
Scientific Accomplishments
2018-2019

Vikram Sarabhai Space Centre
Indian Space Research Organisation



Human Resources

Publications

Budget
(` in Millions)



From the Director
Looking Back......

I am pleased to present this report which outlines the activities and accomplishments of the Space 
Physics Laboratory from July 2018 to June 2019.

Development and delivery of the Chandrayaan-2 payloads was a major milestone during the period 
of this report. While the CHACE-2 (Chandra’s Atmospheric Composition Explorer -2)payload on 
board the Orbiter of Chandrayaan-2 spacecraft was delivered to the mission as early as January 
2018, after completing all the requisite tests and protocol, the three other payloads were 
delivered subsequently. The CHACE-2 is a quadrupole mass spectrometer based payload for in-
situ measurements of Lunar exospheric composition.  Another payload on board the Orbiter, the 
RAMBHA-  Dual Frequency Radio Science (DFRS) experiment, uses the X-band and S-band signals 
transmitted from the Orbiter received at ISRO's Deep space ground receive, in Radio Occultation 
mode, to study the altitude variations of electron density in the Lunar ionosphere. After very 
rigorous reviews and tests, with the efforts from the various entities of VSSC, with SPL taking the 
lead role and with the frontend electronics developed by PRL, the flight version of the Chandra’s 
Surface Thermo-Physical Experiment, ‘ChaSTE’ payload was delivered. Onboard the Chandrayaan-2 
Lander, ‘Vikram’, it will be used for studying the thermal properties of Lunar regolith by making in-
situ measurements of temperature at multiple levels at a depth of 100 mm. The Langmuir Probe 
RAMBHA-LP was delivered and integrated with the ‘Vikram’, and is intended for measuring a wide 
range of plasma density varying from 10/cm3 to 10,000 /cm3. Another important milestone is 
the development of the software pipeline for generating the quick look display and data archival 
from all these payloads in an automated manner throughout the mission life. The development of 
Plasma Analyzer Package and Magnetometer for the Aditya-L1 mission is making rapid progress. 
Several payloads proposed by SPL have been approved and shortlisted by the selection committee 
for the forthcoming MoM-2 (6 numbers) and Venus missions (8 numbers), in addition to several 
payloads in the aeronomy satellite ‘DISHA’. 

The ICARB-2018 was the first ever integrated cruise campaign conducted over the oceanic regions 
for extensive research, from the atmospheric boundary layer to the ionospheric regions. Sure 
enough it gave very interesting findings. For the first time, it was possible to delineate the mixing 
state of aerosols in the South Asian outflow and new particle formation over the Arabian Sea and 
the northern Indian Ocean.The unique aeronomy experiment carried out using an indigenously 
developed nightglow photometer onboard ORV Sagar Kanya provided direct signature of the 
Midnight Temperature Maximum (MTM) phenomenon in O1D 630.0 nm emissions, for the first 
time, near the geographic equator in the Indian Sector. GNSS measurements on-board ORV Sagar 
Kanya showed the southward secular movement of the dip equator. Conjugate point measurements 
highlighted hemispherical asymmetry in the plasma distribution across low latitude ionospheric region.



In the area of lower atmospheric processes, comprehensive multi-year observations were 
made on the seasonal variation of rain-dropsize distribution over the coastal station, Thumba, 
its characteristics, model parameters and the impact of convection. The effect of background 
circulation on sea breeze characteristics and the variation of turbulence spectral characteristics 
with surface-layer stability over Visakhapatnam, in the east coast of India, were brought out. The 
effect of topography on surface layer parameters during weak mean-flow conditions over the 
Central Himalayas was investigated in detail. Atmospheric surface layer variations and sensitivity of 
different terrain-following corrections over the East Khasi Hill in Northeast India were established.

Based on the long-term observations of aerosol black carbon (BC) from the network of observatories 
(ARFINET), the decreasing trend in BC over India was reported. This is an important result in view of 
the anthropogenic nature of the sources of BC. Using the extensive observations on-board aircraft 
over the Indo -Gangetic Plain (IGP), the vertical structure of the optical properties and radiative 
effects of aerosols across the IGP were estimated. The effect of wintertime aerosols on the boundary 
layer properties over the IGP was assessed using model simulations. Three dimensional distribution 
and long term trend in mineral dust over India could be delineated from a combination of space 
borne LIDAR (CALIPSO) and ground based networks (ARFINET and AERONET) observations. In the 
area of atmospheric trace gases, satellite based (AIRS) vertical profiles of methane showed that the 
summer monsoon anticyclone in the upper-troposphere traps the convectively uplifted methane. 
Surface Ozone (in-situ measurements) at Dehradun was found to be as high as 60-100 ppbv during 
spring season, with higher surface ozone seen in the downwind of the biomass burning region in 
the north-west.  Chemical analysis of aerosols at Thumba showed a strong correlation between 
organic and elemental carbon, and an enhancement in carbonaceous aerosols, indicating the 
prominence of anthropogenic aerosols enriched with combustion.

A performance evaluation of COSMO model was carried out to determine its potential and efficacy 
in the prediction of tropical cyclones, over the northern Indian Ocean. It was seen that the dynamical 
downscaling of COSMO’s spatial grid resolution led to improvements in the prediction of convection, 
but at the cost of deteriorated rainfall simulations. An optimal atmospheric measurement network 
for the estimation of CO2 fluxes over the Indian region was devised using Lagrangian particle 
dispersion model FLEXPART and Bayesian inverse methodology. 

Short- and long-period gravity waves generated by the tropical easterly jet stream during the 
easterly phase of QBO over Thiruvananthapuram during the onset period of summer monsoon 
were characterized. Spatio-temporal variations of the convective available potential energy (CAPE) 
derived from INSAT-3D were validated with ERA-Interim Reanalysis and Radiosonde observations.
High vertical resolution radiosonde observations conducted as part of the Indian Scientific 
Expeditions to Antarctica were used to investigate the characteristics of inertia gravity waves in 
the lower stratosphere over Bharati (69.4oS, 76.2oE), for the first time. Upper tropospheric ozone 
transport from the subtropics to tropics over the Indian region during Asian summer monsoon was 
studied using long-term ozonesonde observations and satellite (Aura-MLS) data. It is seen that the 
horizontal transport of ozone follows the tropical easterly jet stream path, indicating the control of 
Asian Summer Monsoon anticyclone. 

Studies on the changes in thermospheric nightglow emissions in response to Prompt Penetration 
Electric Field (PPEF) Events demonstrated the coupling between interplanetary medium and 
neutral Thermosphere Ionosphere System during night-time PPEF events. A study on the seed 
perturbations for ESF triggering and their dependence on neutral density revealed a definite 



connection between the thermospheric neutral density and the requisite seed perturbation for 
ESF to occur. A morphological study on the ionospheric variability at Bharati, a polar cusp station 
in Antarctica, portrayed some significant aspects of the ionosphere. It manifests the dynamics of a 
region which systematically shifts from inside the polar cap, to the auroral region, and to the polar 
cusp in quick succession during the course of a day. 

Relative roles of the neutral density and photochemistry were studied in the Venus ionosphere 
using an in-house developed photochemical model which could realistically represent the latest 
observations of Venus ionospheric layer ‘V2’. Using GMRT observations of the polarized microwave 
radiation and RT simulations, the dielectric constant of Venus surface at 606 & 1280 MHz was 
estimated to be approximately 4.5-5.0, which is in agreement with the radar observations from 
orbiters- Magellan and Pioneer Venus. In the area of lunar science, the first observations of the 
transport of solar wind protons scattered from lunar magnetic anomalies into the near lunar wake 
were carried out using Chandrayaan-1 ‘SARA’ data.

Engineers made major contributions to SPL’s achievements, especially by converting scientific 
ideas into reality through development of instruments and maintenance of major instruments and 
facilities. The Aerosol Humidograph Instrument was developed in-house for investigating the effect 
of humidity on aerosols. 

SPL also mentors about twenty-five research fellows, research associates, NPDF and INSPIRE 
fellows from time to time, who contribute substantially to the research output from SPL. Two 
research fellows were awarded Ph.D in 2018-19. During the reporting period, SPL published  
forty nine papers in peer-reviewed, high impact journals, with an average impact factor of 3.3. 
Several prestigious awards and honours were also bestowed upon SPL members during this period. 

Year 2019 witnessed the celebration of the Golden Jubilee of Space Science research at Thumba, 
led by SPL-VSSC. Several former members from SPL fraternity also participated in this event. A 
brain storming workshop on threshold areas in atmospheric, space and planetary sciences was also 
conducted as part of this event. Prof. Bimla Buti, the world renowned plasma physicist, delivered 
this year’s SPL Day Lecture on 8th April 2019. 

More than a compendium of our work, this annual report is our way of showcasing the efforts put 
in by our Scientists, Engineers, Technicians, Research Fellows and Research Associates.  This report 
is proof enough that we are equipped, determined, and focused on being a dynamic leader in the 
field of space sciences today, and into the future. All the achievements presented in this report 
illustrate how the Laboratory is foraying.

SPL will strive to achieve all its mandates in the coming years as well ...

 

®úÉÊvÉEòÉ ®úÉ¨ÉSÉxpùxÉ
RADHIKA    RAMACHANDRAN14 August 2019



Awards, Honours and Recognitions
RADHIKA RAMACHANDRAN
• Member, VSSC Management Council, (Since February 2019). 
• Chief Guest, “C. V. Raman-the person and the scientist”, National Science Day, NCESS, 

Thiruvananthapuram, February 28, 2019. 
• Panelist, Discussion on “Science Education in the Digital Era”, organized by  Talentspire, at the 

Mascot Hotel, Thiruvananthapuram, May 17, 2019. 

MRIDULA N.
• BUTI Young Scientist Award, BUTI Foundation, New Delhi, 2018.
 
KANDULA V. SUBRAHMANYAM
• IETE-IRSI Young Scientist Award, Bangalore, 2018.

RENJU R.
• Young Scientist Award, International Union of Radio Science-Atlantic Radio Science  

(URSI:AT- RASC), Gran Canaria, Spain, 2018.

SNEHA YADAV
• Young Scientist Award, International Union of Radio Science-Asia-Pacific Radio Science 

Conference (URSI:AP-RASC), Delhi, March 2019.

SHREEDEVI P. R. 
• Young Indian Radio Scientist Award at Asia-Pacific Radio Science Conference (AP-RASC),  

New Delhi, March 2019. 

FREDDY P. PAUL
• Young Scientist Award, 1st National Conference on Space and Atmospheric Science (NCSAS), 

Kolhapur, May 2019.

G. MANJU 
• Guest Editor, Special issue of the Journal ‘Sun and Geosphere’.

D. BALA SUBRAHAMANYAM
• Certificate of Excellence in Reviewing, International Journal of Environment and Climate 

Change, Science Domain International, 2019.

vi



Academic Excellence
Best Paper/Poster Awards in Symposia/Conferences 

AMBILI K. M.
• “On  the   relative roles of the  neutral  density  and  photo  chemistry  on  the  solar  zenith 

angle variations in the V2 layer characteristics of the Venus ionosphere under different solar 
activity conditions”, National Space Science Symposium (NSSS-2019), Savitribai Phule Pune 
University, 29-31 January 2019, [Co-authors: Sneha Susan Babu, Raj Kumar Choudhary]. 

ASHWATHY R. P.
• “Hind-casting of ESF events using seasonal empirical models”, NSSS-2019, Pune, 29-31 January 

2019, [Co-author: G Manju].

KOUSHIK N. 
• “Dynamics of the MLT region during Sudden Stratospheric Warming events as observed 

by a network of meteor wind radars”, NSSS-2019, Pune, 29-31 January 2019, [Co-authors:  
K. Kishore Kumar, G. Kishore Kumar, K. V. Subrahmanyam, G. Ramkumar and W. K. Hocking].

USHA K. H.
• “Study of snow albedo feedback over Himalayas and its impact on regional circulation using 

regional climate model”, NSSS-2019, Pune, 29-31 January 2019, [Co-authors: Nair, V. S. and 
Babu, S. S.]. 

ASWINI A. R.
• “Chemical composition of atmospheric aerosols over the surrounding residential area of an 

urban centre” in technical session “Air Quality monitoring and characterisation” at Indian 
International Conference on Air Quality Management (IICAQM-2018), organised by IIT 
Chennai and University of Surrey, UK from 6-7 December, 2018, [Co-authors: Prashant Hegde 
and Prabha R. Nair].

GIRACH IMRAN ASATAR
• “Surface ozone over the coastal Antarctica during Austral summer”, Honourable Mention for 

the poster presentation in the 14th ICACGP (The international Commission on Atmospheric 
Chemistry and Global Pollution) Quadrennial Symposium/15th IGAC (International Global 
Atmospheric Chemistry) Science Conference” during 25-29 September 2018 at Takamatsu, 
Kagawa, Japan.

KANDULA V. SUBRAHMANYAM
• “Vertical structure of latent heating in various cloud types during Indian summer monsoon”, 

TROPMET-2018, organized by Banaras Hindu University, Varanasi, October 24-27, 2018, 
[Co-author: K. Kishore Kumar].

• “CloudSat observations of most probable co-occurrence of cloud types and associated 
dynamics over the Indian summer monsoon region”, India Radar Meteorology (IRAD)-2019  
organized by IITM, Pune during 10-12 January 2019, [Co-author: K. Kishore Kumar].

vii



VRINDA MUKUNDAN
• Modelling the dayside ionosphere of Titan: Application of electron degradation model for 

methane, Cochin University of science and technology (CUSAT), Kochi, December, 2018, 
[Supervisor: Dr. Anil Bhardwaj]

KANDULA V. SUBRAHMANYAM 
• Three Dimensional Distribution of Cloud Types over the Indian Region and Associated 

Dynamics,Cochin University of Science and Technology, Kochi, March 2019 [Supervisor: 
Dr. K. Kishore Kumar]

Ph.D. Awarded

viii

In-house Developed Instrument
Aerosol Humidograph 
SPL has designed and developed an instrument known as Aerosol 
Humidograph Instrument for the study of hygroscopic growth of 
aerosols. The quantification of hygroscopic growth of aerosols is 
very important for the assessment of climate impact of aerosols.
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Science Team
 K. Rajeev
 C. Suresh Raju 
 N. V. P. Kiran Kumar
 Manoj Kumar Mishra
 Nizy Mathew
 M. Santosh
 R. Renju 

Technical Team 
 P. T. Lali
 P. S. Ajeesh Kumar
 P. P. Pramod
 Dinakar Prasad Vajja

Research Associates  
 Ashok Kumar Gupta* 
 Sivakumar Reddy** 

Research Fellows
 Nithin Mohan
 S. Lavanya
 Edwin V. Davis
 Sisma Samuel

 

The MBLP branch focuses on the surface characteristics, structure and 
dynamics of atmospheric boundary layer (ABL) and its coupling with 
free-troposphere, clouds, convection, precipitation, and microwave 
remote sensing of the Earth and other planetary bodies. Main objectives 
are: (i) to improve the understanding of the ABL processes including 
surface-air interaction processes, diurnal evolution of ABL, and the 
role of ABL processes in pollutant dispersal, cloud development and 
hydrological processes, (ii) improve the understanding on clouds, 
precipitation and energetics of the Earth-atmosphere system, and (iii) 
spaceborne and ground-based microwave remote sensing of Earth’s 
surface and atmosphere for deriving the surface properties, atmospheric 
water vapour, cloud characteristics and precipitation, including their 
potential impact on microwave propagation through the atmosphere. 
ChaSTE onboard Chandrayaan-2 lander aims at understanding the 
thermal characteristics of lunar regolith. The NOBLE project of ISRO-
GBP is aimed at characterising the ABL on a national canvas covering 
distinct climate and geographical zones. 

Microwave and Boundary Layer Physics

Network of Observatories for Boundary Layer Experiments 

*Till May 2019
**From February 2019
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Convection and Precipitation

Raindrop size distribution over the coastal 
station, Thumba: Rain Integrals, Empirical 
Relationships, Processes and Seasonal 
Variations

Knowledge of raindrop size distribution (DSD) 
is essential for estimating the integral rain 
parameters, development of empirical models for 
precipitation characteristics, rain rate – reflectivity 
relationship and understanding the processes 
that control rain rate and rain drop size. The 
DSD depends on the nature of cloud systems, 
microphysical and dynamical processes occurring 
during the formation and descent phase of 
raindrops from cloud base to earth’s surface. The 
DSD also vary with season, nature of convective 
system, orography and rain rate. A comprehensive 
study on the cloud droplet size distribution, its 
seasonal variation, empirical relationships and 
potential impact of airmass type, convection 
and background atmospheric conditions have 
been carried out based on 9 years of continuous 
disdrometer observations (2007-2015) carried out 
at the southwest Indian coastal location, Thumba 
(8.5°N, 77°E). Potential impact of convection 
and background atmospheric conditions on the 
observed DSDs are inferred by integrating the 
disdrometer observations with the collocated 
meteorological and satellite observations (TRMM-
Precipitation Radar and MODIS). Thumba 
experiences contrasting airmass types (marine 
and continental), precipitation mechanisms 
(advection and mesoscale convective systems) 
and background atmospheric conditions during 
different seasons and provides an ideal location 
to quantify the droplet size distribution and 
develop empirical models for different rain types. 
A summary of the major findings is given below.

Seasonal mean droplet size distribution 

Multi-year (2007-2015) seasonal mean DSD 
(N(D) in m-3 mm-1) at Thumba during the pre-
monsoon (PRE), summer monsoon (MON) and 
post-monsoon (POST) seasons, derived from 
the 1-minute observations of automatic Joss 
Waldvogel disdrometer (RD-69) (hereafter JWD) 
are shown in Fig. 1. The range of raindrop sizes 

measured by JWD spans from 0.3 to 5.4 mm, at 
20 different drop size bins. The mean DSD spectra 
are distinctly different for the three seasons. The 
drops may be classified into small size drops (SD; 
<1 mm), medium-size drops (MD; 1-3 mm) and 
large size drops (LD; >3 mm). The concentration 
of SD (LD) is higher (lower) during summer 
monsoon compared to the pre- and post-monsoon 
seasons. The concentrations of MD are higher 
during pre-monsoon and comparable during 
summer and post-monsoon seasons. These results 
are in agreement with the DSD characteristics 
observed over the western Ghats and continental 
locations in the Peninsular India. 
For better understanding on the observed 
differences in DSDs, the DSD measurements are 
classified into 11 different rain rate (R) intervals 
(classes) as done at other tropical locations (R in 
the range of 0.1-0.2, 0.2-0.4, 0.4-0.7, 0.7-1, 1-2, 
2-4, 4-8, 8-16, 16-32, 32-64.0, ≥64.0). The seasonal 
mean DSDs for each class during the three seasons 
(Fig.2) indicates that for low rain rate classes 
(R<2.0 mm hr-1) the concentrations of medium 
size drops (1<D<3 mm) are more during pre-
monsoon. For the rain rate class 6 to 9 (2≤R<32 
mm hr-1), the concentrations of large drops (D>3 
mm) are largest (least) during pre-monsoon 
(summer monsoon) seasons, whereas the reverse 
is observed for small drops (D< 1mm). Secondary 
maxima are observed at diameters between 0.5 
and 2 mm in the rain rate range of 2≤R<32 mm hr-1 

, which shift as rain rate increases, being 0.91 mm 
for 1≤R<4, 1.116 mm for 4≤R<8, and 1.33 mm 
for 8≤R<32 mm hr-1. These secondary maxima 
arise from the tendency to accumulate at the 
equilibrium size associated with the coalescence 
and breakup processes. For the rain rate range 
32≤R<64 mm hr-1, there is no considerable 
difference in spectra in the small droplet regime, 
whereas the number concentration in the large 
drop regime during the summer monsoon 
season is distinctly lower.

Variation of mass weighted average diameter 
(Dm) and Gamma distribution parameters

The most commonly followed analytical form 
of raindrop size distribution is the Gamma 
distribution, given by: N(D)=No*exp(-ΛD)*Dμ, 
where D is the raindrop diameter (mm) and  
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Figure 1: Variation of mean raindrop concentration 
(N(D), m-3 mm-1) with drop diameter (D, mm) during 
pre-monsoon (PRE), summer monsoon (MON) and 
post-monsoon (POST) seasons over Thumba. Vertical 
bars indicate the standard deviations. (Lavanya et al., 
Atmos. Res., 2019).

No (m-3 mm-1) represents the intercept parameter. 
The shape parameter (μ) represents the breadth 
of DSD curve, while the slope parameter (Λ) 
represents the extension of the large size portion 
of the DSD spectrum. Small (large) value of 
Λ indicates the extension of the DSD to larger 
(smaller) diameter. The Gamma distribution 
parameters over Thumba during different 
seasons are estimated from the multi-year DSD 
observations. A systematic increase in Dm with 
rain rate is observed during all seasons (Fig. 
3). Larger (lower) Dm values occur during pre-

monsoon (summer monsoon) season. The values 
of Dm during in the post-monsoon season are 
in between the other two seasons for almost all 
rain rates (rain classes). The mean Λ shows a 
decreasing trend with increasing rain rate during 
all the seasons, with higher values of Λ in summer 
monsoon season. The mean value of μ ranges 
from 6.6 to 9.1 during summer monsoon and 
is between 5 and 8.6 during the pre- and post-
monsoon seasons. The normalized DSD scaling 
parameter for concentration (log10Nw) shows an 
increasing trend with rain rate in all seasons. The 
values of log10(Nw) are higher during summer 
monsoon season due to the presence of more 
number of small drops. Variations in the DSD 
parameters with rain rate obtained in this study 
are in agreement with those reported at other 
locations in the Indian peninsula, though the 
absolute magnitudes differ.

Figure 2: Multi-year (2007-2015) seasonal mean raindrop spectra at 11 different rain rate intervals (rain classes) 
during pre-monsoon (PRE), summer monsoon (MON) and post-monsoon (POST) seasons. The arrows indicate the di-
ameter at which the number concentration is nearly equal in all the three seasons. (Lavanya et al., Atmos. Res., 2019).

Z-R relationship
One of the most important applications of the DSD 
spectra is to derive the relationship between rain 
rate (R; mm hr-1) and radar reflectivity factor (Z, 
mm6 m-3). The most widely accepted form of this 
is the Marshall and Palmer relationship Z=ARb, 
where ‘A’ and ‘b’ are empirical constants which are 
determined by the precipitation characteristics. 
The estimated values of ‘A’ and ‘b’ during different 
seasons (Fig. 4) show highly consistent values of 
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Figure 3: Distribution of (a) mass-weighted mean diameter (Dm, mm), (b) slope (Λ, mm-1), (c) shape (μ, unit less), 
and (d) normalized intercept parameter (log10(Nw), m-3 mm-1) for PRE, MON and POST seasons. The vertical lines 
represent the standard error of each class. (Lavanya et al., Atmos. Res., 2019).

‘b’ (1.32 to 1.35). However, the mean value of ‘A’ 
undergoes significant seasonal variations (218.19 
to 299.15). Higher values of ‘A’ during the pre- and 
post-monsoon seasons arise from the presence of 
relatively larger drops in these seasons. 

Figure 4: Z-R scatter plots during pre-monsoon, summer monsoon and post-monsoon seasons. The estimated values of 
‘A’, ‘b’ during the respective seasons are also shown. (Lavanya et al., Atmos. Res., 2019).

Potential impact of convection and other 
atmospheric conditions on DSD

Seasonal variation of convection and its influence 
on DSD are investigated using TRMM-PR 
observations by studying the vertical distributions 
of storm-top height and reflectivity for three 
seasons (Fig. 5).  Frequency of occurrence of 
storms reaching 6 km and above is more during 
pre-monsoon (42.8 %) and post-monsoon (31.3 
%) seasons compared to the summer monsoon 
season (13.5 %). The mean vertical profiles of 
reflectivity also show similar trend. More efficient 
collision and coalescence processes associated 
with deeper convection during the pre-monsoon 
season lead to larger drops and higher values of 
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mean droplet size as observed in the present study. 
Presence of strong updrafts will modify the DSD: 
(i) Strong updrafts increase the residence period 
of raindrops aloft and thus increase the probability 
of precipitation growth further by collision and 
coalescence mechanisms. (ii) Updrafts carry 
the small drops to the higher altitudes, while 
bigger drops precipitate locally in the convective 
region, thereby increasing the relative number of 
bigger drops. As the convection is more intense 
during the pre- and post-monsoon seasons, drop 
sorting and evaporation will also be more due to 
strong updraft and high temperature, which in 
turn decreases the number of small-sized drops 
reaching the surface during precipitation events, 
as evident from the present observations of DSD. 

Figure 5: Seasonal mean distributions of (a) storm-
top height and (b) profiles of reflectivity derived from 
TRMM-PR observations over Thumba. (Lavanya et al., 
Atmos. Res., 2019).

Atmospheric boundary layer characteristics at 
distinct geographical and climate zones, on a 
national canvas, are being investigated under 
the ISRO-GBP-NOBLE project, led by SPL. The 
experimental investigations of ABL parameters 
are carried out through observations using 
tower-based fast-response micrometeorological 
sensors mounted at multiple levels. The NOBLE 
project aims to establish long-term monthly 
mean variations of ABL parameters and energy 
fluxes and investigate the role of ABL in regional 
meteorology and associated feedback processes 
at different geographical locations representing 
typical geographic and climate conditions 
prevailing in the Indian region. Nine stations, 
representing distinct geographical and climate 
conditions, have been established under the IGBP-
NOBLE project (Fig.6). The meteorological data 
obtained from the 32 m meteorological tower from 
Challekere are also being used for the Reusable 
Launch Vehicle project. Detailed investigations 
on ABL characteristics over the coastal station 
Visakhapatnam and complex terrains at Nainital 
(Central Himalayas) and Shillong (East Khasi 
Hill) are presented below.   

Network of Observatories for Boundary 
Layer Experiments (NOBLE) Project

Figure 6: Locations of the network of NOBLE  observations. 
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Figure 7: Wind rose plots showing the distribution of wind direction for (a) winter (b) pre-monsoon, (c) summer mon-
soon seasons during the period of December 2012 to March 2014.The solid line along 45° - 225° indicates the coast line 
orientation, and d) Time variation of the sea breeze onset time (filled circle) and cessation time (open circle). [Kiran 
Kumar et al., JASTP, 2019].

Figure 8: Synoptic circulation pattern at 0, 6, 12 and 18 GMT (~0540, 1140, 1740 and 2340 LT at Visakhapatnam) 
on 17 June 2013, obtained from the ERA Interim reanalysis data. The background circulation over the coastal location 
at Visakhapatnam is shore-parallel before sea breeze onset, with a predominant northward wind component. It can 
result in corkscrew sea breeze with an early onset and backing of wind during the sea breeze onset. Such occurrences are 
common at Visakhapatnam during pre-monsoon and summer monsoon seasons. [Kiran Kumar  et al., JASTP, 2019].
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Sea breeze characteristics and its effect on 
turbulence spectra over the coastal zone near 
Visakhapatnam

Occurrence and onset time of sea breeze (SB) are 
strongly influenced by the prevailing circulation 
and meteorological conditions. Characteristics 
of sea breeze (occurrence, onset and cessation 
times) during different seasons and the variations 
in turbulence spectra associated with the onset of 
sea breeze over Visakhapatnam are investigated 
(17.7°N, 83.3°E) based on micrometeorological 
observations carried out at 10 m above ground level. 
  
Onset time of sea breeze and its duration 

Onset time and duration of SB during the course 
of the year, derived from the micrometeorological 
observations from December 2012 to March 2014 
(Fig.7(d)) reveal a noticeable seasonal shift in the 
onset time of SB. The SB onset can occur at any time 
between 08 and 11 LT during winter while the SB 
onset takes place between 07 and 10 LT during the 
pre-monsoon and summer monsoon periods. The 
most probable time of SB onset is ~10 LT during 
winter and ~ 09 LT during pre-monsoon and most 
part of summer monsoon seasons, indicating early 
SB onset during the pre-monsoon and summer 
monsoon seasons which are predominantly 
characterized by stronger southwesterly (almost 
shore-parallel) winds (Fig. 7(b,c)). Northward 
component of the prevailing wind over the east 
coast in the northern hemisphere during the 
summer monsoon can aid early onset of sea breeze. 
It also aids the generation of SB even when the 
local land-ocean pressure gradient generated by 
solar heating is weaker or in the presence of strong 
prevailing winds, both of which are otherwise 
unfavourable for SB occurrence. This type of SB 
(corkscrew SB) is marked by a backing of wind 
from southwest to south/southeast (Fig. 8). The 
opposite happens in winter when the background 
wind has a strong southward component (Fig. 7a), 
which, over east coast in the northern hemisphere, 
results in an area of low-level convergence near the 
coast. This prevents the sinking of air from above 
and resists the generation of sea breeze. In such 
situations, SB generation require stronger local 
pressure gradient force to counter this resistance, 
which usually occurs with increased differential 

heating due to incoming solar flux and hence the 
SB onset is delayed. The present study shows that 
delay in the SB onset during winter is about an 
hour compared to the pre-monsoon and summer 
monsoon seasons.

Influence of sea breeze on turbulence spectra of 
winds

Histogram of the differences between the 
frequencies of spectral peaks of horizontal winds 
at 1 hour before and after the sea breeze onset 
(Fig.9) shows that, in most of the cases, the 
frequency of the spectral peak (fmax) shift to higher 
frequency side after the onset of sea breeze. This 
shift towards the higher frequency side of the 
spectrum is attributed to lowering of ABL depth 
consequent to the formation of thermal internal 
boundary layer (TIBL). The increase in the lower 
frequency bound of the inertial sub-range after 
the onset of sea breeze generally varies between 
0 to 0.025 Hz, with most of the values ranging 
between 0 to 0.015 Hz.

Effect of topography on surface layer parameters 
during weak mean-flow conditions over Central 
Himalayas 

Over complex terrains, diurnal variation of 
mountain circulation plays a significant role in 
perturbing the local circulation during weak mean-
flow conditions and affect the diurnal evolution 
of ABL. The present study deals with surface-

Figure 9: Histogram of the differences between frequen-
cies (Hz) of spectral peaks of horizontal winds at 1 hour 
before and after the sea breeze onset. [Kiran Kumar  et 
al., JASTP, 2019].
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layer characteristics over Central Himalayas 
during winter based on the micrometeorological 
observations carried out using fast-response 
(25 Hz) sonic anemometer (mounted at 10 and 
27 m height levels) at ARIES, Nainital (29.4°N, 
79.5°E, altitude 1926 m). Since the measurements 
were taken over sloping terrain with varying 

Figure 10: Variations of σw/u✳ and σθ/T✳ with z/L for unstable (z/L < 0)  conditions, within ±45º angles of attack. The 
measurement levels are 27 m and 12 m above the ground. The solid line represents the curve fitted using the present 
observations. The dashed line represents the scaling relation derived by Foken and Wichura (1996). The dotted line 
represents the values 30% lower or larger than Foken and Wichura (1996). The variation proposed by Panofsky and 
Dutton (1984) is shown by the dashed–dotted line. [Solanki et al., Boundary Layer Meteorology, 2019].

Figure 11: Monthly mean diurnal variations of (a) sensible heat flux (H), (b) turbulent kinetic energy (e), (c) momen-
tum flux (τ), and (d) vertical velocity (w) during November, December and January. The vertical bars indicate the stan-
dard deviations. The measurement level is 27 m above the ground. [Solanki et al., Boundary Layer Meteorology, 2019].

wind direction, sector planar-fit technique 
(SPFT) was applied by segregating the data into 
sectors in order to transform the measurements 
into a terrain-following coordinate system for 
different topographic sectors. Applicability of 
Monin Obukhov Similarity Theory (MOST) after 
applying SPFT was assessed using the variations 
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Atmospheric surface layer variations over the 
East Khasi Hill in Northeast India

The surface layer characteristics over the east 
Khasi Hill in Northeast India are investigated 
using the micrometeorological observations 
carried out at NESAC, Umiam (25.67°N, 91.91°E; 
1040 m amsl), Shillong, under the NOBLE project. 
Tilt corrections are applied to the fast response 
sensor data, choosing proper rotation methods 
depending on the prevailing wind directions. 
Primary dataset consists of sonic anemometer 
data (25 Hz) recorded during January–February 
at 18 m and 30 m levels. Results presented here are 
first of its kind from this region and highlights, (i) 
the importance of sector planar fit technique over 
other established techniques, (ii) applicability of 
MO similarity theory after applying SPFT. 
 Over complex terrains, the measurements 
of vertical velocity components are influenced 
by the local terrain slope, sensor tilt, and local 
circulation. Over such terrains, the general planar 
fit (GPF) technique is often used for long-term 

of standard deviations of vertical wind normalized 
with friction velocity (σw/u✳) and standard 
deviations of temperature normalized with scaling 
temperature (σθ/T✳) as a function of stability 
parameter (z/L) (Fig. 10). Variations of σw/u✳ and 
σθ/T✳ as a function of z/L indicate that they follow 
a power law variation during unstable conditions, 
with a power index of -1/3
Due to the smaller incoming shortwave flux and 
weaker synoptic flow over the region, the magnitude 
of sensible heat flux (H; mean peak value of 116 
± 80 W m−2 and seasonal mean value of +17 W 
m−2) is reduced by more than half of its magnitude 
in spring (mean peak value of 353 ± 147 W m−2 
and seasonal mean value of +50 W m−2) (Fig. 11). 
Dominance of buoyancy-flux divergence over stress 
divergence confirms the orographic lifting and 
flow convergence over the site, particularly during 
daytime in winter. The net diurnal mean of turbulent 
kinetic energy (e ~ 0.62 m 2 s −2) and momentum flux 
(τ ~ 0.10 Nm−2) are found to be smaller during weak 
mean-flow conditions in winter; in comparison with 
the observations during strong synoptic flow (wind 
speed > 6 ms-1) of spring, the mean TKE is almost 
reduced to half.

flux measurements employing eddy covariance 
system. Three flux computation methods, namely 
double rotation (DR), GPF, and SPF techniques 
are compared in the present study. Application of 
SPFT showed a reduction in the vertical wind (w) 
offset value b0 (0.001 at 18m) compared to GPF 
(-0.037 at 18m). The reduction of planar fit error 
is evident in the computed sensible heat flux and 
momentum flux (Fig.12). The variation in sensible 
heat flux between the application of GPF and SPF 
is 12–13%, while the momentum flux varied in 
the range of 16–18% between the GPF and SPF 
computed values during daytime. The difference 
can be attributed to different characteristics of 
slope, flow direction, and moderate wind speed, 
which are not considered in general planar-
fit. SPFT was able to reduce the impact of wind 
direction variability and heterogeneity of the 
terrain on the surface fluxes. It also shows the 
inadequacy of double rotation method for the 
conditions prevailing in this hilly terrain.

Stationary Test and Integral Turbulence 
Characteristics

Integral turbulence characteristics, the standard 
deviation of u and w normalized by friction 
velocity (σu∕u✳ and σw∕u✳), are utilized to examine 
the applicability of MOST. Figure 13 (a,b) shows 
the variations of averaged σu∕u✳ and σw∕u✳ with 
atmospheric stability (z/L) for unstable conditions 
at the 18-m level. The daytime evolution of surface 
layer sensible heat flux (SHF), turbulence kinetic 
energy (TKE) and momentum flux (MF) over this 
location during the winter season are shown in 
Fig. 14. The variations in SHF at the 3 levels (6, 
18, and 30 m) are quite small after incorporating 
the compensation for terrain effects with the 
application of SPF method. The TKE and MF 
increase with height, especially between 6 to 18 
m, while their variation between 18 and 32 m 
are rather small, as expected. Similar to the SHF 
and TKE, the momentum flux also shows a rapid 
increase during the pre-noon period. However, 
MF shows a broad peak, with possibility for a 
secondary peak in the afternoon. This arises from 
the larger magnitude of wind speed during the 
afternoon. 
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Figure 12: Comparison of the monthly mean diurnal variations of sensible heat flux (a, c), and momentum flux (b, d) 
in January and February at 18 m level over Shillong, estimated using double rotation (DR) (in black), general planar 
fit (GPF) (in red), and sector planar fit (in blue) techniques. [Barman et al., Meteorol Atmos Phys, 2019].

Figure 13: Observations and Foken and Wichura (1996) [FW (1996)] model value comparison of the in-
tegral turbulence characteristics of the scaled horizontal (a) and vertical (b) wind velocity variations for 
unstable conditions. [Barman et al., Boundary Layer Meteorology, 2019].
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Figure 14: Diurnal variation of H (a, b), e (c, d), and τ (e, f) for January and February at the 6-m (in black), 
18-m (in red), and the 30-m (in blue) levels. [Barman et al., Boundary Layer Meteorology, 2019].

Support for the RLV – LEX project

SPL has been providing regular scientific support 
for ascertaining the near-surface wind features 
(including gusts) for the RLV-LEX project, 
conducted at the Aeronautical Test Range (ATR), 
Chitradurga. As meteorological measurements 
at this site are being set up, tower-based surface 
winds observed at 2m, 4m and 16m levels on 32 
m at IISc Campus, Chellekere (NOBLE project) 
were used for understanding the near-surface 
background winds and their diurnal variations 
(including gusts) in this region during different 
seasons. 

Microwave Remote Sensing 

Venus surface dielectric constant estimation 
using GMRT Observation

The Venus surface thermal emission shows 
monotonous decrease of radiometric brightness 
temperature (Tb) with wavelength at microwave-
radio wave spectral regime.   This issue has 
been addressed at SPL by conducting dedicated 
observations of Venus at decimetre wavelength 
using Giant Meterwave Radio Telescope (GMRT) 
at multi-frequency and dual polarization when 
Venus was at its closest position to Earth (July-
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September period of 2015).  At decimetre (dcm) 
wavelengths, thermal radiation from the Venus 
has contributions from the atmosphere and 
the surface beneath it owing to the expected 
deep penetration depth of radiation to the 
low dielectric dry Venus surface.  The GMRT 
measures the blackbody equivalent temperature 
or the brightness temperature (Tb) of Venus 
surface which is a function of surface dielectric 
properties, temperature and surface roughness. 
The emission from the planetary surface is 
polarized in two orthogonal components of the 
electric field vector (horizontal (H) and vertical 
(V) to the plane of incidence) at the air-surface 
interface. The polarimetric observations by 
GMRT provide all the four strokes parameters 
(I, Q, U, V) for studying the surface dielectric 
permittivity. The larger difference between the 
two orthogonal components towards the limb is 
manifested as an enhancement in the degree of 
polarization (DOP) which represents the fraction 
of the linearly polarized component to the total 
intensity of radiation as: 

 DOP = (Q2 + U2)/I×100.   

Figure 15: Variation of the DOP at 607.67 MHz (left panel) and at 1297.67 MHz (right panel) with respect to the radial 
distance from the centre (solid dots). Vertical lines represent the standard errors in the measurements. Solid lines show 
the theoretical curves convolved with Gaussian corresponding to the GMRT synthesised beam plotted for dielectric 
constant = 3.0, 3.5, 4.0, 4.5, 5.0 and 5.5. There is a discrepant 3-5 % of polarization close to the centre of the disk which 
is attributed to the polarization intensity is dominated by the background noise which is ~0.1mJy for 607.67 MHz and 
~0.15 mJy for 1297.67 MHz.  The theoretical DOP begins to match with the observed DOP beyond ~10 arcsec at 607.67 
MHz and about 15 arcsec at 1297.67 MHz which are when the signal begins to dominate the noise. The DOP near to the 
centre of the map is expected to be zero due to the rotational symmetry of the polarized radiation. Since the intensity of 
polarized emission is given by  p = (Q2 + U2)  , it can never be negative. Hence there is a non-zero mean positive bias 
to the noise. But the noise on the Venus polarization intensity near to the centre is of the order of the background noise 
which is prevalent throughout [Nithin Mohan et al. MNRAS, 2019].

