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Challenges in Hydro-climatology 
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òsad truth of climate science is that the most crucial variables are the least well 

predictedó ð Nature (2010) 

1. Regional Projections 
2. Precipitation 
3. Aerosol 
4. Tree-ring controversy 



Climate Model (General Circulation Model) 
Simulations for Indian Monsoon Rainfall 

Observed Simulated 



Simulations from Operational Monsoon 
Model (CFSv2) 

Sahana et al. (2018), Climate Dynamics 

mm/day 



Failure of New Generation Climate Models for 
Indian Monsoon Projections 

Saha et al. (2015), GRL 



Downscaling 

GCM 
Output 

Impacts Assessment 
 
ÅDrought Analysis 
ÅAgricultural Management 
ÅWater Demand Availability 
Analysis 
ÅWater Resources 
Management 
ÅHydraulic Structure Design 
ÅEcological Impacts 
ÅRisk and Vulnerability 
Assessment of Extreme 
Events 
 

Large Scale 
Climate 
Variables 

Regional Scale 
Hydro-
meteorologic 
Variables, e.g., 
Rainfall in a city 

Downscaling 
üStatistical Downscaling 

üDynamic Downscaling 
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Regional Modeling 

ÅStatistical Downscaling 
ÅGCMs can not simulate rainfall very well as rainfall is a regional scale 

phenomena 
ÅBut GCMs simulate well some of the large scale variables, which affects 

rainfall. 
ÅThose large scale variables: Predictor  
ÅRainfall: Predictand 
ÅDerive and apply the relationship between predictor and predictand 

ÅDynamic Downscaling 
ÅBased on Physics based approach 
ÅUses nested gridding with a regional climate model 

 
 



Multi-site Daily Statistical Downscaling 

ÅChallenges 
ÅCross correlation 

ÅVariability for daily scale 
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Rainfall 
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Low 
Rainfall 

Medium 
Streamflow 

Downscaled 
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Kernel Regression Based Approach 

Kannan et al. 
(2013), WRR 



Case-study: Mahanadi River Basin 



Comparison with CRF [Raje and 
Mujumdar, 2009] (Error Plot) 

11 



Comparison with CRF: Spatial 
Correlation 
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Application to All India 

Salvi et al. (2013) 



Predictor: spatial domain 



Mean and Standard deviation of 
simulated data 

Observed Simulated Error 



Zone-wise cross correlation 



Land-Atmosphere Feedback in Monsoon 

Coupling Strength Between Soil Moisture and Climate 
Ref: Koster et al. (2004) [Science] 

Still majority of monsoon studies do not account for 
land feedback  
Same is true for operational monsoon model CFSV2  



Indian Rainfall: Significant spatial 
VariabilityĄ Land processes are 
Important 

Ghosh et al. (2012) 
NATURE Climate 
Change 

Trend of 100 year return levels 



Understanding Different Land and 
Oceanic Sources 

Pathak et al. (2017), Jl of Climate 



Recycling Ratio in India (entire land 
mass) 


