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Selected Scientific Contributions

Clouds and Deep Convection

1.

Established the climatology of total and deep convective clouds over the Indian region (mainland
and oceans) using long-term satellite radiance data. This study revealed several unique
meteorological features over this region, including the persistent occurrence of double ITCZ
characteristics over the Indian Ocean during November-December period [JGR, 2007].

First-time quantification of vertical distribution of deep convective clouds over the Indian mainland
and surrounding oceans using multi-satellite observations. This study showed that the deep
connective cloud top is higher over Northern Bay of Bengal than that over the surrounding regions
during the summer monsoon period and significantly influences the tropical tropopause layer [JGR,
2010].

For the first time, quantitative estimates of the regional distribution of semi-transparent cirrus clouds
and its annual variation were made over the Indian region using Kalpana-1-VHRR observations [J.
Atmos. Sol. Phys., 2010] and delineated the seasonal evolution of their 3-dimensional distribution
by combining with spaceborne Lldar (CALIPSO) and estimated its abundance above the tropical
tropopause — a critical input for cloud radiative forcing and stratosphere-troposphere exchange [J.
Atmos. Sol. Terr. Phys., 2011].

Discovered the ‘pool of inhibited cloudiness’ over the Bay of Bengal during the summer monsoon
season. Mechanism for its genesis from a mini-circulation that is embedded in the large-scale
monsoon circulation was hypothesized by integrating all the available observations (such as
surface wind divergence from spaceborne scatterometers and 3-dimensional distribution of clouds
and atmospheric heating) [Ann. Geo., 2011; MAP, 2017].

Quantification of the descending nature of tropical cirrus clouds showed that over 20% of tropical
cirrus descend by >3 km, influencing their longwave radiative forcing by 5-15 Wm™ [JGR, 2011].
First direct observations on the role of sea surface temperature (SST) and atmospheric
thermodynamics on the vertical development of clouds have been made by combining 5-years of
observations from spaceborne cloud radar (CloudSat), microwave imager and reanalysis data. This
study revealed that the development of deep convective clouds will be triggered only at
SST>27.5°C and that the threshold SST of 26.5°C used until then (reported in the literature as
inferred using passive radiometer data) was an artifact caused by the thick cirrus outflows from
deep convective clouds [J. Climate, 2014].

Identification and consolidation of the physical processes responsible for the nighttime
enhancement and daytime breakup of the widespread marine stratocumulus clouds over
subtropical oceans, based on observations of the vertical distribution and radiative properties of
these clouds [JASTP, 2017].

First observational evidence for the radiatively driven convection in enhancing the vertical
development of thick clouds in the upper troposphere (above 12 km) over tropical oceans and
continents [Atmos. Res., 2018].

Atmospheric Aerosols, Radiative Forcing & Meteorological Impact

1.

Multi-year monthly mean regional aerosol distributions over the oceanic regions around the Indian
subcontinent using satellite data were made using indigenously developed and validated retrieval
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algorithm. Extensive studies were made on the pathways of continental aerosol transport into the
Arabian Sea, the Bay of Bengal and the Indian Ocean. Possible vertical extent of significant aerosol
concentration during the contrasting periods of summer and winter were inferred. The conclusions
drawn from this study were confirmed later by satellite-borne Lidar observations. [JGR, 2000; ASR,
2002; JASTP: 2003; IIMS, 2004; Ann. Geophys., 2005; JIMAR,2007; JESS, 2008].

For the first time, direct observations of the top-of-atmosphere clear-sky aerosol radiative forcing
over the Arabian Sea, the Bay of Bengal, and the Indian Ocean were carried out using TRMM-
CERES data and satellite-derived aerosol optical depth (AOD). A nhew method for the determination
of the diurnal mean aerosol forcing from satellite data was developed. This was published as
‘breaking news’ by NASA-EOS [JGR, 2001].

Direct observational evidence for the radiative impact of aerosols in decreasing sea surface
temperature and, for the first time, the impact of aerosol radiative cooling of the surface in delaying
the reversal of Indian Ocean Dipole was proposed and proved. This study is the rarest of such
guantitative estimates ever made, fully accounting for all the other atmospheric and ocean surface
variations. [JGR, 2008].

Spreading of the smoke generated by Indonesian forest fires to the equatorial Indian Ocean during
El Nino years has been quantified by deriving aerosol optical depth from satellite data, which
revealed the occurrence of a strong westward spreading smoke plume with AOD exceeding 1.2
that extend up to ~85°E over the east equatorial Indian Ocean [ASR, 2004].

By ingeniously combining multi-satellite observations, evolved the 3-dimensional distribution of
smoke aerosols from Southeast Asian forest fires and estimated the resulting atmospheric heating,
which provided first experimental evidence of the formation of a stable atmospheric layer between
0.6-1.5km due to atmospheric heating of aerosols [GRL, 2009].