On the other hand,  DOP is theoretically 
related to horizontal (RH) and vertical (RV) 
components of the surface reflectivity as  
DOP = 0.5 (RH- RV)/(1.0 - 0.5 (RH+ RV)) .
The Stokes parameters measured at 607.67 MHz 
and 1297.67 MHz are used to derive the DOP of 
Venus.  The concentric annular sections, each of 
width of 1 arcsec for 1297.67 MHz and 2 arcsec for 
607.67 MHz observations, starting from the centre 
all the way to the limb of Venus has been formed 
and then mean and the standard deviations of 
the DOP for each of the annular sections were 
determined.  In Fig. 15, the DOP estimated from 
observations (filled circles) for each annular rings 
and theoretically calculated (continuous lines) 
for different dielectric values (ranging from 3.5 
to 5.5, with increment of 0.5.) are shown as a 
function of the radial distance from the centre for 
at 607.67 MHz and at 1297.67 MHz, respectively. 
The Chi-square minimization is used to find out 
the dielectric constant corresponding to the best 
fit observed DOP (~4.5) at 607.67 and 1297.67 
MHz. Radar observations of Venus by several 
workers including the Magellan observations 
determined the value of dielectric constant lies 
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ChaSTE payload: Flight model development, 
qualification, functional evaluation and delivery 
to Chandrayaan-2 mission.

“Chandra’s Surface Thermo-Physical Experiment” 
- ChaSTE - is one of the payloads for the Lander of 
the Chandrayaan-2 mission proposed and led by 
SPL with the aim to study the thermal properties 
of lunar regolith in the near polar region by in-
situ measurement of temperature from surface 
to down 100 mm. The temperature and thermal 
conductivity information are the critical input 
for finding the depth of solar forcing that can be 
propagated and also the maximum depth below 
which presence of water ice in the regolith medium 
in lunar-polar region can be expected. These 
thermal property information is not available at 
present over the near polar region.
The payload is a thermal probe (consisting of 
10 PRT temperature sensors spaced at different 
distances and one heater) which will be inserted 
into the lunar regolith in a controlled manner based 
on the tele-commands from the Earth station. 
This will be the first lander based in-situ planetary 
sub-surface temperature probing by ISRO. The 
payload has been developed indigenously.

The development followed three-model 
philosophy. Engineering model to demonstrate 
the probe workability – concept and development, 
Qualification model to make space worthy 
probe and Flight model for mission. During 
the reporting period, the flight model has been 
developed, qualified, tested and delivered. The 
flight model (Fig.16) has undergone all the 
required environment tests and the functional tests 
thereafter on modules basis.  Several experiments 
have also been conducted for the characterization 
and the calibration of the payload. After the 
integration with Lander -VIKRAM, again it 
has been subjected to all the environmental and 
dynamical tests as a subsystem of VIKRAM 
and thereafter all the functional tests.  Required 
software was developed for quick look display 
of the scientific data and for the data archival in 
PDS-4 standard.

ChaSTE: Software for Quick Look Display 
processing

Quick Look Display (QLD) processing software 
of ChaSTE data is primarily designed to visualize 
the raw science data received from the payload. 
The QLD software is a self-contained software 
system taking the raw files as input and generating 
the required outputs for visualization. The QLD 
Software performs the following steps:

1. Search the input directory in regular intervals 
of time for any new input files

2. When a new file is detected the software 
fetches the input files (raw and .inf files)

3. Raw files are processed and displays the time 

Figure 16: Flight model ChaSTE payload along with electronic module getting assembled and tested in Clean Room of SPL.

between 4 and 4.5. At these wavelengths, the 
surface could be relatively smooth and the effect of 
surface roughness is least expected and hence the 
estimated value of dielectric could be close to the 
real value. As the dielectric constant plays a major 
role in the observed Tb at microwave frequencies, 
the current results are essential for the theoretical 
calculations explaining the role of subsurface 
properties on decrease of Tb with wavelength. 
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variation of sensor temperatures for each file 
4. Create log file for each file processed 
5. Delete the processed input files from input 

directory. 
6. Archives the generated plots and log files at 

desired location for later use.
The software has been tested and installed at 
ISSDC and screen shoot of QLD is shown in 
Fig.17.

ChaSTE: Software for archiving data in PDS-4 
standard. 

Long term data archival software for ChaSTE 
is designed to archive the science data with the 
acquisition time in UTC and the corresponding 
meta data in a .xml file which is essential for the 

data archival in PDS4 standard. The data archival 
software has been developed and tested, which 
is taking the URSC Level-0 data as input and 
generating the required outputs ie., a delimited 
table file (.csv) and the corresponding .xml file 
for the ChaSTE payload. Major functions of the 
archival software are:
1. Poll for new data files in the assigned input 

location
2. Uncompress Level-0 data one by one in a 

folder (contains .prd, .obs and .xml files). 
3. Read the quality checked data 
4. Write it as a .csv file
5. Create corresponding .xml file
6. Log the status of errors/checks/verification/

status.
7. Clear the input files/ folders from the input 

location.

 

Figure 17: Quick look display window - ChaSTE PRT data.
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Publications in Peer-Reviewed Journals

1. Kavitha M., Prabha R. Nair and Renju R., “Thunderstorm induced changes in near-surface O3, 
NOx and CH4 and associated boundary layer meteorology over a tropical coastal station”, Journal of 
Atmospheric and Solar-Terrestrial Physics, 179, 261-272, DOI:10.1016/j.jastp.2018.08.008, (2018).

2. Kiran Kumar N.V.P., Jagadeesh K, Niranjan K and Rajeev K, “Seasonal variations of sea breeze and its 
effect on the spectral behaviour of surface layer winds in the coastal zone near Visakhapatnam, India”, 
Journal of Atmospheric Solar-Terrestrial Physics, 186, pp 1-7, DOI:10.1016/j.jastp.2019.01.013, 
(2019).

3. Koushik N., K. Kishore Kumar, Subrahmanyam K.V., Geetha Ramkumar, Girach I. A., Santosh 
M, Nalini K, Nazeer M, Shreedevi P. R", Characterization of inertia gravity waves and associated 
dynamics in the lower stratosphere over the Indian Antarctic station, Bharati (69.4°S, 76.2°E) during 
austral summers”, Climate Dynamics, DOI:10.1007/s00382-019-04665-9, (2019).

4. Lavanya S., Kiran Kumar N.V.P., Aneesh, Subrahmanyam K.V., Sijikumar S., “Seasonal variation 
of raindrop size distribution over a coastal station Thumba: A Quantitative analysis”, Atmospheric 
Research, DOI:10.1016/j.atmosres.2019.06.004, (2019). 

5. Nilamoni Barman, Arup Borgohain, Kundu S.S., B. Saha, R.Roy, R. Solanki, Kiran Kumar N.V.P., 
Raju P.L.N, “Impact of atmospheric conditions in surface-air exchange of energy in a topographically 
complex terrain over Umiam”, Meteorology and Atmospheric Physics, pp 1-14, DOI:/10.1007/
s00703-019-00668-7, (2019).

6. Nilamoni Barman, Arup Borgohain, Kundu S.S., R. Roy, B. Saha, R. Solanki, Kiran Kumar N.V.P., 
Raju P.L.N, “Daytime temporal variation of surface-layer parameters and turbulent kinetic energy 
budget in a topographically complex terrain over Umiam”, Boundary-Layer Meteorology 172, 1, 149-
166. DOI:10.1007/s10546-019-00443-6, (2019).

7. Nithin Mohan, Suresh Raju C., Govind Swarup, Divya Oberoi, “Polarisation and Brightness 
Temperature Observations of Venus with the GMRT”. Monthly Notices of the Royal Astronomical 
Society, DOI:10.1093/mnras/stz1556, (2019).

8. Raman Solanki, Narendra Singh, Kiran Kumar N.V.P, Rajeev K and Dhaka S. K., “Impact of 
mountainous topography on surface layer parameters during weak mean flow conditions”, Boundary-
Layer Meteorology 172, 1, 133-148, DOI:10.1007/s10546-019-00438-3, (2019).

Future Projections 
• Studies on lunar regolith thermal characteristics using ChaSTE/Chandrayaan-2 data.  
• Development of UHF wind profiler
• Effect of clouds and rain in Ka-band propagation over Thiruvananthapuram 
• Characterization of surface layer parameters over NOBLE stations.
• Characterization of air-sea interaction processes over Southern Indian Ocean (ICARB-2018).
• Investigation on the rain DSD over Indian Ocean and continents. 
• Effect of clouds on the diurnal variation of surface energetics and ABL development.
• Effect of tropical circulation cells on the global distribution of cirrus clouds and their radiative impact
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Presentations in Symposia/Conferences/Workshops

International

1. Ashok Kumar Gupta, K. Rajeev, Anish Kumar M. Nair and Manoj Kumar Mishra, "Megha-Tropiques 
ScaRaB observations of the seasonal mean diurnal variation of cloud radiative forcing over the 
tropics", COSPAR, Pasadena, California, USA, 14-22 July 2018.

2. Ashok Kumar Gupta, K. Rajeev, S Sijikumar and Anish Kumar M. Nair, "Enhanced daytime 
occurrence of clouds in the tropical upper-troposphere and observational evidence for radiatively 
driven convection", COSPAR, Pasadena, California, USA, 14-22 July 2018.

3. Ashok Kumar Gupta, K. Rajeev and M. K. Mishra, “ScaRaB onboard Megha Tropiques (MT) 
observations of seasonal mean diurnal variations of cloud radiative forcing (CRF) at top-of-
atmosphere over tropics and the impact of El Nino periods (November 2014-February 2016) on 
CRF,” 2019 URSI Asia-Pacific Radio Science Conference, New Delhi, India, 09 - 15 March 2019.

4. Edwin V. Davis, C. Suresh Raju, and K. Rajeev, “Comprehensive observational evidence for the effect 
of clouds in the diurnal evolution of atmospheric boundary layer”, URSI AP-RASC, New Delhi, 09 
- 15 March 2019.

5. Mishra, M. K.,  R. Renju, N. Mathew, C. Suresh Raju, M. Sujimol and K. Shahana, “Rain attenuation 
of Ka-band signal over a Tropical station,”URSI AP-RASC, New Delhi, 09 - 15 March 2019.

6. N.V.P. Kiran Kumar and Lavanya S, "Raindrop Size Distribution and Rain Characteristics during the 
extreme events in the Tropical coastal station Thumba", URSI AP-RASC, New Delhi, 09 - 15 March 
2019.

7. R. Renju, C. Suresh Raju C., E. V. Davis, N. Mathew and K. K. Moorthy, “Validation of ground-based 
microwave radiometer measurements over a tropical coastal station,” URSI AP-RASC, New Delhi, 
09 - 15 March 2019.

National
1. Edwin V Davis and C. Suresh Raju, “Diurnal variability of integrated water vapour content in the 

atmospheric boundary layer and its transport to the free troposphere during fair-weather and cloudy 
conditions”, IASTA 2018 Conference, IIT Delhi, 26-28 November, 2018. 

2. Edwin V. Davis, K. Rajeev and C. Suresh Raju “Exchange of water vapour between the atmospheric 
boundary layer and free troposphere and its diurnal variation during different seasons”, NSSS 2019, 
SPPU Pune, 29-31 January 2019.

3. Lavanya S and N.V.P. Kirankumar, "Microphysics of raindrop size spectra over a coastal station 
Thumba during cyclones and extreme events", iRad-2019, IITM, Pune, 10-12 January 2019.

4. Lavanya S and N.V.P. Kirankumar, "The effect of raindrop size sorting on radar parameters", 
TROPMET-2018, National Symposium on Understanding Weather and Climate Variability: 
Research for Society, Banaras Hindu University, Varanasi, India, 24-27 October, 2018.

5. Lavanya S, Kirankumar N.V.P.  and K.V. Subrahmanyam, "Microphysics of raindrop size spectra over a 
coastal station Thumba during cyclones", TROPMET-2018, National Symposium on Understanding 
Weather and Climate Variability: Research for Society, Banaras Hindu University, Varanasi, India, 
24-27 October, 2018. 

6. N. Siva Kumar Reddy, K. Rama Gopal, G. Balakrishnaiah,, R. R. Reddy, and N.V.P. KiranKumar, 
"Spectral Characteristics of Surface Layer over a semi-arid region of Anantapur (14.62°N, 77.65°E) 
in Southern India", National Space Science Symposium (NSSS),  Pune, 29 -31 January, 2019.

7. N.V.P. Kiran Kumar and Lavanya S, :Altitude variation of raindrop size spectra during cyclones and 
extreme events over a coastal station Thumba", NSSS, Pune, 29 -31 January, 2019. 

8. N.V.P. Kiran Kumar, K. Jagadeesh, K. Niranjan and K. Rajeev, "Seasonal characteristics of sea breeze 
and its effect on the spectral behaviour of surface layer winds at a coastal site Visakhapatnam (17.7°N, 
83.3°E) in the Peninsular India", NSSS, Pune, 29 -31 January, 2019.
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9. Neha Salim S., H.B. Menon, N.V.P. Kiran Kumar and K. Rajeev, "Accessing the validity of Monin-
Obukhov Similarity Theory over a Coastal Region in Goa", NSSS, Pune, 29 -31 January, 2019.

10. Nilamoni Barman, Arup Borgohain, S.S. Kundu, Rakesh Roy, Biswajit Saha, Raman Solanki, N.V.P. 
Kiran Kumar, P.L.N Raju, "Temporal variation of surface-layer parameters and turbulent kinetic 
energy budget in a topographically complex terrain over Umiam", NSSS, Pune, 29 -31 January, 2019.

Technical/Scientific Reports

1. Critical Design Review (CDR) document of the Chandrayaan-2 Lander payload, Chandra’s Thermo-
Physical Experiment, (ChaSTE), Rep no. VSSC-SPL-CH2-ChaSTE -0309 -2018.

2. ChaSTE Payload aboard Chandrayaan-2 Lander, Software Requirement Specifications (SRS) for 
Quick Look Display of Science Data, Issue 1, Version 2, December 2018.

3. ChaSTE Payload aboard Chandrayaan-2 Lander, Software Requirement Specifications (SRS) For 
Long Term Archival (in PDS4) of Science Data, Issue:1 Version: 2, December 2018.

4. Software Design Document of Quick Look Display Processing of Science Data of ChaSTE Payload 
on Chandrayaan-2 Lander, Version 2, December 2018.

5. Software Design Document of Processing of Science Data of ChaSTE Payload on Chandrayaan-2 
Lander for Long Term Archival in PDS4 standard, Version 1, December, 2018.

Invited Lectures

K. Rajeev
1. “Insights on cloud distribution and dynamical processes over tropics based on space-borne radar 

observations”, iRAD-2019 International Conference, IITM, Pune, 11 January 2019.
2. “Earth’s Lower and Middle Atmosphere”, Structured Training Programme (STP), Recent Advances 

in Scientific Research in the Earth, Planetary and Space Sciences using Ground and Space-based 
Data: Global Perspectives, Physical Research Laboratory, Ahmedabad, 04-08 February, 2019.

3. “Satellite Remote Sensing of Earth’s Atmosphere”, IMPRESS Lecture, EGRL, Indian Institute of 
Geomagnetism, Tirunelveli, 11 Feb 2019.

4. “Atmospheric & Space Science – An Introduction”, YUVIKA, Vikram Sarabhai Space Centre, 19 
May 2019.

C. Suresh Raju
1. “Microwave Radiometry for planetary studies”, IEEE-Tec meeting, IIT Palakkad, 23 March 2019.

Nizy Mathew 
1. “SAPHIR aboard Megha-Tropiques satellite to study free/upper tropospheric humidity and deep 

convective clouds”, URSI Asia Pacific Radio Science conference, India Habitat Centre, New Delhi, 
10-14 March 2019.

Sessions Convened/Chaired
Suresh Raju C.
1. Session Convener, URSI AP-RASC Session entitled “Microwave and mm wave remote sensing 

techniques including interferometry, SAR and RFI effect” (Session F4 under Commission F), 10-14 
March 2019.

N.V.P..Kiran Kumar 
1. Co-Chair, in PS1-Meteorology, Oceanography, Geosphere-Biosphere interaction, NSSS, Pune, 29 

-31 January, 2019. 
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Deputations 
1. Ashok Kumar Gupta, COSPAR, Pasadena, California, USA, 14-22 July 2018.
2. Ashok Kumar Gupta, 7th International SOLAS Summer School, during Cargèse, Corsica, France, 23 

July-4 August, 2018.

Training Programme 
1. Manoj Kumar Mishra and Nizy Mathew: Training on Image processing for planetary missions: 

Chandrayaan-2 Imaging Payloads, ISTRAC-ISRO, Bengaluru, 11-13 October. 2018.
2. Kiran Kumar NVP and Manoj Kumar Mishra, Structured Training Programme on “New Trends in 

Remote Sensing and GIS applications” at Indian Institute of Remote Sensing, Dehradun, 28-31 May 
2019.

3. Nizy Mathew: Structured training programme (STP), “Sensor Payload Data Processing and Value 
Addition for Strategic Applications”, ADRIN, Secundarabad, 25 February–2 March 2019.
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The atmospheric system over the Indian region is a complex 
mixture of particles with natural origin strongly influenced by 
anthropogenic sources. While the natural ones include those of 
vegetative origin, systematically appearing sea salts, in-situ produced 
and transported mineral dust, the anthropogenic species comprise 
mostly of vehicular emissions, industrially produced aerosols, 
particles produced in biomass burning etc. Knowledge on chemical 
composition of composite aerosols and gases of the atmosphere 
is crucial in model simulations for inferring their climatic and 
environmental effects. ACTG branch aims at focussed research on 
the trace gases of environmental and climatic significance like O3, 
CH4, N2O, H2O, CO, NO2, SO2, halogen species, CFCs, etc and 
aerosol chemical composition. The primary objective of this branch 
is the evolution of 3-dimentional distribution (in latitude-longitude-
altitude) of these minor constituents over the Indian land mass and 
surrounding oceanic environments making use of state-of-the art 
experimental facilities, satellite based data and modelling. The major 
experimental facilities include on-line trace gas and greenhouse gas 
analysers, aerosol samplers, Aerosol counter, carbon analysers, ion 
chromatograph, gas chromatograph, inductively coupled plasma 
mass spectrometer, balloon-borne ozone-sondes, etc. For the spatial 
coverage in addition to fixed location measurements, we conduct 
campaign mode measurements in collaboration with research 
laboratories/Universities. This branch is also involved in the polar 
research programme by conducting measurements of O3 and aerosol 
sampling at Antarctica. Recently steps have been taken to initiate 
modelling studies. The outcome of the research activities of this 
branch has applications in the areas of climate/weather research, 
air pollution assessment and control measures, environmental and 
health impact assessment, and design/development/validation of 
space-borne payloads for satellite remote sensing.
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Aerosol chemistry

Seasonal changes in carbonaceous aerosols over 
a tropical coastal location Thumba

Carbonaceous aerosols constituting organic 
carbon (OC) and elemental carbon (EC) contribute 
a significant portion of aerosol mass loading and 
play a major role in influencing the radiation 
budget, cloud formation, visibility, hydrological 
cycle and climate through direct as well as indirect 
effects. Regionally, scarce chemical composition 
measurements, especially the carbonaceous 
aerosols, can lead to large uncertainties in the 
quantification of their role in cloud condensation 
and aerosol radiative forcing. Present study is 
based on a long-term comprehensive data that 
span 6 years (2012–18) of carbonaceous aerosols 
from the coastal location of Thumba to arrive 
at a comprehensive picture of aerosol chemical 
composition that has been incomplete till recently 
due to the improper characterisation of OC. For 

estimating the annual trends in carbonaceous 
concentration, data collected during the period 
2005–07 has also been used in this study. 
Seasonal and sea-land breeze characteristics of 
carbonaceous components including OC, EC, 
Water-soluble OC (WSOC), Water-insoluble OC 
(WIOC), Primary OC (POC), Secondary OC 
(SOC) as well as the role played by meteorological 
parameters and transport processes in modulating 
the features of these aerosols have been studied 
in detail. The study has revealed very important 
quantitative information on these species in 
terms of their concentration levels, variability in 
the abundance pattern over different time scales, 
major sources, physical processes associated 
with the observed variability and meteorological 
factors controlling these processes.

Seasonal concentrations of the carbonaceous 
species for each sampling years (2012–18) are 
shown in Fig. 1.

Figure 1: Inter-annual seasonal variations of carbonaceous components in near-surface PM10 (Particulate matter < 10 
μm) aerosols over the study location during the period 2012-18 (Aswini et al., Sci. Total. Environ. 2019).
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Clear seasonality was evident for all the 
carbonaceous components throughout the 
sampling period. OC maximum was seen in winter 
or post monsoon with minimum in monsoon. EC 
however, followed a distinct pattern throughout 
the study period with maximum concentration in 
winter, followed by post-monsoon, pre-monsoon 
and monsoon. Water-soluble OC also exhibited 
similar seasonal pattern as EC and primary OC. 
Contribution of both OC and EC to PM10 mass was 
found to enhance during winter period compared 
to other seasons. Primary and secondary OC 
were found to exhibit significantly high seasonal 
differences. For all seasons except winter, 
secondary OC dominated the OC fraction. OC 
was found to be predominantly water-insoluble 
in nature for all seasons with highest during post-
monsoon (70%). Water-soluble OC fraction was 
found to be highest during monsoon (45%) among 
different seasons. Dominant contribution of water-
insoluble OC has been proposed in literature to 
be from primary emissions (biomass and fossil 
fuel combustion), while water-soluble OC has 
input from both primary (biomass emissions) and 
secondary formation processes. In addition, water-
soluble OC fraction in OC (WSOC/OC) may also 

increase considerably for aged aerosols. WSOC/
OC ratio is strongly affected by photochemical 
ageing of aerosols, as OC undergoes oxidation. 
Photochemical conversion of primary organic 
aerosols to water-soluble compounds as well as 
formation of water-soluble secondary OC through 
gas-to particle conversion during long-range 
atmospheric transport can result in an increase 
in WSOC/OC ratios. For regions influenced by 
marine air-mass, water-insoluble OC can also 
be produced from marine biota (phytoplankton/
bacterial/viral debris) through wave breaking 
process while water-soluble OC can form as a 
consequence of oxidation of marine VOCs. Fig. 
2 shows the correlation between OC and EC; 
WSOC and SOC; WSOC and EC; WIOC and EC. 
Insignificant correlation of water-insoluble OC 
with EC observed during the monsoon period 
excludes the major contribution of water-insoluble 
OC from anthropogenic sources. Even though 
minor contribution from local sources contribute 
to water-insoluble OC, its major source in cleaner 
marine air-mass can be presumed to be from the 
transfer of organic matter (from marine biota) 
from ocean surface to the atmosphere during 
wave breaking process.

Figure 2: Scatter plots between OC, EC, WSOC, WIOC, SOC showing correlation coefficient (R) for different seasons 
during the period 2012–18. (Aswini et al., Sci. Total. Environ. 2019).
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Higher WSOC/OC (0.45 ± 0.24) and SOC/OC 
ratio (0.62 ± 0.23) together with relatively higher 
correlation (Fig. 2) between water-soluble OC 
and secondary OC (R=0.53 with significance 
p<0.01) observed during monsoon period imply 
the influence from volatile/semi-volatile organics 
presumably of marine origin that have undergone 
secondary production and ageing during its 
long range transport by the prevailing synoptic 
winds. Highly significant correlation (R≥0.7) of 
water-soluble OC and EC was observed for all 
other seasons (Post-monsoon, Winter and Pre-
monsoon) shows the primary nature of water-
soluble OC possibly from biomass emissions. 
Biomass burning is one of the dominant sources 

for carbonaceous aerosols. During monsoon 
period, the influence of emissions from biomass 
burning over the study location is expected to 
be minimal as the air-mass is dominated by 
strong southerlies/south-westerlies of marine 
origin. However, during winter period, the effect 
of these emissions can be significant due to the 
prevailing north-easterlies. Fig. 3 shows the fire 
counts detected by MODIS on board the Terra 
and Aqua satellites for the winter period 2012–15 
and the 7-day HYSPLIT back trajectories, ending 
at 100m above ground level of the sampling 
location combined with Concentration Weighted 
Trajectory analysis for OC. A similar pattern was 
also observed for EC.

Figure 3: Fire counts detected by MODIS on board the Terra and Aqua satellites during the winter period 2012–15 and 
Concentration Weighted Trajectory of OC for winter period from 2012-19 using seven-day back-trajectory data from 
HYSPLIT (Aswini et al., Sci. Total. Environ. 2019).

Fire activity over the Indian landmass especially 
from north-western, central Indian and other 
south-east Asian regions during winter period 
is apparent from the plot. The observed high 
concentration of OC and EC in winter therefore, 
can be associated with the transport of biomass 
emissions by air mass trajectories. Effect of the 
combustion generated carbonaceous matter has 
been clearly reflected in the concentration pattern 
and ratios of analysed species. Winter period 
witnesses a highly significant correlation (Fig. 2) 
between OC and EC (R = 0.81) compared to all 
other seasons. The shift observed in the nature of 
organic aerosols from secondary to primary during 
winter period is a further remarkable evidence for 
the influence of combustion originated aerosols 
over the location.

The sea-land breeze circulations that constitute a 
major dynamical feature over the coastal locations, 

significantly modify the nature and abundance of 
aerosols present in the boundary layer. During 
land breeze period (night-time), air-mass advected 
from land, rich in anthropogenic emissions, 
has been found to substantially increases the 
anthropogenic part of carbonaceous aerosols 
(e.g EC, POC and lower OC/EC ratio) while 
during sea-breeze period (daytime), the marine/
secondary contribution to organic aerosols was 
found to be significant (SOC and higher OC/EC 
ratio). 

Based on the measurements of OC and EC during 
2005-09 and 2012-18  (for more than a decade), 
a trend analysis has been carried out for the total 
carbon (TC=OC+EC) (Fig. 4). To estimate the 
trend, the monthly data was de-seasonalised by 
subtracting the monthly mean of the entire period, 
from the respective month’s samples, in order to 
remove the repeating seasonal cycle in the time 
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series data. The overall trend for TC using linear 
regression analysis revealed slight decreasing 
trend over the years the magnitude being 0.02 
μg m-3 per year. It can also be noticed from Fig. 4 
that the increasing trend in TC is till 2013 (which 
is estimated as 0.3 μg m-3 per yr) after which TC 
shows a decline exhibiting a negative trend (-0.6 
μg m-3 per yr).

Figure 4: Monthly mean and annual mean concentra-
tions (de-seasonalised) of TC in near surface PM10 aero-
sols for the period 2005-17 for the study location (Aswini 
et al., Sci. Total. Environ. 2019).
Based on the extensive measurements of 
carbonaceous aerosols carried out as part of 
this study and incorporating the results of other 
aerosol components like water-soluble ions (WS) 
and mineral dust (MD) from previous studies 
over this location, a realistic aerosol chemical 
composition model has been evolved for this 
tropical coastal region as shown in Fig 5. It 
can be seen that water-soluble inorganic ions 
contribution is highest during monsoon, mineral 
fraction during pre-monsoon and carbonaceous 
aerosols during winter period. Carbonaceous 
aerosols constituting 36% (31.5% OM and 4.5% 
EC) of the PM10 mass loading with contribution 
during seasons as: winter (57 ± 20%) > post-
monsoon (31 ± 15%) > pre-monsoon (29 ±16%) 
> monsoon (27 ± 15%).

Figure 5: Seasonal contributions of major aerosol com-
ponents namely, water-soluble ions (WS), mineral dust 
(MD), organic matter (OM) and elemental carbon (EC) 
over Thumba (Aswini et al., Sci. Total. Environ. 2019).

Atmospheric trace gases

Vertical profile of methane over the Indian region: 
impact of synoptic scale meteorology 

Figure 6: (a) Scatter plot between in-situ measured CH4 
by CARIBIC and co-located AIRS retrieved CH4 in the 
upper-troposphere (300‒150 hPa) during 2008. The error 
bar shows the error in the CH4 retrievals by AIRS. (b‒d) 
Monthly variation of upper-tropospheric CH4 retrieved 
by CARIBIC and AIRS averaged over three latitude sec-
tors over Indian region (68‒82° E) during 2008. (Kavitha 
and Nair, Int. J. Remote Sens. 2019)

Seasonal variations in the vertical profile of CH4 
have been studied over the Indian region based on 
the satellite-borne Atmospheric Infrared Sounder 
(AIRS) derived CH4 mixing ratios (1° × 1° gridded 
data). Prior to the analysis, an inter-comparison 
between in-situ measurements by CARIBIC 
(Civil Aircraft for the Regular Investigation of the 
atmosphere Based on an Instrument Container) 
aircraft data and AIRS retrieval is carried out. 
After filtering the CH4 retrievals of AIRS for the 
cloud fraction greater than 0.25, CH4 interpolated 
for the latitude, longitude and pressure levels 
corresponding to the location of in-situ 
measurements. Fig. 6a, shows the inter-comparison 
between co-located (in terms of space and time) 
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in-situ measured CH4 by CARIBIC and AIRS 
retrieved CH4 in the upper-troposphere (300‒150 
hPa) during 2008. The correlation coefficient and 
the slope corresponding to linear regression fit 
(red line in Fig. 6a) are 0.65 and 0.8 respectively 
with mean bias of ~25 ppbv. This shows the AIRS 
could capture the broader (monthly or seasonal 
scale) variations well with the limitation to 
capture small scale variations. Since the CARIBIC 
measurements are limited to 300‒150 hPa for the 
flights over Indian region, the inter-comparison 
is limited to the upper-tropospheric CH4. Figure 
6b‒d shows the monthly mean upper-tropospheric 
CH4 averaged over three latitude sectors over the  
Indian region (68‒82° E) during 2008. It can be 
seen that both the CARIBIC and AIRS shows more 
or less similar annual variations in the upper-
tropospheric CH4 in all the three latitude sectors 
with differences in the monthly amplitudes. The 
AIRS retrievals are found to be underestimated 
during all the months and the difference in the 
CARIBIC and AIRS retrieved upper-troposphere 

CH4 lies in the range of around 53–63 ppbv. The 
difference is higher over the latitude bins 18°–22° 
N compared to the other two bins. The observed 
difference in the CARIBIC and AIRS retrievals 
could be due to (1) the difference in the spatial 
resolutions of the AIRS (~ 45 km) and CARIBIC 
(7–22 km) and (2) limited measurement frequency 
of CARIBIC.

Figure 7: Three-dimensional distribution of CH4 over Indian region during (a) Winter (February), (b) Pre-monsoon 
(May), (c) Monsoon (July) and (d) Post-monsoon (September) as observed by AIRS during 2008 (Kavitha and Nair, 
Int. J. Remote Sens. 2019).

The typical spatial variations in AIRS retrieved 
CH4 over the Indian region for pressure levels 
between 850 to 100 hPa are shown in Fig. 7, 
representing different seasons, as observed in 
2008. Here, the months of February, May, July 
and September represent winter, pre-monsoon, 
monsoon and post-monsoon, respectively. In 
general, the mixing ratio of CH4 is higher in the 
lower and mid-altitudes (850–400 hPa) compared 
to the upper altitudes (300–100 hPa). Significant 
regional, seasonal and altitude variations are 
observed in the distribution of CH4, even though 
it is considered as a well-mixed greenhouse 
gas. The maximum variation corresponding to 
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different season and different levels (i.e., altitude-
dependent regional variation) is ~250 ppbv (14% 
corresponding to its mean level of 1800 ppbv), 
which is within the expected variability for a 
“well-mixed” greenhouse gas, CH4. In winter 
and pre-monsoon season, an overall decrease of 
CH4 with altitude is evident. Spatially, the mixing 
ratio of CH4 is higher over northern and central 
parts of Indian landmass (IGP—Indo-Gangetic 
Plain, Northeast and Central India) ranging from 
1780 ‒ 1890 ppbv, as well as northern oceanic 
regions compared to Southern regions (where it is 
1790 ‒ 1840 ppbv) in the lower and middle level. 
The major CH4 sources over Indian region are 
livestock, wetlands, rice cultivation, petroleum/
gas mining and biomass burning. These regional 
variations are attributed to the differences in the 
spatial distribution of these sources, the different 
agricultural practices, in particular, the rice 
cultivation patterns followed in Northern and 
Southern parts of India and further controlled by 
meteorology.

Figure 8: Seasonal mean vertical distribution of CH4 
mixing ratio over different land regions [IGP (~77‒88°E; 
22‒28°N), Central (73‒85° E; 18‒23° N), Arid (70‒76° 
E, 23‒26° N), Northeast (90‒95° E; 23‒28° N), and 
Southern (75‒80° E; 10‒18° N) region]. (Kavitha and 
Nair, Int. J. Remote Sens. 2019)

Fig. 8 shows the mean seasonal profile CH4 
over different parts of India during 2008. The 
seasonal altitude profiles of CH4 mixing ratio in 
the troposphere fall in three broad categories, 
namely: (a) CH4 mixing ratio remaining steady 
(or decreasing slowly during monsoon season) up 
to 400-500 hPa indicating homogeneous mixing 
followed by a decreases with a faster rate as seen 
during the pre-monsoon and winter months, (b) 
CH4 mixing ratio remains steady during post-
monsoon seasons as in other seasons, but showing 
a broad peak around 300–200 hPa (~9–12 km) as 
observed prominently over the Arid region, IGP 
and Central India. (c) In all these cases, the CH4 
mixing ratio falls drastically from 300‒200 hPa, 
which is due to the fact that convective tropopause 
around this altitude prevents further mixing 
above.

The regional and seasonal variations in the 
altitude profile of CH4 mixing ratio are attributed 
to (1) spatial distribution of the emission sources, 
(2) chemistry; mainly vertical distribution and 
seasonal changes in OH radical, and (3) synoptic 
scale meteorology and the associated transport 
processes. The major natural sources include the 

natural wetlands, livestock, termites, hydrates, 
forest fires, etc. The anthropogenic sources are 
irrigated rice paddies, domestic animals, fossil 
fuel, biomass burning, etc. which accounts for 
about 70% of CH4 sources. Wetlands, irrigated 
rice paddies and rice fields exhibit systematic 
seasonal pattern depending on monsoonal rain 
and on the agricultural seasons. CH4 emissions 
from the rice fields peak during the fully grown 
stage, which occurs, during September–October 
months. The higher mixing ratio of CH4 over the 
northern region (IGP and Central) is attributed 
to the emission from the rice cultivation during 
post-monsoon season. 

During winter season, airmass (north/north-
easterly/north-westerly winds) over Indian region 
is of continental origin at the lower altitude and 
influence of surface sources is limited to lower 
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altitudes. The stagnant condition during winter 
does not allow the vertical transport and hence the 
significant amount of CH4 at higher altitudes could 
be due to horizontal transport. The tropospheric 
OH increases during pre-monsoon season under 
higher solar radiation, which causes the removal 
of CH4 mainly at lower and mid altitudes and 
hence the lower CH4 mixing ratios are seen during 
pre-monsoon as compared to the winter season. 
However, the minimum CH4 occurs during 
monsoon over some regions (i.e., southern region/ 
northeast region). The NOx produced during 
lightning (associated with monsoon convection) 
recycles OH by reacting with peroxy radicals which 
in turn helps in the removal of CH4. This would be 
another factor during monsoon season governing 
the regional changes, in addition to transport 
(synoptic winds) patterns. At higher altitudes and 
northern latitudes, strong westerlies prevail as in 
the case of pre-monsoon favouring transport from 
Arab regions where large scale fossil fuel mining 
(i.e., a strong source of CH4) takes place. Since 
OH in the troposphere is through the reaction of 
O1D (produced by photolysis of O3 by ultraviolet 
radiation) with H2O, the anti-correlation between 
CH4 and H2O is observed over certain regions, 
however, further analysis and chemical modelling 
is required for further understanding.

During monsoon season, Indian region receives 
relatively cleaner airmasses from Indian Ocean 
regions under prevailing south-westerlies at the 
lower altitudes. In addition, convective updrafts 
over the regions uplift the airmasses to higher 
altitudes. This causes lower CH4 mixing ratios at 
lower altitudes. The anti-cyclone during summer 
monsoon season in the altitude region 200‒100 
hPa over northern latitude traps the convectively 
uplifted CH4-rich lower-tropospheric airmass 
from south and Southeast Asia. This causes 
enhancement in CH4 mixing ratios around 
200‒300 hPa over northern latitudes (~ >25° N) 
during monsoon season. The post-monsoon 
season is the period of maximum CH4 emission. 
Under the weak convection, CH4 mixing ratio 
maximises in the lower level and middle levels 
over most of the regions. The anti-cyclone prevails 
till September and along with shift in sub-tropical 
jet, anti-cyclone deforms during October. This 
effect is seen even in October as enhancement in 

the upper-troposphere. Thus, the presence of a 
‘high altitude peak’ in CH4 (around 1880 ppbv) 
around 300–200 hPa during post-monsoon is 
mainly due to the monsoon-associated the anti- 
cyclonic system and convective updrafts.

The linear regression analysis of the annual 
mean mixing ratio over the entire 13-year period 
(2003‒2015) was used to estimate the trends 
(ppbv year-1) for different regions and pressure 
levels. A consistent increasing trend in CH4, 
ranging from 1‒6 ppbv year-1 is seen at all the 
tropospheric altitudes, with faster growth rates 
at higher altitudes, maximizing at 300–150 hPa. 
The higher growth rate at higher altitude could 
be due to (1) lower OH concentration leading to 
accumulation and longer lifetime of CH4 in the 
upper-troposphere and (2) increase in the deep 
convective events (even penetrating 16 km) which 
would pump up CH4-rich lower tropospheric 
airmass.

Surface Ozone in the Doon Valley of the 
Himalayan foothills during spring

In view of increasing anthropogenic activities 
at foothills of Himalaya, surface ozone (O3) 
observations started at Graphic Era deemed to be 
University, Dehradun since April-2018. Elevated 
O3 level is observed every spring (pre-monsoon) 
over the Northern Indian region including the 
Himalayan foothills. The site (77.99° E, 30.27° N, 
600 m amsl), lies in the downwind of northwest 
region (Hariyana-Punjab) during spring season 
where intense biomass burning occurs.  

Fig. 9a shows the observational site, Dehradun, 
as marked by a triangle overlaid on the elevation 
map. Fig. 9b shows the diurnal variation of surface 
O3 at Dehradun during May 2018. Observations 
shows the prevalence of an urban environment 
over Dehradun with enhanced levels during 
noontime (66.4 ± 11.0 ppbv) and lower levels 
during night (26.7 ± 11.5 ppbv). The diurnal 
feature (O3 maximises during the noontime due to 
photochemistry) is well known but the important 
point to be noted is the significantly higher 
nighttime surface O3 as compared to many other 
locations. Mean nighttime O3 levels were 18.7 ± 
7.7, 26.7 ± 11.5 and 34.8 ± 10.1 ppbv during April, 
May and June 2018. These values are significantly 
higher than that observed (5‒15 ppbv) at a tropical 
coastal station, Thumba, Thiruvananthapuram 
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Figure 9: (a) The location of the observation site Dehra-
dun, marked by a triangle, overlaid on the map of topog-
raphy. (b) Mean diurnal variation at Dehradun during 
May 2018. (c) Noontime surface O3 (mean over 12 to 16 
hours) at Dehradun. Error bar shows the standard devi-
ation. (Ojha et al., ESPR, 2019)

(8.5° N, 76.9° E).  The analysis of vertical wind 
along with available ozonesonde observations 
from nearby location shows that the downdraft 
prevails at Dehradun during nighttime and the 
entrainment of elevated O3 (~80 ppbv) prevailing in 
the altitude range 2‒4 km would be a contributing 
factor. Fig. 9c shows the noontime (12 to 16 hours) 
O3 at Dehradun during April-June 2018. As seen 

in Figure 9c, noontime O3 maximises during May-
June 2018. The airmass back-trajectory analysis 
along with fire events (biomass burning events) 
shows that airmass observed over Dehradun 
during spring is from northwest region (Haryana/
Punjab region) where Biomass burning events are 
seen to be maximum during the month of May, 
corresponding to the crop residue burning during 
a harvest season of Kharif. O3 precursors (NOx, 
CO, etc.) emitted from these fires get transported 
to the measurement location. Photochemical 
production of O3 along the transport pathways and 
in situ production at the measurement location 
contribute to the springtime enhancements in O3 
at Dehradun. 

