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❏ Introduction
● Scale energetics is an approach to 

estimate the kinetic or available 
potential energy exchanges between two 
chosen scales (Dubey et al., 2018).

● The energy exchanges between seasonal 
mean to LPS and to ISO (30-60 
day mode),  during 1950-2021 
JJAS months (122 days) is calculated.

Index Definition

Rainfall Index Normalized rainfall by its own 
standard deviation.

KE Index Normalized KE by its own 
standard deviation.

Niño3.4 Index Sea Ice and Surface 
Temperature (SST) anomaly 
averaged for JJAS over the 
Niño 3.4 region.

PDO Index The projections of monthly 
mean SST anomalies onto their 
first EOF vectors in the North 
Pacific.

MISO Index 10-90 days filtered vorticity at 
850 hPa averaged over 80°
N-85°N, 12°N-22°W normalized 
by its own standard deviation.

LPS Days Number of LPS days in JJAS 
season with period of 3-7 days.

❏ Data & Methodology

● The spatial distributions of the scale 
interactions occur in locations that 
significantly influence the corresponding 
frequencies, highlighting the significance of 
scale interactions in the Indian summer 
monsoon.

● The KE in the Arabian Sea explains the 
40% of rainfall in the Indian subcontinent.

● KE exchange from meanflow to LPS 
significantly increases with the increase of 
mean KE.

● the ISO 30-60 day mode regulates the 
monsoon meanflow in central India. In 
contrast, meanflow regulates all other 
higher frequency modes over the Northern 
Indian Ocean.

● The MF-ISO (30–60 day mode) interaction 
is more dominant in the Arabian Sea (AS), 
while the ISO (10–20 day mode) and LPS 
interact more with the meanflow in the Bay 
of Bengal (BoB).

❏ Discussions & Conclusions

❏ Results
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Fig. 4: spatial 
distributions (upper 

panel) and trends (lower 
panel) of vertically 

integrated  KE exchanges 
from meanflow to ISO 

10-90 mode, ISO 30-60 
mode, ISO 10-20 mode 

and LPS scale.
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❏ Approach

Fig. 2: spatial distributions (left) and trends (right) of vertically integrated mean   KE from 1950 to 2021.

Fig. 6: Energy diagrams for all nonlinear KE 
interactions.

Fig. 5: Trends of vertically integrated  KE 
exchanges from meanflow to ISO 10-90 mode, 
meanflow to ISO 30-60 mode, meanflow to ISO 
10-20 mode, meanflow to LPS scale and ISO to 

LPS.

Fig. 7: Heatmap for various indices used in this study.

Fig. 1: Dominant modes of oscillations present during Indian Summer 
monsoon.

Fig. 3: Power spectrum for (left) vertically integrated mean KE, (middle) for 
seasonal mean rainfall and (c) scatter plot for the same.

Out-of Scale Interactions

Fig. 8: Wavelet coherence for K02Kn (ISO1090) and RF Indices. 

❏ Future Scope
● Incorporating these KE exchanges into 

predictive frameworks could bridge the 
predictability gaps identified in 
sub-seasonal to seasonal (S2S) models.

● Specifically, the patterns of the out-of-scale 
KE interactions may serve as reliable 
precursors which could potentially enhance 
the prediction of ISV-linked rainfall 
anomalies.

Time period Observation HIST HIST-GHG HIST-AER HIST-NAT

GLM
1901-2014 0.0012 -0.019 0.01 -0.027 0.0067

1951-2015 -0.02 -0.15 0.024 -0.026 0.0013

NHM
1901-2014 -0.009 -0.022 0.005 -0.037 0.007

1951-2014 -0.056 -0.01 0.004 -0.044 -0.005

SHM
1901-2014 0.013 -0.016 0.017 -0.017 -0.006

1951-2014 0.009 -0.012 0.049 -0.0075 0.008

Introduction
• Monsoons are an integral part of the Earth's climate system.
• The rainfall during the monsoon season is essential for the livelihoods of 

approximately two-thirds of the world's population.
• the GM domain is defined as the region where the annual precipitation 

range exceeds 2.5 mm day-1

Datasets
• DAMIP output from CMIP6
• CRU rainfall datasets
• GPCC rainfall datasets

Observed Precipitation Changes

Drivers of Observed precipitation changes

Figure1: The regional monsoons: The global monsoon (GM) shown by the black contour is 
defined as the area with local summer minus winter precipitation rate exceeding 2.5 mm day -1 
(Adapted from IPCC, 2021: Annex V).

Figure 2: Time-series of observed precipitation anomaly (mm day-1) for the global 
land monsoon (reddish brown); northern hemispheric (NH) land monsoon (golden) 
and southern hemispheric (SH) land monsoon (orange), based on the CRU dataset for 
the period 1901-2020.

Figure 3: Time series of precipitation anomalies (mm day-1) from DAMIP models a) 
Northern hemispheric land monsoon (NHM) b) Southern hemispheric land monsoon 
(SHM) c) Global land monsoon (GLM).

Figure 4: Multimodel mean precipitation anomalies (mm day-1) for HIST (black), HIST-NAT 
(green), HIST-GHG (red) and HIST-AER (blue) Shading is used to represent the multi-model 
spread, indicated by the minimum and maximum values among the individual models for the 
different regional monsoons.

Table 1: Linear trend of global land monsoon precipitation (GLM), northern hemispheric land 
monsoon (NHM), and southern hemispheric land monsoon (SHM) (mm day-1 decade-1 ) for two time-
periods a) 1901-2014 and 1951-2014.

Figure 5: Difference maps of northern hemispheric (JJAS) precipitation (mm day-1) and 850 hPa 
winds (ms-1) in left column; and 200 hPa winds (ms-1) in right column. The differences are relative to 
the HISTNAT experiment for the period 1951-2014.

Summary
• The decrease of the global land monsoon (GLM) and NH land monsoon 

(NHM) precipitation since the mid-20th century was primarily driven by 
anthropogenic aerosol emissions from the NH.

• The decrease of GLM and NHM precipitation is mainly linked to 
weakening of the South Asian, East Asian and West African monsoon 
circulations and associated precipitation reductions of the regional 
monsoons.

Regional monsoon precipitation changes


