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Scientific objectives
1. Determine the drivers of typical and extreme orographic precipitation in the Western Ghats &

Himalaya regions in observation-based datasets
2. Determine how mechanisms of orographic precipitation and precipitation extremes are represented 

in models ranging from the convection-permitting, kilometre scale to global, parameterized 
convection models

3. Determine what mechanisms controlling orographic rainfall and its extremes are missing from 
models at a range of scales and inform model development

Indian Monsoon PRecipitation over Orography: 
Verification & Enhancement of understanding
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Highlights of
IMPROVE results
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• New insights into interactions between Western Disturbances & Tropical 
Depressions, explaining extreme events in northern India

• Role of WDs & TDs in landslides of upper-Indus basin
• Interpreting rainfall in terms of Froude number of the monsoon flow
• Controls of Western Ghats rainfall regimes at the larger scale
• Attempting to interpret the monsoon using a two-layer analytical model



Key points:
• WD and TD track catalogues 

used to find 59 interaction case 
studies

• Four different interaction types 
identified

• Interactions either involve a 
dynamical coupling of the two 
systems or moisture exchange 
between them (or both)

• Interactions involving a jet streak 
entrance result in the most 
intense rainfall

How interactions between depressions 
and western disturbances enhance 
heavy precipitation Kieran Hunt, Andy Turner & 

Reinhard Schiemann

Published in Monthly Weather Review, doi:10.1175/MWR-D-20-0373.1improve.monsoon.org.uk



Key points:
• Majority of Upper Indus 

Basin landslides occur 
when a TD (summer) or 
WD (winter) is present

Synoptic-scale precursors of landslides 
in the western Himalaya and Karakoram

Kieran Hunt & A P Dimri

Published in Sci. Tot. Environ., doi:10.1016/j.scitotenv.2021.145895 improve.monsoon.org.uk

WD impact on UIB landslides TD impact on UIB landslides

Hunt, K. M. R. and A. P.
Dimri (2021) Synoptic-
scale precursors of 
landslides in the western 
Himalaya and 
Karakoram. Sci. Tot. 
Environ. 776: 145895.



Synoptic-scale precursors of landslides 
in the western Himalaya and Karakoram

Kieran Hunt & A P Dimri

Published in Sci. Tot. Environ., doi:10.1016/j.scitotenv.2021.145895 improve.monsoon.org.uk

• WDs favour landslides by 
strengthening moist flow 
from Arabian Sea

• TDs (not shown) favour 
landslides by extending 
monsoon trough to NW or 
enhancing southeasterly 
barrier flow

Hunt, K. M. R. and A. P.
Dimri (2021) Synoptic-
scale precursors of 
landslides in the western 
Himalaya and 
Karakoram. Sci. Tot. 
Environ. 776: 145895.



Froude Number 
Frm = U/NmH
U   – Cross barrier wind speed
Nm – Unsaturated moist 

Brunt-Vӓisӓlӓ frequency
H    – Mountain height 

Rainfall pattern based on Frm  from Mumbai soundings & IMERG precipitation, JJAS 2007-2016

BSISO Phases & Frm at Mumbai 

• Rainfall pattern responds to Frm of monsoon flow
• Frm varies with BSISO phases
• Insensitive to choice of upper-air station on west coast 
• Prominently highlights the influence of Western Ghats 
• Useful for further study of orographic mechanisms

Froude Number and precipitation modes over the 
Western Ghats

Jayesh Phadtare et al.

See Jayesh Phadtare presentation AS1.23, Thursdayimprove.monsoon.org.uk



Modes of coastal precipitation over 
southwest India and their relationship to 
intraseasonal variability Jennifer Fletcher et al.

Published in QJRMS, doi:10.1002/qj.3439improve.monsoon.org.uk

Fletcher et al. (2019) The 
dynamic and thermodynamic 
structure of the monsoon over 
southern India: New observations 
from the INCOMPASS IOP.  
QJRMS 146, 2867-2890.

Offshore phase

Coastal/Onshore phase

• Earlier work from our INCOMPASS 
field campaign of aircraft & surface 
observations found evidence for 
modes of onshore & offshore 
convection near Western Ghats

• We hypothesized these were
controlled locally by a dry intrusion 
and at larger scales by the BSISO



Key points:
ØEOF analysis used to identify periods of 

“onshore” and “offshore” rainfall occurring in 
the vicinity of the southwest Indian coast

ØRadiosonde and moisture trajectory analysis 
shows rainfall location most sensitive to mid-
tropospheric moisture

ØThe BSISO exhibits a strong control on local 
moisture profiles, and thus offers improved 
predictability (see left) on offshore (phases 3 
and 4) vs onshore rainfall (phases 5 and 6)

Modes of coastal precipitation over 
southwest India and their relationship to 
intraseasonal variability Kieran Hunt, Turner, Stein, 

Fletcher, Schiemann

Published in QJRMS, doi:10.1002/qj.3913improve.monsoon.org.uk



Effects of vertical shear on flow over 
orography Stephen Griffiths et al.

improve.monsoon.org.uk

• Work in progress
• Demonstrates 

utility of using a 
two-layer analytical 
model to study flow 
perpendicular to a 
mountain ridge

• c.f. Western Ghats
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