In-situ observations of surface O3 were 
utilised to evaluate the performance of CAMS 
(Copernicus Atmosphere Monitoring Service) 
model simulations. The comparison between 
noontime O3 mixing ratios from CAMS and in-
situ measurements shows that CAMS reproduce 
the observed variability in noontime O3 at 
Dehradun (r = 0.86); however, absolute O3 levels 
were typically overestimated with mean bias of 
~30 ppbv. Thus, noontime O3 from CAMS can be 
utilised to study the day-to-day variability over 
observationally sparse regions around Dehradun. 
In order to have a quantitative estimate of O3 
enhancements due to biomass burning emissions, 
high-fire activity and low fire activity days during 
May were identified. Fig. 10a–c shows the fire 
locations (magenta dots) in and around the study 
location (black triangle) during 3 days of high-fire 
activity (11th, 25th and 29th of May). Fig. 10d–f is 
the same as Fig. 10a–c, but during the low-fire 
activity (3rd, 14th and 17th of May). The percent 
enhancement in surface O3 (ΔO3) subsequent 
to the high-fire activity period as compared to 
the low-fire activity period is estimated from 
noontime in situ–measured surface O3 (coloured 
triangle) as well as from the CAMS (background 
colour map), as shown in Fig. 5g–i. As seen in 
Fig. 5g–i, synoptic wind is north westerly which 
brings the airmass from the region of biomass 
burning. The enhancement in surface O3 due to 
biomass burning is 35–56% at Dehradun, which 
is in agreement with the CAMS simulation. The 
magnitude of O3 enhancement over the region in 
the vicinity of Dehradun is further found to be in 

2018-19 37

N
A

M
 

A
C

T
G



Figure 10: Fire event locations (magenta dots) on three different days during the high-fire activity in and around the 
study region (a–c). Figure d–f is the same as a–c, but during the low-fire activity. The percent enhancement (i.e. ΔO3) 
in the in situ–measured noontime O3 (coloured triangle) and CAMS simulated noontime O3 between the high-fire and 
low-fire activities. The black triangle denotes the measurement site, Dehradun. (Ojha et al., ESPR, 2019)

the range of 10–65% (CAMS), depending upon the 
transport effects and the extent of photochemical 
processing at different locations. 

Further studies are planned by making 
measurement of precursor gases and 
meteorological parameters, in addition to WRF-
Chem modelling.

Distribution of tropospheric Formaldehyde 
over Indian region during winter

Volatile organic compounds (VOCs) are 
produced in the atmosphere from both natural 
and anthropogenic sources and play vital roles 
in the atmospheric chemistry, air quality and 
climate. VOCs are involved in the formation of 
photochemical smog in the presence of oxides 
of nitrogen (NOx), influencing the oxidizing 
capacity of the troposphere. The list of compounds 
fall under VOCs is indeed very long and in-situ 
observations of VOCs are available only at few sites 

over the Indian region. Formaldehyde (HCHO) 
is an important indicator of non-methane VOC 
emissions and photochemical activity in the 
lower troposphere as it is an intermediate product 
of oxidation of many other VOCs. The ratio of 
HCHO and NOx provides an effective parameter 
to investigate the NOx versus VOC-limited O3 
photochemistry. In the present study, distribution 
of tropospheric HCHO is studied to identify the 
emission/source regions. 

In the absence of in-situ measurements of 
HCHO over Indian region, satellite observations 
from the Ozone Monitoring Instrument (OMI), 
the Global Ozone Monitoring Experiment-2 
(GOME-2), and Scanning Imaging Absorption 
spectroMeter for Atmospheric CHartography 
(SCIAMACHY); simulations from Weather 
Research and Forecasting (WRF) model coupled 
with chemistry (WRF-Chem); and reanalysis data 
from the Monitoring Atmospheric Composition 
and Climate (MACC) are used to obtain the 

SPL Annual Report38



winter-time distribution of tropospheric 
HCHO. Fig. 11 shows the spatial distribution of 
tropospheric columns of HCHO during winter 
season (2011). The satellite-based observations, 
WRF-Chem simulation and MACC reanalysis 
shows elevated loadings of tropospheric HCHO 
in the range of 6–14 x 1015 molecules cm-2 over the 
eastern Indo Gangetic Plain, and coast region of 
the Arabian Sea. However, significant differences 
in the absolute magnitude are observed among 
these. The elevated levels over the coastal region 
of Arabian Sea could be of biogenic origin 
(oxidation of Isoprene emitted from plants over 
Western Ghats). The higher values over eastern 
Indo Gangetic Plain could be due to biomass 
burning, as HCHO is one of the primary emission 
product from biomass burning and from fossil 

Figure 11: Spatial distribution of tropospheric columnar HCHO from satellites (OMI, GOME2A and SCIAMACHY), 
WRF-Chem, and MACC reanalysis over the Indian subcontinent during winter. (Chutia et al., Environ. Pollut. 2019)

fuel combustion. These distributions point to the 
regions where elevated level of other VOCs are 
expected and VOCs over these regions would 
have important role in tropospheric chemistry.

New Initiatives 

Wet-only precipitation composition study using 
state-of-art instruments

The air pollutants emitted into the atmosphere 
can partly dissolve in precipitation and get 
removed through wet deposition. In this view, to 
better understand the rain chemistry at Thumba, 
collection of rain water samples started since May 
2019 using an automatic wet only precipitation 
sampler (model DRA-12-TR make DIGITEL 
Elektronik Switzerland). The preliminary results 
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show that Ca2+ was the most abundant species 
in rain water contributing about 15-40% to total 
ionic mass, followed by SO4

2- and sea-salts (Na+ 

and Cl-).  The measured pH and EC (electrical 
conductivity) values ranged 5.03-6.09 (mean: 
5.6) and 3.21-44.3 µs/cm (20 µs/cm). All the rain 
samples analyzed showed alkaline pH always, to 
that of reference level 5.6. The high concentration 
of Ca2+ in the atmosphere played an important role 
in neutralizing the acidity of rainwater at Thumba. 
All these results demonstrating that the chemical 
composition of rain water at Thumba is strongly 
influenced by the terrestrial sources followed by 
anthropogenic and sea-salt sources. 

Aerosol composition over Antarctic: inferences 
from the carbonaceous, water-soluble species 
and trace metals 

Ice-free regions in the Antarctic contain active 
dust sources which significantly reduce the annual 
mean precipitation over this region. To address 
how these ice-free oases influence the atmospheric 
particulate matter and consequently climate over 
the East Antarctica, we collected PM10 aerosols 
at a coastal East Antarctic station during austral 
summer (17th December 2016 to 2nd February 
2017). We investigated water-soluble species, 
carbonaceous aerosols, and trace metals in two 
typical air masses (high-altitude-tropospheric air 
masses, HTA; and low-altitude-tropospheric air 
masses, LTA) that arrived during study period. 
The chemical species were characterized by high 
abundances of organic matter (OM) followed 
by mineral dust and sulfate particles. A clear 
difference in all measured chemical species and 
trace metals were observed between the two air 
masses with higher values during LTA aerosols, 
implying the significant influence of LTAs which 
arrived from the near surface of ice-free regions 
over East Antarctica. Since mineral dust particles 
(Ca2+ and Mg2+) are major sources of  PM10 over East 
Antarctica, may act as significant contributor to 
hasten the snow/ice melt due to its high absorbing 
nature and also have significant implications 
toward the Earth’s radiative forcing. We also 
estimated pH (proxy for acidity in aerosol) values, 
ranged from 7.5 to 8.6, implying the alkaline 
nature of aerosols at Bharati. The inferences from 
this study demonstrate that the impact of ice-free 
regions in East Antarctic on particulate matter 

and its chemical composition has been affected by 
the increasing so called in-situ sources in addition 
to local weather conditions. 

Size segregated aerosol chemical composition 
over Cochin

To better understand the size distribution of 
chemical composition, size-segregated aerosols 
were collected at Cochin, a west-coastal urban 
site in southern peninsular India during 2017-
2019. A total of 12 sets of aerosol samples were 
collected to represent different seasons during 
the sampling period using an Andersen impactor 
sampler (Sibata AH-600, Japan) with 5 size bins: 
Dp <1.1, 1.1–2.0, 2.0–3.3, 3.3–7.0, >7.0 μm. nss-
SO4

2- was most abundant species in fine mode 
(<1.1 µm) while organic matter (OM) was 
abundant in coarse mode (>1.1µm). Based on the 
analysis of backward trajectory air masses as well 
as fire and dust spots, possible sources, formation 
mechanism of chemical species metals, and their 
size-distributions were explained at Cochin 
during the study period. 

Aerosol chemical composition during 
ICARB-2018

Chemical characterisation of atmospheric aerosols 
over Arabian Sea (AS) and Indian Ocean (IO) have 
been carried out during the winter period (January 
to February, 2018) as part of the Integrated 
Campaign for Aerosols, gases and Radiation 
Budget (ICARB-2018). Mass concentrations of 
organic carbon (OC), elemental carbon (EC), 
water soluble and insoluble OC (WSOC, WIOC), 
primary and secondary OC (POC, SOC), water-
soluble inorganic ions and trace metals have 
been estimated in bulk aerosols (TSP and PM10) 
with a view to identify and quantify the major 
anthropogenic pollutants affecting the oceanic 
environments. 

During the cruise, TSP ranged from 20 to 84 
μg m-3 while PM10 ranged from 13 to 79 μg m-3. 
High average mass loading of 52±13 μg m-3 was 
observed during first sector of cruise (~11°N to 
1°S at 75°E) over south-eastern AS close to the 
coast. This region was found to be influenced by 
trajectories of mostly IGP origin, transporting a 
plume of continental aerosols resulting in a high 
mass loading. The lowest aerosol mass loadings 
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were observed during the transit of the ship over 
the tropical Indian Ocean (72°E to 65°E at 2°S 
and 2°S to 4°N at 65°E), as the region was mostly 
influenced by pristine marine air masses. Chemical 
analysis of the collected samples revealed that 
water-soluble (WS) ions accounted for 17 to 75% 
of PM10 mass loading. NH4

+ and SO4
2- were found 

to be the dominant ions among cations and anions 
respectively. Among the carbonaceous aerosols, 
OC and EC accounted for 5-8% and 1.3-4% of 
PM10 mass respectively. A significant portion of 
organic compounds over regions influenced by 
continental air-mass was found to be highly water-
soluble (WSOC, 74-78%) and primary (POC, 81-
90%) in nature. Among the measured trace metals 
in PM10, Zn, Pb and Mn were found to dominate 
showing the strong anthropogenic influence. 

The signatures of anthropogenic pollutant were 
observed even in deep oceanic regions (upto 
65°E and 2°N) under favourable conditions of 
continental transport. The transport of such 
anthropogenic pollutants to the pristine oceanic 
environment and their deposition to open ocean 
surfaces can have important implications.

In-situ measurements of Volatile Organic 
Compounds (VOCs)

In view of the importance of VOCs and 
unavailability of in-situ measurements over 
Indian region, the facility of TD-GC (Thermal 
Desorber - Gas Chromatography) is being 
established at SPL for the in-situ measurements 
of VOCs.
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Aerosols & Radiative Forcing

Aerosols and Radiative Forcing (A & RF) activities of SPL aim 
at the scientific understanding of the optical, microphysical, 
dynamical and radiative processes responsible for the climate 
impact of Aerosols through aerosol-radiation, aerosol-cloud and 
aerosol-cryosphere interactions. The primary objectives include: 
(i) development of a primary aerosol database over the Indian 
subcontinent and adjoining Oceans by establishing and operating 
a network of aerosol observatories (ARFINET) under the ARFI 
Project of ISRO-GBP,  (ii) conducting thematic multi-platform 
(ship, aircraft and high altitude balloon) field experiments 
addressing specific problems pertinent to the climate impact of 
aerosols (iii) assimilation of ARFINET database with regional 
climate models for the assessment of potential climate impact, 
and (iv) investigations on aerosols over the remote Himalayan 
and Polar environments. 
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Spatial gradient of aerosol mass 
concentrations and size distribution 
over South-eastern Arabian Sea and the 
Equatorial Indian Ocean: Results from 
ICARB-2018

In the last two decades, extensive field campaigns 
have been carried out over the oceanic regions 
surrounding the Indian subcontinent to 
understand spatio-temporal heterogeneities of 
physical, chemical, and optical properties of 
marine aerosols. With a view to understand the 
recent changes in the spatial distributions of 
aerosols and their climatic impact over the marine 
regions surrounding the Indian sub-continent, 
the Integrated Campaign for Aerosols, gases and 
Radiation Budget (ICARB) was conducted on-
board the ORV SagarKanya (cruise no – SK345) 
over the South-eastern Arabian Sea and the 
Equatorial Indian Ocean during 16th January to 
13th February 2018. ICARB is a multi-platform 
thematic field experiment, with a special focus 
on ship-borne measurements, addressing specific 
problems pertinent to the regional aerosol 
characterization. The ICARB-2018 aims at the 
characterization of continental outflow of aerosols 
to the Arabian Sea and the Equatorial Indian 
Ocean associated with the prevailing north-
easterly winds from the Indian subcontinent in 
the winter.

Fig.1 (top panel) shows the cruise track of 
ICARB-2018. The cruise sailed off from Mormugao 
port, Goa (15.38 °N, 73.81 °E) sailing southward 
parallel to the west coast of the peninsular India, 
and then, followed a near straight path for 5-days 
along 75°E longitude (crossed the equator on 23rd 
January 2018) towards the far oceanic regions. 
Extensive measurements over the equatorial 
Indian Ocean (NIO) were continued for 9-days at 
the 2° latitude, within the longitude range of 65 
°E and 75°E, before starting the return leg towards 
the north. The cruise ended at Tuticorin (8.75 °N, 
78.18 °E) on 14th February 2018 after covering 
a total distance of ~ 4900 km in 29 days, out of 
which one third of the cruise period was confined 
to the far oceanic regions. As the expedition 
covered different parts of the Arabian Sea and 
the Equatorial Indian Ocean, the cruise track is 

classified to represent five distinct regions; namely, 
Southeastern Arabian sea – Dry (Region-1, R1, 
red colour in Fig. 1), Equatorial north-eastern 
Indian Ocean (Region-2, R2, grey colour in Fig. 
1), Equatorial south Indian Ocean (Region-3, R3, 
green colour in Fig. 1), Equatorial northwestern 
Indian Ocean (Region-4, R4, yellow colour in Fig. 
1) and Southeastern Arabian sea (Region-5, R5, 
violet colour in Fig. 1).

Spatial variation of Aerosol mass concentration

The spatial distribution total (MT), coarse (MC) and 
accumulation (MA) mode mass concentrations 
of aerosols (as shown in Fig.2) reveals a very 
high mass loading over the southern part of the 
Arabian Sea where the advection from coastal 
India is significant during winter. Aerosol mass 
loading decreased towards the Equator, and the 
lowest values of MT, MC and MA were seen over 
the equatorial Indian Ocean having values as 
low as 7.05 µg m-3. In spite of lower magnitude, 
nearly equal contribution by coarse (52%) and 
accumulation (48%) mode aerosols to total 
aerosol mass loading over the far oceanic region 
is very interesting, because oceanic environments 
are generally the dominant producers of natural 
coarse mode aerosols (e.g., sea salts). Gradual 
increase in the mass loading was observed during 
the return leg of the cruise (MT varied between 

Figure 1: Cruise track of SK 345 during ICARB-2018. 
The ship position on each day are identified by the day 
numbers, prefixed with J for January and F for February 
2018. Different segments of the cruise track (marked with 
arrows) indicate distinct oceanic regions considered in 
the present study [Gogoi et al., Atmos. Environ. 2019].
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15 – 30 µg m-3), while sailing northward towards 
the Arabian Sea. However, the consistency in 
aerosol loading during the northward movement 
of the ship was interrupted by precipitation events 
occurring over the cruise regions (circle in the 
Fig.2).

BC mass concentration and mass fraction
With a view to examining the continental 
anthropogenic influence on the aerosol loading in 
the  far oceanic regions, the spatial and regional 
distributions of the BC mass concentrations (MB) 
are shown in Fig.2. High BC concentrations (MB> 
3 µg m-3) with mean value of 2.97 ± 0.75 µg m-3 
prevailed over R1, near the western coast of India. 
Values of MB decreased to 1.53 ± 0.21 µg m-3 
(varying between 1.2 – 1.8 µg m-3) over R2. Over 
R3, the region beyond the equator showed very 
low values of MB (< 1 µg m-3) having mean value 
of ~ 0.63 ± 0.39 µg m-3  as no major local sources of 
BC are present, and contribution is from advection 
from the continent. During the return leg (from 
south to north), values of MB started increasing 
at R4 (mean 1.59 ± 0.75 µg m-3), and increased 
to as high as 2.6 µg m-3 prior to the occurrences 

of rainfall and remained nearly steady over R5 
(mean ~ 2.01 ± 0.48 µg m-3) which is slightly 
lower than those inferred during the starting of 
the cruise. To understand the relative share of 
BC on composite aerosol mass concentrations, 
collocated measurements of MB and MT are used 
for the estimation of BC mass fraction (FBC). The 
regional mean values of FBC are shown in Fig.2d 
suggesting highest FBC over R4 and lowest value 
over far oceanic R3 region.

Decreasing Trend in Black Carbon Aerosols 
over the Indian Region: Results from 
ARFINET observations

Black Carbon (BC) is one of the most important 
light-absorbing aerosol species in the atmosphere, 
which has the potential to affect regional climate 
due to its absorption and consequent atmospheric 
warming. The present study reports the long-term 
measurements of BC over the Indian region from 
the regional network of aerosol observatories, 
ARFINET, over the Indian mainland and adjoining 
islands under the Aerosol Radiative Forcing over 
India (ARFI) project of ISRO-GBP. In all the 
stations, BC mass concentration near the surface 

Figure 2: Spatial distribution of the mass concentrations of (a) total (MT), (b)BC mass concentrations (MB) which are 
represented in terms of the colour code (c) regional mean values of MT, MC, MA, and (d)regional mean values of MB 
and FBC. Database in the red circled region is not included for estimating the regional mean values as those regions 
experienced moderate to intense rainfall during the cruise period [Gogoi et al., Atmos. Environ. 2019].
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Figure 3: Long term trend in (a) BC over Trivandrum during the period 2000-2016 (b) mean BC over the peninsular 
region during the period 2007-2016 and (c) mean BC over the Indian region during the period 2007-2016. The points 
represent the monthly mean data and the vertical bars represent the standard deviation. A linear fit (red line) with 
95% confidence band (shaded portion) is shown. N represents the number of stations from which data has been used 
[Manoj et al., GRL, 2019].

are measured using Aethalometers following a 
common measurement protocol which provides 
continuous and near real time estimates of BC 
mass concentration.

BC data from 28 stations where the data record 
exceeded 3 years, have been used in this study. 
Since the stations were established in phases, the 
data length from the stations varied from 3 to 15 
years.  Data from 13 stations having 6 or more 
years of measurements have been used to estimate 
the regional trends. Of the network observatories, 
the station, Trivandrum (TVM, 8.5 °N, 77 °E, 2 
m amsl) located at the southern tip of peninsular 
India, has the longest database, going back to the 
year 2000 and as such, we have examined the 
trends in BC for that station, as the first step, and 
results are shown in Fig.3(a). In contrast to our 
expectations, the BC over TVM has a decreasing 
trend of 75 ± 21 ng m-3yr-1 over the period 2000-
2016. In the view of this interesting observation 
of a statistically significant decreasing trend in 
near-surface BC mass concentration over the 
last 17 years, we examined the average trend 
over a wider spatial domain, the peninsular 
India, in Fig. 3b. Despite the presence of urban 
centres like Bangalore and Hyderabad with 
immense automobile density, industrial and other 

anthropogenic activities, a decreasing trend of 70 
± 31 ngm-3yr-1 is rather surprising. Based on the 
above two, we examined the trend for the entire 
Indian region, by considering all stations of the 
network, which have data for at least 6 years. 
This comprises of 13 stations with simultaneous 
data during 2007-2016. The results, shown in 
the bottom panel (Fig.3c) shows that, despite 
combining data from such a wide region, the 
spatially averaged BC was found to be decreasing 
at a rate of 242 ± 53 ng m-3yr-1.

The decreasing trend in BC over India contrasts 
with the generally increasing trend in the 
columnar aerosol optical depth, reported earlier, 
and the steadily increasing trend in anthropogenic 
activities over this region. Several possibilities 
might explain the general decreasing trendin 
the mass concentration of near-surface BC, (1) 
control measures by statutory agencies, (2) wide 
spread electrification in the country, and (3) 
Variation in the vertical distribution of aerosols. 
The implementation of Mass Emission Regulation 
in 1991, the nationwide implementation of 
India 2000 emission standard, and steps taken 
to improve the fuel quality are a few of the list 
of control measures by the statutory agencies. 
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The fact that the contribution of coal to the total 
energy remains the same throughout the period 
2000-2012 strongly indicates that the emission 
control measures imposed by the government in 
various sectors have played a significant role in 
keeping the particulate emission, including that 
of BC under check. Studies in this regard indicate 
that improvement in combustion technology 
and fuel quality has resulted in an increase in the 
efficiency and a consequent decline in BC emission 
intensities from industries, the residential sector 
and transportation in India.

As on 31-March-2016, 98.1% of the inhabited 
villages in India now have access to electricity 
and ~24% of the total electricity in India is 
consumed for domestic purposes. Electrification 
was completed for 45% of the railway network 
(route kms) in India by April 2017. Use of electric 
vehicles and automobiles that run on CNG are 
being promoted as part of the effort to bring down 
the pollution. It appears that these changes have 
played their part in controlling the concentration 
of various pollutants, but it is impossible to 
quantify their effects. Considering the non-
existence of reliable chemistry data, it is difficult 
to delineate the source of observed trends in BC. 

Another important factor to support the 
decreasing trend of BC and increasing trend of 
AOD over the Indian region can be attributed to 
the increasing contribution from free tropospheric 
aerosols and has important implications to the 
regional climate. The statistically significant 
decrease in the concentrations of SO2 and NO2 

point to decrease in the surface concentrations 
of BC and other anthropogenic pollutants. The 
possible contribution to the free tropospheric 
aerosol absorption coming from uplifting of 
aerosols cannot be ruled out but it is not possible 
to quantify at this time. 

Vertical structure of optical properties of 
aerosols across the Indo-Gangetic Plain: 
Results from SWAAMI-RAWEX aircraft 
observations

The Indo-Gangetic plain (IGP), in the South 
Asia region, spreading from the Thar Desert in 
the far north-west to eastern boundaries of the 
Indian subcontinent, is a hotspot for atmospheric 
aerosol research. During the pre-monsoon season 
(PMS), in the IGP, significant amount of aerosols 
are pumped to altitudes as high as 4 km, due to 
strong thermal convection driven by enhanced 
solar insolation. Knowledge of aerosol properties 
prior to onset of the Indian Summer Monsoon 
(ISM) is essential in delineating the role of 
aerosols as cloud condensation nuclei, and impact 
on cloud formation, its properties and associated 
precipitation. Elevated aerosol layers, depending 
upon their relative position with respect to clouds 
may heat or cool the surroundings and thus 
influence cloud properties.With an objective to 
understanding these aspects, a joint Indo-UK field 
campaign South West Asian Aerosol - Monsoon 
Interactions (SWAAMI) was formulated and 
aircraft observations were carried out during the 

Figure 4: Geographical location of the aircraft campaign stations (star symbol) in the Indo Gangetic Plain. JDR, VNS 
& BBR stands for Jodhpur, Varanasi and Bhubaneswar, respectively. Right panel shows the typical trajectories of the 
aircraft over a location [Vaishya et al., ACP, 2018].
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Figure 5: Mean altitudinal variation of a) σext , b) σscat and c) σabs over JDR (square), VNS (triangle) and BBR (circle) 
in logarithmic scale. Error bars represent the corresponding standard errors (standard deviation of the mean)[Vaishya 
et al., ACP, 2018].

onset phase of the ISM jointly with the Regional 
Aerosol warming experiment (RAWEX) of ISRO. 

SWAAMI – RAWEX campaign was conducted 
from 1-20, June, 2016, using the instrumented 
aircraft of ISRO. Three base stations, as shown 
in Fig.4, Jodhpur (JDR), Varanasi (VNS) and 
Bhubaneswar (BBR) were selected for observations 
as they represent natural dust dominated western 
IGP, anthropogenic aerosols dominated central 
IGP, and the outflow region i.e. eastern IGP, 
respectively. Five flight sorties each at BBR and 
VNS, and four sorties at JDR were performed. 
Each flight sortie lasted for ~3.5 hours. Each sortie 
consisted of 6 vertical levels (500, 1000, 1500, 
2000, 2500 and 3000 m above ground level). The 
suite of instruments used aboard for measuring 
the aerosol properties are, Cavity Attenuated 
Phase Shift Extinction Monitor (CAPS PMex) for 
aerosol light extinction coefficient (σext) at 530 
nm; integrating Nephelometer for aerosol light 
scattering coefficient (σscat) at three wavelengths 
(450, 500 and 700 nm) and a 7-channel 
Aethalometerfor aerosol absorption coefficient 
(σabs).  

Fig. 5 shows the vertical distributionsof σext, 
σscat and σabs, over the three stations. A vertical 
heterogeneity is clearly seen in all the properties 
across the IGP. While the altitude variation is 

very weak at JDR (western IGP) and moderate at 
BBR, it is rather strong at the central IGP (VNS).  
The weak vertical variation at JDR is attributed to 
the strong convective mixing over this arid region, 
where the solar heating is very intense during this 
season. Above around 1.5 km, there is a decrease 
σext and σscat, which is stronger than that seen in σabs. 
The extinction at 3 km is just half of that at 0.5 km 
or even at 1.5 km. The day-to-day variability over 
the western IGP is smaller compared to that at the 
other two regions as evidenced by the shorter error 
bars. This is also attributed to the near-uniform 
dominance of dust aerosols in this regionand the 
scarcity of anthropogenic sources of aerosols. In 
contrast, central IGP (VNS) shows significantly 
higher values of σext, σscat and σabs close to the 
surface (clearly attributed to the large abundance 
of anthropogenic emissions in this region, as has 
been stated earlier) and a rather sharp decrease 
with altitude, with σext at 3 km falling by a factor 
of 4 of the near surface value (similar for σscat and 
σabs). Central IGP is dotted with numerous coal 
fired power plants, heavy industries and highest 
population density. The resulting large emissions 
are reflected in the high values and the large day-
to-day variability (large standard error bars) of 
the optical properties of aerosols over this region. 
While close to the surface, the extinction values 
are considerably higher over the central and 
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eastern IGP (compared to the western part) at 
the higher levels (above 2 km) the values are of 
comparable magnitudes at all the three stations, 
showing a larger spatial homogeneity in the lower 
free troposphere. Interestingly, the absorption 
coefficient over BBR in the east IGP remains 
nearly steady with altitude up to around 2 km, 
above which it increases (unlike at the other two 
stations) showing more absorbing aerosols aloft.

The vertical profiles depicted region-specific 
absorption characteristics, while the scattering 
characteristics remained fairly uniform across 
the region, leading to a west-east gradient in the 
vertical structure of single scattering albedo (SSA) 
(Fig.6). Integrated from near ground to 3 km, 
the highest absorption coefficient and hence the 
lowest SSA occurred in the central IGP (Varanasi). 
Size distribution, inferred from the spectral 
variation of the scattering coefficient, showed 
a gradual shift from coarse particle dominance 
in the western IGP to strong accumulation 
dominance in the eastern coast with the central 
IGP coming in-between, arising from a change in 
the aerosol type from predominantly natural (dust 
and sea-salt) type in the western IGP to highly 
anthropogenic type (industrial emissions, fossil 
fuel and biomass combustion) in the eastern IGP; 
the central IGP exhibiting a mixture of the both. 
While a significant reduction in SSA, indicating 

increase in aerosol absorption, occurs from winter 
to pre-monsoon; more strong is the change from 
spring to ‘prior to onset of the ISM’ period (i.e. 
from March-April to June).

Aerosol induced short-wave radiative forcing, 
estimated using altitude resolved SSA information, 
revealed significant atmospheric warming in the 
central IGP compared to that over the western 
and eastern IGP. Atmospheric heating rate 
profiles, estimated using altitude resolved SSA 
and column average SSA, revealed considerable 
underestimation in the latter case, emphasising 
the importance and necessity of having altitude 
resolved SSA information as against a single value 
for the entire column.

Effects of wintertime aerosols on boundary 
layer properties over the Indo Gangetic 
Plain: WRF-Chem simulations compared 
with observations

Wintertime fog and severe aerosol loading in the 
boundary layer over South Asia, especially Indo 
Gangetic Plain (IGP), causes disruptions in the 
day-to-day life of millions of people living in the 
region, and these heavy pollution episodes result 
in relentless effects on human health. Trend 
analysis indicate that the fog events are increased 
in the recent period, which is in line with the 
increasing trend in total aerosol loading over the 

Figure 6: The left panel shows the seasonal change in column integrated SSA over west, central and east IGP. The right 
panel shows the altitudinal variation of SSA at 530 nm over JDR (green), VNS (red), and BBR (blue). Error bars 
represent the standard errors [Vaishya et al., ACP, 2018].
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entire region. The haze over the  IGP is not only 
related to the strength of surface-bound emission 
sources (residential, industrial, transport, and 
agricultural residue burning) but also to the 
meteorological conditions, confinement of 
aerosols and gases within the shallow boundary 
layer, and unique topography of the IGP. The lack 
of wet scavenging and weak ventilation (calm 
winds and low boundary layer height) during this 
season exacerbates the poor air quality conditions 
over North India. 

To investigate the regional effects of wintertime 
haze and high aerosol loading on boundary 
layer processes, WRF-Chem simulations were 
carried out with (EXP-WF) and without (EXP-
NF) feedback of aerosols on meteorology during 
December 2015. Inclusion of aerosol effect has 
been found to induce pronounced decrease in the 
daytime boundary layer height over south Asia. 
Noontime boundary layer height is significantly 
reduced over IGP and western India (>150 m) 
followed by east (~100 m) and southern India (~75 
m). Strong impact is observed over the IGP, where 
high aerosol loading and favouring meteorological 
conditions prevailed during winter season. The 
reduced turbulent kinetic energy due to decrease 
in sensible/latent heat in the presence of aerosols 
lowers the boundary layer height.

It is observed that the aerosol-radiation 
interactions decrease the surface reaching SW 
solar flux significantly, which is as high as 20 to 
80 W m-2 over the Indian region in general and 
60–80 W m-2 over IGP in particular during winter 
noontime. This aerosol-radiation interaction is 
manifested as the change in 2 m air temperature 
(ΔT) due to the aerosol forcing during noontime 
(12–14 hr) as shown in Fig.7. The significant 
cooling (−0.6 to −2.0 °C) was observed over the 
eastern and western IGP, and little effect over 
southern India. In contrast, change in night-time 
(21–03 hr) temperature shows significant warming 
(0.9 to 1.5 °C) over southern India and little effect 
over the IGP. This contrasting picture of day and 
night difference in 2 m temperature due to the 
aerosol forcing is attributed to the aerosol effects 
on cloud pattern over northern and southern 
India. High values of the surface cooling were 
observed over the IGP during noontime, where the 
maximum suppression of boundary layer height 
was also depicted. In the present study, the surface 
cooling effect of aerosols due to solar dimming 
overwhelms the diabatic heating of atmospheric 
aerosols. However, the aerosol-induced changes 
in cloud properties make the aerosol effect on 
meteorological variables further complex and 
spatially heterogeneous. The observed increase in 
night-time warming in the present study could be 
caused by the increased longwave emission during 

Figure 7: Anomaly of 2-m air temperature (°C) for noontime (a) and nighttime (b) during December 2015 over Indian 
subcontinent. The anomaly is estimated as the difference between the 2-m air temperature for with and without aerosol 
forcing (EXP_WF - EXP_NF) [Bharali et al., JGR 2019].
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night-time as a result of increased cloud cover, 
which is mostly seen at higher altitude over south 
India. 

The effect of aerosols on the atmospheric stability, 
the diurnal variation of the vertical profiles of 
temperature anomaly (with feedback-without 
feedback) due to aerosol forcing is shown in Fig.8. 
Significant cooling (−0.6 °C) within the boundary 
layer (<1 km) and warming of 0.1 °C above 1 km 
is observed as a result of aerosols on atmospheric 
temperature profiles during daytime. The free 
tropospheric warming is significant mostly during 
late afternoon (0.1–0.2 °C), with the temperature 
anomaly remaining positive up to early morning. 
The surface  cooling  and  warming near the top 
of the boundary layer increases the stratification, 
which then causes a significant drop in the 
noontime boundary layer height. In contrast, 
aerosols lead to the warming of the nocturnal 
boundary layer (stable and shallow), mostly due 
to the longwave radiation trapped within the 
boundary layer. 

The direct consequence of the decrease in 
boundary layer height and wind speed due to 
aerosol forcing is an increase in the further 
confinement of aerosols within the boundary layer 
due to decrease in horizontal and vertical mixing. 

This process may result in positive feedback loop. 
The surface cooling due to aerosols is found to 
increase relative humidity in the lower boundary 
layer during the winter season. Aerosol-boundary 
layer interaction prevent pollutants and water 
vapour from being mixed with free tropospheric 
drier air mass, thus leading to higher aerosol/
trace gas concentrations and relative humidity in 
boundary layer.

Three dimensional distribution and trend 
in mineral dust over India: Results from 
CALIOP and AERONET observations 
The westerlies prevailed during the pre-monsoon 
and summer monsoon season over the Indian 
region are conducive for the transport of dust 
aerosols from West Asia. The space-borne 
lidar Cloud Aerosol Lidar with Orthogonal 
Polarization (CALIOP) on board Cloud 
Aerosol Lidar and Infrared Pathfinder Satellite 
Observations (CALIPSO), measure polarization 
resolved backscattered radiation which enables 
the quantification of dust aerosols present in the 
atmosphere.

The spatial distribution of dust optical depth at 
532 nm during pre-monsoon over South Asia, 
estimated using CALIOP observations of aerosol 
backscattering coefficient and depolarization ratio 
is shown in Fig.9(a). High values of dust optical 
depth (~0.5) are observed over the major source 
regions such as West Asia, Thar, and Taklamakan 
deserts, while relatively lower values are found over 
the downwind oceanic regions and peninsular 
India. Dust loading over South Asia gradually 
increases from the winter to pre-monsoon seasons. 
The vertical extent and magnitude of lower free 
tropospheric dust extinction coefficient increase 
from winter to pre- monsoon associated with the 
vertical transport of aerosols from the near surface 
regions to higher altitudes along with transported 
dust desert regions forming a prominent elevated 
aerosol layer above the planetary boundary layer 
(Fig.9b).

The inter-annual variation of dust AOD depth 
(dust AOD) derived from CALIOP and coarse 
mode AOD (AOD at 1020 nm) from AERONET 

Figure 8: Diurnal variation of the vertical distribution 
of temperature anomaly due to aerosol forcing (left) and 
two typical vertical profiles of temperature anomaly 
over Indo Gangetic Plain during morning and afternoon 
hours.[Bharali et al., JGR 2019].
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stations over IGP, Northwest India, and West Asia 
during pre-monsoon season is shown in Fig.10.

The inter-annual variations and long-term trends 
in dust AOD over South Asia are distinctly 
different to that over West Asia. Within South 
Asia, inter-annual variation in dust AOD over 
IGP and Northwest India shows a similar pattern 
which suggests that dust emission from the Thar 
Desert is contributing significantly to the dust 
loading over IGP.  The inter-annual variation of 
pre-monsoon dust AOD over the Indian region 
shows an oscillatory pattern during 2007–2013 
with a decreasing trend, which is supported by the 
long-term variation in coarse mode AOD (mostly 
contributed by dust) estimated from the ground-
based AERONET observations. The inter-annual 
oscillations in pre-monsoon dust optical depth 
over Northwest India is found to be negatively 
associated with winter time rainfall. 

However, the decreasing trend in dust loading 
over the Indian region reversed to increasing 
after 2013 with a drastic change in the oscillatory 
pattern of the inter-annual variation in dust AOD.  
While dust AOD over the Indian region shows 
a decreasing trend, and the coarse mode AOD 

over West Asia showed an increasing trend up 
to 2013, which reverses after 2013 with a clear 
change in inter-annual pattern in dust AOD. The 
drastic reduction in dust AOD observed over all 
three study regions after 2013 marks a clear shift 
in long-term trends that were seen prior to 2013. 
Linear regression analysis indicates an AOD (τ1020 
nm) decrease of almost 0.01 yr−1 from 2007 to 2013 

Figure 9: (a) Spatial distribution of dust optical depth over the Indian region during pre-monsoon (March–May) 
season. Vector winds are at 850 hPa and AERONET radiometer stations (1. Gandhi College, 2. Kanpur, 3. Jaipur, 4. 
Dhadnah, 5. Mezaira, 6. Bahrain, 7. Kuwait University, and 8. Solar Village) are shown with triangle symbol. The 
three regions representing (i) West Asia, (ii) Northwest India, and (iii) IGP are shown in boxes.  (b) Vertically resolved 
spatial map of the difference in dust optical depth from winter and pre-monsoon  to show the vertical distribution of 
pre-monsoon enhancement in dust over the study regions [Lakshmi et al., IEEE TGRS , 2019].

Figure 10: Inter-annual variation of dust AOD during 
pre-monsoon season (March–May) retrieved from 
CALIOP and total coarse mode AOD from AERONET 
stations, are shown for (a) IGP, (b) Northwest India, and 
(c) West Asia. Black dashed lines show linear fits to the 
data up to 2013 and black vertical dashed lines indicate 
the end of the slowdown in dust activity [Lakshmi et al., 
IEEE TGRS , 2019].
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over North India and 0.005 yr−1 over IGP with 95% 
confidence level. It has been well discussed in the 
recent literature that the increase in global mean 
surface temperature during 1998–2013 period 
is lower than that of 1950–2013 period, which 
is widely referred as “hiatus” or “slowdown” of 
global warming trend. The large-scale variability 
of the climate system plays a crucial role in the 
inter-annual/decadal variability of dust loading 
over the source region and downwind regions and 
the changes in long-term trend in dust loading 
over India are considered as a signal for regional 
climate change.  

Ultrafine Particle bursts over a high altitude 
site in Western Ghats from field experiments

The ultrafine particles (UFP) (Dp <100 nm) 
originate not only through primary emissions from 
a variety of anthropogenic (‘in-plume’ particles 
from combustion) and natural sources, but also 
through secondary gas to particle conversion 
processes involving formation of initial critical 
clusters from super-saturated gaseous precursors, 
which subsequently grow into detectable larger 
sizes, leading bursts in UFP concentrations. 
Such UFP bursts have been observed in distinct 
environments all over the globe owing to different 

mechanisms driven by distinct atmospheric 
processes. But over the Indian region, such studies 
are limited which inhibit complete understanding 
of the underlying processes.

In this context, the ultrafine particle number 
concentration and size distribution during pre-
monsoon (10-28 May, 2014) over a high altitude 
location, Ooty (11.3 °N, 74.4 °E, 2240 m amsl) 
in Western Ghats, are examined using campaign 
mode ground based observations. Main objectives 
of this field experiment are: (i) to examine 
possible UFP bursts and its potential sources, 
(ii) to understand the association between the 
prevailing meteorological conditions, trace gases 
and particle concentrations, and further, (iii) to 
examine the influence of mesoscale processes. The 
total number concentrations were in the range 
~1000 - 3000 cm-3 with significant increase (2 to 4 
folds) during the periods of UFP bursts.  The Fig. 
11(a) shows the time series of particle number 
size distributions clearly depicting the frequent 
UFP bursts (indicated by arrow symbols) which 
happened mostly during afternoon/evening.  
These UFP bursts resembled narrow, upright 
sticks extending from the nucleation (diameter < 
25 nm) mode all the way up to the Aitken mode 
(25 < diameter < 100 nm). Further, enhanced 

Figure 11: (a) Temporal variation of the number size distributions (dN/dlnDp) during the observational period 10-28 
May, 2014; the events of ultrafine particle bursts are identified with arrows symbols, (b) Aerosol observatory located on 
the hill top at Ooty; the location of the Ooty town is also marked on the topographic map; (c) Association between wind 
speeds and direction with nucleation mode particle concentration (Nnuc) [Kompalli et al., JASTP, 2018].
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concentrations of the background particles after 
the UFP bursts resulted in increased condensation 
sink, which inhibited further nucleation and/
or well defined growth of the nucleation mode 
particles. 

