channel systems - Mangala Valles, Kasei Valles, Ravi Valles, and Ma'adim Valles were 

studied using data from the Mars Color Camera (MCC) onboard the Indian Space Research Organization's 

Mars Orbiter Mission (MOM) and MOLA-HRSC DEM. Data provides an opportunity to investigate the 

morphological observations and hydrologic calculations, which can further used to determine flow rates. The 

flood discharge magnitudes were calculated using empirical equations, which were later imposed in 

hydrodynamic model to generate scenarios of paleo mega floods simulations in four valleys. The estimated 

discharge magnitudes for Mangala Valles, Kasei Valles, Ravi Valles and Ma'adim Valles were found to be 

9.0 x 107 m3/s, 3.5 x 109 m3/s, 1.2 x 109 m3/s and 7.3 x 108 m3/s respectively. These types of mega floods on 

Mars are rare on Earth, except for few deep sea channels and lake outburst floods. 
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Observations from MOM-MCC data 

The extent of the studied channels was determined using the MOM-MCC data and the flow discharge was 

calculated at the relatively widest sections. Mangala Valles was observed to be 873 km long and 75 km wide, with 

a measured discharge of 9.0 x 107 m3/s and a velocity of 10.8 m/s. Kasei Valles, the largest outflow on Mars, was 

found to be approximately 2000 km long and 260 km wide, with a measured discharge of 3.5 x 109 m3/s and a 

velocity of 20.28 m/s. Ravi Valles was 297 km long and 70 km wide, with a calculated discharge of 1.2 x 109 m3/s 

and a velocity of 27.83 m/s. Ma'adim Valles, with a calculated length of 972 km and a maximum width of 21 km, 

observed the discharge of 7.3 x 108 m3/s with a velocity of 34.79 m/s. These types of mega floods on Mars are rare 

on Earth. 
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Mega flood simulations 

The hydrodynamic simulation of all the studied flooding events was conducted using the HEC-RAS 2D hydraulic 

modeling software and the MOLA-HRSC blended 200m DEM, with calculated flood discharge. However, this 

modeling software was used for visualization purpose only and not for the routing of the peak flood flow, as its source 

code needed to be modified to account for Martian parameters, such as gravity and the specific weight of water on the 

surface of Mars. All simulations were performed with the estimated flow parameters to recreate scenarios of Martian 

mega floods for visualization and flow pattern analysis. All channels were simulated for the discharge corresponding 

to the bank full level flood depth in order to visualise scenarios for these extremes. 
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