Synthesizing the data from dual polarization Lidar and satellite, delineated the genesis of elevated
aerosol layers and their impact on atmospheric radiative heating [Atmos. Environ.,2010; J. Atmos.
Sol. Terr. Phys., 2010, Atmos. Env., 2013].

Integrated picture of the impact of noon-time annular Solar Eclipse on the spectral irradiance,
surface temperature, vertical distribution of aerosols in the atmospheric boundary layer and mixing
layer height has been brought out [J. Atmos. Sol. Terr. Phys., 2011].

Observations and modeling of the three-dimensional distribution of mineral dust over the Arabian
Sea and Indian subcontinent during summer monsoon season and its anomalous nature during
some years revealed the importance of shamal winds over West Asian deserts in producing dust
plumes and their transport into the north Arabian Sea and Indian subcontinent [J. Atmos. Sol. Terr.
Phys., 2013; MAP, 2015].

Direct observations of aerosol radiative forcing on the surface radiation budget at southwest
Peninsular India during winter and pre-monsoon seasons show that the aerosol radiative forcing
peaks at ~3 hours before and after the local noon (due to a combination of aerosol upscatter
fraction and incoming solar irradiance) and has a diurnal mean forcing efficiency of 75+15 Wm™. [J.
Atmos. Sol. Terr. Phys., 2015].

Diurnal variation of aerosol radiative impact at TOA over the mineral dust dominated Arabian Sea
and the equatorial Atlantic during northern summer derived from Megha-Tropigues-ScaRaB shows
larger magnitude of the aerosol forcing efficiency over the Arabian Sea (affected by West Asian
desert) compared to the Atlantic (Saharan dust), presumably associated with the differences in
shortwave absorption by aerosols [IEEE Trans. GeoSci. & Rem. Sens., 2017].

Dynamics of the Tropical Atmosphere, including Boundary Layer

1.

2.

3.

First observations of cloud radiative forcing impact on the evolution of daytime convective
atmospheric boundary layer during onshore and offshore flows [BLM, 2020].

Effect of background circulation on the sea breeze circulation and its onset over the east coast of
India (J. Atmos. Sol. Terr. Phys., 2019)

Retrieval of diurnal variation of boundary layer height and its seasonal variation over coastal station
using Microwave Radiometer Profiler (MRP) — first of its kind using MRP [IEEE Trans. Geosci. &
Rem. Sens, 2017].

Observational evidence for the applicability of Monin-Obukhov Similarity Theory in the surface layer
over mountain terrains in the Central Himalaya was obtained using scaled-variable analysis of the
tower-based fast-response micrometeorological observations [BLM, 2015].

First observational evidence for the modulation of gravity wave activity by equatorial waves in the
middle atmosphere was obtained using Rayleigh Lidar observations of temperature and rocket
observations of wind [GRL, 2002].

Detailed observations of the characteristics of quasi-monochromatic waves (among the rarest of its
kind) in the tropical middle atmosphere were made using Rayleigh Lidar observations [JGR, 2008].
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Gravity wave characteristics such as the vertical wave number spectra, gravity wave activity and
their vertical propagation in the tropical middle atmosphere were studied using Rayleigh Lidar
observations of temperature over Gadanki [ASR, 2003].

For the first time, the annual and semiannual oscillations in the mesopause temperatures over the
tropical atmosphere were derived from decay rate of radio meteor trails [JGR, 1993].

Inversion Methods: Satellite, Lidar and Radar Remote Sensing

1.

Developed a state-of-the-art satellite data inversion method using radiation transfer computations
incorporating multiple scattering and absorption and wind-dependent surface reflectance for
deriving aerosol optical depth (AOD) over oceans. This has been validated using in-situ
observations and is demonstrated to be in par with the best-known algorithms developed
elsewhere [JGR, 2000].

Developed an innovative method based on spatial coherence (applied to visible channel) for the
cloud screening of data from satellite sensors that do not have thermal IR channel (e.g. OCM,
SeaWiFS). This method is proved to be far superior to the conventional methods, particularly in
removing artifacts in the aerosol retrieval using satellite data [Rem. Sens. Environ., 2004].
Developed a method for detection of semitransparent cirrus clouds and made the first quantitative
assessment of the semitransparent cirrus detection capability using water vapour band and thermal
IR band data (e.g., Kalpana-1-VHRR, METEOSAT) [GRL, 2008].

Developed a new shape-constraint-free inversion technique for the retrieval of aerosol extinction
and backscatter profiles from multiwavelength Lidar signals, which relaxes the assumption on the
apriori knowledge of aerosol extinction-to-backscatter ratio [Appl. Opt., 1998].

Developed a method to derive the temperature variations at mesopause level from the decay rate
of the radio meteor echo amplitudes observed using Meteor Trail Radars [JGR, 1993].
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