Examination of the association of UFP 
concentrations (NUFP) with prevailing meteorology 
(ambient temperature, relative humidity and solar 
radiation) and trace gas concentrations (ozone and 
SO2) revealed weaker dependence which suggested 
that photochemistry is not solely responsible. A 
strong association between NOX (which is mostly 
of anthropogenic origin in this environment) and 
NUFP suggested influence of anthropogenic plumes 
on the observed UFP bursts. As can be seen from 
Fig.11(b), the observational site is located on a 
hill top and Ooty town is located towards the 
southwest of it. During the high concentrations 
of UFP, local winds originated predominantly 
from south/south west directions of the study 
location (Fig. 11c) where the valley region with 
significant anthropogenic activities (tourists) is 
located. Time of occurrence of the UFP bursts 
and direction of the winds pointed towards the 
role of valley winds in transporting plume of 
pollutants to the mountain top observatory en-
route forested slopes to the elevated observational 
site during the daytime. Also, possible mixing 
of distinct air masses (polluted airmasses and 
biogenic emissions from the forest) in such 
characteristic mesoscale circulation provided 
required conducive conditions for the UFP bursts.

Development of the Aerosol Humidograph 
Instrument

The uptake of water (i.e. hygroscopicity) alters 
particle size, phase, and degree of activity as cloud 
condensation nuclei and thus alters it’s lifetime in 
the atmosphere.  Hygroscopicity of the atmospheric 
aerosol particles is an important parameter that 
determine their direct and indirect radiative 
effects. Aerosols absorb ambient water vapour 
and grow in physical dimension with increase 

in RH and the quantification of RH influence 
on atmospheric aerosols and its interaction with 
radiation is a complex and delicate task due to the 
fact that atmospheric aerosols can exist in either 
dry crystalline state or as a solution droplet under 
ambient conditions. It is of utmost importance 
to understand and quantify the influence of RH 
on aerosol properties in order to delineate its role 
in aerosol-radiation interaction and its climatic 
implications. Even though,the study of aerosol 
hygroscopic properties is very limited globally, 
such studies over the Indian region are non-
existent, despite its importance, due to lack of 
experimental facilities. It is essential to have an 
experimental setup which enables us to measure 
the given aerosol property in distinct RH cycles, 
both the up scan (from RH <50% to 90%) and the 
down scan (from RH~ 90% to below 50%) within 
reasonably smaller sampling periods. At present 
there is no commercial instrument that is capable 
of performing such measurements. 

In view of this, SPL has undertaken the task of 
developing the ‘Aerosol Humidograph Instrument 
(AHI)’, the first of its kind in India, to study 
aerosol hygroscopic properties, with an emphasis 
on change in optical properties during different 
relative humidity conditions. The AHI conditions 
the incoming aerosol flow to a desired RH level, 
RHdry (RH < 50%) and RHwet (50% < RH < 90%) 
simultaneously, thus enabling measurement of 
aerosol physical and optical properties at two (dry 
and wet) different RH levels.  The fully assembled 
AHI (Fig.12a) consists of various modules (dryers 
and humidifiers and flow  setup) and sub modules 
(flow splitters, temperature and RH measuring 
probes, two electric ball valves, mass flow 
controllers, electronics and control mechanisms, 
and also a PC based control and data logger 
software (GUI)). Two membrane based dryer 
modules and one humidifier module have been 
designed and developed for preconditioning the 
incoming aerosol flow to a desired low RH state 
and for conditioning, both ramp up and down the 
dryer/humidifier output between RH ~50-90%, 
and their performance has been demonstrated 
Fig. 12 (b) and Fig12 (c).  
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With this setup having two parallel aerosol flows, 
one in dry state and another in wet state, it is 
possible to simultaneously measure aerosol optical 
properties. 

All the operations of the AHI are commanded by a 
PC based GUI software and the screen shots of the 
GUI are shown in Fig.13. As part of the realization 
of the AHI, all the electronic subsystems such as 
a Programmable Temperature controller (PTC) 
unit, a 10-Channel data acquisition unit, a Ball 
Valve controller unit, a cooling fan driver unit and 
the GUI software have been developed.  All the 
subsystems were integrated on a custom-made 
rack and tested successfully by using the PC based 
GUI software.

On-Going Activities And Future Directions
Climate implications of aerosol induced snow 
darkening over the Himalayas

Deposition of the absorbing aerosols (black carbon 
and dust) on the snow and ice significantly reduces 
the surface albedo (snow darkening effect) which 
leads to positive radiative forcing (warming) 
in the earth-atmosphere system. This aerosol-
induced snow melting is very important over the 
Himalayan/Tibetan region. Investigations on the 
aerosol induced snow albedo forcing on regional 
radiation balance and its feedback on large scale 
circulation and hydrological cycle using Regional 
climate model coupled with Community Land 

Figure 12: (a) Aerosol Humidograph Instrument, (b) Performance of dryer, and (c) Performance of humidifier.

Figure 13:  Software GUI interface panels of AHI.

N
A

M
 

A
R

FS

2018-19 55



by synthesizing the long-term ground-based 
ARFINET data and space-borne data is initiated. 

Mixing state of aerosols in distinct air masses

The state of mixing of aerosols, especially that of 
absorbing aerosols, remains poorly quantified, 
despite its important role in determining the 
regional and global radiative impacts of aerosols 
and aerosol-cloud interactions. Detailed 
characterization of the state of mixing of aerosols 
over the distinct environments of India is initiated. 

Model  (CLM4.5), which includes Snow, Ice, and 
Aerosol Radiative (SNICAR) are in progress. 

Generation of merged aerosol data set from 
ARFINET and satellite observations over India

For the accurate assessment of regional climate 
impact of aerosols over the Indian region, a 
spatially homogeneous and temporally continuous 
dataset of radiatively important aerosol 
properties is necessary. To achieve this objective, 
construction of accurate gridded aerosol products 
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The research and development activities under the Numerical 
Atmosphere Modelling (NAM) branch are mainly centred around the 
“Prediction and Analysis of the Weather and Climate System of planet 
Earth” through various numerical weather prediction and regional 
atmospheric transport models, such as COSMO, WRF, RegCM, 
FLEXPART and NIES, to name a few. This branch is also responsible 
for catering to the short-range weather prediction bulletins based on 
COSMO forecasts to all the PSLV and GSLV missions undertaken from 
Sriharikota. During the review period, the focus of operational model 
applications through COSMO model was on the tropical cyclones 
over the northern Indian Ocean. Results obtained from one of the 
balloon-borne GPS sonde in situ field experiments, namely – Research 
on OrganisatioN of Atmospheric Convection (RONAC), conducted 
in 2012 over Trivandrum are also reported. Observational studies 
based on the estimation of terrestrial CO2 emissions through ground-
based and space-based platforms in conjunction with atmospheric 
transport models has also made good progress. During the period of 
this report, an Open Path CO2/H2O Analyzer and Sonic Anemometer 
is installed at IIST Campus of Ponmudi and made operational for in 
situ measurements of CO2 fluxes. 
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Numerical simulations of the tropical 
cyclones

In the recent years, the northern Indian Ocean 
comprising of the Bay of Bengal (BoB) and the 
Arabian Sea (AS) have witnessed quite devastating 
cyclonic storms. In 2017, this oceanic region saw 
formation of 10 depressions, out of which 3 attained 
the status of tropical cyclones. In contrast to this, 
the year 2018 witnessed a total of 14 depressions 
and 7 of them became tropical cyclonic storms. In 
the context of rising frequency in occurrence of 
tropical cyclones, the area of numerical weather 
prediction (NWP) has seen a wider acceptance by 
the meteorologists and the decision makers due to 
its potential in predictions of the severe weather 
events with a reliable leadtime. Over the Tropical 
Oceans, predictability of cyclonic storm lacks 
accuracy primarily because of the dominance of 
rainfall through cumulus convection, which itself 
becomes organized on a vast range of different 
spatial and timescales, ranging from the diurnal 
cycles of individual clouds to the planetary scales 
of weather systems.  In addition to these factors, 
limit of predictability of cyclonic storms is also 
caused by the errors introduced by chaos or 
sensitive dependence on the initial conditions 
of the atmosphere. With a view to evaluating 
the performance of SPL’s operational COSMO 
(Consortium for Small-scale Modelling) NWP 
model in early prediction of tropical cyclones, a 
comprehensive investigation is being carried out 
on the recent cyclonic storms which occurred 
over the northern Indian Ocean in 2017 to 2019.  

Prediction of OCKHI: one of the rarest very 
severe cyclonic storms over the Arabian Sea

In the first week of December 2017, a very severe 
cyclonic storm, namely “OCKHI”, made its landfall 
over the western coastline of the Indian peninsula. 
In a climatological perspective, this was one of the 
very rarest cyclonic storms that developed over 
the Comorin Sea with rapid intensification from 
a deep depression into a cyclonic storm within 
6 h. The Comorin Sea is surrounded within two 
landmasses (Sri Lanka and India) and lacks the 
supply of adequate atmospheric moisture and 
latent heat as compared to adjoining open oceanic 
regions such as the BoB or the AS. Because of close 

proximity to the landmass and weak Coriolis force 
due to its closeness to the equator, the Comorin 
Sea is generally not prone to development of 
frequent cyclonic storms. Climatologically, 
OCKHI was among the only four cyclonic storms 
which were formed over the Comorin Sea in the 
past 106 years. In the present case study, we make 
use of COSMO regional NWP model and assess 
the performance skills of this model in prediction 
of OCKHI.   

The main objectives of this research work is 
to address three distinct aspects pertaining to 
the performance of COSMO: (i) usefulness 
of the model-shzzvimulated forecast fields in 
detection of a deep depression and its subsequent 
progression as a cyclonic storm; (ii) deviations 
in the model-simulated track with reference 
to the observed track and dependence of these 
deviations on the accuracy of initial conditions; 
and (iii) a qualitative comparison between the 
model-simulated rainfall with observed rainfall 
over the Kerala state. Numerical simulations are 
undertaken through COSMO for generation of 
short-range weather forecasts for a period of 0 
to +24 h on daily basis from 29 November 2017 
to 6 December 2017.  The ICON German global 
model analysis corresponding to 0530 IST from 28 
November 2017 to 6 December 2017 constitutes the 
primary database for representation of the initial 
conditions for 0530 IST on the above-mentioned 
dates. Time-varying forecast fields at a regular 
interval of +3 h from the ICON serve as the lateral 
boundary data for COSMO simulations. Here, the 
model-simulated atmospheric fields are compared 
against concurrent observations from the India 
Meteorological Department (IMD) and European 
Centre for Medium-Range Weather Forecasts 
(ECMWF) – Interim Reanalysis respectively.

As per the synthesis report on OCKHI released 
by IMD, initially a low pressure was observed 
over the southwest BoB and adjoining regions 
of Sri Lanka and equatorial Indian Ocean on 28 
November 2017 at about 0830 IST. This region 
gradually turned into a well-marked low pressure 
over the Comorin Sea in the early morning hours 
(0530 IST) of 29 November 2017. By forenoon 
(0830 IST) of 29 November 2017, this system 
turned into a depression over southwest BoB and 
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crossed Sri Lankan coast and on the same day at 
about 1730 IST, the system got intensified into a 
deep depression and moved north-westwards. 
The system attained all favourable environmental 
conditions and intensified into a cyclonic 
storm in the morning hours at about 0830 IST 
on 30 November 2017. There was a very rapid 
intensification of OCKHI during its genesis stage 
itself, as it intensified into a cyclonic storm at 
0830 IST of 30 November 2017, after its genesis 
as a depression just 24 hours before. Furthermore, 
after being identified as a cyclonic storm on the 
forenoon hours of 30 November 2017, OCKHI 
gradually moved north-westwards and attained the 
status of a severe cyclonic storm within six hours. 
With the genesis of OCKHI cyclone, the system 
moved further west–north-westwards and became 
a severe cyclonic storm in the early morning hours 
(at about 0530 IST) of 01 December 2017 and 
subsequently to a very severe cyclonic storm in 
the afternoon of the same day. After attaining the 
features of a very severe cyclonic storm, OCKHI 
was active over the central AS for next two days 
and subsequently moved north-eastwards and 
maintained its intensity till early morning hours 
of 03 December 2017. By 06 December 2017, the 
system lost its intensity in a gradual manner   and 

made its landfall near the south coast of Gujarat.  
Fig. 1 shows the observed track of OCKHI 
from its genesis on 29 November to its ultimate 
landfall on 6 December 2017, together with the 
predicted track of this cyclonic storm from the 
COSMO simulations. The topographical features 
of the south Indian peninsula in terms of surface 
elevation for the model domain are also shown as 
shaded colours in Fig. 1. 

For prediction of genesis of OCKHI cyclonic 
storm, synoptic charts of mean sea level isobars 
and surface-layer wind speeds simulated through 
COSMO model are examined for identification 
of location of the low-pressure systems and 
its intensity. As per the IMD terminology and 
nomenclature, a well-marked low pressure with a 
pressure drop of about 4.5 hPa visible on a synoptic 
chart by two to three closed isobars drawn at 2 hPa 
interval, together with wind speed magnitudes 
ranging from 28 knots to 33 knots, is termed as the 
deep depression. The synoptic charts of surface-
layer pressure and surface wind speeds simulated 
by COSMO for 0530 IST of 30 November 2017 
clearly indicated presence of more than two to 
three closed isobars (drawn at 2 hPa) associated 
with wind fields exceeding a threshold of about 28 
knots to 33 knots for early morning hours, in turn 
providing quantitative evidence for the presence 
of a deep depression over the Comorin Sea, with 
almost a lead time of about 24 h, as these synoptic 
charts were simulated by COSMO with the initial 
conditions valid for 0530 IST of 29 November 2017. 
However, the exact location of deep depression 
simulated by COSMO was 43.6 km away from 
the actual observed location identified by IMD. 
Nonetheless, the model simulations could clearly 
capture the genesis of a deep depression almost 24 
h ahead of its genesis. 

Subsequent forecast fields extracted from COSMO 
simulations with initial conditions corresponding 
to 0530 IST of 30 November 2017 consistently 
indicated the presence of a deep depression near 
the southern tip of the Indian Peninsula, and 
the intensity of wind fields was seen to increase 
with elapsed time. With favourable conditions 
for intensification of the system, prevalent deep 
depression turned into a cyclonic storm and 

Figure 1:  Geographical/physical domain of the COSMO 
simulations with day-wise observed and forecast track of 
the “OCKHI” cyclonic storm from 29 November 2017 to 6 
December 2017. High-resolution (0.0625°) topographical 
features of the Indian Peninsula used in the model 
simulations are shown in coloured shades [Subrahamanyam 
et al., Nat. Haz., 2019].
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moved east north-eastwards. Model simulations 
of surface-layer isobars and wind speed fields for 
2330 IST of 30 November 2017 shown in Fig. 2 
provide a definite evidence of a cyclonic storm over 
the Arabian Sea as more than five closed isobars, 
together with wind fields having magnitudes 
larger than 34 knots, can be easily tracked in the 
synoptic charts. However, the simulated location 
of eye of the cyclone was almost 49.2 km away 
from the actual location. Further, simulated 
charts of surface-layer isobars and surface-layer 
wind speeds corresponding to 01 December 2017 
and 02 December 2017 indicated a subsequent 
intensification in the cyclonic storm, as the wind 
speed magnitudes were higher than 48 knots close 
to the eye of the cyclone, together with more than 
five closed isobars, indicating the presence of a 
severe cyclonic storm (Fig. 3). However, the wind 
speed magnitudes observed in the reanalysis fields 
close to the eye of the cyclone did not show very 
intense winds as generally expected for the case of a 
severe cyclonic storm. It may also be noted that an 
extensive analysis of the International Best Track 
Archive for Climate Stewardship (IBTrACS) data 
set for a period of 1979 to 2012 has indicated that 
the tropical cyclone intensities are significantly 
under-represented in the reanalyses compared to 
the observations. 

The observational features corresponding to 2330 
IST of 02 December 2017 simulated by COSMO 

               

shown in the Fig. 4 resembled that of a very severe 
cyclonic storm. A pressure drop of about 14-16 
hPa at the eye of the cyclone was evident, and the 
associated wind field was ranging from 34 Kts to 55 
Kts. For this particular time, the eye of the cyclone 
predicted by COSMO with a lead time of 18 h was 
about 34.2 km away from the actual observations. 
OCKHI was active over the central AS for next 
two days and subsequently made a clockwise 
movement and approached the Indian coastline 
during the stage of its landfall.  The storm made 
its landfall on 0830 IST of 06 December 2017, and 
the storm had eventually lost all its intensity, and 
there was very minimal damage associated with 
the landfall. 

Fig. 5 depicts the deviations in the model-simulated 
cyclonic track with respect to the observed track 
reported by IMD as a function of date and time 
during the complete evolution of the OCKHI 
storm. On 30 November 2017, when the OCKHI 
was merely identified as a deep depression, the 
location of deep depression depicted in the initial 
conditions corresponding to 0530 IST was almost 
44 km away from the actual observed location. On 
the same day, this deep depression was intensified 
into a cyclonic storm and subsequently into a 
severe cyclonic storm; however, the deviations 
between the simulated and observed location of 
the system varied from 40 km to 74 km. At 0530 

Figure 2: Surface-layer pressure (in hPa) obtained from the COSMO simulations, together with concurrent ECMWF-
ERA-Interim reanalysis for 30 November 2017: 18 UTC (i.e. 2330 IST). COSMO simulations clearly indicate the 
formation of “OCKHI” cyclonic storm close to the western coastline of the Indian Peninsula [Subrahamanyam et al., 
Nat. Haz., 2019].
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Figure 3: Surface-layer winds (in Kt) obtained from the 
COSMO simulations, together with concurrent ECMWF-
ERA-Interim reanalysis for 01 December 2017: 06 UTC 
(i.e. 1130 IST). COSMO simulations clearly indicate the 
intensification of “OCKHI” to a severe cyclonic storm 
in the Arabian Sea [Subrahamanyam et al., Nat. Haz., 
2019].

IST on 01 December 2017, the eye of the cyclone 
identified in initial conditions was about 31 km 
away from the actual location. As a consequence 
of very minimal error in the initial conditions, 
the predicted trajectory of cyclonic storm on 01 
December 2017 was also close to the observed 
track and the deviations between the two ranged 
from about 6 km to 70 km for this day. OCKHI 
remained as a very severe cyclonic storm for 
the next two and a half days till 1730 IST of 04 
December 2017, and the track deviation was 
broadly lesser than 70 km all through; however, 
this deviation suddenly exceeded 105 km on 
0530 IST of 04 December 2017. The initial 
conditions corresponding to morning hours of 04 
December 2017 showed a difference of about 98 

km between the location of eye of the cyclone seen 
in analysis fields and the actual location. A careful 
examination of the movement of OCKHI track 
indicates a rapid northward progression in the 
eye of cyclone within 6 hours from 2330 IST of 
03 December 2017 to 0530 IST of 04 December 
2017, and probably such rapid movement was 
not captured properly in the initial conditions 
corresponding to 0530 IST of 04 December 2017. 
Subsequently, the cyclonic storm was very rapidly 
weakening and the deviations in simulated and 
observed trajectories remained higher even on 
05 December 2017; however, by then the storm 
had almost lost all its intensity and became a 
well-marked low pressure.

            

            
Figure 4: Surface-layer pressure (in hPa) obtained from 
the COSMO simulations, together with concurrent 
ECMWF-ERA-Interim reanalysis for 02 December 2017: 
18 UTC (i.e. 2330 IST). COSMO simulations clearly 
indicate the intensification of “OCKHI” to a severe 
cyclonic storm in the Arabian Sea [Subrahamanyam et 
al., Nat. Haz., 2019].

N
A

M
 

N
A

M

2018-19 63



Figure 5: Deviations in the model-simulated cyclonic track (in km) with respect to the actual observed track. Designated 
category of the OCKHI cyclonic storm with reference to date and time is also marked on the plot. D depression, DD 
deep depression, CS cyclonic storm, SCS severe cyclonic storm, VSCS very severe cyclonic storm [Subrahamanyam et 
al., Nat. Haz., 2019].

During the progression of OCKHI, Kerala 
underwent heavy to very heavy rainfall episodes. 
This storm caused isolated heavy rainfall over 
south Kerala on 29 November 2017 and 01 
December 2017 and heavy to very heavy rainfall 
on 30 November 2017. Prior to the genesis stage 
of OCKHI storm, model simulations of rainfall 
for 28 November 2017 indicated very light to 
light rains over the southern part of Kerala and 
the concurrent observations also endorsed the 
model simulations. A quick comparison between 
the ECMWF reanalysis and IMD observations 
indicates over-estimation of rainfall for the 
southern Kerala in reanalysis fields. COSMO 
simulations as well as the ECMWF reanalysis 
fields for 29 and 30 November 2017 show 
good agreement among themselves, but the 
accumulated rainfall fields from IMD indicate 
relatively lower magnitudes. Discripencies and 
the mismatch between the simulated rainfall and 
observations are attributed to lack of adequate 
and proper representation of sub-grid scale 
convective processes through parameterization 
in NWP models, and it is also accounted towards 
spatial grid resolution of the NWP model in 
question. As a sequel to the present research 
work, we have extended our investigation on 
the role of dynamical downscaling and impact 
analysis of convection parameterization scheme 
on different meteorological fields simulated by 
COSMO.

COSMO forecasts in support of PSLV / 
GSLV missions

As one of the ongoing operational activities with 
the aid of COSMO model, short-range weather 

Fig. 6 depicts a mean picture of the track error 
as a function of forecast lead time for the entire 
evolution period of OCKHI storm. Due to 
large deviations seen in the model-simulated 
trajectory for 04 and 05 December 2017, and 
also errors in initial conditions corresponding to 
these two days, the mean track error is analysed 
by eliminating the deviation database for these 
two days as shown in Fig. 6. From this figure, it 
can be clearly seen that the very first data point 
corresponding to each simulation represents 
mean deviations in the identification of eye of 
the cyclone corresponding to initial conditions of 
that particular simulation. As per this case study, 
the mean deviations in the initial conditions of 
ICON analysis fields corresponding to 0530 IST 
are about 39 km (excluding the observations of 
04 and 05 December 2017). COSMO simulations 
with these initial conditions yield a deviation of 
about 74 km for a lead time of 24 h, whereas this 
deviation is less than 41 km for a lead time of 18 h. 

 
Figure 6 : Mean deviations in the model-simulated 
cyclonic track (in km) with respect to the actual observed 
track against the forecast lead time. Vertical bars indicate 
the standard error in track error [Subrahamanyam et al., 
Nat. Haz., 2019].
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predictions are regularly generated for a model 
domain centered around Sriharikota. The onus of 
these operational predictions is to provide a precise 
weather outlook and its trends over Sriharikota 
during the PSLV / GSLV launch campaigns. SPL 
is actively participating in all launch campaigns 
by providing the short-range weather predictions 
through COSMO. During the review period, 
weather prediction support was extended to all 
the PSLV and GSLV missions undertaken from 
Sriharikota. 

Characterization of internal inertia gravity 
wave over a low latitude station: results from 
RONAC-2012 observational campaign

High height resolution GPS sonde measurements 
have been utilized to understand the characteristics 
of internal inertia gravity waves (IGWs) over 
a low-latitude station Trivandrum during an 
intensive campaign “Research on OrganisatioN 
of Atmospheric convection (RONAC)”, which 
was initiated to understand the organization of 
convective systems during the Indian summer 
monsoon (ISM). GPS sondes had been launched 
at every 3 hourly intervals for a period of 10 days 
before the onset of  ISM from 23 May to 1 June 
2012. 

Fig. 7 shows the height time intensity of zonal and 
meridional winds. From this figure, it can be noted 

that the Tropical Easterly Jet (TEJ) core height 
lies between 15-17 km and, the core thickness is 
increasing with time. The intensity of the core is 
as high as -40 ms-1. Another strong easterly jet is 
observed 20 to 30 km in the zonal wind, which is 
a typical characteristic of easterly Quasi-Biennial 
Oscillation (QBO) over this latitude. Thus, two 
layers [one TEJ and other easterly QBO,  marked 
with arrows in Fig.10 (top/right)] of strong easterly 
wind occur above and below tropopause (16-18 
km).  The wind shear generated in the vicinity of 
tropopause due to strong easterly jet can give rise 
to short and long-period gravity waves. 

Fig. 8 shows the periodograms of zonal and 
meridional winds averaged over 17.5 to 18.5 km. 
The vertical pointing arrows indicate dominant 
period of 78-80 hr and the dash horizontal lines 
indicate the corresponding 90% significance level. 
The dominant periodicity is close to inertial period 
~81 hrs over this latitude. The amplitude and phases 
are extracted corresponding to 78-80 hrs and shown 
in Fig. 9. Maximum internal IGW amplitudes are 
observed at 14-16 and 18-20 km and these height 
regions corresponds to maximum intensity in the 
wind components i.e., strong easterly wind zone 
(strong wind shear). In the vicinity of the observed 
maximum internal IGW amplitude, downwards 
phase propagations are also observed which is the 
general characteristics of a gravity wave.

Figure 7: (left panels) Height-time intensity plot of zonal (top panel) and meridional (bottom panel) winds derived from 
GPS sonde launched from 8:30 IST of 23 May to 8:30 IST of 1 June 2012 and (right panels) its corresponding mean 
profiles. Each GPS sonde were launched with an interval of 3 hrs. Tropical easterly jet (TEJ) and easterly phase of QBO 
are marked with vertical arrow in top-right panel [Uma et al., Meteorol. Atmos. Phys., 2019].
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Figure 8: Periodiogram of zonal and meridional 
wind averaged of 17.5 to 18.5 km  The amplitude is 
obtained using least-square harmonic analysis. The 
vertical dash line indicates the dominant period of 
78-80 hr and the dash horizontal lines indicate the 
corresponding 90 % significance level [Uma et al., 
Meteorol. Atmos. Phys., 2019].  

Figure 9: Height profile of amplitude (left) and phase 
(right) corresponding to internal IGW for (a) zonal, 
and (b) meridional winds [Uma et al., Meteorol. Atmos. 
Phys., 2019].

Fig. 10 shows the reconstructed height-time 
section of perturbation of zonal (top panel) and 
meridional (bottom panel) winds corresponding 
to 78-80 hrs period from 8:30 IST of 23 May to 
8:30 IST of 1 June 2012. The phase fronts of the 
observed wave are clearly exemplified from 
these figures, indicating the downward phase 
propagation (upward energy propagation) in both 
the zonal and meridional winds. The observed 
amplitude is ~ 6 ms-1. Another interesting feature 
observed is the ‘fishbone’ structure between 17 
and 21 km in both zonal and meridional.  This 
fishbone structures are observed in between the 
strong shear zones, i.e. above and below are strong 
easterly due to QBO and TEJ, respectively. Such 

wind structure is probably due to the wave guide 
formed by reflection occurring when the intrinsic 
frequency approaches the critical frequency and 
a secondary gravity wave is generated from the 
primary wave dissipation. 

 Figure 10: The reconstructed height-time intensity plot of 
zonal (top panel) and meridional (bottom panel) winds 
perturbation corresponding to IGW (presently with 78 
hrs) period derived using least-square fitting from 8:30 
IST of 23 May to 8:30 IST of 1 June 2012 [Uma et al., 
Meteorol. Atmos. Phys., 2019].

Figure 11: The vertical wavelength spectra for zonal and 
meridional winds two different times/dates (stamped on 
the figures) derived between 16-30 km. Arrows indicate the 
dominant vertical wavelength corresponding to the internal 
IGW [Uma et al., Meteorol. Atmos. Phys., 2019].
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This secondary wave generates at body centre and 
propagates upwards and downwards from the 
source region. Further, the vertical wavelength 
is estimated in the reconstructed zonal and 
meridional winds. The spectral analysis using FFT 
has been performed on each height profile between 
16-30 km. Fig. 11 shows the vertical wavelength 
spectra for zonal and meridional winds at 
different times and dates. Arrows indicate vertical 
wavelength ~1.5-2 km is observed corresponding 
to the internal IGW. An attempt is also been 
made in the present study to estimate the wave 
parameters using hodograph analysis and stokes-
parameters.

Comparison of CAPE from INSAT-3D with 
radiosonde and reanalysis data

CAPE is estimated from high spatial and temporal 
resolution measurements of INSAT-3D over the 
Indian region. In the present study, three years 
(01 April 2014 - 31 March 2017) of measurements 
obtained from INSAT-3D are used to estimate 
CAPE over the Indian region Fig. 12 (Left Panel) 
shows the IMD stations used for the present 
study. Fig. 12 (Right Panel) shows the correlation 
coefficient along with the number of data 
points used in the analysis for the comparison 
between estimated CAPE from the INSAT-
3D measurements, ERA-Interim CAPE, and 
radiosonde derived CAPE. INSAT-3D estimated 
CAPE shows better correlation with radiosonde 
CAPE compared to the ERA-Interim CAPE. 
In general, the coastal stations show a higher 
correlation coefficient than that of the other 
stations for the INSAT-3D estimated CAPE. The 

correlation values are lower for the stations located 
near the foothills of Himalayas and northeastern 
(NE) regions of India. For the ERA-Interim 
data, INSAT-3D CAPE shows less correlation 
coefficient for all the stations except Amini Divi 
compared to radiosonde CAPE. Even in the ERA-
Interim CAPE, the coastal stations show better 
correlation compared to other stations. It suggests 
that the INSAT-3D CAPE measurements agree 
well with the radiosonde measurements.

Fig. 13 shows the seasonal variation of CAPE. 
During the winter, the mean CAPE is below 500 
J kg-1 over the land regions. The mean CAPE is 
relatively higher over the west coast and AS and 
the parts of northern BoB. This relatively high 
CAPE over oceans and the western coastal regions 
may be due to the occurrence of depression and 
cyclone during the month of December over the 
oceanic regions. In the pre-monsoon higher values 
of CAPE (above 2000 J kg-1) are observed over the 
AS, BoB and Central India (CI), which is due to 
the pre-monsoon depressions. This sustains for 
few days which results in higher CAPE over these 
regions. Higher values of CAPE are the causing 
factors for frequent thunderstorms and deep 
convection over the Northern and Central India. 
The Western Ghats has higher CAPE which may 
be due to the orographic induced deep convection. 
CAPE is lower over the Southern Peninsular India. 
Further, the CI, north India (NI) and foothills of 
Himalayas also exhibits higher CAPE compared 
to other land regions. The north-western parts of 
India (Gujarat) show higher CAPE among other 
land regions. During the monsoon, the east coast 
of India, AS, BoB, and foothills of Himalayas 

Figure 12: (Left panel) The geographical map of India representing the 20 stations considered for the present study. 
(Right Panel) Correlation coefficient in the comparison of INSAT-3D CAPE with radiosonde and ERA-Interim CAPE 
for 20 stations in India for the period April 2014 to March 2017. (b) Number of data points in the comparison of 
INSAT-3D CAPE with radiosonde and ERA-Interim [Krishna et al., Atmos. Meas. Tech., 2019].
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shows relatively higher CAPE than the other 
regions. During the post-monsoon, the northern 
parts of AS and BoB, east coast of India and west 
coast of India shows higher values of CAPE and 
the southern peninsula and eastern regions shows 
lower CAPE. 

 
Figure 13: The seasonal mean distribution of CAPE (J 
kg-1) during (a) winter (b) pre-monsoon (c) monsoon 
and (d) post-monsoon from INSAT-3D data over Indian 
region [Krishna et al., Atmos. Meas. Tech., 2019].

The estimated CAPE is divided into four categories: 
weak instability (<500 J kg-1), moderate instability 
(501-1500 J kg-1), strong instability (1501-3000 J 
kg-1), and extreme instability (>3000 J kg-1). The 
normalized anomaly distribution of CAPE in the 
four instability conditions during different seasons 
is provided over the Indian region as shown in Fig. 
14. Here, the negative (positive) anomaly indicates 
the increase (decrease) in CAPE. During the 
winter, the response of weak instability (Fig. 14a) 
is very less over the Indian subcontinent as well 
as the surrounding oceanic regions.  However, the 
response of winter towards strong and extreme 
instability is observed over the BoB, Southeast AS, 
and some parts of the NI. The response during 
pre-monsoon is observed to be high during strong 
and extreme instability. During the monsoon, the 

response to weak and moderate instability is more 
compared to strong and extreme instability. In the 
post-monsoon, the response is much similar to 
the pre-monsoon during the strong and extreme 
instability conditions. 

 Figure 14: Frequency distribution (%) of CAPE in (a) 
weak (b) moderate (c) strong (d) extreme instability 
during winter season. (e)-(h): same as (a)-(d) except 
for pre-monsoon season. (i)-(l): same as (a)-(d) but for 
monsoon season and (m)-(p): same as (a)-(d) except 
for post-monsoon season [Krishna et al., Atmos. Meas. 
Tech., 2019].

Reference Indian Atmospheric Model from 
surface to 1000 Km

ISRO has been using a standard atmospheric 
model generated years ago for its various launch 
vehicle activities. There has been a need to update 
the model with the currently available new data sets 
from surface to 1000 km. The model is generated 
using 44 years of Radiosonde data from Chennai, 
20 years of M-100, 20 years of Sounding of the 
Atmosphere by Broadband Emission Radiometry 
(SABER) data and MSIS data. The analysis is 
completed and report is getting finalised. 

Future Projections

1. Develop a high resolution atmospheric inverse modeling system for monitoring GHG emissions over 
India by assimilating column CO2 and CH4 measurements

 2. Use inverse modelling system for reducing uncertainties in greenhouse gas emissions at the scale of 
populated regions, large cities and large point sources
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 3. Organisation of convective systems using observations (MST Radar, Radisondes, Weather Radars) 
and modelling (WRF)

 4. Experimental campaigns are planned to measure CO2 in the boundary layer using Carbo-sensor in 
Tethersonde and UAV

 5. Response of Atmospheric CO2 over the Globe associated with ENSO
 6. In-depth Analysis of Tropical Cyclones through COSMO
 7. Utilization of PALM model for exploring boundary-layer and convective processes
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The Atmospheric Dynamics Branch is carrying out front line research 
on various atmospheric processes responsible for altering the motion 
of the Earth’s atmosphere, right from the ground to mesosphere-lower 
thermosphere. With this broad objective, the research activities are 
aimed at quantifying the atmospheric motion spectra from gravity 
waves (few minutes) to solar cycle (11 years) using ground and space 
based observations and to quantify the various aspects of atmospheric 
waves such as source mechanism, propagation characteristics, role 
in atmosphere coupling, short and long-term variability and their 
representation or parameterization in global models. Apart from the 
studies on waves and oscillations, the branch focuses on the tropical 
tropopause dynamics and associated stratosphere-troposphere 
exchange processes making use of simultaneous measurement of 
wind, temperature, ozone and water vapour. As part of SPL’s Polar 
research program, the branch has conducted three experimental 
campaigns at Bharati station in Antarctica. The horizon is expanded 
by taking up studies under the realms of cloud and climate dynamics 
and to facilitate these studies instruments like Ceilometer and Laser 
Precipitation Monitor are operational supported by Doppler Weather 
Radar observations.
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Middle Atmospheric Dynamics

Characterization of inertia gravity waves in 
the lower stratosphere over Indian Antarctic 
Station, Bharati (69.4oS, 76.2oE)

High vertical resolution radiosonde  
measurements from the Indian Antarctic Station, 
Bharati (69.4oS, 76.2oE) during 34th, 35th and 
36th Indian Scientific Expeditions to Antarctica 
(ISEAs), were used to characterize inertia gravity 
waves (IGWs) in the lower stratospheric region. 
The observation period spans from 7th to 12th 
February 2015, 23rd January to 23rd February 
2016 and 9th December 2016 to 31st January 2017 
respectively during the three expeditions. In 
addition, four intense observations with balloon 
ascents at every 4 hr starting from 2016-02-
15 11:00 UTC, 2016-12-13 00:00 UTC, 2016-
12-29 00:00 UTC and 2017-01-10 00:00 UTC 
respectively were also made. Wavelet analysis 
technique was employed to identify and isolate 
individual inertia gravity wave (IGW) packets. 
Estimated the stokes parameters to characterize 
the IGW interms of their vertical and horizontal 
wavelengths, intrinsic frequencies, directions 
of propagation, momentum fluxes, energy 
densities and ground based phase speeds. Fig. 
1 shows the histogram of the observed intrinsic 
frequencies for the gravity waves resolved by the 
aforementioned method. It was observed that the 
intrinsic periods of the observed waves fall very 
much closer to the inertial period at the location, 
which is characteristic of IGWs in polar latitudes. 

Figure 1: Histogram of estimated intrinsic frequencies 
[Koushik et al., Clim. Dyn , 2019].

The u, v and T profiles observed during 19-23 
February 2016 are depicted in Fig. 2. On 21st 
February 2016, there is a strong eastward jet 
with a maximum wind speed of around 40 m/s at  
9.5 km. The normal temperature structure 
completely disappeared altogether. The zonal 
winds observed on 23rd February 2016, are even 
higher with wind speed reaching as high as  
60 m/s. Meridional winds also attained relatively 
large magnitudes, reaching around 25 m/s. 
Temperature structure on this day showed similar 
features as seen on 21st February 2016, except for a 
sharp tropopause.

An attempt was made to examine whether there is 
any direct or indirect effect of such a strong upper 
tropospheric jet on the gravity waves observed 
over Bharati. Hodograph analysis revealed the 
presence of upward propagation of gravity waves in 
the lower stratosphere and downward propagation 
in the troposphere on 23rd February 2016, which 
inturn led to the conjecture that the waves are 
generated from the upper tropospheric jet streak 
region. To further investigate the occurrence of 
the upper tropospheric jet streak above Bharati 
station, the isentropic potential vorticity values at  
330 K obtained from ERA-Interim Reanalysis 
Dataset were examined on 23rd February 2016, 
which correspond to the height region around 
300 hPa (8 km) as shown in Fig. 3. It is evident 
from Fig. 3 that the significant intrusions of low 
potential vorticity air from middle latitudes into 
the Antarctic continent can be seen. A closer 
examination of the zonal winds at 300 hPa 
during the same days suggested that there were 
strong eastward jets associated with this low PV 
intrusion. The observations suggested that low 
potential vorticity intrusion happened as a result 
of breaking of poleward propagating Rossby wave. 
Spontaneous adjustment of the unstable jet could 
be responsible for the IGW generation. Inclusion 
of this contribution could ameliorate the ‘cold 
pole bias’ problem. The significance of the present 
results lies in characterizing the summer time 
IGW over the Bharati station for the first time 
using wavelet based approach and identifying the 
possible source mechanism.
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Figure 2: Vertical profiles of (a) temperature, (b) zonal wind and (c) meridional wind for 2016-02- 19 (black), 2016-
02-20 (blue), 2016-02-21 (green) and 2016-02-23 (red) respectively [Koushik et al., Clim. Dyn ,2019].

Figure 3: Distribution of Potential vorticities at 330K 
on 23-02-2016. The black dot represents the location of 
Bharati station [Koushik et al., Clim. Dyn , 2019].

