


Large-scale Structures Associated with Onset? Predictable?

Early onset when MISO 
activity is stronger 

MISO responding to 
warming

Onset response to 
warming?

Pradhan et al. 2017, Zhou and Murtugudde 2014

Weather 
Regimes?



FIG. 25. Relative vorticity (colored contours, 
10−5 s−1) and wind (m s−1) for (a) all depression days 
as an anomaly to the boreal summer mean and (b) 
active-minus-neutral depression days. The colored 
contours are grayed out where the orography rises 
above the 850-hPa level.   Hunt et al. 
2016

Vortex stretching and Diabatic PV 
generation  vs PV Advection  



Standing and Oscillatory Modes?



Goswami 2012

Signal-to-Noise
Must be 
Increased as 
much as 
possible to 
focus the 
Theoretical 
Approaches 



Sahastrabuddhe et al. 2017

Weather and Climate Regimes: Who Determines them?



Krishnamurthy and Shukla 2007

Seasonally Persistent and Propagating Patterns



Heat-Induced Circulations Gill 1980





25-90 day GPCP lag composite and 10-20 day Goswami (2012)

MISOs - Coupled



Energy Source: Baroclinic or Barotropic Instability?

Can both seasons be explained by one or the other?









Monsoon Onset/Withdrawal; 
Length of the Rainy Season

Sahana et al. 2015; Sabeerali et al. 2013



Theoretical Approaches to the Summer Monsoon

• Better to Split the Problem into the Standing 
Mode and Propagating Modes

• Can Heat-Induced Circulations capture the 
Standing Mode?

• Are there wave solutions to the Propagating 
Modes?

• Energy Source: Barotropic vs Baroclinic
Instabilities


