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I Background

(Source: The Himalayan Times) July 2016

(Source: CNBC) June 2022
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I Background

(Source: The Himalayan Times) July 2016

(Source: CNBC) June 2022 (Source: BBC) July 2020
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I Background

Himalaya is the source of earth's major rivers (the 

Ganges and Brahmaputra)

Downstream is a lifeline for the densely populated 

regions of the world.
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◉ Warming and extreme 
events are rising due 
to climate change.

◉ The trend shows 
decline in mean rainfall 
and Extremes

◉ Snowmelt/ Flash Flood 
is causing flooding in 
the Himalayan river

II Motivation
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II Motivation

Monsoon variability dominated over steep mountains in the Eastern Himalayas.

Annual rainfall

➢ ~11,400 mm (Cherrapunji, Meghalaya) 

➢ ~800 mm (Pune)
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II Motivation

Monsoon variability dominated over steep mountains in the Eastern Himalayas.

Vulnerability to floods due to monsoon variability?

Annual rainfall

➢ ~11,400 mm (Cherrapunji, Meghalaya) 

➢ ~800 mm (Pune)
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III      

• The GloFAS-ERA5 river discharge (Harrigan et al., 2020) reanalysis product is publicly available on the CDS, 

https://cds.climate.copernicus.eu/cdsapp#!/dataset/cems-glofas-historical?tab=overview. 

• ERA5 reanalysis data is publicly available from the ECMWF on their Climate Data Store (CDS), 

https://cds.climate.copernicus.eu/cdsapp#!/home (Hersbach et al., 2020)

• HadSST data are available at the Met Office Hadley Centre website, 

https://www.metoffice.gov.uk/hadobs/hadisst/

•  Earth topography five-minute grid (etopo5) is publicly available at National Geophysical Data Center, 

https://www.ngdc.noaa.gov/mgg/global/etopo5.HTML

•  Multi-Source Weighted-Ensemble Precipitation (MSWEP) rainfall product data from GloH2O is publicly 

available, http://www.gloh2o.org/mswep/  

DATA (1979–2021)

https://cds.climate.copernicus.eu/cdsapp
https://cds.climate.copernicus.eu/cdsapp
https://www.metoffice.gov.uk/hadobs/hadisst/
https://www.ngdc.noaa.gov/mgg/global/etopo5.HTML
http://www.gloh2o.org/mswep/


Data Validation
Monsoonal variability dominated over steep mountains in the Eastern Himalayas
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Observation data
(CRU4, MSWEP)

Reanalysis data 
(ERA5, IMDAA)

III      



1. Extreme Monsoon Years
Why is monsoonal runoff variability dominated over steep mountains in the Eastern Himalayas?III      
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composite analysis



2.  Role of Melting Snow 
findings ruling out the role of melting snow in extreme monsoonal  yearsIII      
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Monsoon rainfall is a major contributor to river discharge. 



Himalayan monsoon*3. Thermal structure of climatology, anomalous wet and dry monsoon 
III      
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positive anomalies

negative anomalies



Himalayan monsoon*
03

distinctive anomalous MFC pattern in 
a cross-section at 94°E 

4. Dominant Influence of Atmospheric Dynamics
Composite analysis reveals orography modulates MFC.III      
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The horizontal MFC can be expressed as follow:

𝑀𝐹𝐶 = −𝛻. (𝑞𝑉ℎ) 

Furthermore, Anomalous MFC can be decomposed 

into dynamical and thermodynamical MFC.

Delta indicates the anomaly with reference to mean 

state climatology. 

∆ −𝛻. 𝑞𝑉ℎ = −𝛻. 𝑞∆𝑉ℎ − 𝛻. ∆𝑞𝑉ℎ



Himalayan monsoon*
03

distinctive anomalous MFC pattern in 
a cross-section at 94°E 

5. Dominant Influence of Atmospheric Dynamics
Composite analysis reveals orography modulates MFC.III      
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The horizontal MFC can be expressed as follow:

𝑀𝐹𝐶 = −𝛻. (𝑞𝑉ℎ) 

Furthermore, Anomalous MFC can be decomposed 

into dynamical and thermodynamical MFC.

Delta indicates the anomaly with reference to mean 

state climatology. 

∆ −𝛻. 𝑞𝑉ℎ = −𝛻. 𝑞∆𝑉ℎ − 𝛻. ∆𝑞𝑉ℎ

▪ A dynamical MFC has a leading role 
in the Himalayan monsoon 
variability resulting in wet and arid 
events



Himalayan monsoon*6. Monsoonal Hadley Cell
narrow during wet phase and extends wider during dry phaseIII      
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meridional mass stream function 
(kg  day-1)

𝛹 =
2𝜋 a 𝑐𝑜𝑠 𝜙

𝑔
න

𝑝

𝑝𝑠

𝑉 𝑑𝑝

(Byrne and Schneider, 2016) 

Narrowing of ITCZ width  

Widening of ITCZ width  
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meridional mass stream function 
(kg  day-1)

𝛹 =
2𝜋 a 𝑐𝑜𝑠 𝜙

𝑔
න

𝑝

𝑝𝑠

𝑉 𝑑𝑝

(Byrne and Schneider, 2016) 

Narrowing of ITCZ width  

Widening of ITCZ width  

Temporal scale ITCZ location (°N)  𝝓𝑰𝑻𝑪𝒁

Climatological mean 30.51

Extreme Wet Monsoon

(Δ)

31.00

(0.49)

Extreme Dry Monsoon

(Δ)

30.71

(0.2)



Himalayan monsoon*7. Tropical zonal circulation in summer monsoon
seesaw over eastern IO and western POIII      
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Amplified ascending convection over the Eastern Indian Ocean  Reduced convection over the Indian Ocean  



SummaryIV      

Convection over 
Indo-Pacific warm pool

Walker Circulation Locality

Wind-driven moisture flux 
convergence

Local Hadley Cell

Meridional overturning 
circulation and ITCZ shift

Himalayan Monsoon

Rainfall overstep Eastern 
Himalayas

13



14

1. A study found a strong natural variability in the Eastern Himalayas over steep topography.

2. A dynamical MFC plays a leading role in the Himalayan monsoon, driven by moist process 
and shift in ITCZ

3. Importance of monsoon dynamics in shaping the variability of these rivers

SummaryIV      
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