Upper tropospheric ozone transport from the 
sub-tropics to tropics over the Indian region 
during Asian Summer monsoon 

There are various studies which show that 
variability of trace constituents, viz. water vapour 
(H2O), O3, methane (CH4), nitrogen oxide (N2O), 
carbon monoxide (CO), and aerosol are influenced 
by Asian Summer Monsoon (ASM) anticyclone, 
centered over the Tibetan Plateau (TP) in the 
upper troposphere and lower stratosphere 
(UTLS). The TP acts to enhance the coupling 
between the subtropical and tropical monsoon 
circulations, and have a significant impact on the 
intensity of precipitation. In this context, the role 
of the Asian summer monsoon (ASM) anticyclone 
in the distribution of ozone over the southern 

India and tropical Indian Ocean was investigated.  
Fig. 4 shows the horizontal distributions of (a-b) 
ozone mixing ratio at 100 and 82 hPa obtained 
from Aura MLS observations, and (c) lapse-rate 
and cold-point tropopause. The analysis revealed 
that the region within the ASM anticyclone has 
low ozone, and high tropopause altitude, as 
compared to the region outside the anticyclone 
during boreal summer. The southern edge of 
the ASM anticyclone, i.e. the southern India and 
tropical Indian Ocean show a remarkably high 
ozone concentration in the UTLS region during 
summer. Tropical easterly jet (TEJ) strong easterly 
winds observed between the tropopause and  
150 hPa, is the phenomenon associated with the 
ASM anticyclone over its southern edge (southern 
India and tropical Indian Ocean). In order to 
investigate the influence of ASM anticyclone in 
the ozone enhancement, the global zonal mean 
removed OMR at 100 hPa was superimposed 
with zonal wind (easterly) contour at 150 hPa  
(<-25 m/s), during boreal summer and shown 
in Fig. 5(a). Enhancement of ozone is observed 
in distinct regions; i.e (1) > 60 ppbv is observed 
between 140-180oE and 10-30oE, and (2)  
30-40 ppbv is observed between 50-100oE, and 
equator to 10oN. The spatial distribution of 
ozone enhancement over the Indian peninsula 
(including the tropical Indian Ocean) and TEJ 
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are coinciding. Further, latitude-altitude cross-
section of the global zonal mean removed OMR 
superimposed on zonal wind averaged over 
60oE to 80oE during boreal summer is shown in  
Fig. 5(b). A positive anomaly of ozone is observed 
between 15.5 km and 19 km and between 10oS and 
15oN. The observed slanting structure from the 
upper (NH) to lower (SH) altitude is consistent 
with the spatial structure of the anticyclone. The 
TEJ also shows the similar slanting structure from 
NH to SH (higher to lower altitude) but the core of 
TEJ (~ 14-16 km) and ozone (~ 16-18 km) shows a 
latitudinal shift by 5 degree. In between the core of 
TEJ and ozone, the CPT-A and LRT-A, respectively 
show lower altitude over the tropics. Analysis of 
daily fields shows that ozone concentration in the 
upper troposphere over the southern India and 
tropical Indian Ocean increases with the strength 
of the tropical easterly jet, which is an outcome of 
ASM circulation. 

The in situ ozonesonde observations from six 
Indian stations (i.e., Nainital, Delhi, Ahmedabad, 
Pune, Gadanki, Trivandrum) also support the 
space-based Aura-MLS observations, concluding 
that ASM anticyclone effectively transports ozone 
from the mid-latitude stratosphere to deep tropics. 
Further, we estimated the fractional annual cycle 

of ozone in potential temperature co-ordinate 
from ozonesonde observations averaged over 
Pune, Gadanki and Trivandrum as shown in Fig. 
5(c). A high fraction of ozone (0.4-0.5) is observed 
during boreal summer (including September) 
between 380 K and 430 K. Thus, the observed lower 
stratosphere ozone maximum during summer 
over the Indian peninsula may be a combination 
of in-mixing from the mid-latitude stratosphere, 
and in situ production. Gadanki and Trivandrum 
show strong easterly wind i.e., TEJ between 13-18 
km during summer till September. This strong 
wind in the vicinity of tropopause (VOT) can 
generate turbulence due to the presence of strong 
wind shear and which may lead to the mixing of 
stratospheric air with the tropospheric air. 

Monthly mean total mass-flux across the tropical 
tropopause in isobaric coordinates is estimated 
using the equation (1);

F= 1/g (-ω + Vh∙
∆

Pt  + ∂Pt/∂t)

where, g is the acceleration due to gravity (m s-2), ω 
is vertical velocity in pressure coordinate (Pa s-1), 
Vh is the horizontal vector wind (m s-1), and  Pt is the 
tropopause pressure (Pa). In the present analysis, 
we used the tropopause pressure obtained from 

Figure 4: Longitude-latitude distribution of ozone mixing ratio (a) at 82 hPa, and (b) 100 hPa observed during boreal 
winter (left panels) and summer (right panels) obtained from Aura-MLS observations averaged from Aug.2004 to 
Oct.2017. Arrows indicate the seasonal mean vector winds averaged. (c) lapse-rate tropopause altitude (LRT-A) and 
cold-point tropopause altitude (CPT-A) during boreal summer derived from COSMIC observations averaged from 
Dec. 2006 to Aug. 2017. White (Fig.4 a-b) and dash (Fig.4 c) closed contours indicate the climatological location of the 
Asian summer monsoon (ASM) anticyclone [Das et al., Clim. Dyn., 2018].
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the COSMIC measurements to estimate the mass-
flux across the tropopause with a coarse spatial 
(10o latitude ×20o longitude) and temporal (one 
day) resolution. The daily mean three components 
of wind at 100 hPa level are taken from the 
ERA-Interim reanalysis. Fig. 6 shows the daily 
mean (smoothed by 5 day running mean) cross-
tropopause mass flux due to vertical air motion, 
horizontal air motion, tropopause motion, and 
net flux. The monthly mean data is a composite of 
nine years from 2007 to 2015 averaged across 5oN 
to 5oS, and 60oE to 80oE. A positive flux indicates 
the transport of mass from the troposphere to 
the stratosphere and vice-versa. Highest net-
downward flux is observed during boreal summer 
and found between 0.75 x10-3 and 1x10-3 kg m-2 

s-1. The net-downward mass flux during summer 
is contributed by both horizontal and vertical 
motion. The contribution of tropopause motion is 
very less as compared to horizontal and vertical 

Figure 5: Global zonal mean removed ozone mixing ra-
tio (a) latitude-longitude distribution at 100 hPa, and 
(b) latitude-altitude cross-section averaged from 60oE to 
80oE during boreal summer. The dashed contours indi-
cate the easterly jet, and black line with and without cir-
cles indicate the CPT and LRT altitude, respectively. (c) 
The fraction annual variation of ozone, averaged for the 
stations Pune, Gadanki and Trivandrum using ozone-
sonde observations. The black line with circles indicate 
the CPT-A[Das et al., Clim. Dyn., 2018].  

Figure 6: Daily mean (smoothed by 5-day running mean) 
cross-tropopause mass-flux due to vertical motion, hori-
zontal motion, tropopause motion and net-flux over 5oN-
5oS, 60oE-80oE. Data is a composite of nine years (2007-
2015) [Das et al., Clim. Dyn., 2018].  

Climate Dynamics

Characterization of the long-term changes 
in moisture, clouds and precipitation in the 
ascending and descending branches of the 
Hadley Circulation 

The Hadley Circulation (HC) is a tropical circulation 
that is driven by the differential heating of the Earth’s 
surface by solar radiation. The tropical regions 
which fall under the ascending branches of HC 
are characterized by a wet climate, whereas the 
subtropical regions under the descending branches 
of the HC are either arid or semi-arid. Any change 
in the intensity or width of the HC will have 
paramount effects on the climate of the regions 
under the ascending and descending branches of the 
HC. Climate model simulations and observations 
show that there is a poleward expansion of the HC 
as well as a strengthening of the hydrological cycle 
in a warming climate. In this regard, the present 
study employs relative humidity (RH), cloud 
fraction (CF) and precipitation (RF) parameters of 
the hydrological cycle and analyse their long term 
changes within the HC ascending and descending 
regions, simultaneously. Long term RH and CF data 
(1979-2016) are obtained from ERA-I reanalysis, 
and RF from GPCP precipitation dataset. The 
boundaries of the HC are identified using the mass 
Meridional Stream Function (MSF) metric, a metric 
that can track the mass motion in the atmosphere in 
the meridional direction. 

motion. The observed downward mass-flux 
during boreal summer could be associated with 
the transport due to the anticyclone formation 
and direct stratospheric intrusion.
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Figure 7:  Annual cycle of the HC centre, HC edges and the NH (SH) cell centres. Vertical bars indicate the standard 
deviation corresponding to their inter-annual variability. HC ascending regions are defined as the region between 
the latitude of maximum MSF and the latitude of minimum MSF. HC descending regions are defined as the regions 
between the latitude of maximum (minimum) MSF and the NH (SH) HC edge [Mathew and Kumar, Journal of Hy-
drology, 2019].

Fig. 7 gives a holistic view of the annual cycle 
of the various boundaries of the HC obtained 
from the zonal mean MSF metric. Vertical bars 
show their inter-annual variability. The blue line 
shows the annual cycle of the centre of the HC, 
which is more or less consistent with the annual 
cycle of migration of the ITCZ. The magenta and 
green lines show the southward and northward 
boundaries of the ascending branch of the HC 
respectively. The area enclosed between these 
boundaries is the ascending region of the HC. 
The black and red lines represent the southward 
and northward edges of the HC respectively. The 
region between the boundaries of the ascending 
region and the edge of the HC represents the 
regions of descent associated with the HC in 
both the hemispheres. The distance between the 
southward and northward edges gives the total 
width of the HC. Fig. 7 shows that the descent 
regions are wider during winter than summer, 
which is in conjunction with the stronger winter 
cell. The descending region is narrowest during 
boreal summer in the northern hemisphere. The 
ascending region is wider during boreal winter 
as well as summer seasons. All the features 
observed in the annual cycle of HC parameters 
are consistent with the present understanding 
thus validating the procedure adopted to identify 
them. Fig. 8(a) shows the annual cycle of zonal 

mean latitudinal distribution of RH at 500hPa 
averaged during the years 1979-2016, along with 
the various HC parameters. It can be noted from 
Fig.8 that the ascending region of HC derived 
from MSF metric clearly separates moist region 
from dry region and, thus, is very useful to 
investigate the long term changes in parameters 
associated with hydrological cycle with respect to 
the HC changes. Fig. 8(b) shows the annual cycle 
of the trends in zonal mean RH at 500hPa as a 
function of latitude. The Fig. 8 shows a general 
moistening pattern in the ascending limb of 
the HC, especially at the edges of the ascending 
regions in either hemisphere. The largest trends 
(~1 to 1.5% per decade) are found to be on either 
side of latitude of maximum RH in both the 
hemispheres, which indicates a strengthening 
of the HC. Regions between the latitude of 
minimum RH and the SH edge (the descending 
region of HC) show significant negative trends, 
~-0.5% to -1% per decade throughout the year 
except during austral summer. On the other 
hand, regions between the latitude of minimum 
RH and the NH edge show negative trends only 
during this time of the year. At the poleward 
edges of the HC in both the hemispheres, the 
RH shows decreasing trends (~ -0.5% to -1% per 
decade). Thus, a general positive trend in RH in 
the HC ascending regions and negative trend 
in the regions poleward of the HC edges point 
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Figure 8: (a) Climatology of the annual cycle of zonal mean RH at 500hPa as a function of latitude for the period 
1979-2016 obtained from the ERA-I dataset (b) Annual cycle of the trends in zonal mean RH at 500hPa as a function 
of latitude (Black solid lines show the HC edges, black dashed lines show the individual cell centres. Region confined 
between the black dashed lines is the HC ascending region. The region between the black dashed line and the black solid 
line, in both hemispheres, is the HC descending region. Dashed magenta lines is the latitude of maximum 500hPa RH, 
whereas the solid magenta lines represent the latitude of minimum 500hPa RH. The stippled areas in the plot (b) show 
the trends significant at 95% level) edge [Mathew and Kumar, Journal of Hydrology, 2019].

towards a mid-tropospheric moistening and 
drying process, respectively; this is presumed to 
be associated with the strengthening of the HC. 
Signature of poleward expansion of the HC can 
also be observed in the moistening (drying) of 
the equatorward (poleward) side of the latitude 
of minimum RH.

Fig. 9(a) shows the annual cycle of the total CF as a 
function of latitude in conjunction with the annual 
cycle of the HC parameters. The total CF has been 
derived from ERA-I reanalysis and averaged 
for the period 1979-2016. The Fig. 9 shows that 
the total CF is between 50% and 75% within the 
region of ascent. Within the deep tropics, total 
CF is observed to be more during boreal summer 
(~75%) than winter (~68%). The total CF is more 
or less uniform throughout the NH subtropical 
dry zone for all seasons except for boreal winter, 
wherein the total CF is well below 30%. One more 
striking feature in this Fig. 9 is that the total CF over 
the descending region of the HC in SH is relatively 
more than that in NH, at least by 10%. This can 
be explained by the relatively more oceanic region 
in SH subtropics as compared to NH. It can be 
inferred from this Fig. 9 that the annual cycle of 
latitudinal distribution of the total CF is consistent 
with the present understanding, and also provides 

insights into its variability with respect to the HC 
boundaries. The annual cycle of trends in zonal 
mean total CF as a function of latitude is shown 
in Fig. 9(b). The most significant feature of this 
Fig. 9 is the null/insignificant trend in total CF in 
the regions close to the latitude of maximum total 
CF. Similar to the trends in RH, the trends in total 

CF also show significant increasing trends at the 
edges of the ascending region in SH as well as in 
NH, with stronger trends in the latter.   Regions 
equatorward of the latitude of minimum total CF 
show increasing trend (~1% - 2% per decade), and 
those poleward of the latitude of minimum total 
CF shows either null or negative trend. Positive 
trends in the NH subtropical zones equatorward 
of the latitude of minimum total CF are stronger 
during boreal winter (~2.5% per decade) than 
summer (~1% per decade). A decreasing 
trend ~0.5%-1% per decade is observed at the 
poleward edges of HC in both the hemispheres. 
The decreasing trends in total CF in the extra-
tropical regions which lie close to the poleward 
edge of the HC is suggestive of the expansion of 
the HC and the subtropical dry zones. Similarly, 
trends in RF are also estimated (Fig. not shown).  
In general RH, CF and RF parameters showed 
positive trends in and near the edges of the HC 
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Figure 9: (a) Climatology of the annual cycle of zonal mean total CF expressed as a function of latitude for the period 
1979-2016. (b) Annual cycle of the trends in zonal mean total CF expressed as a function of latitude [Colour codes 
same as that of figure 8, but for HC parameters and total CF. The stippled areas in the plot (b) show the trends signifi-
cant at the 95% level.] edge [Mathew and Kumar, Journal of Hydrology, 2019].

ascending regions. On the other hand, within 
the HC descending regions, these parameters 
showed both positive and negative trends. In fact, 
the trends are mostly negative near the poleward 
edges of the descending regions, and positive in 
the regions equatorward of it. These results are 
in accordance with the observed phenomena of 
poleward expansion of the HC and the strengthening 
of the hydrological cycle associated with it. It is for the 
first time that concurrent investigation of long term 
changes in all three parameters of the hydrological 
cycle has been reported with an emphasis to establish 
the link between the HC changes and their influence 
on the hydrological cycle in the present day climate.

Cloud Dynamics

The characteristics of convective systems over 
the Indian summer monsoon region using 
space based passive and active remote sensing 
techniques

It is not yet known precisely that what all factors 
influence the formation of deep and very deep 
convective clouds. For example, it is now well 
established that moisture laden atmosphere and 
some sort of lifting mechanism is essential for 
formation of clouds. However, if moister and 
lifting mechanism is provided then what type of 
convective system will evolve? Whether there is 
any preferential time/region for the occurrence of 
particular system? These are important questions 
yet to be addressed. In this study, multiplatform 

active and passive satellite measurements from 
COSMIC, TRMM, CloudSat and brightness 
temperature observations are used to characterize 
the convective clouds from shallow to very deep 
clouds over ISM region. Fig. 10(a) shows the 
six year (June, July and August months of 2006-
2011) mean of CAPE estimated using COSMIC 
observations over ISM region. The CAPE indicates 
the potential areas of convection. However, large 
CAPE magnitudes need not always give rise to 
convective systems, as it depends on the convective 
inhibition energy also. It is very interesting to note 
a large CAPE magnitude along the IGP, overlying 
the monsoon trough (which is also known as 
continental convergence zone) lies during the ISM 
period. This feature of monsoon trough in CAPE 
observations from space based measurements 
is being brought out for the first time and 
validates the procedure adopted for estimating 
the CAPE. Fig. 10(b) shows the six-years of mean 
precipitation over the ISM region derived from 
TRMM observations. From Fig. 10(a) & (b), it 
can be noted that larger CAPE magnitudes need 
not exactly coincide with the maximum rainfall. 
Even though the CAPE magnitudes are relatively 
larger over IGP, the maximum rainfall is found to 
occur near the foothills of the Himalayas. On the 
other hand, relatively larger rainfall is observed 
over Western Ghats (WG) but CAPE magnitudes 
are relatively smaller over this region. Fig. 11(a-c) 
shows the frequency of occurrence of shallow, 
deep and very deep convective clouds over ISM 
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Figure 10: (a) Six years (2006 to 2011) seasonal mean (June-July-August) distribution of CAPE over ISM region (b) 
same (a), but for rainfall [Subrahmanyam et al., IETE Tech. Rev., 2019].

Figure 11: Frequency of occurrence of (a) shallow, (b) deep and (c) very deep convective systems over ISM region [Sub-
rahmanyam et al., IETE Tech. Rev., 2019].

region derived from brightness temperature. The 
spatial distribution of convective clouds is more 
or less coinciding with the regions of maximum 
precipitation. From Fig. 11(a), it is clear that 
shallow convective clouds are dominant over 
both WG as well over the Myanmar coast 
where orography features are prominent. These 
regions are associated with relatively low CAPE 
and thus consistent with the shallow convective 
systems. The observations of CAPE, rainfall and 
brightness temperature thus complement each 
other in characterizing the convective systems.  
Fig. 13(b) shows the distribution of occurrence 
of deep convective cloud, which is more or less 
similar to the distribution of occurrence of 
shallow convective cloud with relatively lesser 
frequency of occurrence. It is very interesting to 
note that unlike the occurrence of shallow and 
deep convective clouds, very deep convective 
clouds (Fig. 12(c)) are highly concentrated 
over the head Bay of Bengal (BoB), whereas 
occurrence of shallow and deep convective 

clouds are high over the eastern side of the BoB. 
The present results are in corroboration with 
the existing results over ISM region. The passive 
remote sensing techniques misinterpret the 
high and deep convective clouds. To overcome 
this limitation, CloudSat observations are used 
to delineate the three-dimensional structure of 
clouds. Fig. 12(a-f) provides the longitudinal-
height section of five years of CloudSat mean 
reflectivity structure over 5o, 10o, 15o, 20o, 25o and 
30o N latitudes, respectively. One can observe the 
anvil structures in Fig. 12, especially in Fig. 12(a-
c). All these anvils appear as deep/very deep 
convective clouds in the brightness temperature 
observations. An increase in deep convective 
activity can be clearly seen in Fig. 12(a-c) around 
90o -100o E longitude bands, which correspond to 
the BoB region. Also, the amount of cloudiness 
is increasing towards north, which can be 
observed from Fig. 12(a) to (d) that is from 5o 
N to 15o N. These spatial and vertical structure 
evolutions can be used as a proxy for convective 
organization. Moving further north, an increase 
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Figure 12 (a-f):  Longitude - height  section of mean CloudSat reflectivity at (a)5o, (b)10o, (c)15o, (d) 20o,(e) 25o and 
(f)30o N [Subrahmanyam et al., IETE Tech. Rev., 2019].

Figure 13: Time series of rain rate on 15th August 2018 at 
College of Agriculture, Vellayani.

in the vertical extent of convective activity can be 
observed on large spatial scales up to 20o N and 
are confined to northeast region and reaching 
higher levels (Fig. 12 (d-e)). Fig. 12 (f) shows 
the cloud vertical structure over the Himalayas 
and adjacent regions. The orography is masked 
in this Fig. 12(f). Thus Fig. 12 depicts the vertical 
structure of clouds observed over ISM region 
and suggests that there can be overestimation 
of deep and very deep convective clouds by 
brightness temperature method. The time of 
maximum occurrence of convective type cloud 
systems are also quantified and it suggested that 
the deep and very deep convective cloud systems 
peak during late afternoon hours over many 
parts of the Indian landmass with few exceptions 
such as over foothills of the Himalayas, where it 
peaks during the early morning hours. Thus the 
significance of the present study brought out the 
detailed characteristics of convective systems by 
investigating CAPE, clouds, and precipitation, 
which in turn play a vital role in understanding 
the internal dynamics of ISM for the first time. 

Laser Precipitation Monitor installation 

Laser Precipitation Monitors (LPM) were installed at 
IPRC, Mahendragiri and at College of Agriculture, 
Vellayani in August 2018. The LPM measures 
the rain rate and drop size distribution and these 
measurements are useful for validation of C-band 
Doppler Weather Radar (DWR) derived rain rate on 
a routine basis, which is very useful for improving 
the DWR derived rain rate estimations. Fig. 13 
shows the one-minute time series of rain rate on 15th 
August 2018 during extreme rainfall event.

Ongoing Studies

1. Vertically resolved cloud base heights and their 
occurrence using Ceilometer observations at 
Thumba

2. New experiments using Gadanki MST Radar 
in Active Array Aperture mode 

3. A new experiment for Gravity Wave 
Momentum flux estimation in the UTLS 
region from Multi- beam technique using 205 
MHz VHF radar at Cochin

4. Assessment of INDAT-3D retrieved 
temperature and water vapour over Indian 
region

5. Variability of ozone in the troposphere and 
lower stratosphere: Effect of meteorological 
features and transport

6. Effect of monsoon dynamics on the moisture 
budget of the UTLS

7. Spatial and diurnal variation of tropospheric 
water vapour over Indian Ocean during 
ICARB-2018

8. Spatial variation of tropospheric turbulence 
over Indian peninsula
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Future Projections

• Effort towards procurement of Raleigh-Mei Lidar system for middle atmosphere studies progressing
• FTIR for trace constituents measurements cleared by High value committee, VSSC. Specifications 

finalized by TEC and ready for tendering.
• TIFR balloon experiment: Balloon Borne observations of Buoyancy wave induced Small-scale 

Horizontal Structures in the Stratosphere
• Gravity wave Ray-tracing model simulations of mesospheric gravity wave momentum fluxes
• Middle atmospheric dynamics studies using Sounding rocket observations
• Effect of tropical convection/cyclone on mesospheric dynamics and chemistry
• Validation of C-band Polartimetric DWR observations with LPM measurements and investigations 

on monsoon precipitating clouds 
• Diurnal evolution of the vertical structure of precipitating clouds over the southernmost part of the 

Western Ghats of India during summer and winter monsoons
• Study on the stratosphere-troposphere interactions over Antarctica by simultaneous observations of 

VHF radar, radiosonde/Ozonesonde and satellite measurements
• Structure and dynamics of tropical cyclone and convection using MST Radar in active  aperture mode  
• Simultaneous observations of clear-air and precipitation echoes from 205 MHz radar: Implications 

in retrieving the terminal velocities of hydrometeors
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The aim of Ionosphere Thermosphere 
Magnetosphere Physics (ITMP) branch is to 
investigate the terrestrial upper atmosphere 
in context of its energetics and dynamics vis-
à-vis the vertical and lateral coupling this 
region has with the magnetosphere above 
and lower atmosphere below it; and make use 
of these studies to provide better input for 
technological applications wherever possible. 
ITMP aims at extending these studies to other 
solar system bodies as well. 
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Atmosphere-Ionosphere Coupling

Vertical Coupling between the Mesopause 
region and Sporadic-E layer during Equatorial 
Counter Electrojet events 

A detailed case study investigated the variability 
of daytime ionospheric sporadic E (Es) during 
Counter Equatorial Electrojet (CEJ) events over 
Trivandrum using the, (a) daytime mesopause 
temperature estimated using a Multiwavelength 
Dayglow Photometer, (b) base height of sporadic 
E-layer i.e. Esq obtained from a Digital Ionosonde, 
(c) Equatorial Electrojet (EEJ) induced magnetic 
field at the surface measured using a Proton 
Precession Magnetometer and (d) neutral 
meridional and zonal winds measured using 
meteor wind radar (Fig.1). This study addressed 
why, only on certain CEJ days, the Es layer turned 

into a blanketing Es layer, also referred to as Esb 
layer, appearing for a brief period and almost 
simultaneously as the CEJ induced magnetic field 
on the surface was either zero or very small, and 
not on all the CEJ days despite the reversal of 
the zonal winds in the dynamo region (~98 km). 
Further, a simulation using the simultaneously 
measured zonal wind and temperature showed 
that during CEJ, especially when the zonal wind 
reversed and the mesopause temperature lowered, 
the conditions were in fact less favourable for 
the ionization to converge resulting in Esb. 
On the other hand, on such occasions, the 
meridional wind exhibited a tendency to turn 
equatorward with time with the changeover 
gradually happening as the altitude decreased.  
These observations, perhaps the only ones 

Figure 1: Time variation of magnetic field strength (ΔH), base height of sporadic E (Es), clear E trace, blanketing Es 
(Esb) and mesopause temperature, as recorded at Trivandrum on different days, for EEJ, Full CEJ and Partial CEJ 
events [Ajesh  et al., Adv. Space. Res., 2018].
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The role of the phase of stratospheric QBO 
in modulating the influence of the Sudden 
Stratospheric Warming (SSW) effect on the 
Equatorial Ionosphere

This study investigates the role of stratospheric 
Quasi-Biennial Oscillation (QBO) in modulating 
the response of equatorial/low latitude ionosphere 
over the Indian sector to the major Sudden 
Stratospheric Warmings (SSWs) occurred during 
the period 2003 to 2013. The analysis based on 
the Equatorial Electrojet (EEJ)-induced surface 
magnetic field, Total Electron Content (TEC), 
and mesospheric wind data reveals that the 
equatorial ionosphere responds in distinctly 
different ways to the SSWs that occurred during 
different QBO phases. The peaking time of the EEJ 
and occurrence time of Counter Electrojet (CEJ) 

display a shift towards morning/evening sector 
during the westward/eastward phase of the QBO 
as inferred from the zonal mean zonal wind at 
10 hPa level (~30 km). The analysis reveals (Fig. 
2) that the enhancement and depletions seen in 
TEC over both the equatorial and low-latitude 
ionosphere display a shift towards morning/
evening during the westward/eastward phase of 
the QBO. The upper mesospheric tides (diurnal 
and semidiurnal) estimated using the meteor radar 
measured winds over the dip equator also exhibit 
similar shift in their phases. The occurrence of 
periodic CEJs during the SSW period is found 
to be coinciding with enhancement in polar 
stratospheric temperature and in close association 
with the increased amplitude of the semidiurnal 
tide (Fig.3). These observations clearly indicate 
that the phase of the QBO plays a crucial role 
in structuring the equatorial electrodynamics 
and electron density distribution over the low-
latitudes during the SSW events. These aspects 
highlight the role of stratospheric QBO in filtering 
the waves and tides of lower atmospheric origin 
and their influence on the upper atmosphere. 

Figure 2: Schematic of the wave filtering during different phase of QBO and its manifestation of EEJ [Yadav et al.,  
J. Geophys. Res., 2019].

involving mesopause temperature simultaneous 
to Esq, and the simulation, once again allude to 
the possible role of the overall wind system and 
its spatio-temporal changes in the ionospheric 
altitudes affecting the gradual transition of Esq to 
Esb over the dip equator.
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Figure 3: Temporal variation of EEJ induced magnetic 
field at surface during November to March period for 
SSW years occurred in the westward phase of the QBO 
(i.e., 2002-2003, 2006-2007 & 2008-2009) and eastward 
phase of QBO (i.e., 2003-2004, 2005-2006 & 2012-
2013). The ovals represent the group of CEJs and solid 
and dashed lines depict the systematic shift in occurrence 
time of CEJ events [Yadav et al., J. Geophys. Res., 2019].

On the QBO modulation in the frequency of 
occurrence of pre noon F3 layers over the dip 
equatorial location of Thiruvananthapuram.

Several aspects regarding the generation and 
evolution of F3 layers have been investigated in 
detail in the past, though many more aspects remain 
to be unraveled yet. Currently it is understood that 
the processes operational in the upper atmosphere 
ionosphere region are strongly coupled to the lower 
atmosphere. In this context, one large scale process 
affecting the ionospheric winds, thereby leading 
to changes in the electrodynamics of ionosphere 
is the Quasi Biennial Oscillation (QBO). QBO 
modulations in the ionospheric phenomenon of 
Counter Electrojet (CEJ),  Equatorial Ionisation 
Anomaly (EIA) and Equatorial SpreadF (ESF)  

have been reported. However, their implications 
in the associated F region processes like F3 layer 
are not known. Hence to understand this aspect, 
the long term periodicities present in F3 layer 
occurrence patterns are looked into. The data 
acquired using the KEL digital Ionosonde located 
at Thiruvananthapuram (8.5° N, 77°E, 0.5°N dip 
lat.), have been used for this investigation. The 
ionograms recorded at every 15 min were analyzed, 
for identifying the formation of the pre noon F3 
layer for all the days when data is available during 
the years 1990–2009. The wavelet periodogram as 
shown in Fig. 4 depicts the presence of a strong 
QBO during the period from 1992 to 2000 beyond 
which it is rather weak/non-existent. It is shown 
that weakened/inhibited E region electric field 
is an important condition conducive for the 
generation of F3 layer. It is seen that during phases 
of westward MQBO the electric field generated in 
the E region is stronger and hence the conditions 
conducive for the generation of F3 layers in the 
pre noon hours is less. Hence F3 occurrence is 
lower during the westward wind phase of MQBO, 
the reverse being true in the eastward phase. These 
observations point to the fact that QBO, which 
is a lower atmospheric process has a significant 
role in modulating F3 layers which form at peak 
F2 altitudes thereby indicate a coupling between 
lower atmosphere and ionosphere.

Variabilities of Equatorial Thermosphere 
Ionosphere System

On the role of F3 layers as well as increase in 
solar flux in modulating the topside ionization 
over Indian region during increasing phase of 
solar cycle 24: An analysis.

As is known, the F3 layers once formed drift to 
the topside, where these layers either exist as 
ledges or merge with the ambient ionization. 
In either scenario, these layers contribute to an 
enhancement in the ionization therein i.e. the 
topside ionospheric region. This aspect of topside 
ionization density, in context to F3 layers has not 
been studied so far. The present study deals with 
the change in topside ionization density caused by 
the upward drift of F3 layer vis-a-vis days when 
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Figure 4: Shows the wavelet periodogram for the occur-
rence of pre noon F3 layer [Mridula et al., JASTP, 2019].

F3 layer was absent. Data used comprises of the 
electron density obtained from COSMIC satellite 
for the period 2007 to 2012 as well as RaBIT 
tomograms for the period May to December 2011 
as shown in Fig. 5. The ionospheric tomograms 
reveal a clear enhancement in the topside 
ionization systematically increasing with solar 
activity from May to December 2011. 

Further, investigation reveals the role of F3 layers 
as well as increase in solar flux in modulating the 
topside ionization as observed in the tomograms. 
In fact, this study clearly shows that the ionization 
in the height region of 300 km to 450 km is 
primarily affected by the presence/movement of 
F3 layer, while ionization above 450 km altitude 
is significantly altered by the change in the solar 
flux. The present study has generated an empirical 
relationship between the topside electron density 
and F10.7cm solar flux during the rising phase of 
solar cycle 24. 

Figure 5: Depicts the monthly averaged altitude latitude 
distribution of electron density over the Indian region 
for the months May to December 2011 [Mridula et al., 
JASTP, 2019].

Response of Thermospheric Nightglow 
Emissions over the magnetic Equator to Prompt 
Penetration Electric Field Events

This study examines the response of the nighttime 
Thermosphere-Ionosphere System (TIS) over 
Trivandrum to Prompt Penetration Electric Field 
(PPEF) events occurred on 05 January 2016 and 
06 March 2016. The investigation is based on 
nightglow emission measurements at wavelengths 
OI 777.4 nm, OI 630.0 nm and OI 557.7 nm using 
a multi-wavelength nighttime photometer. These 
emissions emanate from different altitude regions 
of the TIS, i.e. 557.7 nm from ~100 km, 630.0 
nm from ~220 km and 777.4 nm from ~350 km 
respectively. It has been observed that, during 
the westward PPEF event, the intensities of 777.4 
nm and 630.0 nm nightglow emissions enhance 
whereas during the eastward PPEF event the 

intensity decreases. Though not very prominent, 
the 557.7 nm emission also exhibits a small 
enhancement/decrease during the westward/
eastward PPEF events (Fig.6). The ionospheric 

Figure 6: Temporal evolution of thermospheric OI night-
glow emissions at three wavelengths (557.7nm, 630.0nm 
and 777.4 nm) during the PPEF event of 05 January 
2016 [Vineeth et al., J. Geophys. Res., 2019].
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Figure 7: The solar activity variation of the seed perturbation modulation by the ambient neutral density ve (a) ss (b) 
ae (c) and ws (d) [Manju and Aswathy, J. Geophys. Res., 2018].

Seed perturbations for ESF triggering and their 
dependence on neutral density: a novel evidence 
for ionosphere thermosphere coupling

The study reveals the connection between the 
neutral density, derived from the Global Ultra 
Violet Imager (GUVI) and the requisite seed 
perturbations for Equatorial Spread F (ESF) 
occurrence, derived from the ionosonde data at 
Trivandrum (8.5°N, 77°E, 0.5° dip lat.) (Fig. 7). 
The relation between the above two parameters 
is also found to have solar flux dependence. The 
solar activity variations of the coefficients of the 
empirical relations between the neutral density 
profiles as well as the characteristic perturbations 
required for triggering ESF have been found out 
and general empirical models to estimate the 
thermospheric neutral densities is established 
for each season, for the first time. The study is 

base height obtained from a collocated Digital 
Ionosonde shows that during the eastward 
(westward) PPEF event the ionospheric layer 
moves upward (downward).  The downward 
(upward) layer movement increases (decreases) 
the plasma density in the centroid of these airglow 
emissions, which in turn enhances (decreases) 
the emission rates. The study demonstrates the 
coupling between interplanetary medium and 
neutral TIS during nighttime PPEF events.

pertinent since it brings out the role of ambient 
thermosphere system in modulating ionospheric 
processes. 

On the response time of equatorial ionization 
anomaly (EIA) crest and its link with Equatorial 
Spread F- A new perspective

The EIA crest magnitude/location and their 
response times with respect to, hmF2 (height of 
occurrence of peak ionospheric density) variations 
at magnetic equator for low solar activity periods 
2005, 2006 and the high solar activity year 2014 
have been examined using the ionosonde data at 
Trivandrum and the GPS data at different stations 
in the EIA region (Fig.  8).

The study brings out the fact that, for the low solar 
activity year, the crest TEC responds fastest in 
winter solstice (ws) compared to other seasons. 
Further, the response time of the crest is found to 
decrease with solar activity. The seasonal variation 
in the EIA response time is attributed to the 
modulation by meridional neutral winds whereas 
the solar activity variation reveals the additional 
role of the latitudinal pressure gradient (before the 
EIA formation) in the TEC distribution. 

Regression analysis is used to predict EIA 
evolution and excellent agreement with observed 
values is obtained (Fig. 9).
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Figure 8: The variation of the correlation coefficient (R) with the EIA crest magnitude response time (delay) for the 
different seasons of low solar activity year 2005 and high solar activity year 2014. b) The linear relation between hmF2 
and VTEC at crest for the time delay for which R maximizes [Aswathy et al., J. Geophys. Res., 2018].

This study, for the first time, establishes the 
relation of EIA response time to Equatorial Spread 
– F (ESF) start time, for the days when the post 
sunset height of ionosphere is below the threshold 

height. This study has the potential to be extended 
to predict the ESF start time (when the F layer is in 
the neutral dynamically controlled region), from 
the EIA response time, earlier in the day.

Figure 9: The time variation of the predicted and observed VTEC at crest for selected days of all seasons of 2005 and 
2014 [Aswathy et al., J. Geophys. Res., 2018].
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Variation of the TEC over the dip equatorial 
station, Trivandrum and the mid latitude 
station, Hanle during the descending phase of 
the solar cycle 24 (2014-2016) : Comparison 
with the IRI 2012  model

The morphological features in the variation of the 
total electron content (TEC) of the ionosphere 
over the dip equatorial station, Trivandrum and 
the mid latitude station, Hanle has been studied 
and compared with the IRI 2012 model. Variations 
in the TEC with respect to month and local times 
at Trivandrum, and Hanle are shown in Fig.10. 
The important results obtained from this study are 
as follows: 

The diurnal maxima in TEC at Hanle occurs 
during the local noontime while at Trivandrum, 
the peak in TEC occurs with a delay and appears 
at ~ 1600 LT. The minima in TEC occur at the 
predawn hours at both the stations. 

The nighttime enhancements in TEC are seen at 
both the stations, in the equinoctial and summer 
months, respectively. The nighttime enhancement 
in TEC over Trivandrum appears due to the reverse 
fountain effect while such an enhancement at 
Hanle appears due to the action of thermospheric 
winds. 

The TEC variation at both stations exhibit 
the semiannual variation, with an equinoctial 
maxima. However, the presence of the winter 
anomaly is recorded only at Trivandrum. A 
comparison of day-to-day/seasonal variations in 
TEC over Trivandrum with that of Hanle highlight 
the fact that the TEC over the dip equatorial 
station, Trivandrum is mostly controlled by the 
electrodynamics while that at the mid latitude 
station, Hanle is mostly affected by the neutral 
dynamics. 

The morphological comparison between the 
TEC derived from the International Reference 
Ionosphere (IRI) 2012 model and the GPS shows 
only a qualitative agreement. A comparison of 
IRI 2012 model derived TEC and GPS TEC at 
Trivandrum shows a wide departure with ~ 60% 
deviation during daytime and 60-80 % deviation 
during the early morning hours of the winter 
season. This indicates that the IRI 2012 model 
overly underestimates the TEC at Trivandrum. 
The IRI 2012 model, however, represents the TEC 
at Hanle quite well with less than 20 % deviation 
in the daytime of most of the months during 
2014-2016. These comparisons show that while 
the TEC over the mid latitude station, Hanle is 
well represented by IRI 2012 model, appreciable 
differences are seen at the dip equatorial station, 
Trivandrum. 

Figure 10: Variation of the TEC at Trivandrum and Hanle during 2014-2015. Panels (a) and (b) show the variation of 
TEC at Trivandrum and Hanle, respectively during the years 2014-2016 [Shreedevi et al., JASTP, 2018].
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Thermosphere Ionosphere System: Result 
from Antarctica.

Morphological study on the ionospheric 
variability at Bharti, a polar cusp station in the 
southern hemisphere

The morphology of the variations in the TEC 
during magnetically quiet as well as during 
geomagnetic storm periods in the polar cusp 
region of the Earth’s ionosphere has been 

Figure 11: Approximate location of Bharti (shown using 
red dots) with respect to the  plasma convection, the quiet 
time auroral oval, the main trough and the polar hole. 
The Local time (LT) = Magnetic Local Time (MLT) + 3 h 
at Bharti [Shreedevi et al., JASTP, 2019].

investigated using measurements of the TEC by 
a dual frequency GPS receiver installed at Indian 
Antarctica Station, Bharti.  The position of Bharti 
with respect to the auroral oval and the quiet time 
convection pattern is shown in Fig.11. During 
magnetically quiet times, Bharati is located in the 
polar cusp region at magnetic noon, inside the 
polar cap at night, and in the auroral region twice 
a day. Such a dynamic nature of the position of 
Bharti with respect to the polar cap, makes it ideal 
to study the response of space weather events on 
the Earth’s ionospheric system. Monthly variations 
in the TEC over Bharti during 2013 – 2017, and 
their comparison with the IRI-2016 model are 
shown in Fig.12. The important features derived 
from the GPS TEC observations over Bharti are 
as follows: 

• The daytime peak in the TEC at Bharti during 
the summer/winter months appears around 
the local noontime/magnetic noontime. There 
is a shift in the time of appearance of the peak 
with seasons with the peak time being close 
to magnetic noon during winter and local 
noontime during summer. This is because the 
source of ionization during winter is particle 
precipitation rather than photo-ionization 
like in the summer months. 

