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The research problem 
Rainwater and solar-energy undergo complex interactions with each other in a natural river basin resulting in 

partitioning of rainwater into evapotranspiration and streamflow, which is also known as hydrologic partitioning. At a 

large timescale, river basins follow some striking patterns in the way they mediate hydrological partitioning. In 

particular, it is well known that long-term hydrologic partitioning across geographical regions can be delineated by the 

“Budyko curve.” A few hydrologists have argued that long-term hydrologic partitioning tends to follow the “principle of 

maximum entropy production.” However, they have not explained how hydrologic partitioning occurs at a short 

timescale despite the fact that long-term hydrologic partitioning is merely an integration of short-term hydrological 

partitioning. Traditional rainfall-runoff models simulate short-term hydrological partitioning by employing a large 

number of free-parameters. Unfortunately, no study so far has been able to assign clear physical meanings to the 

parameters of a hydrological model mainly due to equifinality of model parameters. On the other hand, a recent study 

has argued that short-term hydrological partitioning can be simulated by developing a model without any free-

parameter, supporting again the notion hydrologic partitioning across river basins tend to follow certain governing 

laws. We thus need to focus on acquiring an in-depth understanding on how water and energy interact in a river basin 

at small timescales. We plan to use a “large eddy simulation” (LES) model to quantify flow of water and energy in river 

basins across geographical regions and identify the “dominating forces” governing hydrologic partitioning at different 

timescales. Such an effort will not only improve our scientific knowledge on hydrological processes but also it will help 

us in developing hydrological models for predicting disasters like floods and droughts in data-scarce regions.  

 

Project aims 
The main aims of this proposed research are: 

 

- To use a LES model to understand interactions between rainwater and solar energy in natural river basins.  

- To analyse the results from the LES model to understand how climate and different basin characteristics 

influence water-energy interactions and hydrologic partitioning.  

- To utilize the information from the above two steps to develop a simple conceptual model for explaining 

hydrological partitioning at different timescales more accurately.   

 

 

Expected outcomes 
The following outcomes are expected from the proposed research:  

- Better scientific understanding of water-energy interactions in river basins. 

- A more efficient model for predicting hydrological phenomena like floods and droughts.  

 

 

How will the project address the Goals of the above Themes? 
The proposed research will address the concerns raised by the IITB-Monash academy (theme 4: Water) by developing 

modelling tools that can help in sustainable management of water resources, particularly in data-scarce regions. 

  

 

 

Capabilities and Degrees Required 
The proposed research project needs a highly motivated PhD student with strong fundamental knowledge and quantitative skills. 

Knowledge in computer programming is essential. The candidate should have a master’s degree in any subject area related to 

hydrology or water resources engineering. We also encourage applications from exceptional candidates holding a master’s degree in 

any of the following subject areas: physics, mathematics, mechanical engineering, and chemical Engineering.    

 

 

 

Potential Collaborators 
Prof. Marco Giometto (Columbia University), Prof. Edoardo Daly (Monash University), Prof. Subimal Ghosh (IIT Bombay), and Prof. 

Arpita Mondal (IIT Bombay).   
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Water,climate change (Carbon Capture and Sequestration) (9); Modelling and Simulation 

(37); Computer Simulation (25); Maths (8).  

  

 

 

 

 

  


