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Summary

Atmospheric Processes and Their Role on Climate (APARC) General Assembly, Indian Institute of Tropical Meteorology, Pune (12-16 October 2026)

Abstract, Objectives and Introduction

Proposed a new method based on the
geopotential height (GPH) corresponding to
the wind maxima of the Tropical Easterly Jet
(TEJ) and the Subtropical westerly Jet (STJ).

The POC is found to be higher by 10–30 % over
central India and some parts of the eastern 
Arabian Sea and Bay of Bengal during the
active phase

The quasi-biweekly east-west oscillation of
ASMA is found to be synchronized with
Indian summer monsoon rainfall, with
enhanced rainfall when the ASMA core is 
positioned over the Iranian plateau.

Obtained convective and advective parameters 
across different altitudes, which offers a three-
dimensional view of the regional circulation 
beneath the ASMA

5. Surface Tracer 
Variations and their Role 
in Cloud Development 
During the Transient 
Monsoon Conditions

Tracer difference between active and break 

phases are not only at the surface but also 

extend to higher altitudes which leads to lead 

to higher CCN and hence cloud formation over 

NW India. 

Relative roles of convection and advection on the ASMA

Datasets and Methodology

• Temperature, Relative Humidity, 

Geopotential,u , v, and w

• OLR, H2O, O3

ECMWF ERA 5 datasets  [2005-2023] 

• Temperature, Relative Humidity, 

Geopotential,u , v, and w

• OLR, H2O, O3

Aura MLS  Level 2 and 3 datasets 
[2005-2023] 

• IMD gridded Rainfall

• Temperature, pressure, and 

specific humidity 

• Cirrus clouds,

IMD (20025-2023), COSMIC GPRSO[2006-
2020] and CALIPSO [2006-2023] datasets

• Tracers: Carbon monoxide 

(CO), Ozone (O3), sulphur 

dioxide (SO2) and nitrogen 

dioxide (NO2)

• Cloud condensation nuclei 

(CCN) 

Copernicus Atmosphere Monitoring 
Service (CAMS)  detests [2004-2019]

Identification of 

the ASMA during 

active and break 

phases of 

monsoon

Existing methods and limitations

➢Commonly used method: A fixed GPH value from a 

climatological mean contour map. Also various modified 

parameters like  MPV, Circulation, PV gradient, GPH gradient, 

MSF, etc.also have been used  to define the ASMA extent. 

➢ However, GPH varies on shorter timescales. 

➢Thus, “fixed GPH method” cannot represent ASMA extent 

during active and break phases.

Relative roles 

of convection 

and advection 

on the ASMA

Use of the thermodynamic energy equation to understand

the relative roles of advection and convection in the 

ASMA

Active and 

Break Phases

Estimation

The active and break phases over the monsoon core zone 

(18.0 ◦N-28.0◦ N, 65.0 ◦ E – 88.0◦E) using IMD gridded rainfall 

data during July and August 2004-2019 are identified 

following Rajeevan et al. (2010): 

Surface Tracer 
Variations and 

their Role in 
Cloud 

Development

The spatial structure of background meteorology, 

tracer and pollutants, cloud condensation nuclei 

and hence the cirrus clouds occurrence, the 

geometrical and optical properties (cloud 

thickness and optically thickness) during the 

active and break phases of the Asian summer 

monsoon are computed.

Identification of the ASMA during active and break monsoon phases Background meteorology tracers and pollutants, CCN during active and break phases 

Role of Advection Eastward Eddy Shedding

Existing methods and limitations Identification based on TEJ and STJ streams

 Proposed Method 
As the ASMA is bounded between TEJ and STJ, 
thus, a new method is proposed based on TEJ and 
STJ which is defined as follows

1. Identify the locations corresponding to the 
wind speed maxima of TEJ and STJ.

2. Identified the maximum GPH and the GPH 
values corresponding to both the wind 
maxima from 30W to 180E and 20S to 70N.

3. Finally, out of the two GPH values at the 
locations corresponding to the windspeed 
maxima of TEJ and STJ, the value closer to 
the maximum GPH at 100 hPa is chosen to 
define the ASMA boundary

Quantification of the trace 

gases such as CO, H2O 

and O3 using the fixed 

GPH and proposed 

methods show over 

estimation of O3 and 

under-estimation of CO 

using fixed GPH method 

when compared to the 

proposed method. 

The Fixed GPH method 
provides a larger ASMA 
extent for 24 out of 30 
active phases and 21 out of 
27 break phases than the 
proposed method

 ASMA extent during the 
active monsoon phase has 
larger extent when 
compared to the break 
phase.

➢Temperature advection and convection parameters 

were calculated across the altitude.

➢The convective parameter at 200 hPa (Fig. 4.3c) 

shows similar spatial distribution of OLR map (Fig. 

4.3d). But weakens to the higher altitude (Fig. 4.3a-b). 

➢The advective parameters strengthens over the 

altitude and has strongest magnitude over the 

meridional component at 100 hPa

➢Warm advective parameters has two cores (80-160E) 

while cold advection has single core centered over 30E 

longitude

➢Temperature advection and convection parameters were calculated across the 

altitude.

➢The convective parameter at 200 hPa (Fig. 4.3c) shows similar spatial distribution 

of OLR map (Fig. 4.3d). But weakens to the higher altitude (Fig. 4.3a-b). 

➢The advective parameters strengthens over the altitude and has strongest 

magnitude over the meridional component at 100 hPa

➢Warm advective parameters has two cores (80-160E) while cold advection has 

single core centered over 30E longitude

• The percentage occurrence of cirrus clouds (POC) is higher by 10-30% over 

central India during the active than the break phase.  

• The optically thicker cirrus frequently occurs in association with increased 

convection in the active phase.

• The cold point tropopause temperature frequently becomes less than 191 K 

during the active phase.

➢ASMA is thermodynamically 

characterized with two warm 

advective cores to the east and 

one cold advective core to the 

west. 

➢The convective parameters 

resembles the OLR distribution and 

has strength up to 200 hPa and 

weakens in the higher altitude.

➢The cold advective core is 

vertically deeper and there exists 

no convective parameter having 

magnitude > 1K/day over the WP 

region.  However, the LNB over 

WP reaches the advective core of 

WP region

➢ The tracer concentration shows major differences between 
Active and Break phases, indicating the higher concentration 
of tracers over Northwestern and Central parts of India during 
~20–25◦N latitude in association with the Asian Summer 
Monsoon (ASM) anticyclone. 

➢ Except for the northwestern regimes, all over the Indian 
continent, it is seen that the CO concentration is higher 
during the break compared to the active phase

ASMA extent defined using the fixed GPH method is larger than the one defined using proposed methods for 24 out of 30 active phases and 21 out of 27 break phases from July-August 2005-2023
The ASMA is thermodynamically characterized by the warm advection to the east and the cold advection to the west across the altitude and the convection underneath which degrades with altitude.
The cold advection over the subsidence region and warm advection over the Indian region is closely related to the convection over the Indian region and vice-versa
All the tracers show higher concentrations over the NW during the active phase. Tracer difference between active and break phases are not only at the surface but even extends to higher altitudes
Percentage occurrence of cirrus cloud (POC) during active and break monsoon phases. • POC is higher by 10–30 % over central India during active than break monsoon phase.
• Thicker cirrus frequently occur in association with convection during active phase. • Tropopause temperature frequently becomes <191 K during active phase.
Cold Advection plays an important role on eastward eddy shedding o ASMA 
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