Figure 12: Variations in the TEC at Bharati during the years 2013–2017. The GPS TEC is represented by blue color 
and is shown along with the standard deviation shown in cyan. The IRI TEC is represented by orange color [Shreedevi 
et al., JASTP, 2019].
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• A night time enhancement in the TEC 
centered about the magnetic midnight appears 
during the winter months. This is due to the 
cross polar cap transport of plasma from the 
dayside. 

• A semi-annual anomaly exists in the variation 
of TEC at Bharti which is mainly due to the 
changes in chemical composition.  

• The IRI 2016 model largely underestimates 
the quiet time variation of TEC at Bharati 
especially during the night time period of the 
winter months.  This could be because the 
trans-polar cap transport processes have not 
been well accounted for in the model. 

• The storm time response of the TEC at the 
polar cusp station Bharati depends on the onset 
time of the geomagnetic storm. A positive 
ionospheric storm is observed in most of the 
cases if the storm has its commencement in 
the afternoon sector. Negative ionospheric 
storms persist throughout the day only if they 
commence during the morning sector. The 
negative storm effects are observed invariably 
on the second day of the storm irrespective of 
their onset times. Joule heating related effects 
cause the occurrence of a negative ionospheric 
storm at Bharti while enhanced particle 
precipitation and ionospheric convection give 
rise to positive ionospheric storms.

Space Weather and Planetary Ionospheres

One Dimensional Photo-Chemical Model 
(1D-PCM) for the Venusian Ionosphere (Study 
on the relative roles of the neutral density 
and photo chemistry on the solar zenith angle 
variations in the V2 layer characteristics of the 
Venus ionosphere under different solar activity 
conditions)

One Dimensional Photo-Chemical Model 
(1D-PCM) has been developed to study the 
photochemical region of Venus ionosphere below 
200 km. The model considers the production and 
loss of eleven ions, namely, CO2

+, CO+, C +, N2
+, N+, 

He+, O+(2D), O+(2P), O+(4S), O2
+ and NO+. Steady 

Figure 13:  Comparison of density profiles of CO 2 , N 2 , O, 
CO, N, He (right panel) and the height variation of 11 
ions and electron density calculated by 1D-PCM (left 
panel) on DOY 364 , 2008 [Ambili et al., ICARUS, 2018]

state photochemical equilibrium is assumed for 
each ion and the electron and ion continuity 
equations are solved. The model considers photo-
ionization and photo-dissociative ionization, 
photoelectron impact ionization, charge exchange 
reactions of ions with the neutrals, dissociative 
recombination reactions of molecular ions and 
radiative recombination reactions of atomic ions. 
For the neutral density, 1D-PCM model uses 
VTS3 model which is a global semi-empirical 
model of the Venus thermosphere based on the 
measurements from a Neutral Mass Spectrometer 
(ONMS) aboard PVO. Profiles of CO2, N2, O, CO, 
N and He are used in the calculations. 

It was noted that existing ionospheric model for the 
Venus ionosphere, such as the IonA (Ionization in 
Atmospheres) model, not only over/under estimate 
the peak electron density of V2 layer, it also has 
significant departures from the observations on 
the solar zenith angle and solar activity control. 
The IonA model uses VenusGRAM model 
(Venus Global Reference Atmosphere Model) 
as input for the neutral density and temperature 
and considers Venus atmosphere consisting 
of CO2, O, and N2molecules only (Fig. 13). 
Further, it oversimplifies the ion chemistry by 
assuming Venus ionosphere to have O2

+ as the 
only dominant ion species. Using VTS3 model, 
an empirical model based on measurements 
from Orbiter Neutral Mass Spectrometer on 
Pioneer Venus Orbiter (PVO) which considers 
profiles of six neutrals (CO2 , N2 , O, CO, N and 
He), we modified IonA model, named as IonA-
VTS3, to find that it reproduced the altitude 
of V2 peak electron density (hmV2) quite well 
(Fig.14, left panel). However, the model still 
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Figure 14: Comparison of VeRa observed vertical elec-
tron density profile in the Venus ionosphere with the 
IonA and  IonA-VTS3 models (left panel), and 1D-PCM 
model (right panel) on DOY 364 , 2008 [Ambili et al., 
ICARUS, 2018].

lacked in reproducing observed peak V2 electron 
density (NmV2). The in-house developed one-
dimensional photo-chemical model (1D-PCM) 
not only estimated NmV2 accurately, the hmV2 
was also reproduced quite well (Fig.14 right panel). 

Comparison of Venera and PVO radio occultation 
measurements with 1D-PCM and IonA-VTS3 
calculations reveals the role of complex chemical 
reactions in determining the features of peak 
altitude and density of V2 layer during different 
solar activity periods. It is surmised that the 
differences in the observed and IonA modeled 
peak V2 layer altitudes were due to the limitations 
associated with VenusGRAM neutral density 
model. It shows that the variations in the neutral 
density controls the V2 layer peak density height. 

1D-PCM calculations also showed that the complex 
chemistry including production and loss reactions 
of eleven ions could reproduce the variations in 
the peak density of Venusian ionosphere during 
different solar activity conditions. It suggests that 
the ion-chemistry has wider control over the peak 
plasma density in the Venus ionosphere.

Acceleration of Solar Energetic Particles near 
1.5 AU during Corotating Interaction Region 
(CIR) event: Evidence from MAVEN

The dearth of observations between 1 AU and 
3 AU limits our understanding of energetic 
particle acceleration processes in interplanetary 
space. In the present study, the energetic particle 
acceleration in a Corotating Interaction Region 
(CIR) using data from two vantage points, 1 AU 
(near Earth) and 1.5 AU (near Mars) has been 
studied. The CIR event of June 2015 was observed 
by the particle detectors aboard the Advanced 
Composition Explorer (ACE) satellite as well as the 
SEP (Solar Energetic Particle) instrument aboard 
the Mars Atmosphere and Volatile EvolutioN 
(MAVEN) spacecraft situated near 1.5 AU. The 
shocks associated with CIRs can accelerate 
energetic ions far beyond 1 AU, and these particles 
stream into the inner heliosphere, and most of the 
previous observations are from regions beyond 3 
AU. Using ACE and MAVEN observations, it has 
been shown, for the first time, that CIR shock can 
accelerate a significant number of particles even at 
1.5 AU (Fig. 15). 

Figure 15: (a) The variation of IMF (left Y-axis) and solar wind velocity (right Y-axis) for the period 5-17 June 2015 ob-
served by ACE at 1 AU. (b) The SEP fluxes at different energy ranges as observed by the EPAM sensor onboard ACE sat-
ellite for the period 5-17 June 2015. It is clear that the CIR reached the vicinity of Earth on 8 June 2015. The signature 
of the CIR arrival is seen as almost 2 orders of magnitude increase in the SEP fluxes [Thampi et al., ApJ. Lett., 2019].
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Figure 16: (a) The variation of IMF (left Y-axis) and so-
lar wind velocity (right Y-axis) for the period 17-24 June 
2015. (b)The energy spectrum of ions in the 30 KeV to~6 
MeV range observed by the MAVEN SEP instrument for 
the period 17-24 June2015. The Y-axis shows the energy 
range and the color axis shows the logarithmic particle 
flux. The initial period shown in white had very low flux-
es (<10) whereas the gaps on 24 June 2015 corresponds to 
absence of good quality data. (c) The integrated SEP par-
ticle fluxes in different energy ranges (comparable to ACE 
measurements) estimated from the MAVEN SEP data. 
During the CIR event (on 22 and 23 June 2015), there is 
enhancement in the flux of energetic particles  [Thampi et 
al., ApJ. Lett., 2019].

To see the actual number of accelerated 
energetic ions using the MAVEN SEP 
instrument and compare them with the 
observations at 1 AU by ACE, we estimated 
the integrated flux at energy bins comparable 
to that of EPAM/ACE observations (Fig.16). 
As a result, we can unambiguously infer that 
the acceleration by the shocks associated with 
CIR could cause an enhancement of around 
two orders of magnitude in the SEP fluxes when 
observed near 1.5 AU. These observations provide 
evidence that CIR shock can accelerate particles in 
the region between Earth and Mars, that is, only 
within the short heliocentric distance of 0.5 AU, 
in the interplanetary space. These observations 
are unique because of the addition of a vantage 
point at 1.5 AU, and as such observations were 
previously very sparse between 1 and 3 AU. The 
response of terrestrial and Martian ionospheres to 
the CIR is being studied. 

MAVEN Observations of the Response of 
Martian Ionosphere to the Interplanetary 
Coronal Mass Ejections of March 2015

The Mars Atmosphere and Volatile EvolutioN 
spacecraft provides an opportunity to observe 
the response of the Martian upper atmosphere 
to the passage of interplanetary coronal mass 
ejections. The response of Martian ionosphere 
to two successive solar disturbances during 3 
and 4 March and 8 and 9 March 2015 using the 
observations from Neutral Gas and Ion Mass 
Spectrometer and Langmuir Probe and Waves 
aboard Mars Atmosphere and Volatile EvolutioN 
has been studied. During these events, the 
ionospheric boundary was significantly lowered. 
During 3 March the ionopause is seen to be 
at a lower altitude, compared to that during 8 
March (Fig.17). Fig. 18 shows the variation of 
O2+number density with altitude and Solar 
Zenith Angle (SZA) for many orbits observed 
from 1 to 13 March 2015. In general, the nightside 

Figure 17: The O2+ number density profiles during (a) 
inbound and (b) outbound phases of NGIMS observa-
tions during orbit number 823 (red solid line) and 849 
(magenta dashed line), compared with typical quiet time 
profiles i.e. orbits 809 (cyan solid line) and 813 (blue 
dashed line) data [Thampi et al., J. Geophys. Res., 2018].
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Figure 18: The O2+ number density variation during 
inbound and outbound phases of NGIMS observations 
from 1 to 13March 2015. The solar zenith angle variation 
is represented along the X axis [Thampi et al., J. Geophys. 
Res., 2018].

densities are lower compared to the dayside and 
also show the ionopause feature more clearly. The 
LPW observations agree well with the NGIMS 
data.

The higher ionopause seen on 8 March is ascribed 
to the sustained effect of heating and inflation by 
the 3 March interplanetary coronal mass ejection 
event or the heating by the enhanced particle 
precipitation. The comparison of the O+/O2

+ ratio 
indicates that there is a preferential decrease of 
O2

+ and a relative enhancement in O+, probably 
due to increased dissociative recombination and 
charge exchange as a result of the higher solar 
wind densities during the 3 March event (not 
illustrated).

These observations of the Martian ionospheric 
response to two adjacent ICMEs are first of their 
kind and are important indicators of the complex 
interaction that happens in the Martian ionopause 
region.

Projects and New Initiatives:

Radio Anatomy of Moon Bound Hyper 
Atmosphere (RAMBHA) - ISRO’s 
Chandrayaan-2 Lunar Mission

RAMBHA is a comprehensive package of two 
scientific experiments as a part of the ISRO’s 
forthcoming Chandrayaan-2 (CH-2) Lander 
mission, to achieve a better understanding of the 
lunar plasma environment. The two RAMBHA 
experiments are (i) a Langmuir probe (LP) 
onboard Vikram, i.e. CH-2 Lander for in situ 

measurements of ambient electrons, ions, densities 
and their temperatures, (ii) a Dual Frequency 
Radio Science (DFRS) experiment onboard 
CH-2 Orbiter. Dual Frequency Radio Science 
Experiment uses radio occultation technique to 
study spatial and temporal variations in the lunar 
ionosphere. By measuring relative difference in 
the phase of two signals, one in S and other in X 
band of frequencies, while received at ground, the 
altitude profile of electron density in the Lunar 
ionosphere will be derived. 

Both experiments have been developed with 
multiagency support within ISRO. After 
successfully undergoing all the required tests 
and subsequent reviews, the FM hardware of 
both has been integrated with the Vikram and 
CH-2 Orbiter respectively, in the final flight 
configuration. Significant effort has been made to 
finalize the RAMBHA payload data acquisition 
software residing at the Indian Space Science 
Data Centre (ISSDC), Bangalore. At ground, the 
data are received at Indian Deep Space Network 
(IDSN), where the payload Acquisition software 
(PACQ) extracts the RAMBHA data based on its 
APID and generates the raw file with a session 
information file at the Indian Space Science Data 
Centre (ISSDC). The raw data serve as the input to 
the Quick Look Display (QLD) pipeline, which is 
the software used to process the raw data files and 
generate the plots showing the basic input/output 
parameters.
RAMBHA-LP QLD Software

The science data from RAMBHA-LP consist 
of voltages, acquired every few milliseconds 
(variable). LP will be operated en-route to Moon 
at zero potential and through a series of voltages 
sweeping from a negative to a positive potential, 
e.g., from -12 to +12 V at default mode. Data 
generated through a set of sweeping voltages 
constitute the scientific data. Fig.19 shows the 
processing steps followed in the QLD software 
design. The QLD software is developed at SPL, 
VSSC using the Interactive Data Language 
(IDL), version 8.6.1 in Linux environment. This 
software produces two sets of outputs, namely the 
input versus output voltage plots and log file for 
every raw file and store them in the appropriate 
directories. Each raw file consists of a number of 
sweeps and for each sweep data there are a set of 

N
A

M
 

IT
M

P

2018-19 97



Figure 20: QLD plot generated from RAMBHA-LP PACQ data: (a) Input versus output voltage plots, (b) Plots of on-
board parameters.

RAMBHA-LP Data Archival in PDS4 Standard

PDS4 is a new generation archive standards and 
online data system based on modern information 
modeling. There are certain formats for the data 
and the documentation that are allowed in PDS4. 
The archive is organized into bundle, collection 
and basic products. A few levels of data products 
are defined in PDS4 standard: Raw, Partially 
Processed, Calibrated and Derived. For RAMBHA-

LP, ISRO level-0 data (equivalent PDS4 level raw) 
will be archived. PDS4 data products are in csv 
(coma separated values) file format with comma 
delimited column. 

RAMBHA-LP data product generation system 
consists of two software packages: RAMBHA-LP 
Level-0 data processing software packages and 
PDS4 archive package. The RAMBHA-LP Level-0 
data processing software will take the ISRO 
Level-0 tar and trigger files as input, generate 
the RAMBHA-LP level-0 data with product 
context information file as output. PDS4 archive 
package processes the RAMBHA-LP LEVEL-0 
data (voltages produced by LP, still in engineering 
units and time tagged in UTC) along with product 
context info file as input, generates PDS4 data 
product (spreadsheet file .csv) along with label 
product (XML file), verifies and finally archives 
them in LEVEL-1 active archive structure. IDL 
programming is used to generate the archive 
software. The xml master template is created using 
oxygen xml editor. The final data product has been 
viewed through the PDS4 viewer.

scan and onboard parameters stored, which could 
be viewed any time later. 

Figure 20(a) shows the input versus output voltage 
plot generated from RAMBHA-LP PACQ data. 
Plots of onboard parameters are shown in Fig. 
20(b).

Figure 19: Processing steps of RAMBHA-LP QLD 
software.

RAMBHA-DFRS QLD Software: 

The QLD software is designed to online estimate 
the power, and Doppler shifts in the radio signals 
transmitted from orbiter, while experiments are 
being conducted during satellite’s occultation by 
the Moon. The software can be used off-line as well. 
It performs steps for the calculation of Doppler 
shift of the received signal, which is the measure 
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Figure 21: Online version of DFRS-QLD software.

RAMBHA-DFRS PDS4, and PRADAN 
Softwares:

For dissemination of DFRS data in standard 
Planetary Data System (PDS-4) format, a software 
has been developed using shell scripts in the UNIX 
platform for processing Level-0 RDEF data for 
both X and S frequencies in compressed format. 
The calibrated data products such as SNR, Doppler 
and Power are calculated using a FORTRAN code. 
It also generates the label XML file of the calibrated 
data products for the long term archival of the 
data. The ‘xml’ file follows the standard method of 
PDS4 archival as give by schema and schematron 
source files. The ‘xml’ file describes the data file, 

of deviations in the received frequency compared 
to the transmitted frequency, and the power of 
the received signal, obtained by using simple 
Fast Fourier Transform (FFT).  The raw inputs 
used are the level 0 data in CCSDS RDEF format 
containing the product file (.prd), the observation 
file (.obs) and an xml file. The information about 
the experiment is stored in the .obs file and .xml 
file. The information extracted from this file is 
then used to extract the data from .prd file and 
processed to obtain the Doppler shift and power 
of the signal, generates plots in the ‘.png’ format 
The offline software does not do any calculation. 
It is used only to browse the plots from the output 
and display the plot on the date of interest. An IDL 
platform is required in the ISSDC system for its 
proper functioning. The front-end of the on-line 
software is shown in Fig.21.

size and number of records of the data file, the 
start and stop time of the occultation and the date 
and time at the time of ‘xml’ generation. 

The software also generates the data required 
for the PRADAN inputs. The software has been 
installed at ISSDC, Bengaluru. The PDS4 software 
runs in an automated manner.

At ISSDC, there are different user environments 
such as executable area, log area, source area, 
configuration area, input, output, proc, user area, 
reference library, and multicast ports areas.  The 
Level-0, raw data from the ISSDC will be archived 
to the input area. The software along with the 
config.txt file, which contains the path of each 
area, are in the executable area. The FORTRAN 
codes and the associated files are in the source 
area. On the initiation of software, the Level-0 data 
is moved from the input area and all the source 
codes are copied from the source to the processing 
area. All the processing is done at the processing 
area and the Level 1 data and the corresponding 
label files are moved to the output area. The 
PRADAN data file output and the associated label 
xml file is moved to the PRADAN input area. The 
software deletes all the data from the processing 
area and waits for the next input files in the input 
area. Fig. 22 shows the flow chart of RAMBHA-
DFRS PDS4 software. 

Figure 22: Flow chart of RAMBHA-DFRS PDS4  
software.

Future Projections
The last year has been an important year for ITMP as the flight models of the proposed RAMBHA 
payload i.e. DFRS aboard orbiter and LP on Vikram (Lander), aimed for ISRO’s Chandrayaan-2 mission 
were developed and flight integrated on time. For the coming year, our efforts will be to bring out the first 
set of direct plasma measurements from Lunar polar region.
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Publications In Peer-Reviewed Journals 
1. Ajesh, A, T. K. Pant, C. Vineeth, N. Mridula and K. K. Kumar, “Vertical coupling between the 

mesopause region and sporadic-E layer during equatorial counter electrojet events–A case study”, 
Advances in Space Research, 62, 1787–1799, DOI: 10.1016/j.asr.2018.07.001,(2018).

2. Ambili K.M., Sneha Susan Babu, and R. K. Choudhary, “On the relative roles of the neutral density 
and photo chemistry on the solar zenith angle variations in the V2 layer characteristics of the Venus 
ionosphere under different solar activity conditions”, Icarus, 321, DOI:  10.1016/j.icarus.2018.12.001, 
661-670, (2018).

3. Ando, H., Takagi, M., Fukuhara, T., Imamura, T., Sugimoto, N., Sagawa, H., Noguchi, K., Tellmann, 
S., Pätzold, M., Häusler, B., Murata, Y., Choudhary R.K., et al., “Local time dependence of the 
thermal structure in the Venusian equatorial upper atmosphere: Comparison of Akatsuki radio 
occultation measurements and GCM results”, Journal of Geophysical Research: Planets, 123, DOI: 
10.1002/2018JE005640, (2018).

4. Aswathy, R. P., G. Manju and S. Sunda, “The response time of equatorial ionization anomaly crest: 
A unique precursor to the time of equatorial spread F initiation”, Journal of Geophysical Research: 
Space Physics, DOI: 10.1029/2018JA025469, (2018).

5. Gurram, P B. Kakad, A. Bhattacharyya, and T. K. Pant, “Evolution of freshly generated equatorial 
spread F (F-ESF) irregularities on quiet and disturbed days”, Journal of Geophysical Research, 123, 
7710–7725, DOI: 10.1029/2018JA025705, (2018).

6. Manju, G., and R. P. Aswathy, “First time estimation of thermospheric neutral density profiles from 
seed perturbations of ESF triggering: A novel evidence for ionosphere thermosphere coupling”,Journal 
of Geophysical Research: Space Physics, 123, DOI: 10.1029/2018JA025967, (2018).

7. Mohd Q J, D. S. Achanta, V. K. R. Natam, T. K. Pant, “comparison of TEC estimation techniques 
using s1 and L5 signals of IRNSS”, Journal Radioelectronics and Communications Systems, ISSN 
0021—3470, (Russia),  DOI: 10.3103/S0735272718070038, (2018).

8. Mridula N., Tarun Kumar Pant and Ajesh A, “On the QBO modulation in the frequency of 
occurrence of pre-noon F3 layers over the dip equatorial location of Thiruvananthapuram”, Journal of 
Atmospheric and Solar-Terrestrial Physics, 179, 114-119, DOI: 10.1016/j.jastp.2018.07.004, (2018).

9. Shreedevi P. R., and R. K. Choudhary, Y Yu, E G Thomas, “Morphological study on the ionospheric 
variabilities at Bharati, a polar cusp station in the southern hemisphere”,  Journal of Atmospheric and 
Solar-Terrestrial Physics,  DOI:10.1016/j.jastp.2019.105058, (2018).

10. Shreedevi, P.R., R.K. Choudhary, S. Yadav, S. Thampi, and A. Ajesh, “Variation of the TEC at a dip 
equatorial station, Trivandrum and a mid latitude station, Hanle during the descending phase of the 
solar cycle 24 (2014–2016)”, Journal of Atmospheric and Solar-Terrestrial Physics, 179, pp.425-434, 
DOI: 10.1016.j.jastp.2018.09.010, (2018).

11. Thampi, S. V., C. Krishnaprasad, A. Bhardwaj, Y. Lee, R. K. Choudhary, and T. K. Pant, “MAVEN 
observations of the response of Martian ionosphere to the interplanetary coronal mass ejections 
of March 2015”, Journal of Geophysics Research- Space Physics, 123, 8, 6917-6929,DOI: 
10.1029/2018JA025444, (2018).

Efforts are on to populating existing INSWIM chain of stations with ground based optical spectro-
photometers. We also envisage to bring out results on the equatorial thermosphere based on the 
systematic nighttime measurements of thermospheric temperature and wind from Thumba. In the recent 
years, ITMP has been attempting a closure on the problem of Equatorial Spread-F. We aim to achieve it 
soon. Our attempts to extend the scope of our studies to planetary ionospheres have been yielding very 
significant results, involving both measurements and models. We aim to continue the endeavor also by 
actively participating in ISRO’s forthcoming planetary missions.
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12. Mridula N., Tarun Kumar Pant, Manju G, K V Subrahmanyam, K Kishore Kumar, “On the role of F3 
layers as well as increase in solar flux in modulating the topside ionization over Indian region during 
increasing phase of solar cycle 24: An analysis”, Journal of Atmospheric and Solar-Terrestrial Physics, 
189, 52-64, DOI: 10.1016/j.jastp.2019.04.004, (2019).

13. Thampi, S. V., C. Krishnaprasad, P. R. Shreedevi, T. K. Pant, and A. Bhardwaj, “Acceleration of 
energetic ions in corotating interaction region near 1.5 AU: Evidence from MAVEN”, Astrophysical 
Journal Letters, DOI: 10.3847/2041-8213/ab2b43, (2019).

14. Vineeth C., A. Ajesh, T. K. Pant and J.M. Ruohoniemi, “Response of Thermospheric Nightglow 
Emissions over the magnetic Equator to Prompt Penetration Electric Field Events”, Journal of 
Geophysical Research: Space Physics, DOI: 10.1029/2018JA026317, (2019).

15. Yadav S, C. Vineeth, K. K. Kumar, R. K. Choudhary, T. K. Pant, S. Sunda, “The role of the phase 
of QBO in modulating the influence of the SSW effect on the Equatorial Ionosphere”, Journal of 
Geophysical Research: Space Physics, DOI: 10.1029/2019JA026518, (2019).

Presentations In Symposia/Workshops/Conferences

International
1. Ambili, K. M, Sneha Susan Babu, R K Choudhary, “One Dimensional Photo Chemical Model 

(1D-PCM) for the Venusian Ionosphere”, URSI Asia Pacific Radio Science Conference, AP-RASC, at 
JNU Delhi, March 9-15, 2019.  

2. Ambili, K. M, Gopika P G, R K Choudhary, “Delayed response of equatorial and low latitude 
ionopshere of indian region to a long duration night time M1.4 class solar flare”, 15th International 
Symposium on Equatorial Aeronomy, (ISEA-15), PRL, Ahmedabad, India, October 22-26, 2018.

3. Aswathy, R. P, G. Manju and S. Sunda, “The response time of Equatorial Ionization Anomaly: A 
unique precursor to Equatorial Spread F initiation”, AP-RASC, New Delhi, March 9-15, 2019.  

4. Aswathy, R. P, G. Manju and S.Sunda, “The response time of Equatorial Ionization Anomaly: A 
unique precursor to Equatorial Spread F initiation”, ISEA-15, PRL, Ahmedabad, India, October 22-
26, 2018.

5. Krishnaprasad, C., P. R. Shreedevi, S. V. Thampi, and R. K. Choudhary , “Response of the Mid, 
Low, and Equatorial Ionosphere to the St. Patrick’s Day Storms of 2013 and 2015”, ISEA-15, PRL, 
Ahmedabad, India, October 22-26, 2018.

6. Krishnaprasad, C., S. V. Thampi, and A. Bhardwaj, “Martian ionospheric response to the passage 
of a corotating interaction region: Observations from MAVEN”, 50th Lunar and planetary Science 
Conference, USA, 2019.

7. Mosarraf Hossain, C. Vineeth and Tarun Kumar Pant, “Variability in the mesospheric sodium D2/D1 
dayglow intensity ratio: First results”, AP-RASC, New Delhi, March 9-15, 2019.  

8. Mridula, N and Tarun Kumar Pant, “ The topside ionization over Indian region: An analysis using 
tomograms from Radio Beacon for Ionospheric Tomography (RaBIT) onboard YOUTHSAT”, AP-
RASC, New Delhi, March 9-15, 2019. 

9. Mridula, N and Tarun Kumar Pant, “The generation of F3 layers over the dip equatorial location of 
Thiruvananthapuram - A new perspective”, ISEA-15, PRL, Ahmedabad, India, October 22-26, 2018.

10. Shreedevi P. R., R. K. Choudhary, Smitha V. Thampi, Sneha Yadav, “Response of the southern polar 
ionosphere to St. Patrick’s day storms of 2013 and 2015”, AP-RASC, New Delhi, March 9-15, 2019.

11. Sneha Yadav, C. Vineeth, K. K. Kumar, R. K. Choudhary, T. K. Pant, Surendra Sunda, “On the 
response of Indian equatorial and low-latitude ionosphere to Sudden Stratospheric Warming during 
2009 and 2013”, 42nd Scientific Assembly of the Committee on Space Research (COSPAR), Pasadena, 
California, USA,  July 14-22, 2018.
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12. Sneha Yadav, C. Vineeth, K. K. Kumar, R. K. Choudhary, Tarun K. Pant, Surendra Sunda, “Role of the 
phase of Quasi-Biennial Oscillation in modulating the influence of SSW on Equatorial Ionosphere”,  
AP-RASC, New Delhi, March 9-15, 2019.

13. Sneha Yadav, C. Vineeth, K.K. Kumar, R. K. Choudhary, Tarun K. Pant, Surendra Sunda, “Response 
of low-latitude ionosphere of the Indian longitudes to the Sudden Stratospheric Warming events of 
2009 and 2013:  A comparative study”, ISEA-15, PRL, Ahmedabad, India, October 22-26, 2018.

14. Sneha Yadav, R. K. Choudhary, Shreedevi P R, Surendra Sunda, and T. K. Pant, “On the night-time 
enhancement in ionospheric electron density over the equatorial region”, AP-RASC, New Delhi, 
March 9-15, 2019. 

15. Sneha Yadav, Raj Kumar Choudhary, Krishna Prasad, P. R.  Shreedevi, Smitha Thampi, “Observations 
of Total Electron Content by  using GNSS receiver aboard the ORV-Sagar kanya”, ISEA-15, PRL, 
Ahmedabad, India, October 22-26, 2018.

16. Sneha Yadav, Tarun K. Pant, R. K. Choudhary, C. Vineeth, Surendra  Sunda, K. K. Kumar, P. R. 
Shreedevi, S. Mukherjee, “Impact of  sudden stratospheric warming of 2009 on the equatorial and 
low-latitude  ionosphere of the Indian longitudes: A case study”, COSPAR, Pasadena, California, 
USA,  July 14-22, 2018.

17. Tarun Kumar Pant and Mridula N, “Inferences regarding ionosphere-thermosphere coupling - 
Indian ionospheric tomography experiment”, AP-RASC, New Delhi, March 9-15, 2019.

18. Vamshi Phani Krishna, K M Ambili, R K Choudhary, “Study the characteristic features of equatorial 
plasma bubbles using geostationary satellites”, AP-RASC, New Delhi, March 9-15, 2019.

19. Vineeth C.and T. K. Pant, “On the delayed Response of Thermosphere O1D 630.0 nm Dayglow over 
the Dip Equator during an X-class Flare”, COSPAR, Pasadena, California, USA,  July 14-22, 2018.

20. Vineeth C. and T. K. Pant, “Role of Equatorial Fountain for the delayed Response of Thermosphere 
O1D 630.0 nm Dayglow over the Dip Equator during an X-class Flare”, (ISEA-15), PRL, Ahmedabad, 
India, October 22-26, 2018.

National
1. Ambili K M, Anjusha Mathew, R K Choudhary, “Advanced Retarding Potential Analyzer for Martian 

Ionospheric Studies”,  National Space Science Symposium (NSSS-2019), Pune, India, 29-31 January 
2019. 

2. Ambili K M, Sneha Susan Babu, R K Choudhary, “On the relative roles of the neutral density and 
photo chemistry on the solar zenith angle variations in the V2 layer characteristics of the Venus 
ionosphere under different solar activity conditions”, NSSS, Pune, India, 29-31 January 2019. 

3. Aswathy R. P. and G. Manju, “Hindcasting of ESF events using seasonal empirical models”, NSSS, 
Pune, India, 29-31 January 2019. 

4. Krishnaprasad, C. and S. V. Thampi, “MAVEN Observations of the Response of Mars to the Space 
Weather Events of September 2017”, Regional Astronomy Meeting (RAM-V), 2018 at CUSAT, Kochi, 
India.

5. Krishnaprasad, C., S. V. Thampi, A. Bhardwaj, “Ionospheric response of Mars to the passage of 
corotating interaction region of June 2015: Observations from MAVEN”, NSSS, Pune, India, 29-31 
January 2019. 

6. Mridula N, “Contribution of Women in Space Science and Technologies”, International Women’s day 
- National Conference for ISRO Women employees, IPRC, Mahendragiri, March 8-9, 2018.

7. Mridula N, Tarun Kumar Pant, “A Quantitative Analysis On The Roles Of F3 Layers As Well As 
Solar Flux In Modulating The Topside Ionization Over Indian Region”, 33rd National Symposium on 
Plasma Science and Technology, PLASMA 2018, New Delhi, India. December 4-7, 2018.
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8. Thampi, S. V., C. Krishnaprasad, A. Bhardwaj, Y. Lee, R. K. Choudhary, and T. K. Pant, “On the 
response of Martian ionosphere to the interplanetary coronal mass ejection events of March 2015: 
Observations from MAVEN”,  NSSS, Pune, India, 29-31 January 2019. 

9. Vamshi Phani Krishna, K M Ambili, R K Choudhary, “ Study on structure and dynamics of equatorial 
plasma bubbles using geostationary satellites”, NSSS, Pune, India, 29-31 January 2019. 

10. Vineeth C. and T. K. Pant, “ First Direct Signature of the Midnight Temperature Maximum 
Phenomenon in O1D 630.0 nm emissions:  Results from Optical Aeronomy Experiment onboard 
Sagar Kanya Ship Cruise”, NSSS, Pune, India, 29-31 January 2019. 

11. Tarun Kumar Pant, Md. Mossarraf Hossain, and C. Vineeth,  “Signatures of a latitudinal propagating 
thermospheric perturbation over equator - A case study using dayglow”, NSSS, Pune, India, 29-31 
January 2019. 

Technical Papers
1. Balamurugan. S, B. Priyankar, C. Vineeth, T. K. Pant, J. Mohan  and  V. Ashok, “Detectability of 

Luminous Trail from TMA Experiments using Sounding Rocket Systems”, National Systems 
Conference 2018, VSSC, Trivandrum, December, 27-29, 2018.

Reviewer of Book 
Vineeth C
1. The Equatorial Electrojet, Luhr et al., AGU Monograph, Publisher-Wiley Black Well.
Invited Talks
Tarun Kumar Pant
1. “Space Research in India”, S. B. College, Changanasseri, Kottayam, December 19, 2018.
2. “Aditya - ISRO’s mission to Sun”, Space Weather Task team, Coordination Group for Meteorological 

Satellites (CGMS-46)-Plenary, ISRO HQ., Bangalore, India, June 03, 2018.
3. “Introduction to Space Science”, ISRO’s Induction Training Program (IITP-31), Vikram Sarabhai 

Space Centre, November 13, 2018.
Vineeth C
1. , “Impacts of Lower Atmospheric Waves on the Equatorial Upper Atmosphere”, COSPAR, Pasadena, 

California, USA,  July 14-22, 2018.
2. “Atmosphere-Ionosphere Coupling and Equatorial Spread-F Atmosphere”, COSPAR, Pasadena, 

California, USA,  July 14-22, 2018, [Co-authors: Lijo Jose and T. K. Pant].
Ambili K M 
1. “Electrodynamics of F region”, NSSS, Pune, India, 29-31 January 2019, [Lead Talk].
Manju G
1. “Near surface lunar plasma environment”, Lunar science meet, Bangalore, India, September 27, 2018.
Mridula N
1.  “Sun and space weather”, Mercy College Palakkad on September 28 2018.
Sessions Chaired/Convened
Tarun Kumar Pant 
1. Session G-01 on “GNSS/IRNSS based remote sensing of ionosphere”, Asia Pacific Radio Science 

Conference, New Delhi, 9-15 March 2019.
Raj Kumar Choudhary
1. Session G-01 on “GNSS/IRNSS based remote sensing of ionosphere”, Asia Pacific Radio Science 

Conference, New Delhi, 9-15 March 2019.
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2. Parallel Session - PS5 “The Solar system bodies including Planetary system”,  National Space Science 
Symposium (NSSS-2019), at  Savitribai Phule Pune University, Pune, India, January 29-31, 2019.

3. Session 6 on “ Results from new techniques, experiments, and campaigns”, International Symposium 
on Equatorial Aeronomy (ISEA-2018),  held at PRL during October 22 - 26, 2018. 

Training Programmes
1. Manju G, Second Lunar Science meet at ISRO HQ, Bengaluru on May 13-14, 2019.
2. Mridula N, Technology update programme on 6 sigma-Phase-1 at VSSC, Thiruvananthapuram from 

31 July - August 2, 2018.
3. Mridula N, Technology update programme on 6 sigma-Phase-2 at VSSC, Thiruvananthapuram from 

September 11 - 13, 2018. 
4. Mridula N, Technology update programme on Fundamentals of rarefied flows and numerical 

simulation aspects, at VSSC, Thiruvananthapuram from June 26 - 28, 2019.
5. Mridula N, Second Lunar Science meet at ISRO HQ, Bengaluru on 13-14 May 2019. 
6. Smitha V Thampi, Second Lunar Science meet at ISRO HQ, Bengaluru on May 13-14, 2019.
7. Vineeth C, Space Debris Training Course by European Space Agency, ISRO Headquarters, Bengaluru, 

June 11-14, 2019.
8. Vineeth C, “STP-Recent advances in scientific research in the earth, planetary and space sciences 

and utilization of ground and space based observations”, Physical Research Laboratory, Ahmedabad, 
February, 04-08, 2019.

Deputations
Krishnaprasad C
1. NASA SPICE Training Class organised by NASA/JPL at Arcadia, CA, USA, 4-6 June, 2019.
Sneha Yadav 
1. Institute of Space-Earth Environmental Research (ISEE), Nagoya University, Japan under SCOSTEP 

Visiting Scholarship program (SVS-2018), December, 2018 to February, 2019. 
2. International Space Weather Initiative Workshop 2019, held during 20-24 May 2019, The International 

Centre for Theoretical Physics (ICTP), Trieste.
3. 42nd Scientific Assembly of the Committee on Space Research (COSPAR), July 14-22, 2018,Pasadena, 

California, USA.
Tarun Kumar Pant 
1. International Space Weather Initiative Workshop, The International Centre for Theoretical Physics 

(ICTP), Trieste, 20-24 May 2019.
Vineeth C 
1. 42nd Scientific Assembly of the Committee on Space Research (COSPAR), Pasadena, California, USA 

July 14-22, 2018.
Public Outreach
1. Ambili K M, Resource person for Lecture at schools as part of WSW-2018, 8-11 October, 2018.
2. Krishnaprasad C, Resource person for Space Exhibition as part of WSW-2018, Mercy College, 

Palakkad, 8 -11 October, 2018.
3. Mridula N, Member-WSW exhibition and Resource person for Lecture at schools as part of WSW-

2018, 8-11 October, 2018.
4. Vineeth C, Zonal Focal Point- Lecture @ schools, Member-WSW exhibition and  Resource person 

for Lecture at schools as part of WSW-2018, 4-10 October, 2018.
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Planetary Science Branch

Science Team
 Satheesh Thampi R.
 Vipin Kumar Yadav
 Dhanya M. B.
 Venkataraman V.
 Abhishek J. K.

Technical Team
 Dinakar Prasad Vajja
 Aneesh A. N.
Research Associates    
 Vrinda Mukundan
Research Fellows 
 Govind G. Nampoothiri

The research focus of Planetary Science Branch (PSB) initially 
was largely on developing theoretical models for explaining new 
observations made either by planetary spacecraft-based instruments 
or by space-based or ground-based telescopes. The activities have 
been extended presently to newer front line research areas using 
experiments on planetary and space missions. PSB plays lead role in 
planetary exploration by developing state-of-the art scientific payloads 
for the space and planetary missions of ISRO as well as analysis and 
interpretation of the scientific data. The research and development 
activities of PSB is categorised under three major themes. These themes 
are (a) interaction of solar radiation with planetary atmospheres and 
the processes initiated through this interaction, (b) solar wind and 
its interaction with different planets and planetary objects, and (c) 
planetary neutral atmospheres through in-situ observations.To achieve 
the above objectives, experiments like Sub-keV Atom Reflecting 
Analyser (SARA) and Mars Exospheric Neutral Composition Analyser 
(MENCA) on-board ISRO’s Chandrayaan-1 and Mars Orbiter Mission 
(MOM), respectively were developed and successfully flown and have 
yielded path breaking scientific results. Presently, experiments like 
CHACE-2 and PAPA are being developed for ISRO’s forthcoming 
Chandrayaan-2 and Aditya-L1 missions respectively. New scientific 
payloads such as Plasma AnalyseR for the Environment of Mars (PREM) 
and the magnetometers (flux gate and search coil) are accepted for 
the Mars Orbiter Mission -2 (MOM-2) of ISRO and the development 
are in progress. In addition, development of three scientific payloads 
named; Venus Ionospheric and Solar Wind Analyser (VISWAS), Venus 
Ionospheric Plasma wavE detectoR (VIPER) and Venus Thermosphere 
Ionosphere Composition Analyser (VETHICA) are also in pipeline 
for the upcoming Venus Mission. The High Vacuum Space Simulation 
Facility (HVSSF) and the advanced payload operation centre (POC) of 
SPL are catering to the development, testing, calibration operational 
activities of scientific payloads developed within VSSC as well from 
other agencies.
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Solar Wind and its Interaction with Planets 
and Planetary Bodies

Science results from the SARA experiment 
onboard Chandrayaan-1

The Sub-keV Atom Reflecting Analyser 
(SARA) experiment onboard Chandrayaan-1, 
a collaborative experiment between SPL, VSSC; 
IRF, Sweden, UBe, Switzerland and JAXA, Japan, 
consisted of a low energy neutral mass analyser 
namely ‘Chandrayaan-1 Energetic Neutrals 
Analyser’ (CENA) and an ion mass analyser, 
namely ‘Solar Wind Monitor’ (SWIM). SARA 
observations have yielded several path breaking 
results on the solar wind interaction with the 
Moon, and on the lunar environment. The recent 
findings from the SARA experiment are described 
below.

First Observation of Transport of Solar Wind 
Protons Scattered from Magnetic Anomalies 
into the Near Lunar Wake

The first observational evidence for the transport 
of the solar wind protons scattered from the Lunar 
Magnetic Anomaly (LMA) on the dayside into 
the near wake region is obtained from analysis of 
SWIM data, when the Moon was located outside 
Earth’s bowshock. The energy of such protons are 
either smaller or comparable to that of solar wind 
and have a wide angular distribution as observed 
by SWIM. The energy-time and direction-time 
spectrogram for such an event observed in orbit 
1977 of Chandrayaan-1 during 09:30 UT to 11:28 
UT on 20 April 2009 is shown in Fig.1. The signal 
observed by SWIM between 10:42 UTand 11:15 
UT, marked as A in Fig. 1, corresponds to solar 
wind observed on the dayside of the Moon. The 
dayside equator crossing by Chandrayaan-1 was 
at ~11:00 UT. The population B are the protons 
observed in the near and deep lunar wake (~09:48 
to 10:10 UT). These protons have an energy of 
~1,300 eV that is comparable to that of the dayside 
solar wind (A) and these protons are confined in 
almost three directions bins (bins 5–7)of SWIM 
(bottom panel of Fig.1). Such protons have 
been studied before and are known to enter the 
near wake region by a number of processes. The 
population C that is observed close to the day-

night terminator extending into the near wake 
region (~10:10 to 10:30 UT) has been recorded 
in several viewing directions of SWIM indicating 
high angular spread (bottom panel of Fig.1), and 
hence are quite different. Since higher direction 
bins corresponds to directions more towards 
zenith, this is indicative that the ions belonging to 
the population C could be transported from some 
distant location. Also, the energy of these ions are 
~800 eV that is lower than both the populations 
A and B. 

During orbit 1977, Chandrayaan-1 entered the 
nightside of the Moon crossing the South Pole 
and moved to the dayside crossing the North 
Pole. Close to the terminator and more into the 
nightside, Chandrayaan-1 was moving close to 
the biggest LMA region cluster located in the 
Southern Hemisphere at the north side of the 
South Pole-Aitken basin (SPA). SPA magnetic 
anomaly is located on the far side of the Moon and 
has a spatial extension in longitude from ~150° to 
~210°. During this observation, the SPA LMA was 
on the sunlit side of the Moon. The subsolar point 
during our observation was at ~250° longitude, 
the solar zenith angle (SZA) at the LMA cluster 
during our observation was in the range of ~ 40° 
to ~90° due to the larger spatial extent of the LMA 
cluster over the lunar surface.

To understand the origin of these protons, 
their trajectories are traced back in time using 
the backtracking model. Backtracing showed 
that a significant population of the protons are 
originated from the lunar dayside surface (Fig. 
2). The geographic correlation between the 
origins of the protons and the magnetic field of 
LMA indicates that the source location of the 
observed protons is associated with the LMAs in 
the Southern Hemisphere that are located close to 
the SPA basin. The angle between the velocity of 
the protons that hit the lunar surface at the end 
of backtracing and that of the solar wind protons 
suggest forward scattering and are in agreement 
with previous studies on angular scatter function 
of protons scattered from LMA. The flux of these 
protons is ~5 × 10-4 of the solar wind proton flux, 
which is comparable to the proton population in 
near wake due to other known processes. Such 
protons can significantly affect the electromagnetic 
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environment in near wake region. The results 
have direct applications to near lunar plasma 
environment and to any atmosphere-less body 
with no global magnetic field, such as asteroids 
and several planetary satellites. The results are 

published in high impact international journal 
of American Geophysical Union, Geophysical 
Research Letters (doi:10.1029/2018GL079330).

Figure 1: Top panel Energy-time spectrogram from SWIM observations for the orbit 1977 of Chandrayaan-1. The hor-
izontal axis shows time in hours’ universal time. The black-filled box on the top indicates the time interval of SWIM 
observations in lunar wake (~09:42 to ~10:18 UT). A pair of dotted vertical lines in red color mark the wake entry and 
exit timings for Chandrayaan-1. Different population of ions observed by SWIM in this orbit are indicated as A, B, and 
C. The white coloured rectangle is used to highlight the population C observed during the day-night terminator crossing 
and extending into the wake. Bottom panel: Direction-time spectrogram. The vertical axis shows the 16 direction bins 
in which ions are observed by SWIM. Direction bin 0 refers to close to nadir, and direction bin 15 refers to close to 
zenith [Dhanya et al., GRL, 2018].

Figure 2: (a) Map in selenographic coordinates showing the location of origin of the protons of population C from the 
3-D backtracing model. The point of intersection of the particle trajectories with the lunar surface is binned to grid cells 
of size 5° × 5° in the selenographic coordinates. The color bar represents the phase space density of the protons. The sub-
solar point during the observation of population C is indicated by the symbol “+” (blue color). The blue-colored dotted 
curves indicate the day-night terminator. The lunar crustal magnetic fields are shown as black contours for magnitudes 
of 2 and 3 nT (Purucker and Nicholas, 2010). (b) The global map of lunar magnetic anomaly at an altitude of 30 km 
based on Purucker and Nicholas (2010) [Dhanya et al., GRL, 2018].
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Time of Flight (TOF) – Proof of Concept 
verification

Proof of concept verification of the Time of 
Flight (TOF) section of SWICAR sensor of PAPA 
payload was verified successfully using both proto-
type TOF sensor and using integrated PAPA-EM 
sensors. H+, the major ion in the solar wind, and 
He+, one of the minor ions are generated in the 
laboratory using Electron Cyclotron Resonance 
(ECR) under high vacuum conditions and the 
corresponding TOF values are measured using 

Plasma Analyser Package for Aditya (PAPA) 
onboard Aditya-L1

The development of PAPA payload is in full 
swing and most of the subsystems like front end 
electronics (FEE), high voltage programmable 
power supply (HVPPS) and the PAPA Processing 
Unit (PPU) Engineering Models (EM) are realised 
and are independently interfaced with the EM 
sensor and the functionality tests were performed. 
The proto model of both electrostatic analyser 
(ESA) sensor and the time of flight (TOF) unit 
were subjected to vigorous functionality tests for 
the proof of concept verification and the major 
instrument performance obtained are given below 
with relevant plots. The two major parameters 
expected from the PAPA payload are the energy 
(for both electron and ions) and mass information 
(ions) of the solar wind. Experimental results 
from PAPA-EM carried out in the laboratory 
are in agreement with the ion optics simulations 
and the proof of concept verification successfuly 
accomplished.

Figure 3:  Energy resolution plots for electron measurement

Similarly, energy resolution of different ions are 
carried out for the energy range from 10 eV to 1 
keV (in logarithmic bins). Typical energy spectra 
for He ions are shown in Fig. 4. From the energy 
spectra centred at 400 eV, the energy resolution 
is found to be 5.48%, which is better than the 
simulated value. Detailed analysis for multiples 
ions and for the entire energy range of up to 25 keV 
is in progress using the new Electron Cyclotron 
Resonance (ECR) ion source.

Energy resolution performance

The energy resolution of the PAPA payload was 
verified in the laboratory using electron and ion 
beams as input and it was found that the resolution 
at all energy bins is better than the required value 
of 8% (obtained from simulations). All the tests 
were performed in a vacuum level of better than 
1 x 10-6 mbar. Fig. 3 shows the energy resolution 

of electron measurements carried out using the 
SWEEP sensor of PAPA payload for fourteen 
energy bins in the designated energy range 
(divided into sixteen energy bins in logarithmic 
steps) of 10 eV- 3 keV. Typical energy resolution 
for the electrons at bin 1 (@ 10 eV) & 14 (1400 
eV) are 6% and 5%, respectively, which are in 
agreement with the simulated values.
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Figure 4: PAPA energy resolution for He Ion input

Figure 5: First TOF of He+ and H+ ions using proto-TOF 
cell biased at 3100 eV

the TOF sensors. Initially the measurements are 
performed with the help of laboratory power 
supplies and front electronics. Subsequently, 
the experiment was repeated using the FEE and 
HVPPS developed for PAPA payload. The energy 
dependence of ions through the time of flight cell 
are also determined. The experiment was carried 
out for different ions (using N2, Ar and O2 gases) 
to identify the time of flight values and mass 
resolution. The results are presented in Figs. 5 - 8  
The results obtained using proto-TOF and EM are 
analysed and compared with each other as well as 
with the simulated results. The results obtained 
are satisfactory and the time of flight values are 
matching with the theoretically expected values. 
The test setup in high vacuum space simulation 
facility (HVSSF) of SPL is shown in Fig. 9.

Figure 8: Energy dependence values of TOF for He+ ions 
using PAPA-EM

Figure 6: Dependence of TOF on energy of the ions for 
He+ ions using proto-TOF

Figure 7: Comparison of time of flight values of He+ 
ions @ 3000 eV measured using laboratory FEE and PA-
PA-FEE 

Figure 9: Test setup used for TOF measurements in high 
vacuum space simulation facility (HVSSF)

Papa Detector Performance Results

Detectors used in PAPA are extended dynamic 
range Channel Electron Multipliers (CEMs) as 
shown in Fig. 10. The key parameters in each 
detector are gain, dark counts and pulse height 
distribution. Fig. 11 shows a typical detector pulse 
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Figure 10: CEM detectors procured for PAPA payload.

Output pulse characteristics

Figure 11: CEM pulse output at a bias voltage of 2800V

Dark count

Dark counts are a measure of the inherent noise 
in the detector system. Any output obtained when 
the input is switched off is a dark count. In case 
of all detectors planned for PAPA, the dark count 
measurements are as per the manufacturer given 
values and are clean.

I-V characteristics

The CEM detector exhibits linear I-V behaviour 
under normal condition. The following Fig. 12 
shows the I-V characteristics of the CEM with the 
input Switched OFF. This shows that the current 
drawn by the CEM detector is less than 60 µA 
in the working voltage range and is as per the 
expectations. 

Figure 12: I-V Characteristics of PAPA- CEM detectors

Pulse Height Distribution (PHD)

The pulse height distribution (PHD) of the 
CEM output varies due to the inherent nature 
of the secondary electron generation process 
and accordingly, the mean gain of the detector 
also varies.  For characterizing the pulse height 
distribution, the hot cathode gauge was used as 
a particle source. Fig. 13 shows the PHD curves 
of CEM detector for three different bias voltages.  
Detector performance is satisfactory.

Surface properties of cupric oxide (CuO) coating 
for PAPA electrodes

PAPA measurements require constant observation 
of the Sun. The most prominent Lyman-alpha line 
from the Sun at 121.6 nm at VUV wavelengths 
can strip out photoelectrons from the entrance 
aperture and the plates of the Electrostatic 
Analysers (ESA). These photoelectrons make 
the above observations noisy. The photoelectron 
production can be minimised by blackening the 
internal surfaces of the ESA plates with cupric 
oxide (CuO).  The CuO coating was achieved 
by chemically oxidizing the copper surface with 
sodium chlorite. The structural properties of the 
CuO films were investigated by means of X-ray 
diffraction. The X-ray diffractogram given as Fig. 
14 shows the presence of CuO and Cu. It also 
showed the presence of Cu2O and the presence of 
sodium. X-ray Fluorescence (XRF) Spectroscopy 
was used to determine the thickness of the 
coating. The surface morphology of the film was 
examined using scanning electron microscopy 
(SEM). SEM micrographs showed in Fig. 15 reveal 
fine floral like structures of CuO. The surface 
composition of the coating was further studied 
using Energy-dispersive X-ray spectroscopy 

at 2800 V bias voltage. Each of the parameters 
have been studied thoroughly and verified for all 
the detectors planned in EM, QM and FM. Typical 
characteristics of detectors are summarised below.
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Figure 13: Pulse height distribution for 3 different detec-
tor bias voltages

(EDX). The EDX spectra shown in Fig. 16 shows 
the presence of Copper, Oxygen and Carbon. 
The room temperature dc electrical conductivity 
measurements were performed using four probe 
techniques. The measured surface resistance was 
10-4 ohms/square. The photoelectron current was 
measured by illuminating the coating with a 33 
W UV lamp. Fig.17 shows the experimental setup 
used for measuring the photoelectron current. 
The photoelectron yield with and without CuO 
film on Cu and Al substrate was estimated. 

Figure14: X-ray diffractogram of the CuO coating show-
ing the presence of CuO and Cu

Figure 15: SEM micrograph of CuO coating depicting flo-
ral like structures

Figure16: EDX spectra of CuO coating showing the spec-
tral signatures of Copper, Oxygen and Carbon.

Figure 17. Experimental setup with the UV source 
(mounted outside the chamber) for measuring the pho-
toelectrons

High Vacuum Space Simulation Facility
During the year that went by, the High Vacuum 
Space Simulation Facility (HVSSF)(Fig. 18) played 
a key role in realization of major milestones related 
to PAPA payload. A part of the PAPA payload, was 
successfully demonstrated and performance tested 
at HVSSF. Integrated tests of PAPA Engineering 
Model, with high voltage programmable power 
supply (HVPPS) and front end electronics (FEE), 
were successfully carried out at the facility. Several 
new features such as a 1 keV to 30 keV ECR ion 
source and a vacuum UV source (115 nm to 400 
nm) were added to HVSSF.

Installation of 1 keV to 30keV Energy Ion gun

The 30 keV ECR ion source (Fig. 19) works on 
the principle of Electron Cyclotron Resonance 
(ECR) at an underlying oscillation frequency of 
2.45 GHz. The ions produced are filtered using a 
Wien filter in order to get a mono-energetic and 
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Figure 18:Photograph of High Vacuum Space Simulation Facility (HVSSF)

Figure 19: High energy ECR Ion source assembly at 
HVSSF

PAPA Payload Tests with Integrated HVPPS 
and FEE

The indigenously built high voltage programmable 
power supply (HVPSS) module of PAPA payload is 
the highest voltage system for flight, built so far in 
VSSC. The module was tested in integrated mode 
with detectors and front end electronics of PAPA 
payload. The tests yielded an energy resolution 
better than 8% as well as a mass resolution of 1 
amu at lower masses. 

Figure 20: UV source mounted in high vacuum chamber 
at HVSSF

Vacuum UV source added to HVSSF

Ultra-violet radiation below the wavelength of 
200nm can be used only under vacuum conditions 
because the wavelength is heavily absorbed by 
species present in the atmosphere. HVSSF recently 
installed a Vacuum UV source with can produce 
wavelengths in the range of 115 to 400 nm with 
intensities of 30 W.  It uses a high brightness 
deuterium lamp with MgF2 window, and produces 
a very intense beam; the lamp is air-cooled and 
works at room temperature. Fig. 20 shows the UV 
source mounted in high vacuum chamber.

Quadrupole Mass spectrometer: Ion ModeTest

The quadrupole mass spectrometer, which is 
similar to MENCA and CHACE-2 instruments, 
had so far been used to measure neutral 
concentrations in the laboratory. However, it’s 
design was modified and tested to measure ion 
concentrations at HVSSF. A low energy ion gun 

mono-specie ion beam. Ion of any gas can be 
produced depending on the input gas feed.  ECR 
sources do not have any filament, cathode or hot 
parts inside, which means that the lifetime of the 
source is virtually infinite. The plasma ignition is 
produced by the underlying microwave and the 
plasma confinement via a magnetic field circuit 
built with permanent magnets. The ECR source is 
to be extensively used for the calibration of PAPA 
payload.
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Figure 21: Test setup for mass spectrometer: ion mode

Fluxgate Magnetometer onboard Aditya-L1 
Spacecraft

The fluxgate magnetometer onboard Aditya-L1 
is under development and the qualification 
model (QM) is getting ready for testing. The 
mounting of boom on the +yaw panel of the 
Aditya-L1 spacecraft is modified and in the latest 
configuration it is oriented horizontally. This 
modification is done in order to deploy the boom 
horizontally in the clean-room for testing on 
ground as shown in Fig.  22.

Figure 22: The FGM sensors on the deployable boom on-
board Aditya-L1 spacecraft.

Prototypes of VIPER realized at SPL/VSSC

VIPER (Venus Ionospheric Plasma wavE detectoR) 
is a suit of four instruments onboard first Venus 
mission having an electric field sensor (EFS) and 
customized Langmuir probe (LP) to be developed 
in-house at SPL/VSSC, fluxgate magnetometer 
being developed at LEOS, Bengaluru and the 
Search-coil magnetometer to be developed by 
University of California, Los Angeles, USA. 
The prototypes of EFS and LP are designed and 
developed at SPL/VSSC and are currently under 
testing (Fig. 23).

Two identical dipole antennae of 15 cm length, 5 
mm diameter and 1 mm gap between two ends, 
are fabricated with Al6061 to work at a central 
frequency of 1 MHz. An instrumentation amplifier 
with a gain of about 600 is designed and fabricated 
with (LM324 IC) to enhance the received signal 
by the electric field sensor.The preliminary 
performance of the designed antennae is evaluated 
(Fig. 23). 

Figure 23: Electric field sensor prototype test setup

(E < 10 eV) was used as the source, with ionised 
Argon as input. The test successfully proved that 
the quadrupole mass spectrometer can be used for 
ion concentration measurement as well. The test 
setup is shown below in Fig. 21.

Frequencies in the range 10 kHz – 20 MHz 
are launched between 1–5 V signal with 4 cm 
gap among the transmitter and receiver. The 
observed receiver signal is shown in Fig. 24 
(left) having a good response with an increase 
in the received signal with an increase in input 
strength. Alternately, the launched signal is kept 
constant at 3 V but the frequencies are varied 
from 2–10 MHz with increased distance between 
receiver and launcher. As the distance between 
the launcher and the receiver increases, the output 
signal decreases as shown in Fig. 24 (right). In the 
next phase, a triaxial electric field sensor shall be 
developed with the 3-axes making three dipole 
configurations: X-Y, Y-Z and Z-X.
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Figure 24-: (Left) Frequency response with input signal variation. (Right) Output signal for different transmitter- re-
ceiver distances.

Langmuir probes (LP) with different dimensions 
(radius and length) are conceived and simulations 
are carried out where a pre-fixed number of 
charged particles are streamed towards the 
conceived LP geometry in separate horizontal 
and vertical orientations. During each stream 
the number of particles collected on the designed 
LP, during bias voltage sweep, is observed. Later, 
the simulation outcomes are compared for 
different probe dimensions in order to get an 
optimized dimensional geometry. Based on the 
simulations two configurations are envisaged in 
Langmuir probe having dimensions 50 mm × 
30 mm, where the LP is compartmentalized into 
two halves – horizontally and vertically so that 
each compartment can be biased separately for 
different purposes. In simulations for these two 
configurations, the electrode bias voltage was 
swept between -10 to +10 V, the LP was positioned 
at the centre of the potential array placed 
vertically, the charge particle source position 
was 100 mm away from the source, facing the 

Figure 25: LP partitioned horizontally in sweep mode (left). Number of ions and electrons collected by this LP (right).

sweeping electrode, the number of electrons and 
ions incident on the conceived geometry are 2826 
and the charge particles made incident on the 
designed Langmuir probe are in a uniform energy 
distribution between the energy ranges of 0.1 eV 
to 100 eV.
Configuration 1: LP partitioned horizontally 

As can be seen from Fig. 25 (right), all the ions 
are collected when the bias voltage on LP is up 
to - 3 V. Afterwards, with increase in positive bias 
voltage the ion collection starts going down to 
reach just below 2100 at the bias voltage on +10 
V. Similarly, it can also be seen that on highest 
negative bias voltage of -10 V only 2100 electrons 
are collected and when the negative bias voltage 
starts decreasing, the electron collection increases 
and at bias voltage of +3 V and above, all the 
electrons are collected.

Configuration 2: LP partitioned vertically

Fig. 26 shows that all the ions are collected when 
the bias voltage on LP is either negative or zero. 
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Figure 26: Langmuir probe (50 mm × 30 mm) partitioned vertically in sweep mode. Number of ions and electrons 
collected by this LP (right).

Prototypes of both these configurations of 
LP are realized for performance evaluation 
in the controlled environment of HVSSF. The 
configuration performing best shall be further 
developed for flight payload. 

Ground Segment Activities of Payloads in 
Planetary & Space Missions of ISRO

The ground Segment activities include development 
of science data processing algorithms and software 
pipelines to generate the quick look display (QLD), 
long term archival of science data for release to 
public, detailed scientific analysis of data, as well 
as the activities of the payload operation centre 
(POC). The ground segment activities of CHACE-2 
onboard Chandrayaan-2 orbiter is in an advanced 
stage and for PAPA on Aditya-L1, the activities are 
gearing up.

CHACE-2 onboard Chandrayaan-2 orbiter

CHADViS (CHACE-2 Data Visualization Software), 
the software pipeline for the QLD of science data 
for CHACE-2 as well as CHADAS (CHACE-2 
Data Archival Software) has been successfully, 
developed, tested and installed at Indian Space 
Science Data Center (ISSDC), Byalalu, Bangalore.

CHACE-2 Data Visualization Software (CHADViS)

Figure 27: The home page of CHADViS 3.0 GUI. The 
‘Start QLD’ button is used to run the software

Afterwards, with increase in positive bias voltage 
the ion collection starts going down to reach 2500 
at the bias voltage on +10 V. Similarly, it can also 
be seen that on highest negative bias voltage of 
-10 V only 2560 electrons are collected and when 
the negative bias voltage starts decreasing, the 
electron collection increases and at bias voltage is 
either zero or any positive value, all the electrons 
are collected.

CHADViS, developed in Interactive Data 
Language (IDL), uses the raw payload data files 
for CHACE-2 as input. The raw files are generated 
by the PACQ (Payload Acquisition Software) of 
ISTRAC at ISSDC (the ground station). CHADViS 
is fully automated such that it fetches the raw data 
files from a given input area, processes the data, 
and generates the plots, and display those in a GUI 
widget (Figs. 27-29). 

The software has extensive error handling features. 
It generates the necessary log information. 
CHADViS has a browse widget, which is used for 
displaying already generated plots that are stored 
in specific sub-directories in the output directory. 
The software requirement specifications (SRS) 
document and the software design document 
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Figure 28. The spectra generated by CHADViS for the mass 
sweep mode of operation of CHACE-2 for a test data set as in-
put.

Figure 29. The output plots generated by CHADViS for the trend 
mode of operation of CHACE-2 for a test data set as input.

(SDD) have been generated and presented in the 
internal review committee for Test and Evaluation 
(T&E). Following this, the code inspection was 
carried out. The detailed tests as per the test plan 
have been carried out and the final version of 
the software (version 3.0) is installed at ISSDC, 
the external T&E (third phase) at ISSDC was 
successfully completed during 10-13 June 2019.

CHACE-2 Data Archival Software (CHADAS)

The long term archival (LTA) of science data as per 
international standard for sharing with the global 
scientific community is an important aspect of a 
planetary mission. ISRO has adopted Planetary 
Data System version 4.0 (PDS 4.0) which is an 

international standard for planetary missions, for 
long term archival of data from scientific payloads 
onboard Chandrayaan-2. In this regard, for 
CHACE-2 software has been developed, CHACE-2 
Data Archival Software (CHADAS), to meet the 
requirements of LTA. CHADAS, developed in 
IDL language, uses the level-0 data generated 
by URSC team at ISSDC as the input. The PDS4 
products for CHACE-2 consist of science data, 
operating parameters and housekeeping (HK) 
data as comma separate values (CSV) and the 
corresponding xml label files for each mode 
of operation of CHACE-2. Since the operating 
parameters are required to interpret the data, the 
csv files for the science data and the operating 
parameters are associated with a common xml 
label file. Thus, there are total 5 data products 
generated for each level-0 data file and for each 
mode of operation of CHACE-2. The software 
requirement specifications (SRS) document, and 
software design documents (SDD) have been 
reviewed by internal T&E team, the detailed code 
inspection completed, and the tests based on 
the test plan have been accomplished. The data 
products have been validated using NASA PDS 
viewer tool. The data products for each segment 
of observation, contained in the level-0 files, are 
bundled into a zip file and provided to PRADAN 
web interface developed by ISSDC for sharing 
the data with the global user community after 
the lock in period. CHADAS is fully automated 
software with extensive error handling features, 
and generates necessary log information as well. 
The file names for the data products are also PDS4 
compliant and as per the conventions provided 
in ISRO archive convention document. The final 
version of the software (version 3.0) has been 
installed at ISSDC, the external T&E (third phase) 
at ISSDC was successfully completed during 10-13 
June 2019. 

Ground Segment Activities for PAPA payload 
on Aditya-L1

The ground segment activities have been initiated 
and the discussions are progressing in the splinter 
group (SG-2) of Aditya-L1 regarding the data 
processing, quick look display of science data and 
the archival of data for release to international 
community. The preliminary requirements have 
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accordingly, the mass spectrometer was tested in 
the Ultra High Vacuum (UHV) chamber in High 
Vacuum Space Simulation Facility (HVSSF) of 
SPL. The nude ion gauge connected in the UHV 
chamber acts as source of thermal ions. The ion 
mass spectra were obtained and the corresponding 
operating parameters were captured. The spectra 
obtained clearly demonstrated the unambiguous 
detection of ionic species. The tests were carried 
out by inserting a known inert gas (argon) as well. 
The ion-optics simulation result is shown in Fig. 
30 and the results are provided in Figs. 31-32 with 
captions giving details of the operating conditions 
and inferences. Thus the dual mode operation has 
been successfully demonstrated in the laboratory.

been arrived at and the development of software 
pipelines is in progress.

Archival of science data of MENCA on MOM 
and the Public Release

The pipeline for MENCA data archival as per 
the international Planetary Data System (PDS) 
standards has been jointly developed by SPL and 
SAC. The pipeline is continuously functional at 
ISSDC and generates the PDS data products for 
MENCA. After the completion of three years 
around Mars by MOM, the data sets corresponding 
to the second year has been successfully released 
to public on 26.09.2018. The data is hosted at 
the ISSDC website (http://www.issdc.gov.in/
marsmission. html).

Development of dual mode Quadrupole Mass 
spectrometer

The neutral mass spectrometer of SPL has 
been flown successfully on ISRO’s mission 
like Chandrayaan-1 and MOM, and is a state-
of-the-art instrument with high sensitivity to 
cater to measurements of neutrals in planetary 
environments. In view of the Venus mission of 
ISRO, it has been attempted to modify the mass 
spectrometer to provide the measurements of ion 
composition along with the neutral measurements. 
Towards the development of ion mode of 
operation, where the mass spectrometer detects 
ions from external source, detailed ion optics 
simulations has been carried out in SIMION (an 
ion optics software) to check the effect of potentials 
in the ionizer section on the entry of externally 
generated positive ions into the mass analyser and 

Figure 30:  Ion optics simulation results with the potentials in 
the ionizer switched off.  The black lines show the trajectory of 
incoming ions.

Figure 31. The mass spectra when the mass spectrometer was 
operated in ion mode with insertion of argon gas. The signature 
of Ar+ (40 amu) is clearly seen. An electron multiplier voltage 
of 2000 V has been applied to the detector.The argon atoms 
get ionized by the nude ion gauge and these ions enter into the 
mass spectrometer probe. In addition to Ar+, ion signals around 
18 amu, 28 amu and 44 amu are also seen.

Figure 32 The mass spectra in neutral mode of operation for 
the same mass spectrometer demonstrating capability of dual 
mode of operation. The significant peaks are corresponding 
to H2O (amu 18), OH (amu 17), O (16 amu), N2 (amu 28) 
and CO2 (amu 44). The signals are from Faraday cup detector 
(without electron multiplier).
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Advanced Payload Operation Centre 

The significant number of different scientific 
payloads from SPL on the ongoing and 
future planetary missions of ISRO such as 
Chandrayaan-2 (orbiter and lander), Aditya-L1, 
MOM-2 etc., calls for an extensive payload 
operation centre that cater to the requirements 
of operation management, data reception and 

data analysis for the various payloads. In view 
of this, an extensive payload operation centre 
in SPL with sufficient space allocated, equipped 
with computing, network and related facilities 
has been setup for uninterrupted data reception 
and analysis. The POC has been successfully 
set up, fully operational and ready to cater to 
planetary mission with Chandrayaan-2 in the 
immediate future.

Publications in Peer-Reviewed Journals 

1. Dhanya, M. B., A. Bhardwaj, A. Alok, Y. Futaana, S. Barabash, M. Wieser, et al., First observation 
of transport of solar wind protons scattered from magnetic anomalies into the near lunar 
wake: Observations by SARA/Chandrayaan-1, Geophysical Research Letters, 45, 2018, DOI: 
10.1029/2018GL079330, (2018).

2. Vipin K. Yadav, “Alfven wave detection at first Lagrangian point with magnetic field measurements”, 
IETE - Technical Review, DOI:10.1080/02564602.2018.1541767, (2018).

Scientific / Technical Reports

1. Ajay Krishna A., M.B. Dhanya, and T.P. Das, Software Requirement Specification for Long Term 
Archival of CHACE-2 Science Data in PDS-4 Standard V1.0, September 2018.

2. Ajay Krishna A., M.B. Dhanya, Neha Naik, and T.P. Das, CHACE-2 Software Requirement 
Specification for Quick Look Display V1.0, October 2018.

3. Ajay Krishna A., M.B. Dhanya, T.P. Das, Software Design Document for CHACE-2 QLD, CHACE-
2-QLD-SDD-V1.0, October 2018.

Future Projections

Immediate Goals

The following activities will be carried out in near future.

• Mars exospheric and Lunar plasma environment studies will be continued using the available data 
from MENCA onboard MOM and SARA onboard CH-1 missions respectively.

• Lunar exospheric studies using data from CHACE-2 onboard CH-2 mission.
• Solar wind electron and proton temperature anisotropy using WIND, ACE and SOHO observations.
• Analysis of plasma wave data from the earlier missions 
• Development of algorithms for processing of PAPA data and the software pipelines for various 

ground segment activities.
• Development of PAPA-QM & FM
• Realize QM & FM of fluxgate magnetometers for Aditya-L1 mission. 
• Martian plasma environment and escape mechanisms using MAVEN data.

Long Term Goals 

Analysis and interpretation of scientific data from PAPA and Magnetometer payloads of Aditya-L1 
mission. Development of plasma analysers and dual mode neutral mass spectrometer and ENA sensor 
for the upcoming MOM-2 and VENUS missions. Development of plasma wave sensor package and 
magnetometers for future missions. Studies on plasma environment of the unmagnetized planets Mars 
and Venus using the data available from the past and contemporary missions. 
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4. PAPA PRET, Plasma Analyser Package for Aditya (PAPA) onboard Aditya-L1- Revised Configuration 
document, AdityaL1-PAPA-Revised Configuration, October 2018.

5. Ajay Krishna A., M.B. Dhanya, and T.P. Das, Software Design Document for Long Term Archival of 
CHACE-2 Science Data in PDS-4 Standard V1.0, December 2018.

6. Md. Mosarraf Hossain, Rejitha R., M.B. Dhanya, and G. Manju, RAMBHA-LP Software Requirement 
Specification for Quick Look Display V1.2, December 2018.

7. Md. Mosarraf Hossain, Rejitha R., M.B. Dhanya, and G. Manju, RAMBHA-LP Software Design 
Document for Quick Look Display V1.2, December 2018.

8. Md. Mosarraf Hossain, Rejitha R., M.B. Dhanya, and G. Manju, RAMBHA-LP Software 
Requirement Specification for Long Term Archival of RAMBHA-LP Science Data in PDS4 
Standard, December 2018.

9. Md. Mosarraf Hossain, Rejitha R, M.B. Dhanya, and G. Manju, RAMBHA-LP Software 
Design Document for Long Term Archival of RAMBHA-LP Science Data in PDS4 Standard, 
December 2018.

10. Abhishek J.K., “CEM Detector lab level test results Document”, 01/HVSSF/PSB/SPL, January 2019.
11. Abhishek, J.K., V. Venkataraman, R. Satheesh Thampi, “A technical report on the photoelectron 

study of cupric oxide coating for PAPA”, PAPA/UV/1, 2019
12. PAPA PRET, Test Plan document (Version 2.0) for Plasma Analyzer Package for Aditya (PAPA), 

Aditya-L1-IST-PL-PAPA, April 2019.

Presentations in Symposia/Workshops/Conferences

1. R. Satheesh Thampi; “Solar wind studies at the first Lagrangian point using Plasma Analyser Package 
for Aditya (PAPA) onboard Aditya-L1 Spacecraft; 20th National Space Science Symposium (NSSS) 
Pune, January 29 – 31, 2019.

2. Vipin K. Yadav; “Magnetic field measurements at the first Lagrangian point onboard Aditya-L1 
spacecraft”, NSSS, Pune, January 29 – 31, 2019.

3. M.B. Dhanya, et al., “New insights on near wake plasma environment of Moon from SWIM/SARA 
of Chandrayaan-1 Mission”, NSSS, Pune, January 29 – 31, 2019.

4. A Bhardwaj, S V. Thampi, M.B. Dhanya, et al., “Martian Upper Atmosphere-Exosphere variability: 
Observation from MENCA aboard the Indian Mars Orbiter Mission”, NSSS, Pune, January 29 – 31, 2019.

5. Vipin K. Yadav; “Plasma wave scenario in Comets”; URSI Asia-Pacific Radio Science Conference 
(URSI AP-RASC 2019); Delhi, India, March 9-15, 2019.

Invited Talks

Vipin K. Yadav 
1. “Plasma waves in the Universe”, 2nd Asia-Pacific Conference on Plasma Physics (AAPPS-DPP 2018), 

Kanazawa, Japan, November 16, 2018.

Public Outreach

1. R. Satheesh Thampi; Lecture on “Solar System”; Participants of ISRO Young Scientist Programme - 
‘YUVIKA’ 2019; May 23, 2019.

2. M. B. Dhanya, Lecture on “Origin of Universe”; Participants of ISRO Young Scientist Programme - 
‘YUVIKA’ 2019.

3. M.B. Dhanya; Member, Functional Committee for Resource Material Generation, World Space 
Week 2018, VSSC.

4. M.B. Dhanya; Member, Functional Committee for Space Expo, World Space Week 2018, VSSC.
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Deputations
Vipin K. Yadav 
1. 2nd Asia-Pacific Conference on Plasma Physics (AAPPS-DPP 2018); November  

11-17, 2018; Kanazawa, Japan.

Sessions Chaired/ Convened 
Vipin K. Yadav
1. Member, Organizing, Editorial & Publication Committees; Hindi Technical Seminar – 2018, October 

30-31, 2018; Indian Institute of Space Science and Technology (IIST), Valiamala, Kerala.
2. Co-chair, “PS5 Theme: Comets, Meteorites and Analogues”; 20th National Space Science Symposium 

(NSSS–2019); January 29 – 31, 2019; SPPU, Pune, Maharashtra.

R. Satheesh Thampi
1. Co-chair, “PS5 Theme: Lunar Aeronomy and Chandrayaan-II Instrumentation”; 20th National Space 

Science Symposium (NSSS–2019); January 29 – 31, 2019; SPPU, Pune, Maharashtra.

Training Programmes
1. V. Venkataraman; Training Programme – “Presentation Skills”, December 6, 2018; HRDD, VSSC, 

Thiruvananthapuram.
2. Vipin K. Yadav; Technology Upgrade Programme – “Processing of Advanced Ceramic and Magnetic 

Materials”, April 05, 2019; HRDD, VSSC, Thiruvananthapuram.
3. M.B. Dhanya, Training Programme - “Stress Management”, May 21-22, 2019; HRDD, VSSC, 

Thiruvananthapuram.
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Atmosphere Technology Division

Science Team
 K. Rajeev
 Dinakar Prasad Vajja
 N. Manikantan Nair
 P. P. Pramod
 M. Mohammed Nazeer
 P. S. Ajeeshkumar (Now in ARFS/SPL)
 P. T. Lali

Technical Team
 P. G. Anumod
 B. Satheesh Kumar
 A. N. Aneesh
 Uttam S. Purty
 G. S. Ashok Kumar

Atmosphere Technology Division (ATD) focuses on the 
technological aspects of experiment systems designed for 
atmospheric, space and planetary science areas, including the 
development of ground-based systems for in-situ probing and 
pivotal contributions to the development and testing of balloon, 
rocket and space borne payloads from proof of concept. ATD is 
also responsible for the augmentation and maintenance of the on-
going experimental systems, providing technical support to the 
scientific activities of SPL and development of common technical 
facilities. It works in close coordination with the scientific 
branches of SPL and provides technical expertise for realization 
of scientific ideas. 
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Test and Evaluation of the Electronics

As part of qualification of the payload electronics, 
extensive Test and Evaluation (T&E) of its flight 
model (FM) has been successfully completed. 
During the T&E, the package has successfully 
undergone Initial SRC, Vibration, Thermo-
Vacuum Cycling (-25 to + 65°C, 10-5 Torr) and 
final SRC tests. Apart from the T&E tests, the 
electronics module has been used for qualification 
of the payload mechanism (FM) and thermal 
probe (FM). These tests include deployment 

Executive Summary

One of the major accomplishments during the 
reporting period was the completion of test and 
evaluation of payloads for the Chandrayaan-2 
mission. In this, ATD was involved in the T&E 
of CHACE-2 payload on-board Chandrayaan-2 
Orbiter and the development, T&E, FM delivery 
and integration tests of ChaSTE payload onboard 
Chandrayaan-2 Lander. Apart from the payload 
development activities, ATD has also contributed 
to a large number of ground based system 
development activities, including: (i) Technology 
development activities for the development of 
Solar Occultation Experiment from the proof 
of concept, (ii) Development of subsystems 
for Aerosol Humidograph Instrument, (iii) 
Design of wide band RF Power Amplifier for 
Digisonde System, (iv) Refurbishment of Sodar, 
(v) Automation of nighttime photometer, (vi) 
Maintenance and subsystem developments for 
HF Radar, (vii) Operation and maintenance 
of the High Vacuum Space Simulation Facility 
(HVSSF), (viii) Operation and maintenance of 
Clean Room,(ix) Installation and maintenance 
of experiment systems, and (x) Mechanical 
fabrication activities for scientific instruments.

Development, Test and Evaluation (T&E) of 
Payloads for Space Missions

ChaSTE (Chandra’s Surface Thermo-Physical 
Experiment) Payload onboard Chandrayaan-2 
Lander

The ChaSTE payload onboard Chandrayaan-2 
lander developed by Space Physics Laboratory 
(SPL) in collaboration with various entities of 
VSSC (MVIT, PCM, STR, AERO, PRSO, SR, 
AVN) and the Physical Research Laboratory 
(PRL) Ahmedabad envisages in-situ 
observations of temperature of the top 100 mm 
of the lunar surface at very close depth intervals 
by deploying a thermal probe. A heater is also 
attached to the probe for thermal conductivity 
measurements. Besides the thermal probe, 
the payload consists of an electronics module 
for signal conditioning, control and payload 
interfacing and a deployment mechanism for 
inserting the probe into the lunar regolith.

On-board Electronics of the ChaSTE Payload

The electronics module (Fig.1) is designed for 
signal conditioning, control and Lander-craft 
interfacing. It encompasses the processing 
electronics and front-end electronics. The front-
end electronics was designed and developed 
by PRL, Ahmedabad for signal conditioning 
and digitization of the RTD sensor signals. 
The processing electronics was designed and 
developed by SPL, VSSC. It is built-around an 8-bit 
microcontroller 80C32E. It has a relay and drive 
circuit for power ON/OFF interface of DC-DC 
converter. It uses a single BLDC motor driver for 
driving both deployment and penetration motors 
of the payload mechanism. The motors selection 
is done by using relays and telecommand based 
scheme. It has a MOSFET-based heater drive for 
probe heater operation. The card acquires the 
digitized sensor data from the front-end card and 
packetizes the data with header, packet number 
and checksum. It transfers the data to Lander-
craft in serial CMOS format at 1 kbps rate. It has 
telecommand interface (6 pulse and 2 level type) 
for various operations of the payload such as probe 
deployment, probe penetration and probe heater 
ON/OFF. It generates telemetry (3 digital-bit and 
2 analog type) for payload status information 
during its operations. The electronics is powered 
by a triple output 30W DC-DC converter (+5.5V, 
-5.5V and +15V) supplied by URSC.

Table 1: Specifications of the Onboard Electronics System
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Figure 1: Onboard Electronics of the ChaSTE Payload

Figure 2: CHACE-2 Proto-FM undergoing vibration test

sweep mode and trend mode), gas insertion 
test and verification of programmability of 
various parameters.

• Environmental tests- EMI, Thermal soak 
(-20°C for 6 hours, + 55°C for 6 hours), 
Vibration (Sine and Random) (Fig.2), Thermo-
vacuum cycling (+5 to +45°C, 10-5 Torr).

PAPA (Plasma Analyser Package) Payload 
onboard Aditya-L1 Mission
PAPA payload onboard Aditya-L1 mission 
envisages monitoring the solar wind plasma 
characteristics. It is being developed in-house 
at VSSC by SPL in collaboration with AVN and 
other entities of VSSC. Engineering model (EM) 
of the payload mechanical part was fabricated. 
Electronic card integration and testing (EM) are 
in progress. 

Testing of SWICAR Section (EM)

CEM (Channel Electron Multiplier) detectors and 
FEE (Front-End Electronic) cards of SWICAR 
(Solar Wind Ion Composition Analyser) section 
(Fig.3) were wired and assembled inside the PAPA 
EM chassis. The PAPA (EM) was kept inside high 
vacuum chamber and was tested using low and 
high energy ion sources mounted on the vacuum 
chamber. The detectors and other electrodes were 
biased using the high voltage power supply. The 
time of flight of ions was calculated using TDC 
(Time to Digital Converter) board. The ion optics 
design and testing of the detectors were performed 
as per the design. Preliminary testing of ion and 
time of flight detection segments of SWICAR 
section of the payload has been completed. 

The HVPPS (High Voltage Programmable Power 

and penetration operations in SRC and thermo-
vacuum condition and the RTD sensor calibration.

After successful completion of the T&E, the 
package was delivered to the project on 15 October, 
2018 and integrated with the Chandryaan-2 
Lander. The following tests were conducted on the 
package at spacecraft level. 

• SRC Test: (i) Continuity and isolation,  
(ii) Telecommands interface verification,  
(iii) Telemetry interface verification,  
(iv) Payload data interface verification.

• EMI Tests: Payload data verification.
• Thermo-Vacuum Cycling Tests:  

(i) Probe deployment operation,  
(ii) Probe penetration operation,  
(iii) Probe heater operation.

• Vibration Tests: (i) Probe deployment operation, 
(ii) Probe penetration operation,  
(iii) Probe heater operation.

The payload has been successfully integrated with 
the Chandayaan-2 Lander and completed all the 
integrated qualification level tests conducted at 
URSC.

CHACE-2 (CHandra’s Atmospheric 
Composition Explorer-2) Payload onboard 
Chandrayaan-2 Orbiter

The CHACE-2 payload on-board Chandrayaan-2 
orbiter envisages to characterize the lunar 
exosphere composition and determine its time 
variations. As part of the qualification of this 
payload, its proto-FM (Fig.2) has successfully 
undergone extensive Test and Evaluation (T&E), 
led by SR, VSSC. The following tests were 
conducted on the package during its T&E.

• SRC (Standard Room Condition) tests - 
continuity and isolation tests, functional 
checks like spectrum acquisition test (mass 
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of SPL.  Its objective is to measure altitude profiles 
of aerosols and thin clouds above the thick cloud 
layers in any planetary atmosphere, including 
earth, using multi-wavelength observations of 
the direct radiation from the sun by continuously 
tracking it during sunrise and sunset seen from 
the satellite. In earth’s atmosphere, the useful 
profiling altitude will be mostly in the range of 
12-40 km (due to SNR and occurrence of thick 
clouds) while in Venusian atmosphere, it can 
profile typically between the altitude range of 
~60 to ~90 km. The main challenges here are: (i) 
track the sun immediately after the sunrise in the 
satellite’s horizon (the whole solar occultation by 
the atmosphere will be completed within a few 
minutes after the sunrise), and (ii) requirement 
of very high pointing accuracy, following the 
same part of the sun. The main advantage of this 
technique is that all the detector channels will 
be calibrated during each occultation by directly 
looking at the sun from above the atmosphere 
(satellite orbit altitude). A limitation is the less 
frequency of observations as there can be only 2 
solar occultations per orbit.  The system is to be 
conceived, designed, developed and tested till the 
prototype model as part of this TDP. The payload 
consists of three units: optics unit, Sun tracker 
unit and electronics unit. The conceptual design 
and requirements, including optical, electronic 
and sun tracking have been finalized during the 
reporting period.

Optics Unit:-The optics unit is envisaged to 

Supply) cards were kept outside the high vacuum 
chamber and the necessary wiring to the EM 
was established using high voltage electrical 
feed through provided in the vacuum chamber. 
Examination of the test results shows that the 
HVPPS card is performing well.

CEM Detector Characterization (QM and FM)

The following tests were carried out for 
characterizing the CEM detectors to be used in 
the PAPA flight model and qualification model.

V-I characteristics

V-I characteristics of the CEM detectors were 
determined while biasing the detectors for 
different biasing voltages. The characteristics 
were also recorded for -30 and +80°C in high 
vacuum condition. This test was carried to study 
the performance of CEM detector under extreme 
thermal conditions. 

Pulse Height Distribution (PHD) 

The pulse height distribution of the CEM detector 
was calculated by recording the CEM pulse 
amplitudes (Fig.4). The CEM pulse amplitudes 
were recorded directly from the oscilloscope 
using a LabVIEW program developed in-house. 
For each bias voltage, 2000 pulse outputs were 
recorded and PHD was determined. The PHD 
performance of the detectors is matching with the 
manufacture’s specification.

Technology Development Programme

Development of Payload for Solar Occultation 
Experiment

Payload for solar occultation experiment is a TDP 

Figure 3: PAPA (EM) with SWICAR section

Figure 4: Output Pulse of CEM Detector
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Table 2: Nominal Specification of Solar Occultation Experiment

Table 3: Nominal Specifications of the Sun Tracker Unit

Electronics Unit:- The onboard electronics 
consists of three cards: Front-End card, Sun tracker 
card and Processing Electronics card. Functional 
Requirements of Front-End Electronics include: 
(i) Signal conditioning for photodiodes (single 
element type and quadrant type), (ii) Multiple 
gain selection and (iii) Multiplexing of analog 
signals. Functional Requirements of Sun Tracker 
Electronics include: (i) Digitization of the analog 
signals (quadrant photodiodes), (ii) Calculation of 

Sun position for motors drive, (iii) Azimuth motor 
drive, and (iv) Elevation motor drive. Functional 
Requirements of Processing Electronics include: 
(i) Digitization of the analog signals at 50 Hz 
rate (multiple photodiodes), (ii) Acquisition of 
Sun-edge sensor data at 50 Hz rate, (iii) Data 
packet formation with necessary header, packet 
number and checksum, (iv) Payload data transfer 
to spacecraft, (v) Digital data Telecommands 
reception and execution and  (vi) Analog and 
digital Telemetry generation to spacecraft.

Method of Operation of the Payload

The payload is switched ON before sun rise event 
of each orbit, followed by pointing it towards sun’s 
expected position with respect to the satellite at 
that location using estimates based on satellite 
orbital parameters. Sun tracking sensor is used 
to initially align the optics unit towards sun 
followed by fine sun tracking. By maintaining 
the sun pointing with an accuracy of 1 arc-
minute, solar irradiance measurements will be 
made continuously at multiple wavelengths. This 
procedure is repeated for sunset event as well, 
where it is relatively simpler due to the visibility 
of the sun before the occultation. From the top of 
the atmosphere (above 100 km altitude in case of 
earth), the vertical scan for the measurement of 
un-attenuated signals will be performed across the 
sun, once in every occultation. 

Development Philosophy for the Payload

The prototype payload will be developed and 
tested at the ground for its dynamic range, spectral 
observations (in column atmosphere mode) and 
sun tracking capability. This will be followed by 
testing the capability of sun tracking in occultation 
mode onboard a high-altitude balloon platform 
for testing the solar occultation and performance. 
Designing of the electronics circuits, detector 
systems and the mechanical sun tracking system 
with very high pointing accuracy are being carried 
out.

Development, Upgradation and 
Maintenance of Ground Based Systems

Automation of Night-Time Photometer

The night-time Photometer (Fig. 5) is an in-
house developed compact multi-filter optical 

have multiple photometric channels covering 
the spectral range from UV to near-IR. 
The photometric channels include science 
measurement channels, 2 Sun tracking channels 
(coarse and fine) and 1 Sun edge detection 
channel. Each channel consists of collection optics 
with collimating and condensing lenses, narrow 
band interference filter, field limiting pin-hole 
and detector. The detectors are single element Si 
Photodiodes for science measurement channels, 
2×2-element Si photodiodes for sun tracking 
channels and 128-element linear Si photodiode 
array for sun edge detection channel.

The Sun Tracker Unit:-The Sun tracker unit is a 
2-axis motorized mechanical mount. The unit is to 
point the optics unit towards the center of the Sun 
with a pointing accuracy of 1 arc-minute or better.
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instrument for measuring the intensities of faint 
airglow emissions from the mesopause region and 
thermosphere. This system is capable of making 
measurements at five different wavelengths 
centered at 557.7, 589.0, 630.0, 777.4 and 840.0 
nm. The Photometer has been augmented to a fully 
automatic system, where no manual interruption 
is required to switch ON or OFF the system and 
it can be operated in the user defined time slots. 
This makes the system ideal for operating in 
remote locations and suitable for conducting 
field campaigns. The instrument is also capable 
of selecting the user defined wavelengths in 
any required combinations. A mirror scanning 
functionality is also added to the system where the 
photometer can view the sky at different elevation 
angles. The azimuth scanning functionality also 
will be added to the system in near future. It has 

Figure 6 : The GUI window of the software showing different functionalities
Figure 5 : The automatic  
Night-time photometer

three parts namely, the opto-mechanical unit, 
DAQ unit and control software. The DAQ unit 
and software control the entire operation and data 
acquisition of the photometer. The system uses 
USB for communication and the software has 
a provision to set user defined switch ON/OFF 
time. User can select the desired the wavelengths 
in any combination. The data is displayed online 
in the GUI window in graphical (Fig.6), tabular 
or in ticker formats. The software has provision to 
enter the location from where the instrument is 
being operated, which will be taken automatically 
during the subsequent operations. The data file 

Development of Driver Circuit for High Power 
PIN Diode T/R Switch for HF Radar

A High-Power PIN Diode Transmit/Receive (T/R) 
Switch Driver (Fig.7) was designed, developed, 
tested and implemented in the HF radar system. 
It is a TTL compatible, push-pull follower type 
high-speed bias controller, designed to operate 
with the PIN Diode T/R Switch for 50 kW peak 
power transmitter. This driver circuit can provide 
forward current up to 6 A and is capable of 
supplying necessary reverse-bias voltage for the 
PIN diodes. When PIN diode is forward biased, 
the resistance is very low and the diode acts like a 
short circuit; at high reverse bias the resistance is 
very high and the diode acts as an open circuit. By 
configuring these in a circuit through which RF 
signals pass, the PIN diode can either pass or stop.

Figure 7: Driver circuit for high power T/R Switch

Development of Six-Way Wilkinson type Power 
Divider/Combiner for HF Radar

The open wire transmission lines of approximately 
3500 meters in the HF radar were replaced with 
RG213 coaxial cables to feed the RF power to 72 
dipole antennas. 12 numbers of Wilkinson Power 
Divider/Combiners (Fig. 9) and 72 numbers of 
Coaxial BALUNS were designed, developed, tested 
and implemented as part of the refurbishment 
of HF radar antenna and feeder system. The 
power Divider/Combiner is used to distribute 
transmitter power to an array of transmitting 
antennas as well as combine the received signals 
from an array of antennas to the radar receiver. It is 
constructed with λ/4 sections of RG 63A/U,120Ω 

contains the instrument settings and location 
details, which will be updated automatically, 
according to the user inputs.
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coaxial lines and high wattage 50Ω, non-inductive 
type balancing resistors. The periodic preventive 
maintenances for the radar system were also 
carried out. Figure 8 shows the HF radar Doppler 
power spectra at different altitude bins (from 87.4 
to 132.4 km at 3 km interval) for the zenith beam 
orientation at 11:16:55 IST on June 19, 2019, as a 
typical example.

Development of Programmable Interface 
Module for High Voltage Power Supply

One of the high voltage laboratory power supplies 
(Dual Channel, PHOTONIS make) used in the 
HVSSF was lacking remote mode operation. A 
microcontroller based programmable interface 
card (Fig.10) was designed, developed and installed 
in the power supply for remote operation from 
PC. It has the following features: (i) USB interface 
for connecting to remote PC, (ii) Control two high 
voltage channels (3kV and 8kV) independently, 
(iii) LabVIEW based application for full remote 
operation of the power supply from PC.

Figure 8 : Sample HF radar Doppler power spectra for zenith beam orientation at 11:16:55 IST  on June 19, 2019.

Figure 9: 2 Six-Way 
Wilkinson type Power 
Divider/Combiner

Design of wide band RF Power Amplifier for 
Digisonde System

A wideband amplifier for Digisonde has been 
realized (Fig. 11). The frequency range of 2 to 
30 MHz with 150 watts peak power has been 
achieved during the transmission of 533 μs (16 
chirps of 33 μs). Since the system has to work 
in 24×7 mode, to improve the reliability of the 
system, the amplifier was designed with three 
stages (0.5W, 10W and 150W). The amplifier 
consists of a wideband Class-A Pre-amplifier 
followed by two-stage Class-C Power Amplifiers. 
The transformer coupling helps the impedance 
matching. The distortion compensation is 
implemented to improve linearity. With the 
temperature compensation, less than 4 dB gain 
variation has been achieved over the temperature 
range from 25 to 80°C. In total, the wideband 
amplifier consumes up to 1000 mA current from a 
50V power supply and less than 30 mA in power-
down mode. 

Figure 10 : Programmable interface module for high 
voltage power supply

Figure 11: Wide band RF Power Amplifier

Operation and Maintenance of Instruments 
and facilities

Operation and maintenance of the scientific 
instruments, SODAR, Micro-Rain Radar, 
Disdrometer, Automatic Weather Station (AWS) 
and tower based multi-level sensors have been 
carried out. New solar radiation sensors were 
installed near the meteorological tower located at 
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TERLS. Instruments like Disdrometer and Micro-
Rain Radar were installed on the top of ASL 
building.

Operation and Maintenance of SODAR

In September 2018, interference bands were 
observed in the SODAR echogram. This was 
found to be associated with leakage of background 
noise through the enclosure and was recitified. 
Similary, the technical snags in the SODAR 
system (manifested as data gaps) was resolved 
by replacing faulty ICs, MOSFET driver IC 3710, 
invertor IC 74LS04 and IC LM339.

Operation and Maintenance of High Vacuum 
Space Simulation Facility (HVSSF)

The High Vacuum Space Simulation Facility 
(HVSSF) of SPL was maintained and augmented 
with sub-systems for the development, testing and 
calibration of scientific payloads. High sensitive 
Plasma detectors like Faraday Cup, Micro Channel 
Plate (MCP) and Channel Electron Multipliers 
(CEM) were tested and calibrated using this 
facility.

Clean Room Operations

Clean Room facility at SPL (Class 10000 and Class 
100000 Clean Rooms equipped with work benches 
of Class 100 and Class 1000 Laminar Flow Tables) 
has been utilized for various testing and integration 
activities for scientific payload developments of 
SPL as well as requirements from other entities of 
VSSC. Regular up-keeping and maintenance of the 
Clean Room have been carried out.

Figure 12: Examination of ChaSTE payload (FM) at SPL 
Clean Room by the review team members.

Mechanical Engineering Activities

The following mechanical engineering activities 
were carried out at SPL workshop and CAD 

Publications in Peer-Reviewed Journals 

1. Koushik, N., K. Kishore Kumar, K.V. Subrahmanyam, Geetha Ramkumar, I. A. Girach, M. Santosh, 
K. Nalini, M. Nazeer, P. R. Shreedevi,” Characterization of inertia gravity waves and associated 
dynamics in the lower stratosphere over the Indian Antarctic station, Bharati (69.4oS, 76.2oE) during 
austral summers”, Climate Dynamics, DOI:10.1007/s00382-019-04665-9, (2019). 

Training Programmes

Manikantan Nair N and Lali PT, RF Design and Radar Technology, HRDD, VSSC, 25-26 September, 2018.

design unit: (1) Design and fabrication of 
mesh holder (Teflon) for Ion mode mass 
spectrometer, (2) Design and fabrication of 
instrumentation rack, mounting fixtures and 
air connecting tubes for Aerosol Humidograph 
Instrument (AHI), (3) Design and fabrication 
of all-weather  enclosure (500×250×150 mm) 
using Brass material for beam steering switch, 
all-weather cover (1000×650×400 mm) using 
Aluminium alloy material for beam steering 
switch enclosures (8 Nos.) and power cables 
as part of HF radar augmentation, (4) Design 
and fabrication of the GPS Antenna holder, (5) 
Fabrication and installation of mounting fixtures 
for Magnetometer located at Optical Aeronomy 
Lab, TERLS, (6) Modification of MWR control 
unit chassis by providing cutout for fixing SMPS, 
USB and connectors etc., (7) Fabrication of 
weather proof top cover for multistage sampler 
of aerosol chemistry lab., (8) Fabrication of rack 
for gas cylinders of Aerosol chemistry lab., (9) 
Generation of location sketch in AutoCAD forthe 
proposed Hydrogen/Helium shed adjacent to the 
ASL building of SPL, TERLS, (10) Mechanical 
support for installation of Automatic Weather 
Station (AWS) and GPS Antenna at Integrated 
Lidar System (ILS) Laboratory at IPRC-
Mahendragiri.
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SPL administration facilitates the administrative and secretariate requirements for a smooth 
and effective functioning of SPL by providing co-ordination, communication and logistics. 
Besides the general administration, office management and housekeeping of SPL, it caters to 
the necessary official assistance to different ISRO projects such as ARFI, ICARB, RAWEX and NO-
BLE. It co-ordinates and provides logistic support for different national observation campaigns 
of SPL. Also SPL administration is responsible for coordinating activities within SPL, involving 
other Divisions, Facilities of VSSC and/ or other ISRO centers and different Institutions/Univer-
sities. It meets the administrative requirements of different payload such as MENCA, CHACE-2, 
ChaSTE, RAMBHA and PAPA development for different ISRO’s space missions.

Research programme facilitated by ISRO fellowship program including research fellowship pro-
gram and research associate program is a major activity of SPL. SPL administration provides the 
required assistance in terms of documentation, intervening between universities and organizing 
PhD Synopsis/Defence, Doctoral Committee meetings, student reviews, regular student/faculty 
seminars and Central Level Monitoring Committee meeting of VSSC. It also supports for arrang-
ing Seminar Talks/Invited Talks in SPL by leading scientists from India and abroad and arranges 
necessary logistics required during their visit and stay.

Office and 
Administrative Support

Suseela P. R.*
Geetha C.
Shajahan J.
Sisira R.
Salini M.S.
Shiji N.D.

Team

*Superannuated in April 2019
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M. Tech
1. Akhila G. Nair, Department of Civil Enginnering, SRM University,  “A study on ionospheric disturbances 

due to urbanization”, July 2017-2018 [Supervisor : Dr R. K. Choudhary]  
2. Lakshmi Jayalal, Department of Electronics and Communication Engg., Indian Institute of Technology 

(IIT), Dhanbad,  “Digital signal processing of satellite Radio Signals for inverting science parameters. 
to study Planetary atmosphere and ionosphere” 1 June 2018 – 30 May 2019  [Supervisor : Dr R. K. 
Choudhary]  

3. Lidiya Sabu, Cochin University of Science & Technology, Kochi, Kerala; “Monopole/Dipole electric field 
sensor development”, July 26, 2018 – March 31, 2019 [Supervisor: Dr. Vipin K. Yadav].

4. Vamshi  Phani Krishna,  Indian Institute of Space Science and Technology, “Study on structure and 
dynamics of equatorial plasma bubbles using geostationary satellites”, 1 June 2018 – 31 April 2019, 
[Supervisor: Dr. K M Ambili] .

M. Phil
1. Calvinshijo M, Dept. of Physics, Loyola College (Autonomous), Chennai, “ Ion Optics Simulation For The 

Laboratory Mass Spectrometer And Characterization Of Carbon Foil”, March-July 2019 [Supervisor: Dr. 
Dhanya M. B.].

M. Sc (Physics)
1. Abna Baker, Govt. College, Kariavattom, University of Kerala, “Study of Oxygen Greenline Airglow 

Emissions over Geomagnetic Equator”, April-June 2019 [Supervisor: Dr. C. Vineeth].
2. Anjitha. J. M., Christian College, Chengannur, “Study on the sea surface temperature during tropical 

cyclones over the Indian Oceanic regions”, April-May 2019 [Supervisor: Dr. K. N. Uma].
3. Anju. M. S., Department of Atmospheric Sciences, Cochin University of Science And Technology, Cochin, 

“Study on the atmospheric CO2 and CH4 concentrations using gosat observations”, January-April 2019 
[Supervisor: Dr. S. Sijikumar ]

4. Ardra K. R, Govt. College, Kariavattom, University of Kerala, “Investigation of the Equatorial Upper 
Atmosphere using Oxygen Redline Airglow Emissions”, April-June 2019  [Supervisor: Dr. C. Vineeth].

5. Athira S. R., Department of Physics, Government College, Kariavattom, “Study of rain attenuation in Ka-
band at 30.5 GHz for satellite communication”, April-May 2019 [Supervisor: Dr. Nizy Mathew]

6. Basima V, MES Kalladi College, University of Calicut, “Urban Characteristics of Carbonaceous Aerosol 
species over Southern-Indian Region”, May–July 2018 [Supervisor: Dr. Prashant Hegde].

7. Deepika N., Sree Narayana College, Varkaka, “On the assessment of the impact of ionospheric 
perturbations on GMRT Radio signals”, 1 January 2019 – 30 June 2019 [Supervisor : Dr R. K. Choudhary]  

8. Divya P, MES Kalladi College, University of Calicut, “Study of Carbonaceous aerosol characteristics at an 
inland location in Peninsular India”, May–July 2018  [Supervisor: Dr. Prashant Hegde]

9. Gopika B S, Department of Physics, S.D College, Alappuzha, Kerala; “Simulation and Characterization of 
Carbon foils for Space Plasma Instrumentation”, April – May 2019 [Supervisor: Dr. R. Satheesh Thampi].

10. Krishnaprasad M., TKMM College, Nangiarkulangara, “Study of the plasma density variation over the 
northern polar station, Ny-Alesund during the descending phase of the solar cycle 24 (2014-2016) and 
comparison with IRI-2016 model”, Jan-June 2018 [Supervisor : Dr R. K. Choudhary].  

ACADEMIC PROJECTS

Well aware of societal commitments, SPL boasts a strong 
capacity building programme by imparting in-house training 
through M. Tech. & M. Phil project work, and M. Sc. and  
B. Tech. dissertation supervison to young students of 
different colleges, institutes and universities. SPL also hosts 
Summer Research Fellows of Indian Academics and INSPIRE 
fellowship awardees for two months project works. During 
the academic year 2018-2019, a total of 35 students 
underwent the training different disciplines of SPL. 
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11. Lekshmi S. Prakash, Government College, Kariavattom, “Investigation of precipitation during the Fani 
cyclone using GPM observations”, April – May 2019 [Supervisor: Dr. Manoj Kumar Mishra].

12. Meera M Nair., Department of Physics, Providence Women’s College, Calicut, “Rain drop size distribution 
and Rain characteristics during the Extreme Rain Events over tropical coastal station, Thumba”, April-
May 2018 [Supervisor: Dr. N.V.P. Kiran Kumar].

13. Megha. R., Govt. Victoria College, Pallakkad, Univerity of Calicut, “Doppler Asymmetric Spatial 
Heterodyne interferometer for upper atmospheric wind observations: Modelling Aspects”, March – May 
2014 [Dr. Mosarraf Hossain Md.].

14. Mrinalini M., Department of Physics, Government College Kariavattom, “Study of rain attenuation in Ka-
band at 20.2 GHz for satellite communication”, April-May 2019 [Supervisor: Dr. Nizy Mathew].

15. Nanduraj. P.R., Govt. Victoria College, Pallakkad, Univerity of Calicut, “Doppler Asymmetric Spatial 
Heterodyne interferometer for upper atmospheric temperature observations: Modelling Aspects”, 
March – May 2014 [Dr. Mosarraf Hossain Md.].

16. Parvathy K. S., St. Stephens College, Pathanapuram, “A Statistical Analysis on the Morphology of the 
Tropical Cyclones in the Arabian Sea and their Seasonal Behaviour”, April-June 2019 [Supervisor: Dr. D. 
Bala Subrahamanyam]. 

17. Rajesh  R., St Stephen’s College, Pathanapuram, University of Kerala, ‘Study of aerosol chemical 
composition using mass spectrometer’ April-May, 2019 [Supervisor: Sobhan Kumar Kompalli]. 

18. Raufia K. B., Government College, Kariavattom, “Remote sensing of soil moisture using microwave 
observation from satellite platform”, April – May 2019 [Supervisor: Dr. Manoj Kumar Mishra].

19. Reshma Lukose, Victoria College, University of Calicut, ”Diurnal variation of the atmospheric boundary 
layer over an island in Maldives”, April-May 2019 [Supervisor: Santosh Muralidharan]. 

20. Sajana Venkideswaran, Department of Physics, S.D College, Alappuzha, “UV characterisation of CuO 
coated electrodes for secondary electron emission studies”, April – May 2019 [Supervisor: Dr. R. 
Satheesh Thampi].

21. Sheersha N S, Department of Physics, Assabah Arts and Science College, “Laser Precipitation Monitor 
observations during Extreme Precipitation Event using Python programming Language”, April-May 2019 
[Supervisor: Dr. Kandula V Subrahmanyam].

22. Shilpa K, Sree Narayana College Chengannur, University of Kerala, “Study on the influence of Tropical 
cyclone-Phailin on the humidity distribution over the Indian region”, April-May 2019 [Supervisor: Dr. 
Siddarth Shankar Das].

23. Sreekumar E. B, Sree Krishna College, Guruvayoor, University of Calicut, “Study on the intraseasonal variability 
of Tropical Easterly Jet using radiosonde data”, April-May 2019 [Supervisor: Dr. Sunil Kumar S V].

24. Sreerev T. R., Christian College, Chengannur, “A study on the trend in the surface temperature over 
Chennai”, April-May 2019 [Supervisor: Dr. K. N. Uma]. 

25. Suthara S,  School of Pure and Applied Physics, MG University, Kottayam, Seasonal and solar cycle 
variability of Equatorial Spread F characteristics, May-July 2019 [supervisor: Manju G].

26. Unni S. Nair, S N College, Cherthala, Kerala; “Plasma wave observations in Space from Search-coil 
Magnetometers”; April 01 – June 30, 2019 [Supervisor: Dr. Vipin K. Yadav].

27. Veena Raveendran, St. Stephens College, Pathanapuram, “An Investigation on the Monthly and 
Seasonal Morphology of Tropical Cyclones in the Bay of Bengal”, April-June 2019, [Supervisor: Dr. D. 
Bala Subrahamanyam]. 

28. Vishag Unni P. V., Department of Physics, Majlis Arts and Science College, Puramannur, “The Comparative 
study between Pluto and Triton”, April 01 – June 30, 2019 [Supervisor: Dr. Dhanya M.B.].

IAS-INSA-NASI Summer Research Fellows
1. Arun Nair, University of Hyderabad, Study on the three dimensional structure of winds and precipitation 

during Cyclone “Ockhi”, July 2018 [Supervisor: Dr. Siddarth Shankar Das].
2. Nirmin K S (EPSS782), Summer Research Fellowship, Cochin University of Science and Technology, Kochi, 

“Spatial and Vertical structure of precipitating clouds associated with the Extreme Precipitation Event 
in August 2018 over Kerala using C-band Polarimetric Doppler Weather Radar observations” May-June, 
2019 [Supervisor: Dr. Kandula V Subrahmanyam].
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वीएसएससी हिन्दी समिति स्स्यिा 
1. विविन कुमार यादि; सदसय, िीएसएससी अतंराजाल िेबसाइट िर हिनददी अतंिजासतु की वििीक्ा सममतत; मई, 

2016 से.

2. विविन कुमार यादि; सदसय, िीएसएससी आतंरराल िेबसाइट िर हिनददी अतंिजासतु की वििीक्ा सममतत; 
मसतंबर, 2018 से.

हिन्दी का्य्यक्रिों िें पुरसकार  
1. विविन कुमार यादि; प्रथम िुरसकार, “प्ररो. यू आर राि: मेरदी कुछ अविसमरणीय मुलाकातें”, विक्रम साराभाई 

अनतररक् कें द्र की गिृ ित्रिका “गगन”, क्रमांक-45, अप्ररैल – मसतंबर 2017, िषृ्ठ 8-11.

2. डी. बाला सुब्रिमणयम, प्रथम िुरसकार, “आर के सनदभजा में गुरुकुल की िाँच पे्ररणादायक बात”े, विक्रम साराभाई 
अनतररक् कें द्र की गिृ ित्रिका “गगन”, क्रमांक-46, अकतूबर 2017 - माचजा 2018, िषृ्ठ 18-22.

3. डी. बाला सुब्रिमणयम एिं राधिका रामचंद्रन, प्रथम िुरसकार, हिनददी तकनीकी संगरोष्ठठी: “अनतररक् विज्ान एिं 
प्ररौदयरोधगकी में िाल की प्रगतत”; अकतूबर 30-31, 2018; भारतीय अनतररक् विज्ान एिं प्ररौदयरोधगकी संसथान 
(IIST), िामलयमाला, केरल.

4. विविन कुमार यादि; दवितीय िुरसकार, “कॉससमक ककरणें”, हिनददी तकनीकी लेख प्रततयरोधगता; विशि हिनददी 
हदिस समाररोि रनिरदी 2019; विक्रम साराभाई अनतररक् कें द्र, ततरुिननतिुरम.

हिन्दी िकनीकी संगोष्ठी आ्योजन 
1. विविन कुमार यादि; सदसय, आयरोरन सममतत; हिनददी तकनीकी संगरोष्ठठी: “अनतररक् विज्ान एिं प्ररौदयरोधगकी 

में िाल की प्रगतत”; अकतूबर 30-31, 2018; भारतीय अनतररक् विज्ान एिं प्ररौदयरोधगकी संसथान (IIST), 
िामलयमाला, केरल.

2. विविन कुमार यादि; सदसय, मूलयांकन एिं समिादन सममतत; हिनददी तकनीकी संगरोष्ठठी: “अनतररक् विज्ान 
एिं प्ररौदयरोधगकी में िाल की प्रगतत”; अकतूबर 30-31, 2018; भारतीय अनतररक् विज्ान एिं प्ररौदयरोधगकी 
संसथान (IIST), िामलयमाला, केरल.

हिन्दी िकनीकी संगोष्ठी िें लेख प्रसिुति 
1. विविन कुमार यादि; “अनतररक् में पलाज़मा प्राचालों का मािन”; तकनीकी सरि; हिनददी तकनीकी संगरोष्ठठी: 

“अनतररक् विज्ान एिं प्ररौदयरोधगकी में िाल की प्रगतत”; अकतूबर 30-31, 2018; भारतीय अनतररक् विज्ान 
एिं प्ररौदयरोधगकी संसथान (IIST), िामलयमाला, केरल.

2. डी. बाला सुब्रिमणयम एिं राधिका रामचंद्रन; “अरब सागर में उतिनन ओकखी चक्रिाती तूफान के िूिाजानुमान में 
कॉसमरो मरौसम िूिाजानुमानीय मॉडल की भूममका”; तकनीकी सरि; हिनददी तकनीकी संगरोष्ठठी: “अनतररक् विज्ान 
एिं प्ररौदयरोधगकी में िाल की प्रगतत”; अकतूबर 30-31, 2018; भारतीय अनतररक् विज्ान एिं प्ररौदयरोधगकी 
संसथान (IIST), िामलयमाला, केरल.

हिन्दी िकनीकी लेख 
1. “अनतररक् में पलाज़मा प्राचालों का मािन”; विविन कुमार यादि; तकनीकी सरि; हिनददी तकनीकी संगरोष्ठठी: 

“अनतररक् विज्ान एिं प्ररौदयरोधगकी में िाल की प्रगतत”; अकतूबर 30-31, 2018; भारतीय अनतररक् विज्ान 
एिं प्ररौदयरोधगकी संसथान (IIST), िामलयमाला, केरल. िषृ्ठ: 46-52
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2. डी. बाला सुब्रिमणयम एिं राधिका रामचंद्रन; “अरब सागर में उतिनन ओकखी चक्रिाती तूफान के िूिाजानुमान में 
कॉसमरो मरौसम िूिाजानुमानीय मॉडल की भूममका”; तकनीकी सरि; हिनददी तकनीकी संगरोष्ठठी: “अनतररक् विज्ान एिं 
प्ररौदयरोधगकी में िाल की प्रगतत”; अकतूबर 30-31, 2018; भारतीय अनतररक् विज्ान एिं प्ररौदयरोधगकी संसथान 
(IIST), िामलयमाला, केरल. िषृ्ठ: 148-157

हिन्दी राजभाषा लेख 

1. “रारभाषा हिनददी की विज्ान एिं प्रशासन में उियरोधगता”; लक्मी री. एिं विविन कुमार यादि; रारभाषा सरि; 
अतंर-कें द्र हिनददी तकनीकी संगरोष्ठठी: “विज्ान एिं शासन में हिनददी की प्रासंधगता”; निंबर 15-16, 2018; राषट्दीय 
सुदरू संिेदन कें द्र (NRSC), िरैदराबाद, तलेंगाना. िषृ्ठ: 178-182

हिन्दी पत्रिका गगन एवं िरैिी िें लेख 

1. मुकुनद एम गरोगरोई एिं संतरोष के िांड,े “आकजा हटक में भारत”, विक्रम साराभाई अनतररक् कें द्र की गिृ ित्रिका 
“गगन”, क्रमांक-47, अप्ररैल-मसतमबर 2018, िषृ्ठ: 22-25. 

2. डी. बाला सुब्रिमणयम, “िीले आखँों िाला धगद्ध”, विक्रम साराभाई अनतररक् कें द्र की गिृ ित्रिका “गगन”, क्रमांक-
47, अप्ररैल-मसतमबर 2018, िषृ्ठ: 31-33. 

3. डी. बाला सुब्रिमणयम और राधिका रामचंद्रन, “अरब सागर में उसतित ओसकख चक्रिातत तुफान के कुछ सुलझ े
और कुछ अनसुलझ ेििलू”, मरैरिी, 2018.  

हिन्दी सरि संचालन/िंच संचालन 

1. विविन कुमार यादि; मंच संचालन, रारभाषा सरि; हिनददी तकनीकी संगरोष्ठठी: “अनतररक् विज्ान एिं प्ररौदयरोधगकी 
में िाल की प्रगतत”; अकतूबर 30-31, 2018; भारतीय अनतररक् विज्ान एिं प्ररौदयरोधगकी संसथान (IIST), 
िामलयमाला, केरल.

2. विविन कुमार यादि एिं डी. बाला सुब्रिमणयम; संचालन, “िीएसएससी कमजाचाररयों के मलए हिनददी में प्रशनरोततरदी”; 
विशि हिनददी हदिस समाररोि; रनिरदी 11, 2019; विक्रम साराभाई अनतररक् कें द्र, ततरुिननतिुरम, केरल.

3. विविन कुमार यादि, संचालन, “विशि हिनददी हदिस वयाखयान – भारत-ततबबत सीमा िुमलस (ITBP) की भूममका”; 
श्ी ए.िी.एस. तनबंाड़िया (उि-मिातनरदीक्क, ITBP मुखयालय अचंल, बरेलदी); विशि हिनददी हदिस समाररोि; 
रनिरदी 11, 2019; विक्रम साराभाई अनतररक् कें द्र, ततरुिननतिुरम, केरल.

Visitors
• Dr. Sarvesh Kumar, Scientist, IUAC, Delhi, “ECR ion source operation and instability studies”, 

27 February 2019.
• Dr. N. Balan, Distinguished Professor, Shandong University, China,”Severe Space Weather and 

Opportunities”, 19 February 2019
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SPL DAY LECTURE
Delivered by Prof. Bimla Buti

The SPL day lecture is an annual event organised by the 
Space Physics Laboratory to commemorate its decades 
long scientific achievements  and every year the lecture 
is delivered by a scientist of eminence. The SPL day 
lecture for the year 2019 was by the distinguished 
plasma physicist Prof. Bimla Buti, former Dean of 
Faculty, PRL and Chairperson, Buti Foundation. Her 
talk titled “Chaos and its Implications in Space Science” 
began with basics of plasma and provided an excellent 
review of the chaos phenomenon and their applicability 
in space sciences.

Blood Donation Campaign at SPL
As part of the golden jubilee celebrations, a blood donation campaign was organized at SPL on 08 May2019 
with the support of the Staff Benevolent Fund and Medical Team of VSSCand the Sree Chitra Institute of 
Medical Science and Technology (SCIMST). Fifty employees of SPL/VSSC participated and donated blood 
in this noble endeavour.
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To commemorate fifty years of Space Science Research 
at Thumba, a two-day workshop with “Space Science 
in India - Mapping the Future” as a central theme was 
organized during 08-09 April, 2019 at Vikram Sarabhai 
Space Centre, Thiruvananthapuram. The workshop 
was formally inaugurated by the Guest of Honor, Dr. K. 
Kasturirangan, Former Chairman, ISRO in the presence of 
Dr. K. Sivan, Chairman, ISRO, Shri. S. Somanath, Director, 
VSSC and  Shri. V. Kishorenath, Associate Director, VSSC.

Releasing of Golden Jubilee Souvenir 

Followed by this, Dr. B.V. Krishnamurthy delivered a 
lecture on the “Evolution of space science research in 
India” and Shri. S. Somanath gave a talk on ‘Enabling 
space science research through technology”.

GOLDEN JUBILEE WORKSHOP
Space Physics Laboratory, VSSC

An exhibition on the space and atmospheric research 
activities of SPL has been organized at Project Complex, 
VSSC comprising of several posters on scientific 
results obtained through a gamut of ground and the 
space based experiments and the models of in-house 
developed payloads and ground based instruments.

Inauguration of 
Golden Jubilee Building, SPL

The Golden Jubilee building of SPL for 
‘Atmospheric Sounding’ at TERLS was inaugurated 
on 08 April 2019 by Dr. K. Sivan, Chairman, ISRO. 
Atmospheric Sounding Laboratory will be used for 
GPS-Sonde/Ozonesonde/Frost-point Hygrometer 
Experiments, hosting Instruments for Boundary 
Layer studies and Fourier Transform Infrared 
Spectrometer.

The inauguration of the Golden Jubilee building of 
SPL for ‘Atmospheric Sounding’ at TERLS

Inauguration of golden jubilee workshop  
Dr. K. Kasturirangan, Former Chairman, ISRO

Presidential address by 
Dr. K. Sivan, Chairman, ISRO
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